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Spatio-temporal dynamics and mortality of mega-benthos
in relation to the development of hypoxia in an inner bay:
A model study in Mikawa Bay, Japan

Ryota Sone"* T, Mitsuyasu Waku' >, Satoshi Yamapa' ¢, Teruaki Suzuki* and Teruhiro TAKABE®
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To investigate spatio-temporal responses of mega-benthos species to hypoxia, we conducted a bottom trawl survey
with environmental observation in Mikawa Bay monthly from June to October. The number of deaths for each main
mega-benthos species was estimated from standing stock in relation to fishing, recruitment, and growth. Further, natu-
ral mortality coefficient (M,) and death ratio (Dn,,;,) under hypoxia expansion (i.e., June to September) were calcu-
lated. Distribution areas and standing stocks of each mega-benthos species decreased as hypoxia developed. Although
M, (month™") changed with the calculation period, the mean from June to September was estimated at 0.41-0.85,
0.42-0.46, 0.46-0.76 and 1.16-1.26 in flounder, swimming crab, mantis shrimp, and cockle, respectively. These values
were higher than well-known natural mortality coefficients, which were calculated from biological parameters or ob-
servations conducted in normoxic regions. Calculated Dn,;, was more than 50% in all analyzed species. The results of
this study indicate that developed hypoxia causes mass mortality of main mega-benthos species. Moreover, expansion
of hypoxic areas incidental to coastal development have potentially deteriorated the ecological corridor for the stone
flounder and kuruma prawn populations, which use the inner area of the bay as a nursery.

Key words: dissolved oxygen, environmental quality standards, hypoxia, mega-benthos, mortality, spatio-temporal
distribution, ecological corridor
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Figure 1.

The location of study area and survey grids with depth contours in Mikawa Bay. Dotted lines indicate

boundaries between Ise, Chita, and Atsumi Bays (Achiha, 2008).
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BEEDOI B MY T AL, 6 HITIZEEB ZHOIAL 5
i LCW722s, ZORISAOH/NE & B ITEHN DK
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—Ji, THF AL O BN oA IC K
XTALIER OGN G oT7. ZURIVVEDI L7 V<L
Yl 6 HICIRFEEBE D Grid 1 %° Grid 26 (2545 L
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ERNZELTE K94 ZHKTH 72— HT, ~arL
4, HHFI, 7HATAIZOWTIIMIMZ8 L THEY A XD
B EBOMI MR INT, £/, NS IZ7HEDR
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22T 10 H o BRI/ NEMER AL T - 7z
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Table 1. Mean values of temperature, salinity and dissolved oxygen concentration (DO) at the bottom and area of
DO 3.0 mg-/"! or less, 2.0 mg-/ ! or less, and 1.0 mg-/"! or less in Mikawa Bay from June to October 2014.

Bottom water quality Jun. Jul. Aug. Sep. Oct.
Temperature (°C, mean=SD) 20.6x0.7 22.3%£2.0 24.7x1.4 23.8+0.3 21.1%£0.3
Salinity (mean+SD) 32.2+0.5 32.5+0.8 31.4%1.2 32.1+0.8 31.3%0.5
DO (mg-/"', mean=SD) 34%14 2.2+1.7 2.7+£2.4 2.7%2.0 5.2%0.8
DO<3.0 mg-/ "' area (km?) 151.8 238.2 2753 225.3 0.0
DO<2.0 mg-/"" area (km?) 63.8 167.3 199.4 175.7 0.0
DO<1.0 mg-/"" area (km?) 0.0 111.6 125.6 117.5 0.0
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Figure 2. Spatio-temporal distribution of dissolved oxygen concentrations in the bottom water layer, total biomass of
main species, and individual densities of each species in Mikawa Bay from June to October, 2014.

Table 2. Monthly mean values of biomass and number of indi-

KRB 3,100 ind. km2 & 2 ), 6 HE kR L CTZhEh
87% B X UN93% Kk L 72, 10 A (21X B 47 # 204 kg'km™,
AR E B 6,600 ind. km 2 & %2 0, 9F LHRD LT
WZHmL 7=,

INFEIREICLBFERTEDHEE

BEE (Pw) O

6 HH 5 9 H DN st SO SF B m B X ORI
ZTable2 /R L7z, ALVAEH, Y YIaBLXOMN) A
6 HICik ROBUF = L BAREERELRL, ZOBRIIEAN
WAL, 9B ICRIKE Rz, —HT, FHFIRTHIC
TARBEHENIE -2 %), SHICHHFREP Y -2 %5
7z.

T/, FHOB R IEDE (02,04,06) 12Xk
LTRD SN 2GR ORZLE (Pw,,—Pw,) % Table
3R L7z, MR OREICIS U TELREOK X SI13R
oo 72hs, B E 72138 & R § 2L Jr N R =R
LoTRLEO D72, Thbh, AVAH Yvyab&
O MY AL TlReEfifcEd L, coRPEiEh LA EB
XM AL TRIMITRKRERY, ZORHIINSL R
2. vx a1 s 2 TE TR EINE L
oo 72, 3HNCWAENRKE Bole. HHF IBFOK

viduals of flounder, swimming crab, mantis shrimp, and
cockle in Mikawa Bay from June to September 2014.

Species Jun.  Jul.  Aug. Sep.
Biomass (kg~km_2)
Flounder 193.5 103.3 36.0 9.6
Kareius bicoloratus 454 247 9.7 5.5

Pleuronichthys cornutus 119.6 645 214 3.7
Pleuronectes yokohamae 285 140 4.8 0.3

Swimming crab 213 662 734 41.6
Portunus trituberculatus

Mantis shirimp 1652 1154 759 155
Squilla oratoria

Cockle 5162 2439 634 129

Fulvia mutica
Number (ind.-km™?)

Flounder 10,455 5,041 1,164 430
Kareius bicoloratus 3,363 1,756 105 254
Pleuronichthys cornutus 6,335 3,042 989 163
Pleuronectes yokohamae 756 243 70 14

Swimming crab 681 830 544 262
Portunus trituberculatus

Mantis shirimp 15,908 9,507 5,468 1,029
Squilla oratoria

Cockle 15,492 8,772 1,933 328

Fulvia mutica

— 235 —



i

HleH

f

,'F_'"_J.

AL SRR,

#, 1

K, FIANES

p=x

Ju

XN

69'1 80°0 §'s6 a4 6'S TLT I'erl— €
LY'1 ¥0°0 TL6 0'9LY L'el (] I'v0v— 4
0't6 (187 9Tl €9°0 S0°0 €0°0 816 YCLTI 0°TLY9 99S 0'LE 8'86 1'019— I IP0D
8¢'1 620 98 [NV ST 001 €eel- €
€70 cro L'LL I'LL (44 Lol ¢'88— 4
1’08 Sel 9L'0  8%°0 S1'0 ¥0°0 96 9'6S¢ ST91 €09 67T 8¢9 9 111— I dwiiys spuep
69°0 ¥0°0 Ts6 st 8Tl L'v61 ViL— €
0¥°0 00 6’16 g'ssl €8 ['081 €91 [4
v'0L L'e 9%'0  0€0 00 00 L'v6 9'L9Y 8BS ¥VYT €€ LT91 9001 [ Qe Suiuwimg
0S°0 6¥°0 §0s 43 8'1¢ 0°¢ 65— €
(4! v1°0 06 I'LLT €61 8y L'0ST— C
9'L8 €8 ¢80 1L°0 (44 00 L'L6 TSIS L'S0E €8S TL L'OIT 1°20C— I 19punorg 0
19'1 91°0 6'06 68 6'S 9'8 9'96— €
€'l 80°0 r'v6 I'T€T L'el 8'TY 1'20T— 4
6'68 '8 171 650 01°0 LO0 9'68 6'L09 S'LIE 99 O'LE yov 1'S0€— ! 90D
60'1 850 €59 YLy st 0°¢ L'L9— €
1€°0 ST0 €SS S'LT (44 s Eyr— 4
999 0°LT 190  #¥0 0€0 80°0 (4% Levl 8vL €09 671 6'1¢ 865~ I duiys spuepy
99°0 L00 706 cocl 8Tl €L6 L'SE— €
8¢°0 ¥0°0 668 9'¢L €8 106 8 C
L99 YL vP0  8CT0 SO0 €0°0 7’68 9'1cC 8'LT ¥V¥T €€ 718 €0¢ [ qem Suiuunmg
100 66°0 60 €0 8'1¢ ST 9'6C— €
811 620 €08 6'8L €6l 6'CC €SL— C
€6L 991 €90  0L0 70 £0°0 ¥'S6 ¥'8CC Tovl €8S TL ¥'sS '101— I Iopunoly 0
€51 ¥T0 7’98 SLE 6'S LS L'LE— €
6¢'1 €10 9'16 Sovl L'el §'8¢C LveT— C
6'68 |4 9T'l 950 91°0 010 '8 798¢ €661 99 0LE 6'C¢ ¥'€0C— I 9PP0D
08°0 L80 6'LY cee st €¢ ['Sv— €
81°0 LEO 0°¢e 601 (444 9'¢ S'6C— 4
I'es oy 90  0¥0 S0 1o 6'LL LeL SSy €09 67Tl €le TLE- I dwiys spuepy
90 a0 9'68 6'SL 8°CI 619 8¢l €
9¢°0 90°0 818 £9¥ €8 009 ¥'s 4
679 [ o 970 L0O0 SO0 I'v8 9'6¢l Vv'LI ¥¥T €€ (2% gee [ Qe Suruwimg
87'0— 87’1 — 01— 8'1¢ L1 L'61— €
€0'1 €v'0 S0L (414 €61 €SI 05— C
01L 61T 70 890 §9°0 S0°0 1'¢6 6'CET T'L6 €8S TL 6'9¢ ¥'L9— I Iopunol{ 90
o3e1oAy o3er0ay [eoL [eloL
(%) (%) "ug ) ) \ , () 'mygy'mo (1) 'mg—"mg
NI T R P U o B v S S
oneryeoq uoneyopdxy : sl (Ma+ed)/md weed PISIA pUE [)MOID) Texodwoy, poted 4280

‘$10¢ ut poad yoes 10J Onjel Y)eap

pue ‘oner uoneio[dxd ‘JUAIOYJo00 AJ[RIIOW [BINJBU ‘JUSIOLJO00 Ajiferiow Sulysy jo sonfea 1ojoweled pue uonenbo doueleq ssew oy} Jo SINSAY  °€ IqEL

— 236 —



JEAEVERA O ARRFEACIT T 5 22 IS

Stone flounder Frog flounder Marbled sole Swimming crab Mantis shrimp
Kareius bicoloratus Pleuronichthys cornutus Pleuronectes yokohamae  Portunus trituberculatus Squilla oratoria
9 Jun. 2 o =4 2
n=317 n=446 n=37 n=84 n=786
o o o H:H:L_I:I:I]:D_L o o
0 100 130 200 250 300 330 59 100 150 200 80100 150 200 250 20 50 100 150 200 60 80 100 120
g Jul ] Q 2 2
n=109 n=1% n=17 n=52 n=400
—
g o L o | o M o = = [l o
S 30100 130 200 230 300 330 50 100 150 200 80100 150 200 250 20 50 100 150 200 60 80 100 120
- —
__g g ,Aug. g o 2 2
= n=7 n=73 n=5 n=34 n=288
B
5 o - b o 1o oo ol o _,—rl_m_h
-g 0 100130 200 230 300 330 56 100 150 200 80100 150 200 250 20 50 100 150 200 60 80 100 120
2 S Sep. 3 o 2 2
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R S o ul [=) OM=n o %,_
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) o o ol 1) lr o
0 100150 200 50300 30 56 o0 150 200 §0100 150 200 250 20 50 100 150 200 60 80 100 120
TL (mm) TL (mm) TL (mm) CW (mm) BL (mum)

Figure 3. Monthly change in size-frequency distribution compositions of each species captured by bottom trawl in
Mikawa Bay from June to October 2014. Abbreviations: TL, total length; CW, carapace width; BL, body length
(Senda et al., 1969); SL, shell length; CL, carapace length.

MZ T LB o2y, 3Ecmd L.
MAESLUVHRERE (Gw,+Rw)

R A 2RO BER A (Fig. 3) % W B 55 C 45 B
L7269 HI2B1F 2 KOV EY 4 B XM %
Table 4 12/R L7z, 4 VA LA RITITH I X - TR
ENTWwizizd, HEPDTHTH-72TL200 mm UL Lo
KAMERZBRWT, 6 A5 9H I TOREELBHL /2.
AAZHT VAT OWTHH—-HTHEINTwE L L,
6APLIAFETOMRBEZBI LA, 3L A I3
HICLDRER SN TVwEEEZLNHD, TITIE6HD
BT CTL 150 mm AKfi O/NIEEZ 18 (=1), €hbllk
ORI E T LOTHE2HE (=2) &L, ThENHKL
FZBHLZ FIRFEOT I THRBILZZ25 H2REICo
WO FICHER L7, A3 ide HIC3HE, 7HIC4H,
SHIZ3ME, IHII2M I asnsz. T4bb, 6 HITH
HL7238 (=1-3) ) BEIMIZOA FTIB L 2225
oM (i=2) X9 A, H3WE (=3) X8 AITHEL
7o. F72, THICIZEATE (=4) PHBL, 9OHTTHE

PRI, Yy 3 FH—-HETHRIALTWE L L,
6HPHLIORFEFTOMBEZBH L. MY AIF6HIC
LB, 7HVBERG 2B S Nz, bbb, E1E (=1)
e HNH9H T THEIL, 7HIIEH 28 (i=2) 253 L,
9H F TR S 7z,

INLDORH - FEICBOTHE SN IR 1 X%
Table 51Z/R L7289 2= Zfw/z7a 2 MUK ((2)K)
WAL IcERREL, GO)XBLY @Ok y
FHOHHEERB L OMARE (Gw+Rw,) ZHB L7
(Table 3). HaMERHIZIE L CHMMOBEREL L OMARIE
BT 525 HLUAH YryaBIOM) A1 8cK
KZRL, ZOHBREBEBI L. —HT, AFIR1H2S
3INIT TR A I L 72,

HEE (Yw)

A ORI O & HiE O E F R LS o A
WER (Yw) ZTable3IZ/RL7z. A LA, FHIBX
Oy ¥ oo ImEm 2R~ L, 7 LA EHB LT
SHIZOWTIZ L2 S 3WIZ T TR4RE, v 3132
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Cockle Ark shell Kuruma prawn Greasyback shrimp Shiba shrimp
Fulvia mutica Scapharca broughtonii  Marsupenaeus japonicus Metapenaeus ensis Metapenaeus joyneri
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a, 4 &1 a 2
1 n=338 n=45 J“H—‘—H—’—:—% n=5 n=38
C: — =] —FH‘I‘! el (=% 1 ] o — [ olc= l_l_[_‘_l_|
30 40 50 60 70 80 20 40 60 80 100 20 25 30 35 40 45 16 20 24 28 32 36 18 19 20 21 22 23 24 25
g, Jul. g =1 2 o
] n=237 n=32 1 n=13 n=10 n=0
[77) c: jﬂl—’_‘* cl—=dlm o ol e B = W |_|_| o 0 [TT1 ol
< 30 40 S0 60 70 80 20 40 60 80 100 20 25 30 35 40 45 16 20 24 28 32 36 18 19 20 21 22 23 24 25
"g gAug =) &1 = -
- — — ] < o™ (3] —
Z ] n=101 n=68 n=3 n=38 n=0
o ) M j
£ ]
S ol - _r( L o) 0o o o N P R F
o 30 40 50 60 70 80 20 40 60 80 100 20 25 30 35 40 45 16 20 24 28 32 36 18 19 20 21 22 23 24 25
]
< < Sep. _ - - -
E -] ¥ _ N A =
2 n=20 n=96 n=2 n=3 n=0
ol - _I_‘V H N =¥ = ol 1 [ P —
30 40 50 60 70 80 30 40 60 80 100 20 25 30 35 40 45 16 20 24 28 32 36 18 19 20 21 22 23 24 25
< Oct. - -
=) E a & 2
] =6 n=45 1 n=2 n=65 n=57
- - _EEDIIQ_h ola_a - — o
30 40 50 60 70 80 20 40 60 80 100 20 25 30 35 40 45 16 20 24 28 32 36 18 1920 21 22 23 24 25

SL (mm) SL (mm)

CL (mm)

CL (mm) CL (mm)

Figure 3. Continued.

BZHmL7. —hT, ML OWERIE IS 3
TR 16129 L7z,

ECE (Dw)

IR (D) 1Ic&kDwT, R EE3 75— 2 (0.2,
0.4,0.6) & L7zBD HHECE (Dw,) ZKD7z (Table
3). BB H R CREIGHENR L L CEHT S
LOD, WTFNOFHTr — A 2BV T E3MIcBIT5
ECROGFHIMERE L) D REL o7 T2, HHOK
CE Dw) BIXUPEBRIBCHD TR O HLFE
(Dw/(Yw+Dw,)) DOFEAZALIIHEIC X > TR % 2 @0 % 7R
L, ZOMEMEVIIhOHEr —ATokTH o7z T
bbb, FEHEMERO—HFIL L TFig 51I1ER 0.4 &
L7:BEoRik - AR, MEEBIORCEOHEREZRL
7205, WUAEBIO M) AL ORERIZUICRKE %
D DB EZR L2, 2 Yy aoRTEIFL
oKk ERD, 28I L2 3HICIEHOEREAL
2. =, FHEIOWERZ 1ML IWIIHhTTHELIC
WmL7z. F7-, PRI THCEOHIFTITIS LA
BT IUITEY» 572205, ZORIZETEOLFILK L
HEEDOILEPEE 572, ¥ v 22OV THITIEFEBEOM

mzERL, HHITRECEOEIED? 7208, 2B L3
WTIZZDlEMETL, MERCICLZ2RENET -
72, AHIBICMNIATACIRREEZEL TRHRTCEDILZE
L, —EOREBENHER I N Tnz.

BACEHE M), BEECHEE (F), FETE (Dn,,,)
BELUHBEE (Yn,,)

FNENOWENE (0.2,04,0.6) X VKD SN HIKRIE
CRE (M), BEECHRE (F), SECFE (Dn,,) B
DS (Yn,,,) % Table3Z/R L7z # L AETIR1IY
WIS R OB EICL ST, BRI THRE (0.68-
1.32) W3R CAREL (0.02-043) LD BTz, —TF
3T RO EIC L ) B o 7278, AR
(0.49-1.48) AYHIRIE TR (-0.48-0.50) X b &5\ i
Thotz. Y I TREENFOREICE ST, &l
BULTHRIETRE (026-0.69) AL HRE (0.02-
0.11) X0 dEhro/z. ¥ x a T IIZERRORE
W& 5T, BRI TIRE (0.40-0.48) (X4 50 4R L
(0.04-0.11) X9 HEL, 2B X O3 WNIIHER RO E
WZE D REL 572785 FARICARETRE (0.18-1.38) A%
EIECAREL (0.12-0.87) LD b EWEHINICH 72 P
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Table 4. Average length and numerical proportion estimated for each cohort in dominant mega-benthos species in

Mikawa Bay from June to September in 2014.

Average length (L)

Species Cohort no. (i) Proportion (») Jun. Jul. Aug. Sep.
Flounder
Kareius bicoloratus 1 L (mm) 97.0 112.4 130.0 133.9
P 1.00 1.00 1.00 1.00
Pleuronichthys cornutus 1 L (mm) 115.1 121.4 123.0 125.3
p 1.00 1.00 1.00 1.00
Pleuronectes yokohamae 1 L (mm) 106.0 116.6 122.9* 128.9%
P 0.62 0.70 0.80 1.00
2 L (mm) 192.8 197.1* 201.5* 205.8*
)4 0.38 0.30 0.20 —
Swimming crab
Portunus trituberculatus 1 L (mm) 59.6 117.8 151.5 190.0
P 0.87 0.39 0.60 0.18
2 L (mm) 107.4 146.3 190.0 200.8%*
P 0.05 0.15 0.03 —
3 L (mm) 162.7 183.2 195.9% —
P 0.08 0.06 — —
4 L (mm) — 92.1 114.8 147.9
p — 0.40 0.37 0.82
Mantis shirimp
Squilla oratoria 1 L (mm) 88.7 95.2 97.0 99.7
P 1.00 1.00 1.00 1.00
Cockle
Fulvia mutica 1 L (mm) 64.1 64.8 66.9 68.3
p 1.00 0.91 0.73 0.90
2 L (mm) — 51.1 51.2 54.7*
P — 0.09 0.27 0.10

*Estimated values by growth curves. See the text for details.

Table 5. Parameters of allometry equation between body size (TL, CW, BL, and SL: mm) and body weight (W: g).

Species a B R? n
Stone flounder Kareius bicoloratus 7.2327x107° 3.0921 0.97 85
Frog flounder Pleuronichthys cornutus 1.2821x107¢ 3.4844 0.96 46
Marbled sole Pleuronectes yokohamae 3.0663%107° 3.2912 0.99 15
Swimming crab Portunus trituberculatus 4.3654%107° 3.0559 0.99 22
Mantis shrimp Squilla oratoria 1.8212x107* 24212 0.80 62
Cockle Fulvia mutica™ 2.5708%x107* 29155 — —

*Tian and Shimizu (1997a).

4 TIRIBENFRORZICE ST, EICBVwTHRIEL
%L (0.56-1.69) ASIAEIE T AR%L (0.03-0.24) L D & Eh o
7z BRI A LA FHTT1-88%, I T63-70%, ¥
IT53-80%, MU HA T86-94%THo7=DITH LT, i
PRI H LA FT825%, Y I T4-11%, ¥+ 23 Tl4
40%, bUFTAT412%E%Y, TRTOMIIBVWTIHT
EARWHER LY S Eh o7z, HBRECREE TR Y

HARHVABTHIZEC, BERCRE L BRI L
AHR Y v I THBMSWER S h.

e

ERFEICHE EEMANEORT

FvBE (1981) I E=MEZ AT 2 EEMEAYW AR &
DATIHOEBIZOVWTRABLTED, 2»2>T FiZ1970
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DR AUVAHE, FAFIBLO v UE (Fvvwx
¥, 3YIE, YNNIV EERBEEOLNERIC,
7z2vxa, NIOBABIOTHHAXEEEIL L 54
L, #E LTHIEL TW2Z L 2RLTWA. KRB
BT S HMFEARIMET ZHTD 6 HITIE EE LA
FAFEDPBENIEL P L TWAZ ERH LI E o 7.
L2 L, BEBFEILOMITINE > TEHED A A /NS %
LB (Fig.2), BFEB I UOMAEBIIRE SRS L
(Fig. 4, Table 2). Z OfERZILICHMBEIC L 2T %
HELBEHNOCREZRD L 72DICHE - IIAB L O #E
EZRLICGEIE 21T 072, B, HERICIZFEES~

1000
Prawn

|
B Swimming crab
@ Flounder

) Mantis shrimp

Bivalve

Mean biomass
(kg.*km?)

Mean density
(10% ind. *km'?)

Figure 4. Monthly mean values of biomass and number of indi-
viduals of flounder, swimming crab, mantis shrimp, prawn,
and bivalve in Mikawa Bay from June to October 2014.

DENBHPEINLE I L BEZONDH, KT L [
T - B TR E AT - 2SI B RAERE
KOS (PEEREZERAEZHS, http//www.pa.chr.
mlit.go.jp/file/content/file/dosya-4doc2-1.pdf, 2017 4-02 H 6 H)
WENE, 69 HIZBW TR LD = EL» 5 OB 5
PhRBHREEAONLT, BABHIIAIVWEZEZ LN
B, TITRMSREMNE L CitHZED 72, ZOHE,
WFNROMTH A3 HMICBT TR OGN MR X
D H K& (Table3), HFEFALETHNCBIT 2 EIRHA
DERITWE LR ETH L I RSN, /2, H
SRIE AR BUI MHEIR OME (Table 6) & IERTH LA FH T
8-20f%, AW ITIXO-10K%, v aTlE7-124%5 FUA
4 TIE17-50f E LN ICE o 72, TS H%
FETCAR BN T R0 B R 55 D ZE W R P LIC BE D W T B Ay,
F 723 EMFALOEEDEL TR WIS ORI A2 D
WCHHBENTBY), ARFLOZBIFICERILTY
v, REFEOHRE BRI NS OHE LY L EwO
BEEBFENOREIEI L INTVwEI DLEZ LN
72, EAVERAEOBFGRIRIC BV TIdiE Rk E (KEE
A, 1992) RFEIC L o TIEIHA (HILEFIEA, 2013) 2 &
DEEPRECTRELHEHIN TS, L Leds
AREFZE T EE OB L 5 AiZL25DO DK T I X
SR LTWAHZE (Fig.2) 25HKLT, CEOE
RO EBEN L DEHEN NN THLLEEZLNL.
F72, AMFCETICBT 2 B OEFREDL? S O THE
(Dny) OHEEAEIZD % LB 50% U LEMO TRV &
25 (Table 3), O O A KA ARE~E K 4 5
BreRIZLTWAI EAURINT.

=T, ML o THERERRHEEREOK X SHWFHINC X
DR B EH S (Fig. 5, Table 3), SHAH S 5 4G,
AR, HEIKEETI S O ERIFEIC X - TREBRILCH
PR BINED R B T EAREEI N DU TR &
TAEREAND HBIZONWTELET 5.

Table 6. Comparison of natural mortality coefficient (M) reported in this and previous studies.

Species M (month™) Region Reference
Flounder Kareius bicoloratus 0.029 Suo Nada Kimoto et al. (1991)
Pleuronichthys cornutus 0.047 Suo Nada Kimoto et al. (1990a)
Pleuronectes yokohamae 0.050 Suo Nada Kimoto et al. (1990b)
— 0.41-0.85 Mikawa Bay Average of three periods observed in this study
Swimming crab  Portunus trituberculatus 0.047 Hiuchi Nada Kitada and Shiota (1990)
0.42-0.46 Mikawa Bay Average of three periods observed in this study
Mantis shrimp Squilla oratoria 0.063 Tokyo Bay Nakata (1990)
0.46-0.76 Mikawa Bay Average of three periods observed in this study
Cockle Fulvia mutica 0.025-0.067  Tokyo Bay Tian and Shimizu (1997b)
1.16-1.26 Mikawa Bay Average of three periods observed in this study
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Flounder

1 2 3 1 2

Period (1) Period (7)

Growth and Recruitment,
Yield and Death (t-month!)

Swimming crab

Cockle

Mantis shrimp

1 2 3 1 2

Period (1) Period (7)

[ ] Growth and Recruitment [ Yield [l Death

Figure 5.

Results of the mass balance equation for each species in the case of catch efficiency 0.4.

"

‘
“

«./ Reclaimed area

(Vertical seawall)

Dead Zone
(Water ways and ports)

Figure 6. Schematic overview of the life history of mega-benthos in Mikawa Bay and the ecological corridor broken by hypoxia and

dead zone in the innermost area.

EEOERBLICNT INES LCEFHEAORE
hL 158

VA EIT6 HIZ
143 VLATHY (Fig. 2),

EBMICIELS AL, ERiEAAL 7L
R (Fig. 3, Ta-

bled) DHIEEAENRYRMTHLEEZON. X4 %
AUAREEICO/mL, BRI TIEIL A VADPEL 505

LTz (Fig.2). A4 77V A I ZELEKZ &GO
B ETH—HT, 4 YH LA ZMPER RIS 8% &
O FEIREFH T2 L3N TEBY (M, 1984), FEEIC
BRERBREBOEB)NMOTETH 5AKBIE2ANH AL ¥
H LA ORWE KA HILL, Zo%s AEFE TTEB
THRETAHZEDHRENR TS (WD, RER).
Thbh, £V AXBRIBITRAT 2 T EBZ (PR
WMok ES & UCHM L, ZoLiEgz EwmbloF
EREEBELRE L THHLTwS EEZLNSL. LarL, 7
HIZIE2IHEAT L2 BMRBEIC I ) 7 LA HOEEBR
WOSABITHEL, TOHIAMBENLOILKIZLDEN
DB EB X OEAREBUIREA L7 (Figs.2,4). L A $i7%
EOMBUTIEEEAMEO P T LR D BEIRED OE WS
HThreEzoh, THOMM (Fig.2) © X ) ICHERFE

KHLOFHFRIE R T 24 L, RBATEATRE S 722,
ZORME, HHEEIRESCWMIL, SRS TERITE
Mo7z (Table3). JFICUMICHIF LT RAKE { (Table
3,Fig.5), ZOMMAICEROSAIWATHKL Tnb I &
25 (Fig.2), BEEFKMOFEEMIBERITICB VTR
WXV EREIRECWHT L E0E LN
BRI 19704 2 D S o T L
EDIT, TS TEUZ-BEERR, MK AL N
FORBREEOKT LW TH LTy FV— U HE
CHFEL TS (FIAUZA, 2012). EWRERZ AT 5 M40
FIZBW TR TS ) T8 - GO P ERRFEK
W o ORXMBETOWHLERE, Ty NV — 2 O H
WOV — b EERT LTV LW EENEDRD L. O TH LA FIZ
BRI EZ GO 72N EBICIA S oAl o (v, 1981),
BRI T RO FIEYE 2 5B MR D % I
() HAK G IR 2, 1992) (22 ) R i
BTN A BZEMEZRE TS LT, Wb b ERE
FREESHER SR T EZ o605, LarL, EH
R ) ML E S EMELOMITIHEI LT X7 25
¥, ZOREEAIERILLTwD 2 EAEE S (Fig 6).
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— 5T, RIS 3TN L, e
TR IRAICH R L7 (Table3,Fig.5). 2O &IdH
B R AKIL DI KNI/ 5 — 1T, WS ))&
BEDLRWZD, FEREE L THBENEAT S Z & 2R
LTBY, FRICAMBREARIGLE Cld o I tE ) £ X
LS RO (HILEFIZA, 2015) 2BVTwb Ik
NEZONL. 7 LA FTIIEELEMBECITLE ) BRI
2B 2 EEN LI & e TRERRILOILKITHE )
HEOMKIZL S RWEEYZ T T0WD I LIRS
7z.

HY3

HHIE6 H2 5 72T TEHBUNA (Fig. 3, Table 4)
W2 > THEIKIE S X BN ORI L 72 (Figs. 2,
4). COMBUMARIIL EREFORAERTHLEERZD
N, TEE» LGB I Twb e E2Z oMz $2,
8 HR 9 HIZIZ—KEM I DO O MIE L 7218 36 & W& o /K 3
(B 21X Grids 1-3) ZFHALTBY (Fig.2), ki 2s
S BFERBEOBALICBURIISE LT 5 2 L AURIE
A ERIZ IS 3T THEMLTEBY (Ta-
ble 3, Fig. 5), T AU~ DMARLENTORED AR
FALITHE D B R 2 M T2 —H T, SHUKEOZ S
B BEHFACOIERICE DI EAIEIML 722 LAEZ S
N7z, — KT, WVAFHRSL M)A LIRS ETFITIT
B o 72 (Table3). TOHEKELTHYFIECW
100mmAi % F cFHEBAERLL L LTBY (F1L,
1993), #HEARIC BT 2 TEIED S ELG~OBITHIZSH
2B EFEP LTI T CIRBREZFHLTVE I L,
TR L2 & ) ICRBEDINHCZEREZONS.
DX BAFIOEBEEETIEHL, AMRELICX 210
REEAN DB R BIRT 5 720121%, MIEG R o4 BB
X UEMEAILD O Ok & LT, TE% &0 7%
DFADLBERURTH D Z & DD THR SNz,
43

¥y 2k 6 AIZE R IR 2 IR < A LTW A,
flufd & AR BRI B IR E AN L, ARRFKH
PRHE L7210 H CHHELEROBBIIA S N d o7z
(Figs.2,4). F 7z, IR % L CBLI100 mm DL ko KA
BIZ T I THY (Fig. 3, Table 4), FARIZHK 17RO
KTHHI NS, ZETIRIEE A EOMEIBAETE
BTWIZENEZOLNT, ZDXHIZ, Vv TIESEMLM

CEABFADOHELRLZITITVELEEZLNL )T,
EHREHLVAEHRL M)A IR L T o7z, 2o
HE L THMi LB RiBicd 5 2 LT, BRE TR
L BAEFRACOBENHEEF CEN Lo 72 2 L RIEAEAAN
HoOPTHABEMESE W & (Pihletal, 1991; EARIT
2, 2014) BEOERTHLEEZON. F/2, — KT
MR X ) b FEIE AR BB X O HER 13 { (Table 3),
HEEDREDRN Z EAVRB S NIz, FRS, ARFALHE

KU7228, 3HICBWTHBIECARBAE R L2 &k
(Table 3), 7 L A & FBRICHIG OB X OERFEO
BN X D EEESR L7228 2RLTHEY, AlEEL
2 &2 RN BEDTR N C L AVRIE S 7z,
—HMEH
M) H A OEIINIEFL LRFIIPLTTRLONL D, =
T TR E MR FE AN 2 1B S 5 TS B AT B R
FEOBFHNEEREEHEZ R 2T LARBEINTN S
(FA - BEH, 2007). ABFZEICBWTY 6 H OB (Fig.
3, Table 4) TIIABEITA (1997) DJE D S FIK LT,
MAEOMBRER SR THLEEZ LN LirL,
OMDAMFLOMITE L BITRKEIWAL, 9T
EAEGRBR SN o7z (Fig.2). U T A DT
HITKE L, MofEE gL THd BRI TRED E 2 -
7z (Table 3). BEyHEI 0w by A4 BT AR EILIC
LB EBEN R COEEZ R ZTE I LAIRINT.
— T, TAHAE ) A L L TREERIED 7%
Molzb oo, WK Z LTI R IR §i B T o0 A A3 R
En7: (Fig.2). 7H WA GKAEO T EMFEm
M (BRIED, 1980), i DIRE DE T FFRFENT
PoEBIZIZODEEZ LN, LALEDEDS, 1970
ERITHI400tH o 72T B A O BRI UL 40 tFE)E &
oTHY, FZTOHMBIEIr O TEEBRTTLRS
n7z2s (PAy, 2012), RBIZETIRZO5MMITE A L
AE8Nhdhorz (Fig.2). THH A4 BROWMBERIZOWN
TRAMIED & 9 BN 2 ERFEAKLOZB OB, S
WEHORE RS Rdo 7o, BRFLIPERIMEL T 55
BEOSHBSHER L TWB I Ehs, THHA D EDN
WCITABFEICORELZT D LEZ BN,
VT IEHE
N TEE6 HICEFEBERE T b &5 AR 25
Rah (Fig.2), ZOKRY A XM (Fig. 3, Table4) £ b
FHREHEKRFREOLRMBATH 2 LB S iz (B
H, 1986). LAL, 7THICRBEILOABELICHES T
ARBIIHRL, 2o®BIBHNOGMEIHLTNTHY, H
HIMAb RSN d o7z (Figs.2,3). BEBHEIBIZB
LOMEIIEA LA EFMLTBY (Fig.2), /24
YA VA ERBRICATORGEICIIREERMEAE Lo
HDHETENSHIER SN TS (BHIEY, KE#R). =
WED 7 V< T IOV TR I E O U S A B 2
FARTHY, INLRIAFED L) ZBRFOTEIBIE
TR, WAL, TORMEEEEE SO EERKEL L L
THHLTWwS EEZ NG, FHMEAKEREY (1942)
LB L7V CIXE)IBTHOORNEEOWE D HIEE
EOWRBIEBICHM L, BEPER S Tw/iZ &
MRLEINTEY, I REINY & 7% BB~ DO AR RN 2 0]
W THDHEEZONS. L L, I LAFEFARICE
WIRR RO N BIESEIC X - T, EMELICL 5L
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JEAEVERA O ARRFEACIT T 5 22 IS

CYRZ DAL, BERREEASER S LT 2 0] kL #
SR ENz (Fig. 6)
IYICBIVYNIEICOWTIZ6HS9H FTIE
BHNORMEABEID T TH 7205 10 HIIZNEE
SO EON, EEIEN L7 (Figs. 2,3).
10 I L 72 CL2224 mm i £ D 3 ¥ T /N AR I Y
HOEF-HFBERTHLEEZON K, 2014), %
72, 10 HD 2Nz B/NRMBEARIC DT b MR o 56 A A
ThobEEzoHN7z O - Hill, 1954; WK, 1955). 3
IOV C I 2 WAL T T I L, B
BB BEH T LML Tw S (FH,
2014; K¥F, 2014). F72, NIV OB IT 54
RERHMIZR SN TWAHDS, I3 T EEEBI EE A
AT B EDRHE SN TS (5 AR KRB,
1942). INHDTEMS, FFEEFREDIVIEEB L
PN CREFEOM T ] % ko B F L OB s A
BWIIINRLHOFE BT LIk, ARKELoi
BT FICWARBREEZAELTWA I EDE bR,

BhIZ
AN TIREBEHEACI RT3 5 A OB 22/ 4540 %
Mo T5EEHIC, IEGEHRICE VLR £t
L, BSECHREE IO TERLRD . ARIECHREIX
I B AAEME L ) DL 2ITE L, ARRICX
HIEHM B EEEAREO T2 BIEENTH DL Z &
BEzZoN, FAMBEAOERRIIHT HETHFEIZ
50%LLE, FEICE 5 TIE90% U EEMOTHL "D LN
5, BMEFACEITINC B 2 EE A SRR~ RA 2 52
BEARIZL TSI EAVRIEEINI. — /T, MIZL-T
B COFEL RE L, ZhIZOWTIRERELON
KPWL O ZRE, WENEPEELIEIILST,
HHEESHRKLTWD DRI SN, 2B, RFET
K EHEOEHE (HAW5.0em) 2R LMEKZ TSI L
2B, FNE Y AMOEKIC O W T OBEELIZAY T
Hotz. —HINEBRIEIREICE->-TEL LI L
(Erikson and Baden, 1997; Rosas et al., 1999) % # 2 % &,
EMFEIC L 2 EBROEBII S LICREWVTREEYD 5.
Ltk FHIBIZB W THi 72 R BT IE & 72 % K8 DO O
IR E DD SN LA, ZFOR, ReENSHo®RE* 17
W, FOXKLAOHOER - EREOR A - HET AT
ENHBEEND, T THEELRI LIIREN GO
TH - B RGO & LI R AT O E Y & T
52 LIXMRTH B, ZOREDANN 7 1% L4 IR
L7z Rz ot 2 5T 5 2 L, 3 hbb AR
FEZERT S22 TH D, HIZIE, RIFETIEA O FL
AR NI R EIZE > TRFEBRIITEZE 2T O
WEYTHH—HT, KRS 2KETH 52 LHUR
Eh (Fig. 6), MAEHEOfFHE AT H2EEKBTHS I

EAVRIEE NIz, Sk, BHIICB AEMBETIZZO
X9 AR AR L7 BT, FEWRICB I 2ENT—5 %
KM GARE L 2 % & 9 2K DO HIEEfE DR E %
fibel TEwiFaw., 2LT, 2o HEEIC - TH
PRI O F AR Ty B — v oBHEEIZ LD L 540
R OBMTHEZHEL TOL I EPRETH L.

E

e 10K o SR IR0 U0 S AR R IE ZE T O B8 N Ay EATIFZE B
(BLFTIE % BEMOKBE FBFTKER) B X OE AR
BT R D EFHIOW T T E 2 W2 /2,
AR P SRERY OBk B IEFAAE B L OV v 7OV LS |2
SR DB TN T3z, KT 5. R BAE
(IR OBREMIIE R AR [ N THESEW IS E hN
BOTE - BEHAEERIONT 2 BM%E - BB OB
DRE ] GREFKT5-1404) 12X D ER SN
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