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Estimating the occurence of megabenthos for dissolved oxygen
concentrations in the bottom water layer
during summer in Mikawa Bay, Japan

Ryota Sone' T, Satoru Kamonara', Satoshi Yamapa' and Teruaki Suzukr®
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In order to quantify the influences of hypoxia on megabenthos in Mikawa Bay during the summer season, we analyzed
the relationships of the occurrence of four megabenthic groups, flounder, swimming crab, prawn, and mantis shrimp,
with environmental factors in the bottom water layer, dissolved oxygen concentrations (DO), water temperature, water
depth, and bottom sediment types, using generalized linear models (GLM). The selected models in the four groups
respectively included DO as an explanatory variable, which showed significant effects on the occurrence of all groups
in all cases. Using the resulting model, the DO at 50% probability of occurrence of the flounder, swimming crab,
prawn, and mantis shrimp during the summer in the Bay were estimated as 3.9 mg-/~!, 3.5 mg-/"!, 4.7 mg-/"!, and
2.5mg- /™!, respectively. These figures are substantially higher than the LCs, (50% lethal concentration) of laboratory
experiments of previous studies. The results of this study indicate that the distribution of major megabenthos was
influenced by DO, which possibly serves as a strategy to avoid death or hypoxia. We suggest that a DO level of
>2.5 mg-/~" was the lowest level that maintains a megabenthic community in Mikawa Bay during the summer.

Key words: environmental factors in bottom water layer, generalized linear model, hypoxia, megabenthos, Mikawa
Bay, spatial distribution
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F—mAWEL, WHEEBRIIBIZFEELA NV ANT
L 7% - T\ 2% (Diaz and Rosenberg, 2008). Z i1 F TIIAR
HOFELNETH L HHE, KBGE, e ZRER L
WZBWT, ERFAMICL B AHT XY b ZAOE-SFO
e i/ (U2, 1991; Hossain and Sekiguchi, 1996; 47
IHE A, 1997a; 1997b), F 7213 BEEME D2 (Hossain
etal., 1996; EHF13 7>, 2001; Kodama et al., 2010) 72 & A%t
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Figure 1. The location of sampling stations and depth contours in Mikawa Bay. Dotted lines indicate the section of the bay

(Achiha, 2008).

END, NEDKPEMIHENGZHWELRE V. Ih
5 DWFED %  \ZKEGEAFRF B (DO: Dissolved oxy-
gen concentrations) & A A XY b 2 D45 R BRI % %
LT, ZONHELZLIEMEEZELREL VLAY, oMK
& EE L L72# (Kodama et al., 2006; 2010) (%[N Tl
i,

—7, ENEBETIE, DOXHIET LI LKL 20,
HAED IR B1T 5 DO DEBIZ X A TKEIHEE
L, AP 2 BRI % = IRl L T b (BRI,
IHE A, 2014). SNODOBNFEBRP LI AHTXY MR
DDOK T B A BRI A2 ZEET 52 0T&5. L
ML, BEREIAAT 2HERPRE L LD AT R M A
TlE, AMRFEAIIC L > THEIEZ e 5 BBAHIET 00
2, FEATEIDSH I &R SNE 2D, BNEBROKRD A
TIEEBRICBT AEBDO & A XY b ZAD 54 OB
P& FARICE S T EARTE R,

FEWHTZ BT DO % & DALY TEE O 54 B 2N
AT L, WL oBRMEE ERbT A 2 ik, SN
BT E %25 T2 NI BB SRR 3 5 B
KLDILKRAL % R RHEE BRI O LB AVERRR NG 5 5%
BEMT A L TRERTRTH L. T2, IS O
X, HAROZEWNE MBI ENRLHETBOREICX Y, £

NZNEA QKBRS MR, AWitEELEZz &%
HLTW5720, &4 OWEEIIBT 5490 MBLRIIC
DWTIT) BELRD 5.

Z 2T, AW TIE, AMRFKIMPIRBBIIET 5 E
FEO BB TCER LSS RIS B A TR
N 2 D5 AikER E DO B L MO KB ERBEER 225, A7
NV N AL FEREO S AHIBRER 2 4 L C, #MalET v
ZRESEL, JKRE DO ISK§ % &0 Bl o B =R & 3 L
7=.

M#EEFE

REEE

AR R R AL E 9 % =0 1L, TR 604 km?,
S KREI2m EFEVHIHENETH S (A H - HH,
2007). =FE VSR O ML E B X ORI O R 3E
BIHEMICX SIS TWD (B, 2008). =ZWET
13 1970 SER D BRI TOMD L TIZ X 5 TH - ZHOM
RARIBRI, REPLHE L, BRFKAOFEAEIIERL 72
(Suzuki, 2001). FEEFAMIZ, HEFD7-9 7% H0I25E
L, HICHEBBEEOBEBE TORENE LW (GH -
1996; BLH - BEIH, 2006). AKX, =B % 4km
75 025 KIBAZX 55 L Stns. 1-25 L5272 (Fig. 1).
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HEOZWEICBIFZ AT P ZAD5AIZ2 VT,
20124F9 A6 HB X O THICZ N 22 H w7z kO
EHRAOREREE (BRITH, 2013) W2 FREL
TeAANRY PRI RER R ) T 058 CREZIT-
7ot MEEEEEL, SEEOTRT, Fld—Eico
WTAER (O IHIIHER) BLOBEREZIE L.

EEIRE
HEFEOZHBEICBIT L ANRY N AOSAI S, RITT
LEZONDEBREERICOWTHRE L. EWond
ZHIRS 2 ER L LT, SRR BATE) 2 s Xk
9 DOIMZ T, fRHhERE R EAEMWN R EEL 52 5K
M Se Lz, $£72, AR ORFHICHE T2 EKRE L
T, RO EHWN %247 Hitb L ORBICEETH
b EEZONLHYOR MR, FBHTRE, &
LI TR AL 2S5 T B YEB & HO =B IC B W T
(&, REINSIT A SIS O IR IS G- L, A oBLE
PR & 7 )12 KGR EE LT

INHDH L, EEDOB X VKB KIRICOWTIZ AN
NV P ARARFRE LK SRR H D 20124E9 H 5
HICAT o 72 ZiEIC B 2 K8 B (BRIZ 2, 2013) @
Mo, GISY 7 b (ESRIfL# ArcView GIS 3.2a, Spa-
tial Analyst =73 a3 ¥) DA T T A4 HREEIC L D SRR
M afERK L, Stns.1-25 DKIEX 5T &£ LT, DOB
IOKIENZNOVIEEF L7z, F72, AEEHKIC
DT [E b3l A SR = A R T (2010,
2011) DEEOFRKZMED 7 — & T, Hiabdo ik
ERBRIZGIS V 7 b & T =3B P O S & 1R
L, KXo T OFHMEEZ KD, ZOMEH S 2.0 mm<
#45, 0.075-2mm : #4, <0.075mm : ¥V b - K150
ZOoDRFEMREMBEINICK S L, HTRoZEHE L
7o, KEIZDOWTIL, 20124F9 6 HB L U9 H7THDIE
D& A OB, ARSI 2 MBEHEm
B DR L 2REZ G, b, KBS L AW
Lo THEELRBRBERERNTH L LEZ 57225 201249 H
SHo@ (DO B L KIROBIHEE) (ZBWT, HFED
S L, KR OSBRSS TIRIT M GRS
31.0-31.8) THo7z720, S OFHTIC BT 2 ke SR
K7 &35 % AL L7z,

REH AR

EROZMEIIBIT S ATV N ZAO54 R RER % {08
L, WBHEREZHEET 272010, —BABIEET )V (Gen-
eralized Linear Model: GLM) % W CET 217> 7. x4
OSFERIRBEEDEAL, 2o=2EICBWTEEL
MW GG TH A D VA (4 ¥ VA Platichthys
bicoloratus, < 37 L A Pleuronectes yokohamae, * A % 7

L A Pleuronichthys cornutus), # % I3 (74 I Portunus
trituberculatus, % A 7 ¥ # 3 I Portunus pelagicus), T Y ¥
(7 W= I ¥ Marsupenaeus japonicus, 3 ¥ T Y Metapenaeus
ensis, 7 < LY Penaeus semisulcatus, /NI Y Metapenaeus
Joyneri), B XY % 3 Oratosquilla oratoria % 3 5E L7z,
BBIEES ORI A ARV b AW AKIL ORI
BETHMEZRT I EAWE SR TEY (FHlEh,
1997a), $RESNIZEMDZ TR LT LS A Lo 2 Sk
LTV EEWEZ NI ERns, AHRY N AOMBi
ZHOET BRI, AARBRIF R EORNT— 5 B3
DFICHBOFHED2ET =5 VBT LB TH D
EERT. D10, IBEEBIIEKIBIX BT 585
BRFOMBoAEE Lz, $4bb, GLMIZBIT 2I6E
BRI I AIHED EIRE L, link BI%K L logit & L7z

BLIZA R, Wik L2 R EREER O DO, Kilk
(TEMP), KiE (DEP), 3 X UHEEHUK (SED) %ML
L7z, GLM®EFIVEIRZAT ) Wi, ZEILEEORE
T 572012, SHAZBEMOMERBREZMET L, ME
(2R BIFRAY 5 N ABE LU D W TR IZ ' 7 VIS
MAAND Z L &2, 2O LT, Bl LzsiiER
R E D EIRL, RboERERE (AIC) %
BAEREE LORELZETFVERIRLZ. BohEF
VENULET I (BHERERCVIZET V) & OBRBLED
r AW REME 21T, ZHIEROA B e
L7z §RTOMEENICIE, R3.0.1 (R Core Team, 2013)
w7z,

#w R

AHNXY b ZADOBT

Fig. 2121%, 20124E9H6 HB L V7 HIZAT» 72K O & Hg3
BIZBITAHVAH, I T, BIUTYryao
BATNZOWT, BWRIEN (2013) % —HZE L TR L.
F7:, s fkoeRkSs L O ER % Table 1 127K
L7z, B VA BRI EWBEEROMSE I omrsEhL, &
FreRIBUCBWTHIL L2, BRlish7-h L A FHoVE e
B4V AT129.8mm, *A4 % F L4 Tix129.6 mm,
RIAFVLATIEI39.Imm ThHo7z. FHFIFIIANELE
HFLUMZO A LT 7228, BEEBEONMRET TS —MTHRS
n, BEFSAKBUCBW I L 72, SRS I8
FEYHIEEIZAYF I TI33.0mm, ¥4 7 Y HH¥FITIR
1140mm THh o 72, TUHHIZAIEE MBI BI040
WEPL, GEFSAKICBWTHRL. #fsh/i-ze
HoOYHEEIZI Y Y TI1208mm, 7 ¥ LY Tl
1253 mm, ¥Y/NTLETIZ119.8mm, 7227 V~<vI VT
146.0mmTHo72. Y ¥ IFINITONERIN LS
<, RKICBWTHE L, ZEEILERCOmagEh L
7eboD, HMEEB X CREEOLBIYIA VC#IPTIZ 546 L
Tz BRIz v 30 £E1399.6 mm TH - 7-.

— 270 —



HROWEE DO BAHTXY M ZAOMBLUCE 2 5%

m Platichthys bicoloratus
4 0 Pleuronichthys cornutus
O Q 8 Pleuronectes yokohamae

~500 2,000 8,000 (inds.-km?2)

= {\? ey

<
Pl "o N 5

O Metapenaeus ensis
- B Penaeus semisulcatus

O Q EE!@ m Marsupenaeus japonicus

3 g Metapenaeus joyneri
400 900 2,000 (inds.-km?)

T

Figure 2. Distribution and abundance of four megabenthic groups (a)—(d) in Mikawa Bay on September 6-7, 2012
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(Sone et al., 2013). (a) Flounder: Platichthys bicoloratus, Pleuronectes yokohamae, Pleuronichthys cornutus; (b) swimming crab:
Portunus trituberculatus, Portunus pelagicus; (c) prawn: Marsupenaeus japonicas, Metapenaeus ensis, Penaeus semisulcatus,

Metapenaeus joyneri; (d) mantis shrimp: Oratosquilla oratoria.

Table 1. Body size (mm, mean+SD) and body weight (g, mean®*SD) of species collected by bottom trawling
between September 6-7, 2012 in Mikawa Bay (Sone et al., 2013). TL: total length (flounder, prawn, and mantis shrimp). CL: cara-

pace length (swimming crab).

Group Species TL/CL (mm) Body weight (g) n

(a) Flounder Platichthys bicoloratus 129.8+20.4 25.8€12.9 12
Pleuronichthys cornutus 129.6+12.8 30.9£11.5 37

Pleuronectes yokohamae 139.1£35.4 40.9£36.0 10

(b) Swimming crab Portunus trituberculatus 133.1£39.8 158.0+118.6 26
Portunus pelagicus 114.0=11.0 75.3%9.9 2

(¢) Prawn Metapenaeus ensis 120.8£16.0 13.4%6.2 13
Penaeus semisulcatus 1253134 15.1%5.1 13

Metapenaeus joyneri 119.8%+30.7 15.2%11.5 6

Marsupenaeus japonicus 146.0+30.0 23.2+t13.4 2

(d) Mantis shrimp Oratosquilla oratoria 99.6+10.1 13.0+£4.0 73
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DI S T Wiz, ZMEOE LR S E IR 2
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HEO St 1IZBWTHRED27.0°CTH Y, BEBRIEO
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Figure 3. Spatial distribution of dissolved oxygen concentra-
tions in the bottom water layer of Mikawa Bay on September
5,2012 (Sone etal., 2013).
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Figure 4. Distribution of bottom sediment types in Mikawa Bay
(Mikawa Port Office, 2010; 2011).

[ARJEE I S e S UV

EFILDOIEE
ZBHOMERBREZRE L2E 25, DO LAKIRKET
DO & RBEITIIHBEBERIE R SN d o 7228, Kilk & K
WDV CTIZHIBIBIAR AT A B 72 (Spearman’s rank correla-
tion test; DO vs. TEMP, r=0.11, p=0.59; DO vs. DEP, r= 0.14,
p=0.50; TEMP vs. DEP, »=—0.79, p<0.01). F 7=, H 5 &
IZ2WTIE, DOFIKELEDOMICEELZBEKRITA ST
Bhroleh, Kk OBRIEAEETH -7 (Kruskal-Wal-
lis test; SED vs. DO, H=7.23, p=0.03; SED vs. DEP, H=5.98,
p=0.05; SED vs. TEMP, H=10.76, p<0.01). Z 11 & O #%5 5 A
5, MEISHROBERAR S N3 HE I D W TS
EFIWVICHAAND Z & ZEEF, @Yo F—%+ky b E
ERL L7, Thbh, SHAZEROEMEZ DO B X UK &
L72EFV (Model 1), 3 & OHWHLEBE OB % DO, K
W, BIOREMEKE LZETIV (Model 2) 120V THE
MZ4To72. 72, Model 1IZBI L Ti&, DO & KilASH.
WM L TIRE BRI B A 5.2 2 D Tid e <, K
AEIZ & 0 B 2 BRI B A 52 5 2 LAV &
N7z2720, BT IVIEHHEEB OZ B EE INZ 72
Model 1 3 X U"Model 2 1235 1F 5 GLM D E 7V Z# IR Ok
Bx Table2 2R L7, ALAHEBL T IFTII,
Model 1 3 & O"Model 2D WFNIZBWT S, ik EF
Ve LTHFZHICDODADETFIVHARINS N, LEL
MEDHE, HVAEBIUOTFIHOWTRIZBWTY
HHEBOFEEMEPHRE SN, T EHIIOWTI,
Model 1128 5@ % €TV & LTDO, Kilt, BXU
DO * KDL HAEH 2 HHEK E 35 T V58N,
DOXAETH - 7278, KB L U'DO - KiROIK HAEH
HIZAETIE o/, 72, Model 21281 Sz €
FIELTIEA VAR I E MRS, SHHERIC
DODADETNVHEINE N, FREESHER I N Vv
T2V TIE, Model 1IZBIFAIRELEFNVE LT, i
HZEEIZDODADETVAEIRS N, FHEOH Bk
MHEFR I N7z, T2, Model 212 BT BB AETFT IV E L
T, SAZKIZDO B L OKEDOETIAER S, DO
WKOWTWEHEETH 7225, KBEIZOWTITARETIEA
o7z,

INHDOGLMIZ X BTARD D B, FHEH % DO
DORELTETNVEHWT, SHHEEICB 2 HEMERE
He® L7z (Fig. 5). 7 LA EHOBBFERDI50% & 7% 5 KE
DOZHEEL7E 2T A39mg "' Th o7z FEIZ, T
IHFIZOWTIE3S5mg !, TEHIZOWTIZ4Tmg [,
Ty OV TIE25mg I TH o 7.

E

BRFRKIBORRT

20124F D =B BT 2 BAMHEAKILE, 6 A58 H LA
F TR HBIONEHIPH THER L7225, s A a» 6k,
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Table 2. Summary of generalized linear models, Model 1 and Model 2, to explain the occurrence of the four megabenthic groups
(a)—(d) in Mikawa Bay in September 2012. (a) Flounder, (b) swimming crab, (c) prawn, (d) mantis shrimp.

Coefficient

Group Model pattern” Variables R<el\slldllllzg dt?VlaIl()?e P AIC
Estimate SE ull deviance
(a) Flounder Models 1 and 2 (Intercept) —6.967 2.991 (27.554) —
DO 1.793 0.813 12.204 <0.001* 162
(b) Swimming crab Models 1 and 2 (Intercept) —-3.695 1.388 (31.343) —
DO 1.047 0.424 20.586 0.001*  24.6
(c) Prawn Model 1 (Intercept) -87.419 155.144 (25.020) —
DO 56.890 44.926 17.742 0.007*
TEMP 3.146 5.994 13.916 0.050 19.7
DOXTEMP -2.151 1.733 11.652 0.132
Model 2 (Intercept) —4.192 1.593 (25.020) —
DO 0.898 0.413 17.742 0.007* 217
(d) Mantis shrimp Model 1 (Intercept) —2.365 1.014 (34.617) —
DO 0.955 0.384 24.627 0.002* 286
Model 2 (Intercept) —4.881 2.330 (34.617) —
DO 0.997 0.402 24.627 0.002*  Hg
DEP 0.209 0.157 22.551 0.150

1) Model 1: Explanatory variables in full model are DO, TEMP, and interaction of DO and TEMP.
Model 2: Explanatory variables in full model are DO, DEP, and SED.
DO: dissolved oxygen concentrations, TEMP: temperature, DEP: depth, SED: bottom sediment types

2) Likelihood ratio test; *<0.01

SHTFMICHRAKEME 22 -7z (BRITA, 2013). Ak
TR L7 OY & MR A R AAHT H 0 201249 H S HIZAT 5 72
BCIE, BAMAR L D IZETER LS =ZMEEIEO
BEB % PLICA  JEE DO 3.0 mg- 17! LLF @ KIE AL
o TWwiz (Fig.3). KO EMHFAAEY HD20124E9 H 6 H
BLTHICIZKEDO OB 21T > TW WS, =3
DFHNE KA BB 7 4 (175 74 © 34°44'36"N,
137°13' 13" E) @ 3 5 81 ) 3¢ &  (http://www.pref.aichi.jp/
0000009707.html, 20144E7 H30H) (2 X % &, 201249 H
SHRSTHIZ2TTIREBDOD HIEHITKE AT R
519 OASH 13mgl 59H6H :1.1mgl 59H7H :
13mg-l™), F7-KREEIKREITE W CKIR - 0 HE >R
FanhcTwizenrs OS5 6,7HERAKR (E5) :
27.8°C (31.3),27.9°C (31.2),27.9°C (31.3) ;9H5,6,7 H K
JEKiR (355) © 26.0°C (32.5),26.1°C (32.5),26.5°C (32.4)),
COHMFIZEIE DO DMK E BB L oiz b %
Z b

AHANL P AR HEREER
HZEO={MEIZB T 5K SMREOME, HVAH o

FIH, TEHEBIT YYD XARY M AFFRCHIPHIC
R LTHAL, HOEMEY OB 2504 7R L7z (Fig. 2;
BEARIZ A, 2013). GLM % H W T &5 EE O 554 2 N
RN L2 2A, AVAH, AYIHE UM BXY
VX ADTRTCOSEHBEICBWT, F72Model 1 B L O
Model 2D VT ND 7 — ZITBWTDH, FHEKIZDO A
EZEN, BEFEOZMBICBIT LA TR N ADOFEELRGA
HEBENTHD ZEFHSNIZh o7 (Table2). LA
B LAY IFHITOWTIIModel 1 T3 Model 2128w
TOHRBOEREL 2D, SAIEDODOARTHIHTE 2 LI#E
WENn —HT, ZEHEIZOWTIE, Model 1IZBWT
DO, Kiftd L U'DO - KIEDOK HAEHATEIR X 41, Model
2I2BVTIEDOD AP HEIRS N7z, AR, EWITHT S
BMFLOFBIIKIR LA OEEEZIFTHRT L2 L8
Zzoh, BERIOMKWIHHAR Y7 ax Y N 2OEHE
FAIC X A ERIL L72gECld, JEERZ DO LD
R IcKIRO B EMZ TESRMEL T 5 (BARIED,
1998; T 11T A4, 1999; AT A, 2012). AEFFEICEB VT
b, AEWOSARIZDO 72T T 7 S KL E DRI E %
5.2 5 M S N72AS, T EH O Model 1 DIRITIZHBE VT
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Figure 5. Relationship between dissolved oxygen concentrations
in the bottom layer and the occurrence of four megabenthic
groups (a)—(d) as predicted from generalized linear models.
Model patterns (see text and Table 2) in each group were ap-
plied as follows: Models 1 and 2 in group (a), Models 1 and 2
in group (b), Model 2 in group (c), and Model 1 in group
(d). Open circles denote presence (1) or absence (0) of
groups (a)—(d), respectively. Regression equations and dis-
solved oxygen concentrations on 50% probability of occur-
rence (Ps,) in groups (a)—(d) are shown, respectively. (a)
Flounder, (b) swimming crab, (c) prawn, (d) mantis shrimp.

Kik & DRI ENTDOATH Y, T 727Z DR R
BT H KRB X O DO - KD 2 HAEHH O A2
EHEETE R 722800, TCHOSMGERET ST
DO TH D EEZz LN ZOMBE L TIX BIEEE
PR HR T 7 B8Ry P RICBWTIE, KAt
HERHR RN B AL IR L 5.2 C, BEMIIERE /LD
WBIZLDHTY R 7 2 WRIETWE05 KT,
1998; f&1113 7>, 2012), S RIFEHTICH 72K O HPAPNIC
Mo TlE, BERRIOFHWATRY AL > THRLEIZH
B BRI B 2 B3R TH ), LT 25 X
BT DOVGAMEWET S ET, KR THE I LIE
ZbN7z. Y x 2T DOWTIE, Model 1 TIZDO2SRINE
1, Model 2 TIEDO B X UKEAHEIR S N, Model 135 &
U"Model 2D DO X HEETH - 7245, Model 2 DKGEITA
GHHEB TR ol TOIENS Y Y aDSABE
FERIZOWTHDONERNTH % LRSIz RE,
2RIV TS oORRBEKEFGE SNTBY (K
HiZ2, 2007), FEEIHE - B ICBWCiEREDS
Mo 721970 R BT 29 o FATIE GEIIEH»
1978), ¥V b« i b v N 3 2 IR BB I A & BRI
PFTEL AL TwWz, L L, 202FE0KD & @i
ETIHREEBTOGIED % (Fig. 2), RFNRERDS
WRERLRIC X 2Bl S ko7, Y x a0y
A HE BRI W TIE, 19704 IR O B FE KRB o 9K
(Suzuki, 2001) (ZPE- T, REEHLE O FIFMEIC R CTEE
FKBLOZESHFINCKEL 2 Y, BEORFO =0
TR OA BRI 2 MIFEL, SAEHNSETWnD
WHREVEDSE 2 S

HIREEOHTE

GLMIC & Z AT AE RS S, ERGAMEEN L 2o TW
72DODAEFHERE LTV E AT, #0HEEC
B THBEREA50% & 25 KEDOEHEELZE 25,
A VA EIE39Img T, AV IFIE3S5me /7!, T EHIL
47mg-I"Y, ¥ ¥ 31k 25mg- I ' TH o7z (Fig.5) T O
SERG L B DB NEER BT B LB 2 BRI SR
B IEP NI EEEIEIRE  (LCy,: 50% lethal concentration)
PRHIET A, HLABEIIOWTIE, va3H LA (&E45
72mm) BV TENERIfTbOILTEBY, Kik224-
243°C TDO D 24 W LCyy #51.7-19mg- /"' & L TWw 5
(RFEZ D, 1998). #H I (HWIEEKE47-68mm) Tix, XK
{ii. 25°C 12 3 W T 24 R ] LC4, £%0.6-0.9 mg- /™' (Yamochi et
al, 1995) THo7z. F72, Wuetal (2002) 12X B &I
IV (FF R8O mm) Ti&, /Kii22°C T8IEM LCy, S
0.77mg-I"', ¥ 7z, Yamochietal. (1995) T i & & 25—
40 mm, 7K 25°C T24 K¢ [ LCy, £50.5 mg-1 ' DT & # i
ENTw5b 7wV ((fE27-50mm) TiE, Kif
25°C T 24 I il LCy, 25 1.0-1.5mg /™' & & % (Yamochi et

— 274 —



HROWEE DO BAHTXY P ZAOWBLUCE 2 5 HE

al, 1995). ¥ ¥ TIZDOWVTIE, LC S kd LN Twiwn
A3, R -l (2005) T34 85.8-156.5 mm DRI
& %Ki 20°C B & UF25°C DFEERIZHB T 0.3-08 mg- /™' T
RFCIRFEL o 72 L ME LTV D, THHDOENFERIC X
BAERE AN RBME L, AFRICBW TS Shz i
BIERHI50% & 7 5 DOl % FEMHRIC B 2 IMBIBE & 3
L, BB EFOEITIVAFHTIZ20mg 7!, HHF
IFTEH26mg T, TEHIE32meg T, Yy 2T
1.7mg /" ERELEENTW 2, Z 09O BB L &
AP A BE OOV TIE, AR AT 5 Rk
BARED L) IIBBRIPEVSEREIEZOEIKE WV
L, FVXYAOL)CHEREBRT L ELTZEDE
RIGTINOBE DT W AHBT LDV NS L, HHiok
WATE R E BG I NOFE LR G L TWDEEZD
N7z, F7z, BNEBRICE 2HEDZ IE, RHRA TR
SR (Table 1) &0 /S WEREZHWTW, —
MM I BT PR RIS > TR %2 %728 (Erikson
and Baden, 1997; Rosas et al., 1999), PR 7 BMH & 9 i35
BT A HBHBEOEROEIRRLZL D b KREL RS
WHEVEDSH V), SR OFFE T A 7 7o 72 R i O
YFEATINC BT 2 FERO MBI S SR < R 51T
YHE 2 5. Kodamaetal. (2006) (3B AKEF IV % H
WTHEY ¥ aOBERRICHEE S 2 5K DO O RE % E
WTHED, 40mg It LTWA. ZOMHIEABEICE W
THBBMMEE L7z25mg ' XY bR, s Ri 257
O—WCHET 5 2 LIZTE RV, PHTIICBIT 58
MM TEDME N & ZIRIB L TV 5.

—F, FYIME TUVEHBIOY Y 204N RBMHIE
FIREEE AR, HIREBIEH LA B & e L CRIB RS
WZ EDHERI SN B AS, EilIcB A BB, v
M, WUVAH FAHFIFEBLIOVYyadETEL, ZOIE
TEBFICEIRIC S L TwizeEx otz AllEh
(1997b) 1ZAHFNRY M AZBWHBEMMEEBEFEIICL ST
SHEL, a4, FHEIBIPITIEIZONTIL,
—IIIE T T 2 5% IBEIC X ) BEEFEAKIL % Il L
T IOonTIE, —EIIART A 0% 3T AL L
TWw5, F7:Pihletal. (1999) XA » W I LMD
blue crab (Callinectes sapidus) 13 BB FRILITH L THR
RSB L 202t L, ¥ ¥ 2 (Squilla empusa) &
MYECET 5 F TRBEILL 2R ICIET>TwbE LT
BY, INSOWZEIEARMIZER R EFE T 5. Kodama et
al. (2010) IZHHBICHB W TDO % & oIS B K % 5
MUCHAEL, A ARV b AOHEREOHEER % & /I
WCHSPICLTED, Zhick s & BB B O
A BEREOHILIZH 2.5 mg- I ZBICR I L L
TWwa., ZOffild, AFETHONZZY v IO MBIBHEE
—HT 5. WHEARR L7200, HHEOT LI LIS HROMS
ETHDHD, ZMEBIIBWTHERENICE L, AHAXRY IR

BEOESMHTH S Y v IO MBIBMESTEEICHBIT 5 A
HNRY P AOREMELHERT LM E AL TwE I L
3, COMEPZIERHEE R EONEIZBT 5 AR
RO T 5 —2D TR D L\,

B, BREA G THSEmEShENCEY 3 v (hpy/
www.env.go.jp/press/file_view.php~serial=15178&hou_
id=12192, 201447 30H) oHTTE (KE) DOB X
OEWEZ B - Bk LTHRIFLTEBY, 20144
BUE, P Ue BBk ik 2 K BRI 23 2R 05 B TH H B AL e
HMEHS UT, EMERALT5) THRELEDR
FEIWB L TEENED 51T 5D (http://www.env.go.jp/
council/09water/yoshi09-16.html, 2014 4-7 H 30 H). T &
DO DEIFIEHEA DR E I L TIx, BNERIC L 28R
FKIVEOFH 2 2l & L, F22BABEOMER: & v ) Bl
SREZHORFICHWEROAK T TIEER L 2wbo L L
T, MO 24K OVEFRREHIZ B 5 5% BILRE (LC,)
% DO MR & LT, LB DYOMRD 720 O HEEfE
L35LLTVwE. COHEMBHAHZORTERMEICE TS
WERHEDI b<wahL 4, IYIEBLTZLIIVEIID
WTLCAVRENTHBY, ZhEN24mg- ™!, 0.7mg ™
Bl 2mg e o THEY, Hidk LABHROLC, (&
I A, 1998; Yamochietal., 1995) L D d H T EWiE &
LoTwh., Lol, TOLC,DEEZFF->TLTDH, AW
RSBV TCEPN L FEIC B 5 B (MR
50%) X0 HIEBPIEY. TDTZ EIEANVIEROAIZE
HUZZRNERICE D EP NI RORB I Z 2 2 C
b, ESOSMEREE T 52 EhNETHL L%
HRLTWwa. 4%, THEDOOBEIAEL~ DK
LCl3, FEMIIC B 2 BU AR B2 AR 1 v Tk
HWAEAEPND Z EPNRLETNG.

AEFFEDOARERIL, BFEOZGEICBITEDO & AT XY
NAZHD A E ORRE ERILLIZZ LKD), BREA
FIRT B A TR N ADEWISE & HAAATZNEERE
SRR A F RV b AZFO MR RE O IR O
CEEZLNL. —T, ABIEMRTIE, XAV R
FEDORRIELZ & 52 T inid, ERFEKMOSE
R IAE ) AR NDE AT ) ¥ ARPRRFHALE O
WBEFT 2 LR TE Lo T2, AR
Ko ThEREIN, EY~Fa Bz b 2 5tk
(Gray etal., 2002) ZEH L T wizd, TO=MEIC
BUBLATNY s ABEANOEBIIAYITH L. 5K,
SHICFEZFAEIC L 5T, FMHDOEN AT XY AR
OB AHEET NV ORENLINS.

B O

SRV SRR SR AR REETE T (TR 5 IR RO
FETRKFERR) @ HILEF A LIZIEARED L) T L D2
HDTHE, THEFrwzZniz BOE#H LT
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