R PE iR

!

fFge  67(4) 225-234, 2003

REBROEYEFEFHFREOFE | XA/II—E5ERBEORE L

EYEFEOBMENT 7O—-FICLDHEHS

BHERT - b E—

Assessment of Bioresource Sustainability in Marine Coastal Waters:
An Attempt Based on Retrospective Studies in the Area of
Ohta River Catchment and Hiroshima Bay

Naoki Funi' and Shin-ich UYe

Many enclosed coastal seas are environmentally deteriorated with concomitant decrease in fisheries production and
need a proper management to aim the sustainability of bioresources therein. This study has two objectives: one is to es-
tablish proper criteria to indicate the sustainability of bioresources and the other is to actually assess the sustainability
for Hiroshima Bay. We examined the historical changes in environment of the catchment area of Ohta River, a major
river flowing into Hiroshima Bay, in particular, nutrient (i.e. N and P) loads into the bay were considered. We also col-
lected long-term data on the diversity of inter- and sub-tidal invertebrates and fisheries and aquaculture production in
Hiroshima Bay. Due to increased anthropogenic activity, both N and P loads increased from the 1960s to 1980s, and ac-
cordingly the eutrophication of Hiroshima Bay was proceeded. Reduction of P load was effective since the 1980, but
there is no sign of decrease in N load. The water quality (i.e. transparency and nutrient concentrations) and sea bottom
environment (i.e. ignition loss and sulfide content) in Hiroshima Bay were the worst during the 1970s, and there has
been no significant recovery since then. Annual landings from fisheries and aquaculture decreased temporarily in the
1970s, and receded further in the 1990s. Both the diversity in feeding habit of fisheries animals and in species composi-
tion of inter- and sub-tidal invertebrates decreased steady from the 1970s. Based on such retrospective data, we pro-
posed three criteria for the assessment of bioresource sustainability: 1) productivity, 2) efficiency, and 3) stability of
bioresources or ecosystem. An integration of these criteria revealed that the sustainability of bioresource in Hiroshima
Bay was highest in the middle and late 1960s. Then, the sustainability was gradually deteriorated and the worst in the
1990s.
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Figure 1.

Maps of Hiroshima Prefecture with local governments corresponding to Ohta River catchment area

(shanded area) and of Hiroshima Bay with locations of observation and sampling stations.
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1I20.07mg-"HUZEEINL , FD% 1984 £ TF10.07
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Figure 2. Temporal variations in annual average concentrations
of total nitrogen (TN) and total phosphorus (TP) in Ohta
River water and in sewage treatment discharge, and nitrogen
(N) and phosphorus (P) loads from Ohta River catchment
area. Bottom panel shows the variation in moler N/P ratio in
the load.

AELD AT N/PLL T H 5 Redfield lbD 16 &K D25 il kE
& E-T3,

1975 FELIFTON, PHRAATHEDHE

AR TN, TPIRE 7 — 213, AEFRLORFE L EHEEN
HOBRBELAIEE L - 1976 EDEELhZE DT
HY, 195 ELFNCERE A 5727 — 2 EHFEELE D,

LA L, B TOERB(LABEIGET LB =0
1960 FERBATHBD T, 19604 TN L CREIE
KigkA 5 DN, PRKTREOHEE & A7z,

KEJIAJIZK D TN, TPUREE &, Filkoo A0 & B
T3 EMWMEL . TAREEMAAR+ 0 Th - 721976 5FE2
5 19814E F TOMMIL, WIMATD Y720 OFH INRE
(0.7x107 " mg- ™" person™") #:K@, FRITHIRALD LA
WERAFEL D Z LK KENANKERONERZEH
L7z, A S FEORSBRERR (RBE, 2002)

IS E ZOBOBLEEBENTH B ENE L. -,

1970 E LT DM E T — 2 EFEL BV DO T, 19714
5 1998 X TOHE (D, misec”) (BTG,
1971-1998) & JABEHOERMEARE (R, mm-yr™) (RSB
FEREE, 1960-1998) OBHBR, D=14.9R+348.0
(r*=0.79), 2 SHE7E L7z, WIIKERD P ALK E S NEF
BLRBOFETHE L4y, 7054 PYIEEE R
D 1976 54 5 1979 4F & TOFURAL Y 72 D OFI TP IRE

H—
B

14 .
24 N B Estimated
~ 10 D Measured
s
=]
=
=
<3
<
o]
P B Estimated .
1.5 [ Measured »
.:. ]
© 1
= |
=
05
S0

0 NARN | Ldad
1960 1965 1870 1975 1880 1985 1990 1985

Figure 3. Temporal variations in nitrogen and phosphorus loads
from Ohta River catchment area. Loads between 1960 and
1975 are estimated and those after 1976 are acutually mea-

sured.
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Figure 4. Temporal variations in transpanency (i.e. Secchi Desk

depth) at stations near Atada and Tohge Islands in Hiroshima
Bay (from Ohuchi, 2001).
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Figure 5. Temporal variations in annual average concentrations

of total nitrogen (TN), dissolved inorganic nitrogen (DIN),
total phosphorus (TP) and dissolved inorganic phosphorus
(DIP) in Hiroshima Bay.
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Figure 6. Temporal variations in ignition loss and sulfide con-
tents in the bottom sediments of Hiroshima Bay, and dis-
solved oxygen concentration (DO) at the bottom layer of
northern Hiroshima Bay.
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Figure 7. Temporal variations in annual landings from fisheries, oyster culture and laver culture in Hiroshima Bay.
Diversity in dex (H') of fisheries animals is also determined based on their feeding habits.
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Figure 9. Temporal variations in removal efficiency of nitrogen
and phosphorus in Hiroshima Bay. Removal efficency is de-
termined by dividing landings by loads.
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Figure 10. Temporal variations in produc tivity, efficiency and
stability indexes to assess bioresource sustainability in Hi-
roshima Bay. Stability index | shows species number of
inter- and sub-tidal invertebrates and stability index 2 shows
diversity index (H') of fisheries animals. The bioresource
sustainability index (BSI) is the mean of those three indexes.
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