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Distribution of Seaweed Bed and Tidal Flat, and Their Correlations
with Fisheries Catches in the Nine Sea Areas of the Seto Inland Sea
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Atsushi KanTa3, Kazuo Nisuimura3 and Jun Suojr

Abstract

Correlation between fisheries catch and the area of coastal ecological components (seaweed bed.
tidal flat and shallow sea area) was analyzed for the nine sea areas (Suo-Nada, Iyo-Nada, Aki-Nada,
Bingo-Geiyo-Seto, Hiuchi-Nada, Bisan-Seto, Harima-Nada, Osaka-Bay and Kii-Channel) in the Seto Inland
Sea. Areas of seaweed bed and tidal flat were based on research conducted in 1978-79 and 1989-91 by
Ministry of the Environment. and area shallower than 10m were estimated from coastal-hydrographic
data on a GIS digital map. Annual mean fisheries catches of 28 main fish items corresponding to the
vears described above were analvzed using the Pearson product-moment correlation coefficient and
Spearman rank correlation coefficient after being standardized per unit sea area.

Thirty-six positive correlations were detected, e.g. Japanese flounder, fine spotted flounder, red sea
bream. black sea bream and rock fishes Sebastes spp.) with Zostera bed, Japanese flounder, red sea
bream, black sea bream. sea urchins and turban shell (Turbo cornutus) with Sargassum bed, abalones with
kelp (Ecklonia) bed. flat fishes. benthic animals in total and shellfishes in total with tidal flat and shallow
sea area. The relationships between the distribution patterns of those ecological components and the
characteristics in fisheries production are discussed.
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Fig. 1 Sectional maps of the nine sea areas in the Seto Inland Sea.
a : sections by Ministry of the Environment ;
b : sections used for fisheries statistics by Ministry of Agriculture, Forestry and Fisheries.
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Table 1 Total sea area and the areas of coastal ecological components of the 9 sea areas (sectioned according
to the fisheries statistics by the MAFF). Data of seaweed bed and tidal flat were based on the
research conducted in 1989-91 by the Environmental Ministry, and numbers in parentheses indicated
decreases in area from the research in 1978-79 up to the research in 1989-91.

Sea area ?L]?gm‘)r Seaweed Zostera Sargassum Kelp (Ecklonia) Tidal flat
(km?) srea (km®) bed (ha) bed (ha) bed (ha) bed (ha) (ha)

Suo-Nada 2781 862 2545 (-39) 23 (—10) 195 (—4) 84 (0 6937 (- 111)
Iyo-Nada 4,339 194 2001 (—160) 452 (-61) 902 (—84) 1.480( —86) 866 (—288)
Aki-Nada 2318 268 1750 (—47) 1116 (—39) 502 (—-39) 461  (0) 592 (—17)
Bingo-Geiyo-Seto 1291 292 3636 (—35) 2917 (—-18) 1289 (-2) 184 (—-4) 746 (—126)
Hiuchi-Nada 1407 143 164 (—20) 4 (-9 34 (-5 0 (0 954 (—52)
Bisan-Seto 1.333 512 2150 (-281) 1.410(-220) 368 (—4) 0 (0 1,035 (-73)
Harima-Nada 3,088 378 1,110 (-452) 309 (—265) 425 (—24) 37 (0 180 (-55)
Osaka-Bay 1,397 134 405 (-210) 8 (-2 98 (0) 22 (-1) 4 0
Kii-Channel 1982 150 1,307 (—-86) 139 (-6) 380 (—15) 932 (-3) 188 (—70)
Total 19936 2933 15,068 ( — 1.330) 6,378 (- 630) 4,193(-217) 3.200(—94) 11502 (- 792)
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Fig. 2 Distribution of each coastal ecological component expressed as area per unit sea area (ha/km?),
of the nine sea areas in the Seto Inland Sea.

b Zostera bed ;
f ! shallow (<10m) sea area.
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Table 2 Correlation matrix between area of each ecological component (data based on the research in 1989-91)
and fisheries catch of the main fishes in annual mean of 1989-91.

S ! Spearman rank correlation coefficient ;

P : Pearson product-moment correlation coefficient (* I p <005, **: p<0.01).

Fish item SE?J:E e Zﬂl':ég!m Sarﬁgﬁmm el (l‘::go’:‘]!oma) Tidal flat (<Sl}6£:ﬂ?:lvrca
S P S P S P S P S P S P
f ®WOt Fishes in total -067 —-048 -052 -035 -037 —-036 -036 —-019 -053 —-053 -033 -045
hyrF40Y Anchovy -047 -035 -020 -020 -008 -025 003 -023 -027 -006 —-048 -031
= F 9 Horse mackerel =060 -042 -037 -043 -023 -028 046 043 "-092 —054 *—080 —055
VAT | Mackerels -055 —036 —-038 -036 —-023 —026 -003 032 *—070 —050 —042 -—045
e 7 A Japanese flounder 003 062 030 *075 028 °077 -033 -012 002 -0.14 0.23 0.05
A L 4 W Other flatfishes 007 018 -015 017 —-0.18 -007 *—-078 -062 038 012 0.57 0.63
= - I Croakers 033 053 048 059 052 043 -030 -025 030 —0.03 0.25 047
2 ¥ 4 Red sea bream -002 056 018 068 030 °0.78 031 025 -020 -027 -032 -021
7 o ¥ A4 Black sea bream 053 *084 058 091 055 078 -032 -025 042 006 0.63 0.53
+ 7 7 H Spanish mackerel =027 -005 002 007 000 000 -059 -041 -015 -023 0.15 0.06
Ko7 H Mullets 038 052 010 042 000 020 -069 -0.60 068 °069 "0.78 094
A ZX ¥ Sea bass 003 -015 -012 -014 -012 -019 -054 -041 -013 —0.16 043 0.05
Benthic animals
K B 3 &t (other tl;x::nt ost};fllﬁshes) 012 012 -027 -007 —-037 -022 -048 -049 037 *0.73 055 *0.79
a4 HHE Cuttlefish 037 046 038 052 038 064 046 035 038 -001 -013 -017
DA A H Other squids -012 -024 -018 -032 -020 -022 025 054 025 009 -035 -019
4 =R Octopuses 023 025 050 027 047 005 -035 —-047 -023 -013 043 057
7 2 g2l Kuruma prawn -018 -006 —-048 -028 —057 —-030 -025 -022 052 *094 0.03 047
Db K Other shrimps -002 003 -035 -013 -042 -022 -056 -053 067 *091 0.37 057
A | Blue crabs 035 010 -017 -012 -022 -018 -038 -032 *083 *098 0.60 0.59
7 = H Sea urchins 012 035 018 039 030 058 062 062 -003 -021 -052 -039
+ =% 3 % Sea cucumbers =010 -019 010 -014 000 —011 039 014 -037 —-016 —-018 -028
H  H Gt Shellfishes in total “083 021 042 -002 032 -003 -003 -023 067 095 °0.82 0.57
7T 7 € H Abalone =005 016 008 017 025 038 *072 074 -065 -049 -063 -050
¥+ HF = Turban shell -008 044 -0.08 044 -007 063 028 055 -015 -022 -028 -024
ahi- (Table 2'4)0 Wwh,

HiE oW TIE, KFH, »L A8, FToior L
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Table 3 Correlation matrix between area of each ecological component (data based on the research in 1978-79)
and fisheries catch of the main fishes in annual mean of 1978-79 except for the 4 fish species with
cross mark (7). Catch of these 4 fish species were data in 1976-77, because these catch data were

unavailable after 1977.
S ! Spearman rank correlation coefficient ;

P : Pearson product-moment correlation coefficient (*: p <0.05, **: p <0.01),

—— bei\:‘tized Ztﬁéﬁm Sa té.:imm Kelp (lfgglama) Tidal flat (<Sll'l1)a£()):;_ "
S P S P S P S P S P S P

1 b it Fishes in total -047 -035 -027 -028 -038 -038 -058 —-040 -055 —-047 -008 -0.18

hEDFAL DY Anchovy -043 -040 -010 -024 -012 -031 -038 —-031 -008 —004 -018 -025
< 7 ¥ Horse mackerel -048 —-034 -027 —-038 —-017 -027 039 027*-097 —052 "—-072 —-047
i Al i Mackerels -035 —-032 -020 -036 —013 -028 003 015 "—080 —047 —-038 —040
E 2 #  Japanese flounder 052 *087 063 *094 062 *091 -008 -006 055 006 035 037
#oLv 4 H Other flatfishes 013 035 -012 027 -022 -002°-078°—-070 038 049 067 088
=~ ¥ 8 Croakers 038 063 038 063 040 037 -038 —-034 003 004 043 *0.72
4 4 1 Red sea bream 007 065 027 °073 037 *086 067 029 -028 -017 -045 —-0.09
# B ¥ 4  Black sea bream ‘080 *0.89 °0.73 *089 057 °072 -032 -034 063 031 *088 °0.79
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tAH T AN Rock fishes 050 079 055 *086 031 064 °—-08 —064 024 009 079 058

tr + b Sea eel 017 035 010 039 -005 016 -071°*-082 -012 004 052 034

Benthic animals
K FE @) ¥ & (other tl}axt stlélellﬁshes) 013 025 003 013 010 001 -002 008 045 031 005 055
in to

a v 4 » H Cuttlefish 023 000 018 001 027 017 035 051 062 —001 —007 —-026
oMl A A B Other squids 010 035 008 032 005 054 019 024 023 017 -003 —-0.09
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H it Shellfishes in total 062 016 038 —-004 030 —-010 -032 -031 *095 *099 077 065

F 7] ¥ i Abalone -012 -022 -017 -029 007 -010 *0.88 *091 -050 -032 -065 —047
H s x Turban shell 040 077 018 "078 025 050 046 015 047 016 002 018
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Fig. 3 Examples of scatter plots where significant correlations (positive or negative) between ecological-
component area and fisheries catch were detected. Horse mackerel "89-91 (a), other flatfishes "78-
79 (b), benthic animals (except shellfishes) in total '89-91 (¢) with shallow (<10m) sea areas.
Kuruma prawn '89-91 (d), blue crab '89-91 (e), shellfishes in total "78-79 (f) with tidal flat.
Japanese flounder '78-79 (g), black sea bream '78-79 (h), fine spotted flounder '76-77 (i), rock
fishes '76-77 (j) with Zostera bed. Japanese flounder "89-91 (k), red sea bream "89-91 (1), black sea
bream '78-79 (m) with Sargassum bed. Other flatfishes '78-79 (n), abalone '78-79 (o) with kelp
(Ecklonia) bed. Markers indicate sea areas, ie.,
% ! Suo-Nada: O :Iyo-Nada: @ : Aki-Nada: O : Bingo-Geivo-Seto; [J: Hiuchi-Nada ; & : Bisan-Seto ;
%  Harima-Nada ; W : Osaka-Bay : & :Kii-Channel; % :former Hiuchi-Nada (before 1977).
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Table 4 Fish items with catch data exhibiting a positive or negative correlation with the area of ecological
components in both research duration of 1989-91 and 1978-79. Catch data of fish items with the cross
mark ( §) are the annual mean of 1976 and 1977 because the data after 1977 were unavailable.

S ! Spearman rank correlation coefficient |

P @ Pearson product-moment correlation coefficient (without underline : p <0.05, with underline : p <001).

Component Fish item 198991 1978-79 Component Fish item 198991 1978-79
Seaweed bed  Japanese flounder ) Kelp (Ecklonia) bed Abalone S, P S P
DD SIEEIE ¥ &R Tidal flat Mullets P P
'Fine spotted P "Other flatfishes P
flounder g ;
T Rock fishes P Bentil;l(.u;![lzl‘]lﬂldih P
Sea urc{lins P Kuruma prawn P P
Shellfishes in total S Other shrimps P
Turban shell P Blue crabs o
Zostera bed Japanese flounder P P Shellfishes in total P SP
- Red sea bream P P Shallow (<10m)sea area  Other flatfishes P
Positive Black sea bream P P 1 Other flatfishes S.P
" Fine spotted S:P . :
founder Croakers ‘P
' Rock fishes P Black sea bream SP
Sea urchins P . Mullets SE S
Turban shell P Roc.'k ﬁs'he&. S
Benthic animals P
Sargassum bed  Japanese flounder P P in total
Red sea bream P P Octopuses S, P
Black sea bream P P Shellfishes in total S S
Sea urchins P
Turbun shell E
Kelp (Ecklonia) ~ Other flatfishes S SP Tidal flat Horse mackerel S S
Negative bed " Other flatfishes S. P Mackerels S S
= " Rock fishes s
"Sea eel P Shallow (< 10m)sea area  Horse mackerel S S
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