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Distribution of dead zones in the coastal waters:
A model study in Mikawa Bay, Japan

Mitsuyasu Waku'#, Kenji Kaneko®*, Teruaki Suzukr® and Teruhiro TakaBE*

Dead zones are determined as areas where few organisms can survive. The extent of dead zones was estimated in the
coastal waters of Mikawa Bay, Japan, to estimate its adverse effects on the bay-wide ecosystem function. Fisherpersons
of the fisheries cooperatives holding common fishery rights in the coastal area of Mikawa Bay, were surveyed using a
questionnaire to ask opinions as to the type of waters where few organisms can survive. From the survey results, 174
areas were extracted as potential dead zones from the coastal waters of Mikawa Bay. Field observations of macroben-
thos biomass were conducted at 44 of the 174 areas. In areas where the number of macrobenthos species was <5, its
biomass was very low (4.13g+m™2, on an average). The macrobenthos community in these areas was mainly com-
posed of pollution indicator species, such as polychaetes Paraprionospio patiens and Sigambra hanaokai, and bivalves
Macoma tokyoensis, Macoma incongrua and Theora fragilis. These areas were thus defined as dead zones. Multiple
linear regression analysis indicated a significant relationship between the number of macrobenthos species and envi-
ronmental factors. These factors included not only local ones (such as degree of closeness to the coastline, the depth,
presence of influent water, presence of near-by tidal flat, and speed of tidal flow), but also large-scale hypoxia. The
number of macrobenthos species was estimated based on a multiple linear regression analyses of the 174 potential dead
zones. The estimated number of macrobenthos species was <5 at 80 out of the 174 areas. These 80 areas, comprising of
27.8km?, were designated as dead zones. Overall, 79.2% of the total dead zones was represented by large-scale ports,
and waterways created at closed-off section of the bay. Our results suggest that environmental restoration of the dead
zones is essential to the recovery of the bay-wide ecosystem function.
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ABEREDMIL T L 72381, Dead Zone (7 KV —) &
FrRad, 1960 ERLLRE, EHFIZB W TZ o5&
WK A 2 LT\ % (Diaz and Rosenberg, 2008).
HARIZBWTY, HEE, KRE, 8- ZmMEziEts
ETAHEELRNE T, EFOKBBELZRMOREL, £
MWITERT 2 BEEFKILOFEZICL D, Yot BHHE
SN, HESEAEOWAEIDHRNTE Y, EBRESTY F
V=l RHEENTVWAS. ZOHTYH, & ATHBFELD
B 2 A TUE, 1970 4E A& LU IS R BB 2 LD 37 C
MERI N, FIEBEI T 12km? OTE - EEA5Hgk L
7o, BEEFWILROERIL, TE - &0 RIITH ) KA
HREROZEAL, & ARAEBWRHEDOWANZ X 5K E L
HREDIR L % 2 S (Bl 2 1F Suzuki, 2004), T# - &
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ORBEEEAEBS N TS (HH - B, 2007). —
HBORTHAERREROF VT RE, & <ITKESm DL
EOMISFEITIE, L, Mk, ADIL, AME, AAD
ICHE S NIKBH L CHFTEL TS, bl EdloX
BB M 3 C & MIFIEATIICES N, D% T, KR
AEEEDE IR T LT WA L EFRFRLTBY,
DYEZ RS EHEL TV 5.

BARITA (2000) 1F, ZWEBIZBWT, B RE R
ARRREY IR EHE AL, SRR B T 2 A RIS
MR FAERE DB RO KBEITKE (BT L LML T
B, Fz, BIREEIE, TERPERICRESINSE LH I,
MEMOBERICE > CTEELREGHITHSL K- KM,
2003). Z O XTI, AR, EWERREICE A
FWETERBERE AR T 2 TH 525, ZORBITICX
D, BEKROKEEARCHFEEAEDKTZ2ERLL V2B
FNDH L. SHIT, NENCZE KNI LK O AW~
WIEZFIERITIELH L. BIZIE, RIS -
THHB L 7-kdEm RE - A -, 2006, KEIZA, 2008;
FIALEA, 2011; &11F 2, 2011) %, ANBRICEREES
E 7 A (HRIE2y, 2009) Tk, BERICHILKEL &
MR FARIFEL, FBAERRICKE B L5
NBZEFHLNIEN, EENLRMEICZ> TS, L
L, T0XD RMBIEEIC BT 5 A RREREK T A
DWTIE, EOTEE WBERRERICE 2 5 BT
WTBEEICIIHRE N TV L 00, BAORHAIAIR
B, BREEEANOR D MADHED SN TRV OH
BRTH 5.

ARWFFETIE, BUAE, HSEEDTIC TV A BRI B
2 L RERBEBE DA T I B9 2 BRI A0 E B 720 3k & o8
BIPORBIICETHET 2 720, fEk, B2 7 — VO
ERIGEH SR TWFy RV —rvoier, WitEEs
X OELMESI T L, R R BREEEALIT AR ) AR R AR
RAIKTF AR E [7y NV =] &EFRL. 20T, =
WBEERNRIC, ~7 00Xy P AHEOREZ TV, L
MERREREEKTZ237-59 L E2 TV A HIIBNER & &
RERKIE L OBREMITL, ThEEIZT Y KV =204y
i FERE % HEE L7z

MEEFE

[Fy K —=egEhh 3K OHH

A R SR M0 SEHE 2 R 3 B UM SE T [ R A 20 R B
(Fig. 1) 20512, MEWY)FEEZITo 72 HWKIZED,
A ORI IR A A g, R o R RE A
JEPRIZ AP 2 KR, AR O NGIEAHES R 2 5 K
DEEE, ZOKBOFF#E L HICEM L. ZoE
ARSI T LTS EEZ bk E LTARE
A6 T DKIEHZET BNz, TSRO FH g % B4
%Y, MM R KA 45.7% LR b %, RWTE
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Figure 1. Location of the fisheries cooperatives where the ques-
tionnaire was conducted (O). Enclosed zone (X) and
dredged hollows (+), which were indicated as water bodies
where few organisms can survive by the questionnaire re-
sponses, are also shown (see text). Symbols (4 and H)
show locations of enclosed zone with tidal flat and borrow
pit studied by Waku et al. (2011), respectively.

Table 1. Percentage of water body types in which few organ-
isms can survive, based on the questionnaire responses from
the fisheries cooperatives in Mikawa Bay.

Percentage in total dead zone
Area

(%)
Enclosed zone 45.7
Dredged hollow 23.9
Change in quality of influent 19.6
Others 10.9

WOH, HEEATEHIRIC R > TV A KR (23.9%) TH D,
M D EFHL69.6% & W 5% Ko7z (Table1). DL,
ATEHEK, EEFEHEK O AR RO TIC & ) iAKEDS
AL L 72Kk (19.6%) Askiva7z. BLFISRT FIEIC X b,
PSRRI &, @Kz 2 ZhEg®m LT, Thok
WA ZEBICB S [Fy Y= vbhstbh oKk &
LT L 7=

(1) BASEAYZKIE ATERAMEEIMCT LT3 L ifisEs s
E 2TV B KIBD 5 H IS 2 555 O AR, 0.01-
0km>DHPAITE T X T TH o7z, 22 TiE, X (2004
2008 #i_ AR T FAT, AR 1:10000-1:50000) 2 FJH LT,
HEFEARR DM A 7RIS 72 o T BRI O B 158 % R TRl
OF, TR L R TP F 72 ATAY0.01 km? Ph_E 60km? DX
ToKiE (Fig.2a) 1Z2WT, LTSRS B OD % &l
"7

OD=LY/S (1)
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Figure 2. Schematic of an enclosed zone (a), a water way (b),
an enclosed zone with convoluted coastline (c), and an inlet

).

CIT, LIEMORoOES, SIEIKSHEETH S, B
20 dH L KEEIRO A (Fig. 2b) 122w Tid (2) i
LYoODEHML.

OD=(12+12)/S (2)

22T, LTI oRS, LIZFAITHB20RITH 5.
FHAE S 720D 28 1 Kl D K38 % PSR KIS & @ & L 7-.
AIFOTER DTG R IR L D AV ATV EYE (Fig.
2¢) 1E, REPFRWIEOME THEI L, M454%0.01km? Dk
ThHY, o, FoxconT (1), 2) XTEHEXN
72ODD IR THIUE, Z T 2 L22BSmMARIEE L
T, MEISEWS 0N 5, 1RKE, 2%RKE 3
WA n kKA ER L, ZNEFNROODEFIE L. F
72, Fig. 2d D X 9 72 Mo 2 Wl W ATTIR O Ko
T, AKIBOWRAE EB D i KD 1/212 7 5 B3 T 43
L, EZ52%0.01km? LETH D, »D, ZOKIBIIONT,
(1), (2) ATEHENZODA IR THNILZ, ZZ %2
SLUZZPASE K E LT Sy, A ISRV R s
LRI, 20K, 3RAIE - nkKIEEFRL, TnEh
DODEFHR L7

(2) EMRAKIE ARAEFIERTLTVWEEEZLN
72K D S B, EFERIROKIETIE, BESFICLT
KIEPRERL oo THEY, W ifEKE#ER (CDL) T
SmUETH -7z, T Tl [EHRKRE] %2, 1/502L 1
DOHBETISmE EEL o 2T THINTEY, FIk
RASCDL T 5SmDED KIS & 26 L7z, @HRkigss, b
SECER LS AIBNICIEIE T a1, HISHA KIS

Figure 3. Location of 44 potential dead zone areas that were
surveyed (hatched area), and sampling stations of macrob-
enthos.

MOEEL, MR E LTk 72,
FREEORE, HEF 174K [Ty V' — v fbhskE
bhdkik] & LCTHifishz.
BGEA
[Fy R = Abagtb N Kk & LCihithEh7z174
KA S HBLIZAR D D7\ X S, Fig. 312K TRT 44
KIBAALEIRINL, ZI 5 KL NI 88 2 j 1T
7o, BB O/MS Vs uRY A, RPN ERED
REE LCHEWTHY, T2, FOROKE, KEBREED
EOREZ KT 5 2 005, o IR % IRk
BOFHiA 7 SNTW5 (111112, 2002a; 2002b). X 5
12, v7uxy M AOMMERLHAROLER, BEYE
LR HE L, KEREICEELYS5 25 #AKkiE)h,
2000). TNHDZ ENS, w7 aXY N ZAOERIRIE,
JRI I I 72 BREEFEALIC AL 5 AR R REREIK T 2 5Hli 5 5 720D
R L7, RBFFETIE, 20084E7H25HA»59H 19H
AT CLREDSSMETY 7 uRY P AZERRLZ. 12
oOREIcox3E, Trvry =Y (ER0.02m?) TR
L7z, 35 0EREZHME ImmD 55 WIIhit, 525
W EOEWE 10% F RV~ v CRERE LR, BoR
i LR OF, WEROWEEZIT- 72,
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Figure 4. Relationship between the number of macrobenthos
species and the removal rate of PON.

<7 uXy MAPHBELLZAEIZOWT, H#HARIE2
(2000) DHFEIC L Y =7 Ty b ZABUE R % 5 H BIK
WYREEREZED L, MBERE OBREZRD7: (Fig
4).
BEMEAMICL B ON> f REBHIBERO#%ET
7N M AOERITEET HHTF WS 720, L
TURT L O WML LB R 2 s 28 e L, Bl
Bl cR o N7 axy b ZAOMBEE (species-0.06m
), fEAREEE (inds'm™), FAFE (wetg'm™) %R
ZRELT, TNENENIFIN 21772, EEEERE L
BRI owTiE, EHEIC1 22200 AR K%
PeEAERE L7, BEI) AR EEE 2, BN RN
MAEBT AHT-E LT, THIEOBKM] & [AKE], K
WOVHGEEEERRTAHT-L LT, KB~ [T A
OFHE] L [KBRNICBIT L2 TEOEH] Y LiF7.
F72, BB AMERRE LT 2729, EOD» LM
MEIC L VENTEEEZLNS [HHFROMS ] 21
D B BIRL 28BN oM 2 LT IZBR R 5.

(1) WFOREBME S FAETHEB I L) %M
SHIWKIR D HIE 0 B % 6813 % BARCE 3R £ O1, % Tk
DODZEMWT (3) XD X HITwERL, MyERE L7
B ASPASHIN AN AL E S 234, Ol k1 & L7,

01,=0D,X0D, ; x"-*OD,X0D, (3)

W OKGEASCDLLE T, TEAT 2561, HEOR
Wtk & 3R HERIAAET L LN I N2 ehn, 5
ZAMVERI1IE L &b, ME2122o0WTIE, KiE
MCDLLETH %75, MWK L H T 2 RIBOWRIC X
DIKEEMRCDLLAE E o T2 &b, T2TIE, #
o2 £33y 8icizi s, & 1) TF
w7zoDEHv, X (3) TREIN01% 52, %

fTo7z.

(2) KZE BIEY AT, SBRoMIBOM, B
FY7KIRD 1 TIKIEAR & WG BV TR REREDMCT
LTW3EEZLNDIEENE o7z, TITIE, BUGE
T L 72 %2 B B CDL T DR 2 Mar 2 8 &
L7-.

@) FAIRAOEE I FAICBNTE, AEPo
ARHEOERE LT, AWK, PR O AR it
DT X ZMAKBEDZEALDZT SNz (Table 1). &
NS RAKITEADZACD TR G- 2 5B 2 5l § %
72OI2lE, WMAKOKEEZMVERRET LI ENET L
A, HNOMNIOKEICHET 2T Z LW, 22T
&, WEAE TN AU, G, A, PEKE
MOERRAD D A RUMERE LTz, v
BAIC0EE 2 7.

4) KBRS T2TBEOEE HEIHETIE M
M THo- T, WRICHEOTEE AT 5K (Fig. 1
ICRET 400 TIHAERRBEMIT LT AnE W) &
Bhotz., TNHOKEBIE, TEPEOMMED 15-34% %
HOTWe, 200, HSNAKSRNICEEOTEIEE
L, #XA S HE L CHEA YR ARIROmA D 15% 2L L
Th O, HPUMTZERELT1E, TRUANDOEEIC
0% 5.2 7.

(5) MHmOMS [ ESHCY A THHR S Wz PHSHK
Wi, WEE, BEBORIBICEL o7z (Fig 1), =ilE
DOFIH DR S FBEBRIZ A > TR LT 5B (H AR
4y 1985). WIWIROBIIZOVWTIE, UTo X9 I2dk
BALL, MorZsfe Lz, () HARKER & e 0 i gt
WO A v ¥ 2T — s 2R L, ZFMEICb oL
PEWHES SIC BT 5 1T & & O KB EOHAE (knot)
Z, 20084E8 H1H (ki) 8HOH (N oF#l—iih
W-T#Ho 1M OWTFAL, MWRoms 2%y
MRS U7z, PASHAY/KISIN Ty o i & A3 KIgAE
ERLDEEZEZOLND. WEBORMIZEM H - B AR AR
B (2011) 1, ZELARVEFLVEHWT, ZMBoR
FEFRAYLICALE L Fig. 2c D & 9 e A D MAZZKIE LT
REM 2 2/ (Fig. 1ZH) Nom# %, 33.3mF %
FEOKTCTHEL TS, ZOHETESNS 200946
1 H2 5200949 H 30 H OB O =453 12 B0 % il %
Fv, ZHEENO 1R, 2%KE, 3RKBOEE
NP RO T BT 2 RGHHEH O &, =/
BHITEBO R IS B 2 KR EM T E O T & o1t
EROLE, TNEN058,033,023THho7z (M) AR
TR B Vo 2 T e SR A0 0 ) e 3 B 7S BH BH I K S B A 2
e KB E DO BIFAET 28565, A IVEH PSR
OB 2 ET 5 ERE L BT, AR B K%k
DERBIIIE U T ORBIE L LR TR - BRI
B EBEIHTHEIC T UC, FSHAKI 0 M o i
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BERRTHERE Lz, 2B, WE4 R EOKIRIC
B Ha0E, FE I 3 RO FEIL % w7z,
72, BHHRAKEBNICBWTIE, ZOmERRIZEY,
TERIEEHAMCHARKRELS R LD LEZ N5, FHIAED
(2011) 1%, ZWERIOBRBEEMANON A OKEIZCDL
T6.9m, Fig. | O AISEO BB IZ IO L A
ZIZRT) KBV THREORBEEZEN L TVD, K508
BN % 47 5 7220074F 6 H 14 H 21 H 3B £ 10720074 6 H 28
H7H1R2HIZBT S, @& LFTOHEE (CDL F3.2-
34m) &, WKHE LOEE (CDLF 6.2-6.4m) 2B 5
T DOHMIHE I DLIEIX 0.64 TH o 72, RIFFETIE, HEib
KIIC X B HEDOZEAE KBS 5720, EEICZ D
W E T NTORMIRKBICET L, TR BT 5
RGP U T, BHPRKIBOMFROMS £ T
MR E L7z,
EORXDER
WEFE AT, BEIEMEIC X V1T 72, SE I %
B0, FHVEKICOWTIE, WAL RIS
OB 5 OMWHEAE L WS E 2R L. S512, T
EROVEORMBERE L, R OMIERIC L - Th
fi 24T, o N7 EAAHBRE S (4) T X ) VIF
(Variance Inflation Factor, Z-#JL KZER) #FHHE L7 (H
HEd, 1992).

VIF=1/(1-r?) (4)

BT R OB B 72 - Tid, BRI 5% KHETH
BEThY, RiboFHERE (AIC) (Akaike, 1973) 25% 5
EL/NEL B2 EHOMAGbEOENF AR L 7.
%B, ZOFHEOKRE, VIFERAKTH1.74L, £HIHE
MEDHAEDHIMBZTH S ST TH - 7.

B 2

v/ ON> N AOEHBIRR

8MAEDI B, 3BUOWHETIET 7Oy b R IFHRES
Nhoiz (Fig.5). MBI 1L LSRG TS - 721
HUE28%, SLLETH o 72 51E39% Th o7z, MBIHE
BILL LSRG TH o 2RI BT 2 BifFRI1Z, P
413g-m2L, MBFEKLSSLETH - 720050 FH 1l
121gm2D34% T e o,

WLz uaxy b RiE, £BH498, ZHHE27
Fll, MEEMEH 22, HRMH 16K, Fofi13fo&5 1278
Thol. PHIEGE LM I0EOY 70Xy F 2T,
B L7z~ raxy b ABHERED 88% 25k 8 572 (Table
2a). ‘P m LAL3HIE, Y IVER T H A Scapharca ka-
goshimensis, 7 ) Ruditapes philippinarum, & b b 277
A Musculista senhousia O ¥ W) £ O A HE AL D 7=
MR UL E s R Th - 72T, EFYHHAERE L

35

w
o
|

N
(9}
|
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V& S 7, 7
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OV OT 2 ) A
S 7 7s VQO

Figure 5. Frequency of the number of macrobenthos species
(n : number of specieS'0.06m_2) collected.

Table 2. (a) Biomass of macrobenthos collected during a peri-
od from July 25 to September 19, 2008 at all stations where
more than 1 species occurred. (b) Biomass of macrobenthos
at stations where only 1 to 4 species occurred.

(a)
Ranking of Biomass (g-m™)
averaged Species
biomass Max. Avg.
1 Scapharca kagoshimensis 352.7 19.3
2 Ruditapes philippinarum 446.8 10.8
3 Musculista senhousia 281.3 10.4
4 Reticunassa festiva 242.7 5.7
5 Paphia undulata 153.5 5.6
6 Macoma incongrua 32.9 3.9
7 Theora fragilis 313 3.1
8 Batillaria multiformis 80.1 1.8
9 Macoma tokyoensis 34.8 1.3
10 Raetellops pulchellus 20.2 1.3
(b)
Ranking of Biomass (g-m™2)
averaged Species
biomass Max. Avg.
1 Macoma incongrua 18.58 1.930
2 Actiniaria 14.92 0.993
3 Paraprionospio patiens 3.67 0.740
4 Alaba picta 3.75 0.150
5 Macoma tokyoensis 3.67 0.147
6 Reticunassa festiva 1.50 0.070
7 Platynereis bicanaliculata 0.42 0.017
8 Theora fragilis 0.42 0.017
9 Owenia sp. 0.33 0.013
10 Sigambra hanaokai 0.08 0.013
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fr10fEc, HB Lz~ 27 gy b ABER D 99% A5 5 o
b7z (Table2b). Biffi LAZ10MEDH L, e XL T b
V) Macoma incongrua, ¥ / 7N L T R ¥ F Parapriono-
spio patiens, I A W ¥ Macoma tokyoensis, ¥ X 7 i A
Theora fragilis, /N7 % 71 71 % 3 71 4 Sigambra hanaokai D 5
MZGEIEEAY & ShTwd (35, 1975 £JF, 1998;
P - [, 2007).

<7 uXy b 2O MBREEAH S KMOWHRTIE, wIh
O A FRIEE Y B2 M EAY0.7mgNm 2 -day ' DL FTH o 72
(Fig. 4). ZOfEIZ, #HAKIEA (2000) 12X 2 =i O H
RO 54 I BT 2 P E49mgNm 2 day ™ D 1.4%
TR E/NE , ARMGT IR 3 5 KB E LR REAN T &
AEREREL TV ARWnwEEz 5hie.
BOR T
H HEE S AR % (CD) 1E, v 27 uaxXY P 2O
BB 2L E LzE IR (Table 3al) T0.59 &

bolb@Ehol, v z7uxXy M 2O MBEHEBOKTIL,
REW AR TH 2 KT L REOW L2 KT &
5 (Fig.4), UTF Tk~ ua~Ny b 20 MBHEKZ R
L LzERERICOWTHY FiF 5.

MOTER, BRELLETRTHRHSH, F5iconT
&, TR mOMmS ], [RKBHNICBIT 2 TEOAE] [H
ORI 25IET, [KE), TIRAOH #] H8T
otz WEREBANOEIRE %R EEL L7 A2 o
T BUFEAR B DML, [WIWHOBS ] 25057L b ok
BREL, [REBNICBT2THOEM] 530.38, [KE]
230.36 L feva7z. EBIOWSEHE O LY A TR O
%o 7z [WIBOBRBME] 1Z 2N 5I2KRVT0.16 TH o 7-.

EZE
YUOND FZADERICEE R 5 2 2ER
Table 3alZ/R L7z BY, HEEUGHITORKE, ~r7aoxy

Table 3. (a) Partial regression coefficients, coefficients of determination adjusted by degree of freedom (CD), and
Akaike’s information criterion (AIC), estimated by multiple regression analysis. Standardized partial regression
coefficients are also shown in parentheses. (b) Statistical information, including the additional independent vari-

able “Large-scale hypoxia.”

(a)
Independent variable
D::reizgfem Constant CD AIC
X, X, X, X, X,
(1) No. of species Speed of Nearby Depth Open index  Influent water
tidal flow tidal flat P (o1)
66.8 16.2 -1.0 4.3 -34 3.4 0.59 596
(0.57) (0.38) (-0.36) (0.16) (=0.14) (179)
(2) *Density Speed of Nearby Open index Depth
tidal flow tidal flat (o1
18.3 35 1.3 -0.1 1.8 0.39 413
(0.54) (0.29) (0.18) (-0.16) (213)
(3) *Biomass Speed of Nearby Open index Depth
tidal flow tidal flat (o1
9.9 3.1 1.4 —0.1 0.5 0.47 324
(0.45) (0.39) (0.28) (-0.28) (193)
* Values added 1 and transformed into natural logarithms
(b)
Independent variable
Dj:;ggleem Constant CD  AIC
X, X, X, X, X, X,
No. of species Speed of Nearby Large-scale  Open index Depth Influent
tidal flow tidal flat hypoxia (on P water
50.5 14.5 =7.1 6.7 —0.6 —4.8 4.4 0.64 585
(0.43) (0.34) (-0.31) (0.26) (-0.23) (=0.20) (168)
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N A OWMIAELNZIE, #WROBEHABMERE LT -
ELRELGEEL W ZMEoxrzuxy b ARED
BARSLHZHMEIIAREICL )V RELEBDTEI 8
BN X > TR Z BENTW S EEARITA, 1998b; G RIZ 2
2004) %%, WIWHOME & OMBFNIZ L I N TVWRn,
ZHIZA (2004) X, EFOHREBIIBVC, #HWimHo
BRITHE D MR RO X ) KE O BRI
NEATAHZEZHSNICLTWS, T2, FiliE,
(2004) HHEFOHPBIZB VT, KEHEDHHE &
JEOBEFRBERE L OMOFEAHBEZRZ TS, L
BT, WHHREDWYVEmEFAEZBE LTI 7 aXRY b
ADEREHEL TCWEEZONS.

MR OWINER & L TR O S 12K Tl < 3
BLCWDIE, KENIZBT L TEOGEETH-72. B
HEOWZEIC & - T, THORAEAEY O BEIEEY bR LR
2 X 2 EEROBEHRFIHTR RGO SN TnDE (Bl
X, HI -8R, 1996) A%, ARWFZEORRI, BB
BARTETHo T, ZIIERTLIKEEWICX LA
S OB F R MK DRI A 1S & 2 W LI R 3 LG R 3
XD, KPR A RPN R B R ICEF S L
MBI OBMER L LTHEHT 22 L2 RET 5. 20
RS, Ty R - OBEYERE LT, BECTE
EHERTAHILIIAMTHLLEEZLND.

KEoMIm, MBAMEBEOBAERE L THEL T
co BWIKITIX, BFEOREOIREICE, SERAIC
X B EED S OEEFEMAEDWT S, EEHIABEL LR
T, ZhICLY, =7 uxY N AOEBNHES L TY
7o (BEARIEA, 1998b ; S RIEADY, 2004) 2 EZO5N5.

I O B % 7R3 o1 O INE B R o B E R &
LCTHEL TV OIMEV SN 2k Tld, ko
EmABA L5 EARIERICLVHALAIIIN TS
(ILIEFIE 2, 1998), KO, ARWORKELRE, H
MZRESE, ZRODMICLLMBENEL, BERED
sAIC X 2RI OMELZTI X L, KEE %KL
B85 COEBEILOMETIY 7 uxXy b AL %]
ELTW GARIEFA, 1998b: SRIED, 2004) &% 2
DY

AN OFAEL, MR OBV ENTH > 72, K
FEDRERNL, WIEEANOEIEHK, BEFEIKOW AR,
NG RAL T IR ) TEAKEDOEALIC X ) Ko~ 2~
oY b AQERBFHH SN TWDE Z L Z2RET 5.

COEHT, WEBIERBRIBRIKT 27257 EER
TWAHIBRSFIC Z D~ 27 Xy b ZABEOE BRI
FHWERAZZD, BONZEFROCDIZ059TH Y,
TSR SN EIEE VY. 22T, ALY H
BTREON ol 70Xy N ABEDE BRI
R 5.2 HMOREFIZOWTETICHE L7

LEHREOERF KBS /7O P ADERIZEZ 58
#88

20084F 6 H 23 HIZId, =B BEE o g s KB 12 & i
FILL, BRBERRROMIEIL S EEEKRICEDLR, 6
F30 HIZIZw @l o F8 A D5 HERR S 7 (55 A K e By
2009). ARAFFEOBIGEMIE, HEWISENHER I N6 A
30 HUBEIZAT DN TV B DT, flEIZE>TiE, w271
NV MAPNGIE L T2 feEDsH 5. 523 A (2001)
1, EFOZWEICBW G OAMRFKIO LR L 21T
FERRET0% UL 2R TE 2 & S 5 e 2
BHLTwD, ZhicksE, ZMEEinERICES %
SHIXDOFMHEIZCDL F2.52mTh 5. Lizh->T, =i
BRI T, KEHMSCDL F2.52m & ) K& wikigiE, 4
BREOEMEAKILOEEZ 2T T RelEdv = & f)
Wixhzd ZoZExEELT, JRomREGGNICEE
BB O B IR FKIL O 5B % K5 Mr ZH oz BmL, 2008
6 H23 HICHEPAMEKRICTEDLDN TV (ZHIEKE
ARBEY, 2009) AKIKICH D, KEACDL F2.52m& D b
REVHLIZOWTIREPDEL 1 %, ZhDA oMl micix
BRUZEREENENG 2, BERITEZITo72. ZOM%R
EEBBO BT OGE %2 KT ML OB X

D, CD2%0.6412 L5 L7z (Table3b). $XTOMVZEE
R LA T — & 2 W2 B AR T, SRR 722
[EEHBEOEMFAKI] OBEOH L RTHILERD
REEREIE-031TH Y, [HWHFROBS] X013
BEAOEBREI/NS WD, FRICKR S TARIENIZBIT 5
THOAGE] LFAESEOFEMEL R L. 2OZEhH,
7uaXY MAOERICIE, WhRHIESED, 200 %ER
WMz, EBNLZERERED KREGEEL WD LRE
ENB. Lo T, Fv FV—roBRBg®EIZE, Z0
YoOREBHEE & 12, BUEERS L Tw» b KB R 23
WERBEBHE (G - BH, 2007) OBALLLETHY, W
HEIARUGTHDE N D,

Ty R =2 ORI MEEROHTE
EEBEOEMRFEKILOEE % MK BN L TR
bz E MG (Table 3b) Z AV, BT [T v FV'—
AehgEb N s KIE] & LTl SNz 174 K812 BT 5
<7 uNXy P AOMBEEKE P L7z KEOHIZIZZAK
WIZBU 5 CDL T OVEKEE L2, TOMOKIHIZIZ
MV EBE RO ETROMEEZA L. ZORE,
TR KA 5 Bl A 0 kI8 80 K3, 5 DL E 10 AR Ak
WE 55 K38, 10 FELLE KB 39 KI8T - 72 (Fig. 6)

Fig. 712, BIGBINATFEN S 7z 44 KIKIZDWT, Table
IR TEMERNZ AT TSN 78Xy F 2D
MR, FEWMERE ST 5. EMFEES s ET
Ho 2 WL, FWHEEASHERGO D 0D, T h
3% Lozl L, FEHFEEASS F A T - 72
Wz, PRI SHUEO SO 2% b H o720 L
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Figure 6. Distribution of dead zones based on predictions of the
number of macrobenthos species.
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Figure 7. Relationship between predicted numbers and ob-
served numbers of macrobenthos species.
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Table 4. Predicted dead zones categorized based on the topog-

raphy and social utility.
Overall
Total area
Category No. of areas N percentage
(km?) .

(%)

Large-scale port, 19 22.0 79.2
Water way

Small-scale port 32 35 12.5
Borrow pit 14 1.4 4.9
Loch (artificial) 11 0.6 2.1
Loch (natural) 4 0.4 1.3
Total 80 27.8

L7225 C, MBS ATS B G & e & K5
o2 BRE LTIE, EE o H Sk o bk 3 R0 MR
FARDPH B OIEFEHPABOFEHIK TIEE L Tl &
NEz o, 2Ol BB O SR ORETDH
5.

F 7, ERURENTICB VT, HEEDH 2 - 72 [# i
DIRE | IZOWTIESE, 4 OKIBIZB W CRIFMEED
WENEIE 21T & & IS, EHRAKBUIH L CiE3 koI
FKEREIE TV (K2, 2008) 12X 0, EHPNEED
MBERE LS EITL2UEDNDH .

L2 L, RFECTHW 27 axy b 2B 7l
FHE, BB X 2920 &, R R u A A, B
FERPLEONDWHERRY OFEREFHALTBY,
EHEOHTERZHT S ERABIC—EDRL4EZFOL D
LEZOLNSD.

MR THRRZ-EBY, v 70Xy b AOMBIFERAS R
T o7k, B e <, RENLERRERETDH S
KEFEREZ T LA LA LTV ARV &S, TR
MR TH B 80K Z Ty NV =V EEHTLE, ZD
ARNAEIE27.8km?> T, TNHDE L BABMIBIBLLZEIC
LT/ (Table 4). BB AE S N7 KB
i, BEKIET Y Y — Y ORED79.2% & KX HhEd
L7z

Suzuki (2004) &, 19704 % i & L7z =B HEE
WO TE - E5 12km> OO T TSPV L 7285
ﬁﬁvﬁn&ybz°léﬁméLEFi BRO =S
BOFRIC BT 2 AR HE D 65-145% 1ZH 49 5 & ¥
BL, T X 2ERLKEGALAERE O HE IS KB 2R
WOFEA L ZNITRR T 2 EMFIEROELHEFTH
HEFRLTWS, RifETtRESNTFy KV — VO
27.8km? 1%, T OWHETE - RIGMEO 235 1Y §
b, ZOZ I, KHEBZZEDILTH, BRIECHESOM
B ZEZ M, TE - RGOWEKEEE LR 5L 7
P = L3 Tw L ERELRLTVD. AIL
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(1998a) &, EFOZEICBWTHILBIN 2L, <2
Oy b ABHEIC L BREFEOBRERNEZRGE L. Fh
WZE DL, KENPCDL F4m & D /NS WGk T
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o=z, #WEEFK250mg Nm 2-day ' OBAMPEIZHZ L S
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L72h> T, GHA S22 BINEERO 7Y Fv'—
B, BARIEA (1998a) & FBRIC, ARMIR RIS
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