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Changes of dominant megabenthos caught by small-bottom trawl
in relation to bottom dissolved oxygen concentration
in Ise Bay, central Japan

Manabu HiBmo'* 7, Takashi AovamaZ?, Tadashi MaTsuzawa' and Koutarou Tant'
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FEREE (LC5055) X 0 BB EER L~V TRENKAEEY ORE A DHE SN TV DI REEDE 2 SNz FEig, i
MidE L S DO DO & DRSS D020% LT TIR/MER O S HEIIR Y V22 vk E 2 S

To estimate the changes in dominant megabenthos catch in relation to dissolved oxygen (DO) concentration in bottom wa-
ter in Ise Bay, Japan, we conducted a field study with small-bottom trawl. The catch per unit effort (CPUE) of non-fishery
targets increased at 22-36% DO saturation, around the edge of the hypoxic area (approximately less than 10% DO satura-
tion) regardless of the surveys being conducted during day or night. CPUE of fisheries targets was also high at the same
hypoxic edge; however, this was indicated only in the nighttime survey for the large catch of the conger eel Conger myri-
aster. These results indicated that hypoxia of the semi-closed bay induced an avoidance behavior in megabenthos due to
the mass non-selective catch of the bottom trawl, but it simultaneously increased the catch. The number of species and the
modified Shannon—-Wiener diversity index (/7*) were positively correlated with DO (% saturation), but not with CPUE. It
was suggested that the increase of CPUE could be an index of the avoidance behavior in megabenthos in facing to hypox-
ic water. Both CPUE and economic profits decreased under DO30% saturation and only few megabenthos were caught
under DO20%. Different avoidance behavior were taken by the dominant 15 species of non-fishery targets as observed
from the different relationships between CPUE and DO saturations. The species that showed relatively slow avoidance
against the hypoxia evaluated from CPUE-weighted average DO were goneplacid crab, Carcinoplax vestiva (DO26%;
1.92 mg/l); Japanese mantis shrimp, Oratosquilla oratoria (DO30%; 2.24 mg/l); and small dragonets, Repomucenus va-
lenciennei (DO30%; 2.21 mg/[). The abnormal distribution and behavior of megabenthos, including that of fishery targets,
occurred at higher DO saturation levels than those in experimental LC50 and affected bottom-trawl fishery.

Key words: megabenthos, distribution, hypoxic edge, small bottom trawl, dissolved oxygen (DO) concentration, Ise Bay
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FrE - =5 T 1960 4R 2 D WS B AR 1 RE 5 T8 - &
RO D THREA A TDIN, THAHEBEIC X 5 KE 5L
BREDIR TSI X 2 NERBOARELIEAL, &b
AR R O LR A K EE IS LK & 2 gBis 5.
A7z EZ 5N Tw5D (Suzuki, 2004; # AR IZ A, 2011).
DX HHBMANEIC BT 2 REUERR L LT, KE
EHENCIED & I S O AARTOHIRA R S, §F
(22001 FEI25E 3D B N2 5 S R B A & 2B FE R OE)
UHRHEHP IR AREHBICEMS Nz L LAl
5, PEE TR E U TR ARRFKILO AL HRH]
Th) EARIEA, 2011), BEMFAROFEAEBMLOFL
B AKERIROMEREB A5 25 2 LAVRE
ENTWD (A - B, 2005). &0 bir, HEBECE
WTIEEFITHEA B RABED30% LT & 72 2 AW FEK
WsAESE A L, B O UL CRAEY O A A7 AW
W& XN BUREHLNT A (RH - BEH, 2006). AL
WL 5T, MEILERSTRTHY, FHEEFEAKILIFR %
RIS BT R R BN A 12 % ) 13T (Hossain
and Sekiguchi, 1996; {th )5 - {5k, 1996; A ILlE2>, 1997a, b;
Narita et al., 2003; B H (372>, 2006; Kodama et al., 2006, 2010;
K - BEH, 2012; BARIT A, 2013). DX D Rk,
201043 HICHE SN2 ER o [HSEMEso bR
Varv] ohTlE, FrionimikiEe LR (TE) %
HEBFEDREINTVS, —HT, EWOELFRARHS
i Z IR 2 BRI 2 B r iR R, ENER (KR - it
[, 1988; 4% - E¥F, 1992; KHEIT A, 1998) B L UM
DO ZHMHERL EBH (5, 1983; 85AK1F 5, 1998) %
Br&, EPAVIRAS A i U CHSER G KRR IO v
THE S C I B ICHRET SN v, B0 33
MERDO—DOTH LH/NEEHE, BMEKILOEEZ
BHEICZITRWMETDH Y, KDz TSI E >
TEE LWETFBRESRNEME T 208 3D 5. $72, R
BICHAEZ VD 2 8T, BEIRET O 8 KRB
BEEIZOWTH, BABEIIHT 206000 E b L M
AcxrrEZLNG.

KO EIEICBWT, BEFEICAMRKILAL AN
OB DI THERIERT L PO TS (FilE
A, 1997a, b; A - g, 2005). F 7z, AR EHET
(L USSR SR DAY O AR AR O TR AEDS LT LRI B
LomEE Ry, FORMIEERLFHEIL L OVNILH
LoOFEFEZEFPSMICENTVDE CEH -/ H,
2003; KM A, 2005; A& - #g1l, 2005). HHEE /N
JECE BT HREIC X 2 AN EROBESEL D E
T AR EZ 5NBD5, BAMEOEITED RAEIR
WIZOWTIE I N F Tk 2 & ohs S5z &
AL, REFERBLEABREOBBREHLNITEI L
(&, R TESEIC LD BIRE R R & Ik LT 5 K

EMETHETOEELRAAL 25,

AHFZETIE, HFEOMRIEIZB W TMMUK D & M8k
LB Z T, KRB O AHIIRDL & BRI o g
AR E 2 HEIRT 5 2 & C, BHFRERISEW R
WEEIZRITTHBLYONITH I L2 HE L7

MR EFE

RERE

FATIE, MR AR ALE 5 B i S R AT R
DB % e L 720 & Mt 2 e L, BRSEREICH W
M H AV 148 (F23 mm) OEEMEH L7 2012
Ee6H25H, 26, 7H30H, 31 H, 8H27H, 28H, 9H
20, 21 HOARIS AMICBWT, HEEm RN 82
B KM RRE L2 4ROHAET 4~ (Ln.1-Lnd) EITB
WCRBRIEE 21T o 72 (Fig. 1), #AH 3R 2%
Lnl& L, MMl%&Lnd& L7z (Fig.1). BO#AE (6 H26
H, 7HA31H, 8 428H, 9A21 H) X TRi7IKEIZ, KD
g4 (6H25H, 7H30H, 8 H27H, 9H20H) Tix’T
BIFFICZENZFNEEGEZ AL, Lol 2 5HICK N
3.0-357 v NMEEOMBET20-30 0 FRERML . 2B,
1R OFEATRRICE L -HHIIB B RMRMEE TH -
2. ¥ HFAOBEOFAIE, |HHEICEHE 2HH
WCEFRA L L, L2 HHITIT- 72, £HSICBT 5
g &tk AR O BAAEERE (YSTmodelss, YSI)
WX DR ER I m (B-1m) OEFHBEMME (LUTDO)
ZRETHE L BT, WA B S AR X -
THRMKEZRLE L. &b, @IICHVZDOMIZ, W

P N35°

o Ise Bay
Ln.4 Ln.3eLi *
n.4 Ln.3eln. .
NN\ "QMzkawa Bay
) #
N3
E136° 40° E137° 10°

Figure 1. Map showing the 4 sampling lines in the central area
of Ise Bay. The 3 black dots indicate the stations where the
B-1 m salinity and temperature parameter were used for cal-
culation of DO saturation to concentration. Star symbol is lo-
cality of Toyohama fishing port.
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MR OWEMD 9 BV FOfi & L7z, ARHfZETIEDO
e L7225, 201248 A 22 HICBIA L 72 3R 4 i 3ok 4%
D3 (Fig. 1) 1B 5 B-1 m O FKiL & FIkin %
v, RoERIT X ) BRI IR L7

DO (mg:17")=0.0738xDO (%)

MERBIOEZIZBWTIE, DOWKMABHERRIRED
PRt 52835, B, AN OREKIERIZ S
AN S 0, EAFRR R R0 2 AR R L7 1
L0 8 Ao 7228, WAFERFERIAIEE30% 125957 H
L8 HD#130.04 mg- 17" i L AT H - 7.

FHRAGIZBWTH SN2 AL, Y & REY X
U7z, EEYNZ, AL EMoMEEZRICHED % L,
KGIFRRELDENB IO A XL EH/LIZH, ~ah
L A Pleuronectes yokohamae & * A % 5" L A Pleuronichthys
cornutus \ IR & L7z, ENLUSNOKRGITRRIZ%
ShaWAEYE/RRBIZOWTIXREDE EHK L. B
e, BB R 2 ER) L7tk FRo 72U & 45
LC—# 4kgfilE) 2K L CHIREICR bR 72,
WY &AL, WTREZ IR YD TR oM £ CHE %217
W, GERECEIERREBEELZFIIL. 72, 8k
3 OFA H L OWYHRENT X 2 SA Bl % @& o
MHERICEL LI ET, SRS ZHEE L7
JBoONTT— ZITRMRERNIC L D, B (1R
H7zYDF—% (CPUE) & LTFRLA F72, %
ey 7R & 4 SR AEY B4 1582 DV T CPUE & DO O
MRz L ICHRF L DOOIREL LT, £
CPUE i K (CPUE max) ® DO, B & U4 Wi CPUE
I2DO % % U 724l % 4551 @ CPUE T L 72 DO DN E -
fii OMEF-¥ DO; Weighted average DO) % Z1LENRKD 7z,
F7, BEYOBAEKEMAE?»S, ARSHEZEE L
Shannon-Wiener ® % £k 35 A\ F (1996) O #fi 1E IH
ZIMZ % Z & THlillE Shannon-Wiener 25 BE 8 B H* % BLH8
TEIZHIL, ZRMEEDO &IKAEEWREOL A I
L7

#w 2

RES 1> OKREBFEER

FAM R b O KZE L (Fig.2), Lol TRbELH2m
THY, Ln2TH28m, Ln3TH33m, Lnd THR3S5meE
MW TRV o7z, —T, RAEMB P OFHDO
& (Fig.2), Ln.1TIZ#70% (5.17mg-17"), Ln2 TH49%
(3.62mg-1""), Ln3THI36% (2.66 mg-17"), Ln.4 TH22%
(1.62mg-/7") &MV IR 2o 72, F72, Ln2®
Ln3 TiZFH DO DR AR & h o 72, FARED DO
AR TN AL L (Fig. 3), B L DIMEHMIEF LT
HY, APSSHIIHITTHEHM L HITDOIFKTL, 9

.

NEELEE, A JERER

40

35 L)

30 {

25

Depth(m)

20 1 1 1

100

80

60

DO (%)

40 )
20 : _ %

Ln.1 Ln.2 Ln.3 Ln.4

Sampling line

Figure 2. Averages of the depth (above) and dissolved oxygen
saturation (DO%) (below) of the sampling lines during the
sampling period. Vertical bars show standard deviation dur-
ing the sampling period.
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Figure 3. Comparison of dissolved oxygen saturation (DO%)
among the sampling lines in daytime survey (above) and
night time survey (below).
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Table 1. Dominat species of fisheries targets based on the catch money and total wet weight collected by small bot-

tom trawl during the sampling period.

Japanese name Scientific name

Rank Catch money (yen) Rank

Wet weight (kg)

Maanago Conger myriaster 1 160,349 2 119.0
Madako Octopus vulgaris 2 83,910 1 130.2
Syako Oratosquilla oratoria 3 58,300 5 58.8
Gazami Portunus trituberculatus 4 52,868 4 63.7
Saruebi Trachysalambria curvirostris 5 32,890 3 64.7
Meitagarei Pleuronichthys cornutus 6 17,828 7 344
Hamo Muraenesox cinereus 7 11,857 13 8.3
Jindouika Loliolus japonica 8 7,748 9 33.7
Shirogisu Sillago japonica 9 6,816 12 15.0
Maruaji Decapterus akaadsi 10 4,650 8 33.8
Kouika Sepia esculenta 11 4,097 18 4.5
Shirosabafugu Lagocephalus wheeleri 12 3,669 10 19.9
Maaji Trachurus japonicus 13 3,528 11 16.4
Kurumaebi Marsupenaeus japonicus 14 2,442 30 0.4
Yoshiebi Metapenaeus ensis 15 2,380 23 1.4
Makogarei Pleuronectes yokohamae 16 2,098 19 3.7
Katakuchiiwashi Engraulis japonicus 17 1,624 6 40.6
Ibodai Psenopsis anomala 18 1,465 17 4.9
Houbou Chelidonichthys spinosus 19 1,362 14 6.9
Shibaebi Metapenaeus joyneri 20 1,193 24 1.4
Gima Triacanthus biaculeatus 24 835 15 53
Akakamasu Sphyraena pinguis 22 990 16 5.1
Maeso Saurida sp.2 26 351 20 3.5
ENz. AEPTOTRTORMEAEF L -ESEB LY Daytime survey
MR B 5 LAL20 DWW T Table LIZ/R L7z, F7 Oin
WYL, ST B W T Y 7 F I Conger myriaster, 80 n Ln-27
< ¥ 2 Octopus vulgaris, ¥ % 2 Oratosquilla oratoria, 77 2 60 Ein3
X Portunus trituberculatus, )V T X Trachysalambria curvi- Y 40 Eind
rostris NS FALTH Y, HHERIZBWTIZ~ 5 a, w7 I, % 20
FVIY, AFI, Yradlicho7z. EsHEoAR 0 iEm B
NENAIRD832% & 63.6% % i 7. KA HOHMT 100
L O SRt O CPUE % RAEHIC Fig. 41578 L7z, MR D T 80 N Et“-;—
CPUEIZ, 8 HDKDLn2 TH80kg-h™ L BHHIZH Do 72 2 60 — .fgf
- R = n.
DAL, B TREGEIRON o720 6 HIZIELnl R Y 40 B Lndl—
Ln.2 T30-60 kg h ' 2 JE & i i w5 <, 7H 1213 Ln3 % & :
Lnd CTHH T R o7ehs, 8 I3 B L Lnd TR 20 -
HLAMES oz, F72, 9 ITIZATTRA L RO CHUEDS L 0
ENFLOD, THUMICHAS L7, Jun. July Aue. Sep.
A O S T S U RS 72 ) o i Month

HUIZOWT, BAWICFig. SITR L7z, BAIRENS720 @
ST, BTIESEVIRET2ME2 B2 2 2002
STFMZTHZEEb RN THEIW TR T 1
Tz 7z FHIC8HDLn3 & nd, BIU9IHITHE,
WS o 7o, IS HEZMR T2 0H1E, 6L
TRHIZE=RFaRe ¥, X a0EERER-720, 9
A LRI 2 a ¥ 237 7 Lagocephalus wheeleri R 7 71 71 =

Figure 4. Comparison of CPUE (kg-h™!) based on the fisher-
ies targets catch amount among the sampling lines in daytime
survey (above) and night time survey (below).

A Sphyraena pinguis 7 £ DO B EDE L e o7z, KT
E, 6 HET7THICEI M EZ By, FUEAEZ A 12
b5 TED 1S 2HBEREIC R a0 A 0N M,
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Figure 5. Comparison of CPUE based on the fisheries targets
catch money (10* yen-h™') and the composition of those
species or groups among the sampling lines in daytime sur-
vey (above) and night time survey (below). Cross indicates
no catch.

RTFIRIECEABTLE LY, BoffliE 3f 572
FIZ8 H DO Ln2 TId 95 M & il G A b 7273,
KEFEIT T TORBEAMZIEL 2D TH 72, £/,
9 H DIBEIZIZE & R I I A 2K D o 72

A 28 U2 & LT 1864 R R & 581
AL, LA RE S, BEREB X OMEAICB VT
BEE L72MICD W T Table 21278 L7z, BRI A S
N7-REWL, BERTIZT ¥ YA ¥ H = Charybdis bi-
maculata, ¥ % 3, 7 7 LY 3 H = Carcinoplax vesti-
va, 715 7 F A 7 ¥ Engraulis japonicus, ¥ ¥ K7 A4 71 Lo-
liolus japonica ® Wi T % &, MAEH TITE I ¥V 4 A4
Astropecten scoparius, 7Y RIA TVIH=, ¥ A, TTA
ITryavh=, YVIEDNIIELHh -7z £FEH O
Z & DR MY E R o CPUE % B A% 1 Fig. 6 1R L 72,
RAEY R EROCPUER, BATHRZZIRONT, 8
H®Ln2T300-400 kg-h™' & BHFE A o 72, REWIRE
WOCPUEIX6H & 7THICE 57225 9 H ORAERZIZ4
W TR o7z. 72, ABOSERMEOE L AL L
(Fig.7), 6 H & 7THIZAHEE H = HDME LT 28 ML 724
WCTHo722, SAICY Y 30HESEHL A, oI
X AL ZHFHOFEIMET L, AHOEEVEL Lotz

NP, B A

i

BENSSCREYMEBERR

DO & EFE 2 Y O CPUE B X OIS K L O IFR % Fig.
8IZ7R L7z, CPUE B & ONHMEAZHIE, DO AW 20% % Tl
LEFELLLBAL L. WTFhoficB\wTd, DO & CPUE
IR 2 EOMBIEA ST, CPUED K Z /R L72DO
BREZ LB o7, AFIEFIVIEDCPUEDE — 2
13 D064% (4.72mg*™") & 72% (531 mg-/"") THHL,
CPUE TH A IF L2 IME FHD0OIX47% (3.45mg-17")
L61% (447mg-1"") TH Y IEME 22> 72 (Table 3).
< ¥ 213 D032% (236 mg-l") & 92% (6.79mg-I"") IZ
CPUE DMK AEATH S, HEFH DO 1E54% (3.99 mg-17")
TdHo7z (Table3). ¥7F T, ¥Yva, vIFLAIBX
O A4 &L A Tld, CPUE DI AAEIZDO21% (1.55 mg+1™")
M BH36% (2.66mg-l") THB LA ZhEFhOMEF
¥DOW Y ¥ 23 T42% B1lmg "), ~IHL A T4%
(3.00mg-/™"), ¥ 7 F T T36% 2.66mg-I""), AL ¥HLA
T35% (2.60mg-17") DM & A > 72 (Table3). 7z,
SROEER L HESFHORKMEIE, WHE L D D036%
(2.66mg-/™") THBLL, WEFIHDO L i # = T50%
(3.72mg-17"), HaME &4 T46% (340mg-l™) THh o7z
(Table 3).

FERRMEY OFEZ & O CPUE & DO D % % Fig. 912
RL7z. Y ERBC, WThoRIZBWTY, CPUE
EDOIIEHBE 2 IEO MBI IE A &3, CPUE 2Sik K%
ANY DOIIFEIC & > TRZ ZMINAA SNz, CPUE DK
KEzRL72DOE (Fig. 9, Table4), # ./ 2F¥ 7 F¥FT
DK< DO20% (148 mg-I™") THY, DWTTFHIA
PHZT Q1% 1.55mg+ "), ¥ 7 HhTyasH= (22%;
1.62mg-17"), /% ¥ 7 X XY Repomucenus valenciennei
(22%; 1.62mg-17"), ¥ v (22%;1.62mg*1"") THo7z.
—J, T ¥ T 7 ¥ A Apogon lineatus R° ¥ )V L ¥ T 2%
(531 mg+/"") &E\DO TCPUE DI KMEAA SNz
EEHDOARMT LICAL L (Fig. 9, Tabled), 77 H T
I H =D DHBML26% (1.92mg-17!), DWTNEY & T
XA (30%;221mg I, ¥ ¥ I (30%;224mg ),
Haxt T yE (32%;236mgl"), 7IRVAVH=
(34%; 2.54 mg-17"), % ¥ 3 Cynoglossus imterruptus (36%;
2.66mg-17"), T /¥ Amblychaeturichthys hexanema (37%;
271mg-17Y), hE 2 FATY (40%;295mg 1Y), EIY
HA (42%; 311 mg-17"), T H I ¥ Metapenaeopsis barbata
(46%;3.39mg-1™") A+ b7 (48%;3.53mg- /"), T~
K A5 (49%;3.61mg-17"), & X I Portunus hasta
(52%; 3.82mg*17), T ¥V 7 ¥4 (53%; 3.93mg""),
PNLTE (57%;424mg ") DNETH -7z, CPUEHKIE
D DO & MEFI DO DAED KL, FIZ K > THIM AT
% o7z (Table 3, Table 4). MWD AL ¥ H LA &< T F
ITBLCREY O 7TH Ty ay =, Yy a, Fra,
T ANE, b b FHTIZCPUER KRB X OINE 34 DO
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Table 2. Dominat species and class of non fisheries targets based on total wet weight and individual number collect-
ed by small bottom trawl during the sampling period.

Japanese name Scientific name Rank Wet weight (kg) Rank Individual number
Futahoshiishigani Charybdis bimaculata 1 220.8 2 31,866
Syako Oratosquilla oratoria 2 182.3 3 18,614
Kebukaenkougani Carcinoplax vestiva 3 100.8 4 17,610
Katakuchiiwashi Engraulis japonicus 4 84.2 7 8,325
Jindouika Loliolus japonica 5 56.6 8 7,737
Momijigai Astropecten scoparius 6 56.4 1 50,301
Saruebi Trachysalambria curvirostris 7 55.3 5 11,896
Akahaze Amblychaeturichthys hexanema 8 49.4 9 6,156
Hatatatenumeri Repomucenus valenciennei 9 41.3 6 9,719
Kanokokisewata-zoku Philinopsis spp. 10 25.0 11 2,946
Maeso Saurida sp.2 11 229 25 656
Maaji Trachurus japonicus 12 19.5 10 3,874
Genko Cynoglossus imterruptus 13 18.3 16 1,674
Tenjikudai Apogon lineatus 14 17.0 12 2,682
Sunahitode Luidia quinaria 15 14.6 26 647
Shiroboya-zoku Styela spp. 16 12.7 19 1,017
Itohikihaze Mpyersina filifer 17 12.4 14 1,780
Akaebi Metapenaeopsis barbata 18 12.4 18 1,436
Sappa Sardinella zunasi 19 9.6 40 208
Tokageeso Saurida elongata 20 9.3 36 232
Himegazami Portunus hasta 24 6.9 13 2,049
Hanamushiro Zeuxis mitralis 40 2.2 15 1,752
Okihiiragi Leiognathus rivulatus 23 7.7 17 1,669
Maruaji Decapterus akaadsi 28 5.0 20 904

Daytime surve
500 ” ” — OLn.1 M Fishes
’vl—;\ 400 O Ln:2 B O Crabs
éﬂ 300 ELn3 | ° SOh z.arator/a
al © rimps
Ié 200 Wind = M Cephalopods
o 100 ﬁ:.:l: Asteroids
0 L (Tl | O Others
Nighttime surve
500 - Y OLn.1 Jun. July Aug. Sep.
T 400 _ Oln2 | Month
\—%D 300 Win3 || Figure 7. Total composition of non-fisheries target species and
'jé 200 Mln4 7 groups based on the CPUE (kg-h™!) of catch amount in-
o 100 :D:i:ﬂju cluding all sampling line and daytime and nighttime survey
0 L L =l | in each month.
Jun. July Aug. Sep.

Month

Figure 6. Comparison of CPUE (kg+h™') based on the non-
fisheries targets catch amount among the sampling lines in
daytime survey (above) and night time survey (below).

HIZIZIERI— %), HEYO<IFTLLEIYyaB LY
REMO T ¥ R4 =L AHFITIEINEFEL DO
DIE) DL, YOI, vFa, FLIEBLO

BEWOTHTE, YLVIE, FrIY754, ¥YvaTid
CPUE I KIFF D DO DI ) H3Eh o 7.

RIEY) 2 & O CPUE, fiib L O ES AR a* &
DO DR % Fig. 101278 L7z, MY 4 F & D CPUE X, DO
AHI20% % T % &EF LMo/, T2, REYEER
® CPUE 21X, HMIBIRIARIZA SN T DO22% (1.62mg1™")
THRAMEAH S, MEFEDOIL40% (2.94mg-1™") T
& - 7= (Fig. 10, Table 4). —7J7, Fi% (n=32, =0.50, p<0.01)
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Figure 8. Relationships between the CPUE based on the fisheries targets of 7 major species and the dissolved oxy-
gen saturation (DO%), showing total CPUE of catch amount (kg-h™"), and total CPUE of catch money.

Table 3. DO (%) values when CPUE showed maximum for fisheries target and weighted average DO (%) and
those estimated concentration DO (mg/l) in each species, CPUE of catch amount, number of species and modi-

fied Shannon—Wiener diversity index.

DO Estimated DO Weighted

Japanese name/Item Scientific name (%; (mg - 17" average Dgs?mafj(_ll)

CPUEmax)  CPUE max) DO (%) me
Meitagarei Pleuronichthys cornutus 36 2.66 35 2.60
Maanago Conger myriaster 36 2.66 36 2.69
Makogarei Pleuronectes yokohamae 21 1.55 41 3.00
Syako Oratosquilla oratoria 22 1.62 42 3.11
Gazami Portunus trituberculatus 64 4.72 47 345
Madako Octopus vulgaris 92 6.79 54 3.99
Saruebi Trachysalambria curvirostris 72 5.31 61 4.47
CPUE of catch amount (kg/h) — 36 2.66 50 3.72
CPUE of catch money (yen/h) — 36 2.66 46 3.40

B L OLHERBA" (n=32, r=0.40, p<0.05) & DO DIz
BAERIEOMENRA LN, METFHDOIEZENZEN47%
(3.47mg-1™") & 46% (3.39mg-/"") TH-72 (Fig. 10, Ta-
ble 4).

zZ =

NEBIZBITFL/NEEEHICB VT, REREIC X 5188
FROBAERCH HER O EFESTELE o T b, A
FIRMDNED B 6 HD 5 9 B I T - - ARWFZETIE, W1
MWdH7z0) ORBERIZI100kgZ B2, F/2DOIC L > THRE

WO T 5 2 EDURB SNz, FRC, b HEEEKIEA
PR U728 1 (Z IR ACRE 3Bk 35 20 1% 2 K BRAH #¢ © http://
www.pref.aichi.jp/0000009720.html) ® Ln.2 X B W T, BI&K
[ 3 A R I 400 kg/h &GS oz, TDRD
Ln2 ® DO X 22% (1.62mg-17") & 36% (2.66 mg-1~!) T H
D, LY KEIHEV LN & Lnd TIEDO X 12% (0.89 mg+/™")
DT e TR &2 5, BRRFARRHDILK L 72ROk
AEDS, NK O E RIS BV TRERINFCE L 7 5 50
D—DOTHrbLEZ LNz FHIC, AEWIZIEY vy aeh
LA SO HERO/NIBMBEHE TN, BFITE
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Figure 9. Relationships between the dissolved oxygen saturation (DO%) and the CPUE based on the non-fisheries

targets of 15 dominant species.

5 ERGRR O A RR IV E X (RAE 2, 2005; &
- A, 2005), EEFRARBLOBLIR T O IR R
WAMET A2 EPBEINDE (KEIEH, 1992; BT,
2011). F7z, PHEABORCZMEETIIHEEBXICLDY
B LB ENAOND D, B CTIRERICEN 2D o
oD, BEEREMEIC L S FIRMIC X 2B HEANDBE
BEDLLZWEHEESND., —JT, HESHED X OE
BORLEMLZOLFRUDOSLNTH Y, EMEFEAIMD
BDIZBWTIE, REWEDNSL 2D E L HICHENE
PEDHHINT 5 EEZ SN, RIFFEORHEEFHUT L6 &
LT, KEGBICBWTS T FITREST 2745 THIND
BEEFAROGFLIMICET L CREIZ2, 2003), ALZ
A (1997b) b [ L | & IEh 2 Bk FE KL TO
SEB L2 HELTWA, 72, HEETHEMBEARID
BRICBVWTAZFMEROMRIHFE IR TS (O

- kg, 2005). ABFZEIC BT B EESHEOBINIZ~ T
FTCEEDDOTHY, FRICABERKILOZLAP R
DEWISGE DI EZRLTVAS. IRSORRIE, Y4
R BV TIRIERIR O 72 0 O GBI RA~DO A EI
AR 22 BN EERZ DT ENTED.
REYOWEROCPUEIZIHICR L EEZE LWL,
DB E A TS, 6 HETHICES L HREOE 4
FHEFE IR L, AP ERE o7z BEBRFEKEONK
RSB RIS X 2 AR L I & 2 B E O
X, BEBEIOZLWHBRHECIVEETHLEEZ DN
% (BHIZ2, 2006). HEREEKEET OB ATV -
Fo AL, BERFIKILRE R IIETOWRIZR 5 L e
SN2 (i, 1993), DOZSHE L 729 H oI AfF a3
DTEL, MEBEORDREEHDE 2 Sz 72, [k
R E SR IO TR TH Y, 6 A58
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Table 4. DO (%) values when CPUE showed maximum for non fisheries target and weighted average DO (%) and
those estimated concentration DO (mg/l) in each species, CPUE of catch amount, number of species and modi-

fied Shannon—Wiener diversity index.

DO Estimated DO Weighted .
o - Estimated
Japanese name/Item Scientific name (%; (mg-17" average DO (me-/~)

CPUEmax)  CPUE max) DO (%) me
Kebukaenkougani Carcinoplax vestiva 22 1.62 26 1.92
Hatatatenumeri Repomucenus valenciennei 22 1.62 30 2.21
Syako Oratosquilla oratoria 22 1.62 30 2.24
Kanokokisewata-ka Philinopsis spp. 20 1.48 32 2.36
Futahoshiishigani Charybdis bimaculata 21 1.55 34 2.54
Genko Cynoglossus imterruptus 36 2.66 36 2.66
Akahaze Amblychaeturichthys hexanema 36 2.66 37 2.71
Katakuchiiwashi Engraulis japonicus 43 3.17 40 2.95
Momijigai Astropecten scoparius 35 2.58 42 3.11
Akaebi Metapenaeopsis barbata 65 4.80 46 3.39
Sunahitode Luidia quinaria 43 3.17 48 3.53
Jindouika Loliolus japonica 35 2.58 49 3.61
Himegazami Portunus hasta 39 2.88 52 3.82
Tenjikudai Apogon lineatus 72 5.31 53 3.93
Saruebi Trachysalambria curvirostris 72 5.31 57 4.24
CPUE of catch amount (kg/h) — 22 1.62 40 2.94
No. of species — 72 5.31 47 3.49
Modified Shannon—Wiener Index — 92 6.79 46 3.39

H ¥ COFHMMER D 28-39%, FIHUIESE D 20-26% 12
ZNENWALTBY, ARRFABOMHEEZD LIZSIE
MEICERBEZRTLEZ DN, T2, BHEBREOHEE
BETORON L 572Lnl TH BRI LTV D
RUL, BARRFEAILREOEY; & LCORICIRBIEICE S
ENHRER, BIREAIA L2 R s, AME
IRBE DR AS I HE I JH i 5 DG b B & ]33]
B2 RIE LT\ 5.

AR TIE, EFOPBBEORAEEWH ZNES S 7/
DU B L 15 DOEAMEY) 12D T CPUE & DO O Bi1R
WAL, MiZEIZCPUE & DOD MR RAR L Z L %R
L7z, WEFROMIZBWTH D020% (1.48mg-™") &
% & CPUEIXIZIZER LAY, WRE LIEAAEDITT
DODOTWEFTATERVEEZ b7z WEOIETI,
WBIZBUT 2 KAEEY O MBI, SA%EL X OSHE
FBEICIIDO L IEOMBEA A S (54K, 1983; &= H,
1991), HRCHOAEEIIDODET & & IR BBIEmIC
BT B ERREINTVS (5, 1983). —F, &K
FEIC B W CTRED OB X OEARERE» S5 Sz
#li IE Shannon—Wiener D % £ EE 8 £ /#* 121, [EARIZDO &
OB A B I72AH5, CPUEIZIZHBIIEA 513 D022%
(1.62mg-1™") THwRAEZ -7 FEESREERBICIED
MRS N2 Z L1d, DODET I - THAIT 24
FEASIR M5 720, BAREHIEIZ B W T HHE TR ) 23E

Uo7zl sinsg (58, 1983; BEEH, 1991). F72,
DO DA TP - THEAEEY O SHEATENC X 5 il BB~
A 2 TB Y LK - #iH, 2012), ARBIETAHALR
7RV DOIZ BT A CPUE® EAIE, SMEATENIC X % 48
T/ O & M O WIER RS E £ o 72 REEDSE 2 5
No. Lizao7T, RFRICBWTH SN2 CPUED 15
1, AERIFEBRRIC X 2 BEESMERTOTIERL, &
BRI T HEMDEDOREREEZ 2O THY, *
DO DO FEAEY O R TE)DIREEE 2 51 b, CPUE
DEKRMEZRLZEDOFMI EICER LY, &b KVl
YxakzakLAThHY, ThEh2% (1.62mg-17")
£21% (1.55mg-17") THho7z. Ik (1993) TIiX, =h
LOMTIZ2ml- /" (286 mg-l7") DEAEEF TMATE
PIREDLEMHELTED, RWFROMFHRICBIT S CPUE K
KB 2#IREICHo e EZBNDL. —FT,
MEF¥H DO, CPUEDH KT 2 #BES I NG Z &
Mo, SHEAREABITT 2PN R DOLKFLEEZHNS.
JEAEAY OBMRBWMEVPRHRON-ENERICL S &,
DO DY H i E (LC50) &, ~ 2 H L A Pleuronectes
yokohamae T 1.86 mg-1~" (HF D, 1998), #H I Portunus
trituberculatus C 0.63—-0.93 mg+/~" (Yamochi et al., 1995), 32
3 I ¥ Metapenaeus ensis T0.77 mg-1"" (Wu et al., 2002) T
HY, ¥r 3 TIZ056mg T THMEA LD IANVIEA A
5B (KR - M, 1988). AREFZETH S NZIMEFY
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Figure 10. Relationships between the dissolved oxygen satura-
tion (DO%) and total CPUE of catch amount (kg-h™'),
number of species, modified Shannon—Wiener diversity in-
dex based on the non-fisheries target catch.

DO, WTFNOMIZBWTHINL LY EL, FEEEC
B TR O 5540 2 RAET % 721213 LC F D
ANVIELEM L) B DOFLEE EZ S

Fi[ T S 72 CPUE i K0 DO & N F¥ DO d 7%
W&, AR RIS B IR O R 2 A& S L T AT
PAdB B. CPUERKEEODODIE) L ) T I
A, VYR AA, A, TUEHEIE DOLMFIIHD
LTWbREIBEZHGAL, FITHWDOSEMIIAHMTS
EHEM S NG, £/, METFHDODIII VLY EHVRT ¥
RUA TR AT IRER, HLREABRENME
Fboo, Wk E RO % EBEHMED KN E Vb O & i
EEIND. —J, CPUERKK:DDO & INE DO A IE
EF—72 o 720, BMREICH L TER~OBITIENE
72 3BERE I AZ L K, KR E U THIRFAKILDORRL~E
BT HMEIMMPA SN L GEME2NEE S 5. Narita et
al. (2003) &, HFEBIIHATHEEL I ZHHITBWT,
1990 SEARHT A & B PICBWTESESr 7 hZ v ay h

ZMLTIRIATHZIIEB L2 Ea it L, ABF
FTH 7 IR IA A= pdm & ERE O CEEL L
TBH, MHFIXALNTAREANDINEE L WVERDOA
RFAKBLOIER (RH - BEH, 2006) 75, fEARBE~E
BARITUWREESIEZ SN,

IR LS4 O CPUE E DODBIERD S, BB
DO030% (221 mg-17!) % Fl5 & jfafim b M EEo %
HLAADNKE L RY, DO20% (1.48mg-l~") Tl
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DIRMED A U B FEEATRIZ S LB
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A, 2003; F - EE, 2005). HH (2012) 1%, RERE
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