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LEEDRBRZ EMILKRF T INHED
RS ZEFE ISR TR E

Z R -RmE B R R

IR B K A A, IR B TT724
19934108250 24

B B AWMBEIECKENTFIHEERETEERERMICH S L, IRBBEROBRN
A BB B TR R O B ALK BT B R RETHA RS TG L
foo HH L AEITASM OB KEORE I LD, 7T 25.2ugH,S0, A H v ST
13 295 ugH,Set, X =T 2197 ugH,S0! THEFROFERBMD ER L, £, 720
WMORBFESEMC LY S 7T 23.4mg0L-1, # H e ATk =2.6mg0L-!, #H =
Tk =1.5mg0,0~! THERLEFROBMI LIRS bk, AREHEFIKEOEANENT T,
Sy ok 534 mgOul—t+ =5 ugH,80-! DRI £3.4mg0,0~! OEA& LY X InETF
Lic, khe, A4 w2t =3.4mg0,0-1+10.1 pgH,Se—t s & Ut 2.6 mg0,0~1+ 25.2 ugH,
Se-t ¢, fEXN =R 2.6 mgOu0-1-+10.1 pgH,Se! G, FhEFNBEMERMELEOBE L L
HRLEFROWD &R Ui, EEERELITHABAOEFEOER KPR, SRE0%0D KR
FRANED S, 10 ugHS0 DL EOTEKRBE BB S, DEOERNG, KEBR
WELHNENT, P &b A F a SPLTO P L g X v, BEMofiy=©
PREEAR AR X R R RO BEE LB RE SRS LB oh, SEio B R ER
Ihs,

F—T7— KAy, REE, BERE BLKE

i El
HISAME OB R IE L 7o PRI IR T, ABIEINCHE - CHEH Shicd B U3 T O C A

SHIEEYORBBEEECRE L BBREAM LI LEEORE M BT 5, i, EESOHEDS
BRI HE 5 MR AR Y, MEICERSE AR BTN~ LB 1T &, BRI ORITI X v kB #i:
OHLMAKEERESEE, AMBELRT TSI A3REBYOEFERITFEOHKEBIKKRLETL
(GOLDHABER and KaPLAN, 1975), BEs#bictl 5 KiRD & OB LR BEOREE, KEDHOEFIC I I
SRS 5,

WO ORI, B LB KBE OB AN R E&HT T, KEMYOEFRIABFE D 5\ K
BoOWMIMGEHT LY ST 52 LA#E ST % (THEEDE ef al., 1969; SHUMWAY of al., 1983), L7
L, SHETOPIE, BAEREFEDHORGIET 20 THY, B EI 2T, BEAY
Wi EnCodals, BRIZBSGTHYIBoOb =& LC 5 BRI ML Tosy  (IE, 1976),
Wi, HY 3 Portunus trituberculatus UM S & UCRIFMICIEEATETH 5, HH¥ I 42 A
v ARMERGCTT vy b otk T, BREESPEBCHTL, RHEBEET S &0 9 ARHHBE 28
DIBLTVB I EMBHBNT S, o, WY IOREDEIIBERMOIEE K~OBEIC & 0 KB KO ES
B EBLREORE L, B EREORKBFHOBE S 5 2 L 0VFM a3, 261, firv= 148
L ko GRIBORE~OWRER B 500w, EEHD 5V IGERKFROEHTARE LMt AFEokg
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R,

I T, S BRI MR P o e b 8, BRI A KIe X D BRI LT Y, HEIER
KOBRBEAIVBE IR TS AR, 1991, T 2°C, KPR -CEy ¥ I ko RRBREINICRSHS 5
VR LB KB H SRS ERANCH ST S & L b, KBEBOREK EEHOBMERZT,
IR BB OB BT 5 5 B St 7Y 2 a0 E T S B> TER LTz,

B A R R

SREREN ARG RS Lok, 19924 6 A IR A BREEERER S THMLI LI 0 ¢ RRE
~R L, REE20~22.5°C, ¥4 32:4:0.5%, DO K 6.9~72mgl! TR LILLDTH D, H¥FIH
Hid, Wl 4 BOBECAF v BT 50, EREFICL > TEBA S /2T HRGND 2 &b H D (A
¥R, 1957,1962), =7 Wik S4B D b D &, A F e AR EREN CORFPAELLLO
B Ui, HEX =00 SRR A B R & CE SR B R o0 = 2 55hE 0 2 BB
oD bEHE L,

RBEBSLUFHE ERERENERSRBREEC LT ok Fig D, co&Bcrgd, vy a4t
RINAT B IR BB ORREK (85, 32:40.5%) oo DO REZEEI ALY, WKREEE LR
b by 7 (NaS-9 H,O) o IE & Sefditic & v S Lic, SBoKiiEkilia & 100 mimin—! O
BT DO BEOBMEE~HA L, KICHKHEREOMBRBCHAT S, DO BE L HABRED
P S BB, TV I GEoTrEE R 2L T 2 U VBBORBAKE~TEAT S, 208, v
=7 4 1000 me O FEARIIZIRA L, A Fa AL HET = g B ubiibofzn, 1500 me
pafgkilioRET 7 Y AE-CHY D, KEPI— RO L TRRET - o, EBOKES & OBk Ry
FAKMIZHA Lic® s, FH0EBKITA — S—7 e — 0B U CHIEBL, ByEsoERKEAL7Ick
D TR B,

FRReR O KBS P, BRI OWAK & KK 2V C2RRMRIZ TV, Pl s LR Y ot W

FOH B KR GREFERIRER), pH (pH meter D-11, BEFEB/ERSY), 4% (YSI Model 133), DO i
(B3 BB % 3 DO-30A, TOA Electronics Ltd.) 3 X UL KBERE (AF v o7 —§,
FonsgLius, 1983) C#H 5,
WbkROBEMERR RO ®mL
FERRIZIEF Ao ik (DO #E, 7.3 mg
0 EFHGTIT » ke BRALKSRIEE X
5.2-0.5, 9.5:1.1, 19.740.7, 31.2%
25ugh~t O 4KEEBRE LI, Kbho
BRIz HpS, HS-, S8~ o 3 kL
LCHEEL, otk pH KEET S
(GoLpHABER and KapLaN, 1975;
PowgLL et al., 1979), = & Cix HS-
E St BT LCHLKEEERELT
ZhEMNEL, WESRES S oERER
B LT ugl™t CRELI, L,
AR CHALKRETH B L EWET S

Fig. 1. Schem.atlc drawing of ex'penment.al apparatus. A, test Fwle ngH,S0-1 IR E A LC -
water inflow; B, reservoir 1; C, air vent; D, hydrogen
sulfide solution; E, test chamber; F, reservoir 2; G, N, BHAIS, AOKROURLR S DI
gas cylinder; H, centrifugal pump; I, air pump; J, water WEL LTRBIAT 5, DO B
outflow tube; K, water sampling valve. Fxr7RryA ik y 6.7~7.1mgl iz



# Ltk 5 DO & HLS o

TN L 7o BRI R RREAREEC S= 7, 2 X a0, fEV=o%hd & chEh30, 20, 20
fEES MM Lic, SR KR BAORECER L, A8 Uid -t 48BSMBICET L@k &3t
B, HRZ2EORERROPHEFRE L,

BMEETIEREORERE Y IghkiedTs80BED 5 umﬁ@ﬁ&%k%?w@ Hyiefediic -
WO, RN S 7 EAE0ME, A 4 a SHEhA 208k, B = WISDAE20ME A B Y, T2BERE (3
HY fTo7ce BEERIC L BHEIC>Cik, DO BELH 3.5, 25, 1.3mgl~! »3K4EE L, ABELHM
{LRFEOBAMFE > T, DO ¥ 2 K (# 3.5, 2.5 mgl~1) & WAL ACGHIEREE 2 JKiE (W 5 ugH,Se-,
10 ugH,Se-Y) DOMERIC LD, HAFEBRRKERE Lz, BBEZEBEF X EHAF b Y T AL
RUCEUEAREERL, =7 K72k DO BE L RARBIE MR Uz, 0T = 7 i Cr Nan-
nochloropsis sp. GEFRBEEY v v 3), A u AREHET=TR7T AT I 7HE LAMA %7 2 2B
7o FERUT 2 O KB IERIG RO TPHELEFRBR R L, WBER - ERED 53 ABREEMC L5 ¥
e AR ETALKEOEENBE L 0L FREOE LI EST (ANOVA) iz L W BE L7,

BRREFE

MEBY B LU WAR19924E 5 A19~138 GEE), TH4~8H (HFE), 10813~17TH (KFE)
BUr8934 1 A19~23H (%4) IIRBXHFHEMENA X v T 1o BIEATEEREL & &R
HFCD 5 H, BEBHAONETHBILANEAK 4 E0F 9 8Ths (Fig. 2),

Hiroshima

]

34°20'N

34° 00

33" 40'
132° 10'E 132° 30' 132° 50'
Fig. 2. Location of sampling stations in Hiroshima Bay.
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KBS KB EESOMER CTD (SBE-9/11, Sea-Bird Electronics inc.) 2L DfT-7, 7 un 71
A a (Chla) »5%EE L LorRENZEN and JEFFREY (1980) O JiiEiz L 0T » 7o, DO M & HE{LRKSRILE o I
T, Sy FUERE CEOK LIclis b 056 m o3k Mvizs, DO Bv s o7 S—ilick v @EiL,
WBOKE, WAL 0 RE DETFHEARE (DO%) & Wass (1970) oz & vk, SRAKHER
OFPEAT L T A— B LY ERE L.
EESW O HREAE 51mm ofRERSE KK &, BAREE) 2AGTT -, FHRE, KRR
fh b 0~2cm £ TEYMY, RBE OREEREELTD, pH (pH-33 &, BREREAE, MLiiEf
(ORP, RM-1 %, #IEEHHE, Bikdy GREHR) BEBICHECTIE Ui, LFErIBRERE
(CODY &amsit (IL) ofiEs, REZEM U THLR > o bERETHV, MEKEB SR
FF (1980) 10FEDTIT » Fe,

€ B B R

Wbk FEOBEE  HF IO RERMINCEAKBEOBREERER E Fig. 3 R Ui, BRHEOLTR
ARHBR Gt 7 1182.5%, A 4w oH95%, HES =MI00% TH e L, HBREO ST ok
i 5.2 ugH,S0! €¢55%, 9.5 ugH,S¢-! ©
27.5% &6, 19.7 ugH,S01 L Lol Tt 4

EEATEE Lize 2 70 ARy =Mosrg 1007 B Zoeastage

=Y 1 ] b N ~~ Megalopa stage
X, Wihd 197 ugHLSe-t Bl ET50% LT % 5‘3 %0 B B Crabsage
LAy, fEA =& o 2 5 e S R4 R ot %
ER LI, BEnCEEgens s, BLkED § =
Hilkis A 9 0 AL HH =SS T T =T D ey %:%
ICHRS S TNPES S ELY A | .
feA =WorhEhoREBRcS LT 197, é % %% =
9.5, 5.2 ugH,S0-! THREDEFRICH LT = = 7=
: / HE a2y C“ " W 20 % gg é%
W E G2 % LW BN TR - T2, = = %g
REFEVILATONE  Frho DO, Fift .l = U
KIS L K EOMESEF S Table 1 1R 0 52 9.5 19.7 31.2
Uiz BERNHO MBI 5 Kb B\ 2R Hydrogen sulfide(ug/l)
i & AL KRB O RAN 2 BT 2 LU Fig. 3. Survival rate (%) of P. trituberculatus exposed
thedy DO BB EREL Y 0.14~0.24 mgl™! to different concentrations of hydrogen sulfide
B o foht, FOLEHREE <, BE LR after 48 hours.

Table 1. Water quality in each experimental chamber during hypoxia and hypoxia-+H,S experiments.
Temperature, 20.5—22.3°C; Salinity, 32-+-0.5%. Data are presented as mean-=SD (n=6).

Test chambers

1 2 3 4 5
Hypoxia
DO (mgl—1) 1.514:0. 09 2.6440.22 3.4470.17 7.324-0.26
pH 8.3140.25 8.42:4-0.31 8.5240.15 8.05--0.09
Hypoxia+H,S
DO (mgt—1) 2.60-10.12 2.6410.15 3.4340.12 3.14::0.18 7.30:-0.13
H,S (ugt—H 5.21740. 11 10.0740.18 5.23-40.24 10.124-0.13 0.00

pH 8.35-+0. 24 8.42:0.31 8.21:4-0. 27 8.38:0.21 8.09:-0. 06




AL EEIRRT S DO & HS 6

SRR St MR X, BRALACEYRIE & SR
OB < (0.07~0.23 ugH,S0-1), 85

100 2

BEBRE EERESE IR, Y27 ligdtm
1.5mgOx0—! T2 B £EEDTETHE if} 80
y (Fig. 4a), 3.4mg0,0~! LUF CHE e FRO fé

W s b his (ANOVA, P<0.05), x#m - 00
SRR =, =T WG E D R R E 0
TAHHENTL, A r 8k 2.6 mgOt—! Ll g

T (Fig. 4b), fE7 =Mk 1.5mgOL~" THER o5 20
KR OB 7 L1z (ANOVA, P<0.05, Fig.

4(:)0 0

T WIS E O EFERIE 3.4 mgOL-1LLF T
o.zugﬁzsﬁ-l P lobfbkBoREMc LY &5
ST L (ANOVA, P<0.05, Fig. 5a), %7,
2.6 mgOu8~1-+10.1 ugH,S0-! DB &y 4EF
T 2 AU E D RMEA TS Ui, A # ¢
W% ik 3.4 mgOL-1+10.1 ugH,Se~, 2.6
mgO0~ 1+ 5.2 ugH, S0 TR A L
(Fig. 5b), A =Wshad 1 2.6 mgOL-14-10.1
ugH,50"1 CHBBRIZ N LB EEROMY &
R UTcA (ANOVA, P<0.05), #0i3h0 5k 0 T T ¥ —— .
BRI & BT A AR 45 i 2 e L 0 12 24 36 48 6 7 3

Smival rate(%)

Enid -t (Fig, 5c), ®/o, HEMEES 10048
&/ =7 A TiE 3.4 mg0,8-14-10.1 pgH,Se-1
TGOS T, 2 F e &y =4 ik :f;; 80
2.6 mg0,8~14-10.1 ugH,S0~1 -CHERA L DK "af |

T B EOTEHIREO KT b iz, ”‘; %
LhEo X 5 i BB o e b=, Ak B 401
BALKEOUENEE T CETFIDTToOR E
F— SICRCTERR R SeEEARD S g 20]
i, 0 ‘ ' — ' .

1048 A 8 0 12 24 ;{6 48 60 72 84
ours

IKE LT B0 9 EE OB K lsiT A7k Fig. 4. Survival rate (%) of P, trituberculatus exposed
B OARRE ;g %W, Chla, DO, HgS)O)EEE to different concentrations of dissolved oxygen
zﬁU%ﬁs Rk Fig. 6 107 Lic, ST G during 72 hours. (a) zoea stage, (b) megalopa

tage, b stage.
B OV~ 72 A4 5 B & m:a;zsm stage, (c) crab stage

LHOT, KiEES) S ot BIEHL, BARE

By owEENL (Act/D) 2FOEWL Ui, ZOMBERERIERE (Stnd, 2) LITHAER Stn?,
8) T, L~ TEC B ERL, BECRLEL, EBLREREL LD, BELLBII
KL A B BMEBMEAER Lic, BHEREREOEL L, 2 TENTHIAEL, BRI L, R
BEE 4m BUFTh o on, BEBIEINL, B3 6m L Thote, 7, LBERWPFTOARSEC 5m
LAl & o T, Chla B &IE Lo, HRCEAT, 2 2RVCTHEEHET ugt™! LT Th-
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fod, ERIZA S LBRE (Stn.l, 2) L{LHA
Wi (Stn.6, 8, 9) T bugl-tléiy, o
WRBI BT O E, 4B/ ERET 3 ugl?
LATF & #p o te, DO BT REREL S HFT T
T Y, BECEEHEZ, 6, 9 THRFIES
% (%1 3.2mg ¢7) BEORBIKMSBNS
iz, UL, BBz s & DO BRI XEH
L, SFEITEMECHRREE e » Tl B
(AR YRR AR B i Ak C 5 pugHLSe- ! LUF
Thotets, BEOESL, 2, 9OEBRPT
10 pg LS~ Ll E o @ RESWE Sl K
Fio it 4 ugH S0 LUF £ CET L, %F|zikk
DRI T 1 ugH,Se~t LITFTTh -l

EEOEH KE#Ho pH, IL, ORP, COD Bt
i oEHERE L Fig. 7 R U, IL B
# (Stn.l, 2) LLHAERNOERIE TR,
PEECIEE Lis, £, BEOILHNECE
Moty ORP ORF, SBEELILBHCH B

fohy, LB RARELAELAL S0 - 1,
COD HEFEOBARM (Stn.l, 2) LILHEMNEA
(5tn.8, 9) CTEVEANSR b, KEHPOHIL
WRESE3, 9CHE< (0.2mgSg dry~! &
2 BBELHB), EOEMES TEL, EBEKN
Rk ESERER O » e, BLEOERS
5, LEBOEREoERICE, BRE (Stnl, 2)
LTHEPIER (Stn8) THENGKEBILHITTC
BITREBOETAR R, EEKOAGHLIHE
F4 HMK L HH 75 v 7 b oSOl
L, SHGOEHE T L TRE b0 25k
bHE G E LD,

% 2

AT 2 KAEY O B R & 0%
BEMICL > TRRBEELBND, &R,
7= CRRABESNE (2.0mg0L-1) TCd
FRVMAP T 50, brown shrimp & white
shrimp % 2.0 mgO,0-1 L L Clais &Sy
(Broon, 1971), % 7z, STICKLE ef al., (1989) i,
BMFETCRABEEFREOEFEIHITH &

B -

Survival rate(%)

100 P

23
<

Survival rate(%)

B [
< <

Survival rate(%)
=

84

84

0 12 24 36 48 60 T2 84
Hours

Fig. 5. Survival rate (%) of P. trituberculatus exposed

to different concentrations of DO {(mgf~—1) and
H,S (ugt~1) during 72 hours. (a) zoea stage,
(b) megalopa stage, (c) crab stage. A, con-
trol; B, 2.6 mg0,0-1+5.2 ugH,S0-1;, C, 2.6
mg0,8-14+10.1 ugH,S¢-1; D, 3.4 mg0,0-?
+5.2ugH;S0°1; E, 3.4mg0,0 !+
10.1 ugH,S8-1.

350 L, THEEDE ef al., (1969) 1%, REBHOBREBECHT A, i toLBSOmKEEEL

Bl LT b, SEM, RBUCHPRIHOM M LME

—

EEFELL, UL, ZhoofRinThi

EAMORABIZET 2 0 ThH Y, BRI OV TRIZE A EFRESA R IR T ARV, RERT DO BRE
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$4% DO & H,S
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DETELVFFIOERERE CEFERIIET LA/ 7,34 mg0LlY 2 # a S 2.6 mg0L-1
A=, 1.5mg00-Y, i, Y7 EOWERIRERL AR Y B4mg0,0~h, AFw MREHEN
=W EOBRRKELE T T 52 & (2.6 mg0L~Y) MEE SR, Zho0fRE, V27 MdEOHH
R R KL, F¥ Ik 5 BERoBE, TV ISEORBRERICL - (RAe-TV 3
EERLT D,

RILOBEALAKTEL, BE A LOBEVBBEDS DI RMEICE - TRET 20w, REBDORBR
EFALKEOBTENABEIZELTY, WSO DOWEN IR Tk (THEEDE ef al, 1969, THEEDE,
1973; SHUMWAY ef al., 1983), = & OBBIFREET CoRLKRORER, KEBWOEFREZILIC
ﬁTé&é*t%%MLtc%>ﬁw¢%¢ THFIEEL00% 0 DO LTS 7 ] 5.2 ugH,S0 BLE,

AH w95 ugH,S0t Lhlk, X = 19.7 ugH,S0t Db CHEFREET X4, 2.6 mg0,0—+10.1
ugH,S0-! ofif %V?fﬁ?@%%&%ﬁ!&D%iﬁ%zw@ﬁ?*&to§6L,ﬁ%ﬁ$ﬂfﬂ%
AT -7 DO BIE (2.6 mgO,0-Y) T4 10.1 ugH,S0-! oFibkEOREMIC & 0 W = DEFRVET
THIEDPEHLENE R 2T,

AWM & VIR BEOREEERE, K LB TG » ot EROBREOELL, 2 LM
HEPROESE 9 Tk, MIRIES0% (3.2 mg0L~1) BEOTHGAMBRENHR I, R, BRI
BELE, EBGE (Stn.d, 2) SILHMEA (Stng, 10) T 10 ugH,S0-t Ll ETHh - (Fig. 6), &6z, DO
LR KRB AW AR T A Y o A 0L FRERD S8/ 3.4 mgO1-+10.1 ugH,S0~! DAL
JE 3 I B P B TL N S I T S he (Fig. 6), LIAToME £ 5 &, BRAMER cilEER DO
WFE 1.4 mg0,0—t BE, HHE-CIE 2.5 mgOu! LITORBEKMARE SR TS (HEAR, 199, &
RBEDD L GIEBERESLITHAECE DO BELT Ty Vo7 LS FREEL L0 T
ELhOThHs o AR, ERh LML S, RAKPCERT A, B A S v LT
@%&@%ﬁ%@ﬁTm%Lv%w&@&éhéoym?M A A O T B RBR e BB
&ﬁDELTv7’&ﬁ%BhT% v, B, e L, WHLERIC R T Bicw, B~ L
foBg, KO %%’ﬁ@#?&%x%néoit,ﬁﬁ~®mMMﬁ:m KO B E T 51
DA HEEE O HER RIS IE AT B, WIREMRE L A = 0 RE LI L, B3 4MT = ClmigRmT s
(L, 1974), EBBOEECREHC 0.2 mgS gdry~! Dotz atiiabshy, okt
ERT AR 2SR LB RS 5 L LTSNS, 26, BEHMOGHEITIC L B
FRDBAS & Y Kb~ S h 354, KSR, LHMWER, BBIR QAR LTl
AR LTS FF S i 2 B8aEATH 5 L Bbh, HhoREe 77y L BREEOM 24
Mo TwBE0EEbh3,

51 B X W
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Effects of low dissolved oxygen and hydrogen sulfide on
early developmental stages of blue crab, Portunus
trituberculatus in Hiroshima Bay, Japan

Ju-Chan KANG, Osamu MATSUDA, Tamiji YAMAMOTO

Faculty of Applied Biological Science, Hivoshima University,
Higashi-Hiyoshima 724, Japan

Acute toxicity of hydrogen sulfide to larval stage of blue crab, Portunus frituberculatus
was measured using a continous flow system. Survival rates of crab larvae to oxygen defi-
cient water (DO=3.4 mgl~1) and oxygen deficient water (3.4 mg0;0~1 and 2.6 mgOyt—1)
with two different levels of hydrogen sulfide (10 ugH,S0~1 and 5 ugH,S0~1) were also deter-
mined. Survival rate of crab larvae exposed to hydrogen sulfide for 48 hours decreased at
HS=5.2 ugl—1, HoS29.5 ugl~1, HpySz19.7 ugl—1 levels to zoea, megalopa and crab stage,
respectively. Larval survival of zoea, megalopa and crab stage under low oxygen was
significantly affected by DO=3.4mgl~!, DO=2.6 mgl~!, 1.5mgl~! levels, respectively.
The combined effects of low dissolved oxygen and hydrogen sulfide to the blue crab were
stronger than each single effect. Namely, survival rate lowered under the combined ex-
posure to=3.4 mgOul—1+ =5 ugH,S0~!, =3.4 mgOx~1+10.1 ugH,Se~!, =2.6 mgOx0~!
+10.1 ugH,S0~! levels to zoea, megalopa and crab stage larvae, respectively. The results of
the field survey in Hiroshima Bay, Japan revealed that a part of the Bay was hypoxia
(<3.2 mgl~1!) in summer with high levels of hydrogen sulfide (z10 ugH,S0~1)near the bot-
tom. From these results, it could be concluded that the low levels of dissolved oxygen and
high hydogen sulfide in the bottom water would affect the natural mortality of crab larvae
in Hiroshima Bay.
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