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Effect of Hypoxia on Oxygen uptake at the gill in the top shell, Turbo
cornutus (Gastropoda : Prosobranchia : Turbinidae)

Ken-ichi Yamamoto'", Takeshi Handa' and Makoto Shimada®

Abstract : In the top shell, Turbo cornutus, the effects of hypoxia on the oxygen uptake at the gill and the
oxygen transport with the blood were examined. The efficiency of the oxygen uptake at the gill was higher
than those of the octopus and the cuttlefish ; it is almost equal to those of the active fishes. However, the
oxygen capacity of the blood was remarkably smaller than those of cephalopod and active fish species.
Conversely, the cardiac output was markedly larger than those of cephalopod and active fish. These re-
sults suggested that the top shell should maintained both the ventilation volume and the cardiac output in
the high level owing to the low oxygen capacity of blood in order to keep the high metabolic rate. Under
hypoxia, the top shell increased the ventilation volume, the efficiency of the oxygen uptake at the gill and

the cardiac output were increased and the oxygen utilization was almost constantly maintained.
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&

[l

P L Turbo cornutusb I N T2 EEMO HEFICD
WTIE, BRESRFOKRET CORFENENS  OfEHET
RGN TWD Y, BRFERNEEBOBRIC OV TIIHE
RE &0 ARO—TETH % Nassarius reticulatus®, &
WEERE = %Y XA FO—HET 2 5 Monodonta turbina-
ta, M.articulata, Gibbula richardi R G. ratilineata® T,
BRFERPUCRIZTEBEOLE IOV TCIHEER 7 )N
HHHARD AR TX T 3 H 1 Crepidula fornicata TR 5
TWwa Y, BTORFFHAEL, FHEEEEI I NI FHo
— & T & % Haliotis tuberculatus, *3I¥ 7 &7 1 LHIEE
B7 7 7 ARDO—FETDH % Murex brandaris’z £ TS
NTwz, MBOBEFEICOVWTIIATSFAHA
Mytilus edulis”® T, MEOBESELBESEICOWVT
BIRHABTATARMDTI IV H 7 HFNVETFA
Noetia ponderosa® TIHRXHLNTW5S, ETOERFEIBILL I
WIS L ZEEFEERICOVWTIE, THRELBRL L, S

e IHABINT e ITHAROF AN e T HA
Cryptochiton stelleri'®, JEEMPFEEEH >~ 2 K7D
3 V' 27 K J Busycon canaliculatum™ 22 _HHEMA 74
B A 74 BO—FETdH % Modiolus demissus'? THEHIIHE
FRENTWV D,

L2L, ¥ FoRERICOVTIR, FEHY FSBE
EREL ATV BRI, ISR Y-5 %, 22T,
FEEHEOZ, Y T ORRFEEN & BEEED) I RIZIKIED
R, BRFERMEAKTTOREREICS S O
B HEEFEICY, Y T ORBEFEIUCKIZT KRS L O
BEREOLE TOVTHLMIILTE L, FHETH,
BBV B BRFEIEIS X OIS & 5 BRFER IS RIT T
BREDHEIIOVTHRARLOTHET %,

MHE L UHE

EBRITHE, IR AE A EAS L ) A L7
T220fE kR BV 72, K& &1F, #67.0+£8.3mm (FI
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iR, DIERARICERT), #4E56.8+3.3mm,
FE74.745.8¢ BLUAEHOEBERSS.8+5.7¢gTH -
7zo HHTIE, BEATRE HISHROMEY % B v Tkl

(2001) (2 AN, #EK%ZS501/minfEK L7z IREE TREE 1S
ErxBHTSESRT, EBRKEOS L T12AUERE
% ®

FEEE, KiE23.0£0.1CH b L TERFT ADBRRICL o
TEEFESTE % 6053 TR 7 BR RS IR T & €T, BRFEIEAL
2, BREFAE, mPEEES L OGHEBCET20lIE: Z
n#h20, 20, 160, 20MEEAVTIT o7z, FRIER, W
FI a4k AE S - REREE (Fig. 1) ICAR, 15
RERIFBBROTRI O Re L VBARAL 720 % b, BRFEBIED
fho 3THBEICBT A MIE X, BRICFMEM L -1%, EEBRE
BIZANTIT o720 IREIZIE, EAEI00mm, & S80mm
OFERALT 7 )NVEOMAFET, KL)15mmDLIAIT5
mmEAVOEERD, KICEETFEANb0 2%
Wiz (Fig. 1) EBRPOIREH S Ot ik & (F, 1/min)
130.060~0.1001/min& L7z, 72721, MHEEFRICET 5
HlE Tt AkE% 11/mink L7z,

WEHHET LB, B EICEORMGETICLT
307 MEE, BOREETZL L-OLIKELXEIL,
BELTVAHEAKICIERLTHEHRARD ML, BB
FUBOERXEMIL, AELOBRBLUEDEELF|IWV

THHEEOEBEE (LR, BEELRT) 2Rd,

MERNE

BEFEIE (Vo) X, ¥ I ATV R WIFRE
5 DOTRMAKDBEHFIHER (Ci, 02, ml/1) LHHFLEANT
VB IFIRE D S O DOEFRFER (Ce, 02, ml/1) %
Winkler#:® THIE L, Vo:= (Ci, 02— Ce, 02) * FAHFF
BL, REY)OME (mi/min/kg TW) BLURERY
729 OfE (mi/min/kg WW) TERL7z, FIFREHS D
TRHAIL, ROBHE OBRFESFEAN DT BIMA1057771Z, #r
LWERFERICI D B2 THRAK L7z, ZOk, % Ah
TWRWIHRE D 5 Ot HKIZOV T, BRESHE D FE
IZE%ET (pH/Blood Gas Analyzer 213, Instrumentation
Laboratory Inc.) THIZE L7z,

BREF AR

BEFHE (U, %) &, NEB~NORAKOBEESE
(Pi, 02, mmHg) LAEREDSOHEHKDOEERSE (Pe,
02, mmHg) Z#IEL, U=100- (Pi, 02.—Pe, 0z)/Pi, 027
LEME L2 ThODOBETER, KDL IZLTROK
FEDBEFE ST ENDIET BRG205 7 A & B AAK & BEHK DIIE
IZENEN 8T OWE L, Eftiiskz b LI 8%
Pyl HER, WREOFLFG, BICH2RICE

3
T ]
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Fig. 1 . Schematic diagram of experimental system. 1: N: bottle, 2: flow meter, 3: aeration, 4: equilibration
column, 5:seawater supply, 6:chemical fiber filter, 7: respiration chamber, 8: bottle of 100ml used
for measurement of dissolved oxygen concentration, 9: constant-temperature water bath, 10 : magnetic
stirrer, 11 : water reservoir, 12 : water bath used to regulate the water temperature, 13 : lift pump.
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FEE (0 FEREEI2/05L, YAV ELFYV AT
V) DY EE IS L4 T (Fig. 2), BFERT (43
vz rawsH—1, FAVYELFTV2A2TN) &5
L Citékat (MacLab/ 4, ADI) THEfEieskL TIiT- 72,
Z OB, HREADFTAKIZOWTIE, FTiiofkES X
VMR DBRFEME L RO SR THEAT 572010, RO
Fs DERFE ST FEAN DR T FASAEL AT PR E A~ OGEAK & FRAK
LT, BHFEBEE (Coz, ml/l) %WinkleriE® T, BE
5 (Po:, mmHg) ZREIEOEEFZEICHIEL 720

BRICBAT 72T, Lo b EZFAL S THEICLELS
ZWEHITLT, AKOLHAODNET 2EHFDRRIZ
NFNEFE4mmO b D% F) VTR (Fig. 2), &5
12, OO AR L2 2R (EEH 1mm) %
B, ) =F L yEOME (40mm x 80mm, HAV) 5 mm)
OHIUATEEL T, ¥ E2MHREICHRE L,
BokE (Vg) &, EEFRENEONE CTEHE LB RIER
& (Voz) % FI\V>"T, Vg=1000* Vo:/[100 + (Pi, 0: —Pe, 02) *
(Coz/Poz) ] M BHETE L, KE Y72 1) OfE (ml/min/kg TW)
BIOEBERYS)OME (ml/min/kg WW) TEL,

sl &3

PEIERD L H I L T EZFRILL, MEOEERDE,
MESEBLUOBEFEIIOVTITo 72, RILIZ, kDB
B OBRESHENDOE TR S SICREOEL B, &

2 (¥ 7mm x 10mm, Fig.3) &M THELLR 2
% &9 IC L7 ABEEAR B & CHEEBNRO W T e O IE 1
$H&HI L C0.56£0.11ml% 1 A S 1 BOARIL 72,
DARE, ABBEHARA S $REX L 72 M % iR In, HARBIAR > &
PRI 72 M 2 BIARIL & R, 72, FRMLICIZEER; LA
AT, 1EORMICE L 7-F#EIZ20~30E TH -
7zo RMOMAEE, T2 ICHELT, $tOEFFTOMRIIL
7:25GOESTEN, AME 1 mm, BSHS5mmOKR) TFL ¥
ME (No.3, ¥Fx), #MF1 Y%Ymm, EX#H410mm D
FI#E (No. 4, B EF), [EHHE (LecT 4 AR—FTN)
DIRICHEFEL 72 b D E VT, RV OME R, XU
NFICRILB L TEETREICT 272005 0T, NEE
H0.3mll % AR EICHRD Iz, T2, 25GOIESE OFEwR
ik, ZOROMAFMERETENYIZCVENIE, PLA
Bzl 7,

RS EORIE 120 3mi D L % v TEEFEET (pH/Blood
Gas Analyzer 213, Instrumentation Laboratory Inc.) TAT
Vv, BESEOHEIE, 0.2z ERO~A 0y
) VIZ4MFELTLEX . CON-K (Lexinton Instrument Corp.)
TiTo 7. BEFEIL, 7R OMEEFE 7523 (20ml)
CBL, ThzEBUKRICHE L EREICREL, K&
SUCHRIAN L 7225 % 98 L 72 4KRE 3057 IRRE Sl & € TR
FEELAR L EMRICL THIE L 72,

BRI OBEFEBIFIEE (Sa, 02, %) B & BRI O BEFEL

Fig. 2 . Schematic diagram of setting the electorode of ox-
ygen pressure analyzer into two holes in the shell
of the top shell. 1: the electrode to measure ox-
ygen pressure of water inspired into the pallial
cavity, 2:the electrode to measure oxygen press-
ure of water expired from the cavity.

Fig. 3 . Operation on the shell to collect the blood from the
efferent branchial vein (E) and from the afferent
branchial vein (A).
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FIE (Sv, 02, %) &, HEOMBIZERL TWAEKDR
BELFLTHE I Ehnb, ML EEKIIEREDOEMES
ML eREL T, BROMESE (Ca oz, vol.%), #
IRIMDOEEFZEE (Cv, 02, vol. %), BIRILOMFESE (Pa,
oz, mmHg), BRILOFEFETE (Pv, 02, mmHg), BRERF
& (0: Cap., Vol.%), B & UFRFEFIHEDREDEIZH
E L 72 ENDOTRAKDOEFHBRFERE (Coz, mi/1) LR
#45E (Po:, mmHg) ZHWT, Sa 0:=100- (Ca, 02—
Pa, 02 *+ Co2/P02/10) /(02 Cap.—156 + Co2/P0:/10) ¥ &
"Sv, 02=100 + (Cv, 0z—Pv, 0z *+ Coz/P02/10) /(0= Cap.
—156 + Coz/Po2/10) M HEIH L7z, %B, HF D156
BEFEOWEROMBOMFESE (mmHg) ZRT. 6
TOKE MR OFEEER S EZ (APo2, mmHg) ** 1,
BRFEFIAFED L 2 5 THIE L 72N EB~OBRAKDBERFES
JE (Pi,o:, mmHg) ENEED S ONEKOEEEDE
(Pe, 0z, mmHg) Z W T, APo:=1/2 + (Pi, 02 +Pe, 02)
—1/2 - (Pa,02+Pv,02) HEIMEL, BETOEZEE
B (Toz) ™ (3, JCICEHE L -BEENE (Vo) %
HWT, To:=Vo:/APo:0bETE L, KEH4-Y DfE
(mi/min/mmHg/kg TW) BLXOPEBEREYLZ)OHE
(ml/min/mmHg/kg WW) TFE L7z, BRI OEEE %
HMBA~ETEE (Ut %) &, Ut=100 - (Ca, 02 —Cv, 02)/
Ca, 02 HEME L 72, LHHE (Vh) 1, FICFHE LB
FHEIE (Vo.) VT, Vh=100 - Voz/(Ca, 02 —Cv, 02)
PHEEL, BELZ) OME (ml/min/kg TW) B X TE
FEEUL)OME (ml/min/kg WW) TELK. BE1mi
RHMICET OICLEROMBE (Vo/Vo:) IROHHE
(Vi) LEEFRERE (Vo) 2HWTRELZ.

PN = I §

L¥uR, mMAEFROWEDOLE L AKIRICE W7
mm x 12mm) B CTUEASRZ 2 X H12L, ROKR
DEEFESTEAN O T FAE10537 71 22 S LR OB 2 5 5 F %
2 CHSOME (HR, cycle/min) TEL 7,

fw =R

EEFEIE (Vo:) i, MEMMOIRE BFEFE, 153.1
+2.1mmHg) TI31.176£0.201ml/min/kg WW (0.550+
0.094mi/min/kg TW) 7R L, BRF5E (Po:) A5107mmHg
KT 5 F CiRiIZMERMORETCOMELHEREL, S
SIZEBESESBET TS LHL B L (Fig. 4).

FEFEFIHE (U) 1, BRI ORETIZ66+ 7% %R L,

FBEESEDMET L C b I2IZEERMORBE oML MR L
7z (Fig. 5)0 k& (Vg) 1%, BRFEMAOIREETIZ355mL/
min/kg WW (166mi/min/kg TW) %#/RL, EEESEHE
T$5EHEMLT, BEFESHE4OmmHg T605ml/min/kg WW

(283mi/min/kg TW) E&iwKe %, BEEBMOKET
DEDL.THEERL, SLIBESENFKTT L LEIL
7z (Fig. 6),

BRI B & OEARM OBRF L X, BRERMORETI
ZN#N124.3+8.8mmHg, 41.1+5.7mmHgZ/RL, W
NSBRFESEDIETIC - TRA LA (Fig. 7). BEToOK
LM B OFIGRRFE T EE (APo:) 1F, FRFEMOIKE
Ti320.0mmHg% /R L, BRETEPSET T2 LEL (RS
LT, BESHEI06mmHgT6.8mmHg% /KL, &5 IZEE
GEMETT 5L bT 2B L7z (Fig. 7). BTOEE

3t
g
N
c
E
N
E
g
o i 1 " 1 - S
0 50 100 150

Po, ( mmHg)

Fig. 4 . Change in oxygen consumption (Vo:) with the
decrease of oxygen partial pressure (Poz) at 23.0
+0.17TC in the top shell. WW is wet weight, ex-
cluding shell and operculum. All values are ex-
pressed as the mean (circles) and the standard
deviation (vertical lines).

T o B

(%)

50

u

1 1 i 1 Y
o0 - 50 100 150

Po, (mmHg)

Fig. 5. Change in percent oxygen utilization (U) with the
decrease of oxygen partial pressure (Poz) at 23.0
+0.1%C in the top shell. All values are expressed
as the mean (circles) and the standard deviation
(vertical lines).
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Fig. 6 . Change in minute volume of the ventilation (Vg)
with the decrease of oxygen partial pressure (Poz)
at 23.0£0.1°C in the top shell. WW is wet body
weight excluding the shell and the operculum
weights. All values are expressed as the mean
(circles) and the standard deviation (vertical
lines).
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Fig. 7. Change in oxygen partial pressures (Poz) of the
blood in the efferent branchial vessel (open circles
and solid lines) and in the afferent branchial ves-
sel (closed circles and solid lines), of the water
inspired into the pallial cavity (open circles and
broken lines) and of the water expired from the
pallial cavity (closed circles and broken lines).
The oxygen gradient between blood and water
across the gill epithelium (APo:, open circles,
and broken dotted lines) with the decrease of ox-
ygen partial pressure (Poz) at 23.0+0.1C in the
top shell. All values are expressed as the mean
(circles) and the standard deviation (vertical
lines).

FIEEGHE (To.) 1, BFEAMOIREETIZ0.0589ml/min/
mmHg/kg WW (0.0276mi/min/mmHg/kg TW) #7RL, B
FOEMMET T4 LHML T, BEFEZnmHg TIRER
2721 0.1944m1/min/mmHg/kg WW ({KE 4721 0.0910

ml/min/mmHg/kg TW) & BEFZEFOIKETOMED3I. 3%
#RL, SOICEBEFEMETT S LB L7 (Fig. 8),
BiRME L CERMOBFEERIE, BEAMOKETIZ
NZN1.07+£0.12v0l.%, 0.49+0.07vol.%%RL, W3
NYBESEDET I E> TR L7 (Fig. 9). BRI
B I UBRLDOBESRNEZ, BEEMORECEZAE
N96.41+3.7%, 58.1+5.4%%RL, WTFHbBRETED
KTzt - TR L7z (Fig.10) . BYARIN FF DB % WAk
~NETEE (U 13, BERMOKETIZSA%EZRL, B
FEHEH62mmHg KT T % F TIHIITEREFMOKET
DEEMEREL, EHIETT 2 LB LA (Fig.11),

oz2r

To, (ml/mmHg/min/kg WW)
o

0 " 1 1 e ol 1 3
(o] 50 100 150

Po, (mmHg)

Fig. 8 . Change in the oxygen transfer factor of the gills
(To2) with the decrease of oxygen partial press-
ure (Poz) at 23.0%£0.1C in the top shell. WW is
wet body weight excluding the shell and the oper-
culum wights.

(vol. %)

Co.

o A 1 1 A | I
(o] 50 100 150

Po, (mmHg)

Fig. 9 . Change in oxygen contents (Coz) of the blood in
the efferent branchial vessel (open circles) and in
the afferent branchial vein (closed circles) with
the decrease of oxygen partial pressure (Poz) at
23.0+0.1C in the top shell. All values are ex-
pressed as the mean (circles) and the standard
deviation (vertical lines).
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L% (HR) &, BRFERMOIRETIE34.9£2. 5cycle/
minZRL, BEFEDETICH > THRA LB L7
(Fig.12) . ¥ & (Vh) 13, BMERMOKETIE
202mil/min/kg WW (95ml/min/kg TW) Zn~L, BEES
EOBETICEs THML T, BFEHE62ZnmHg T
283ml/min/kg WW (133mi/min/kg TW) & BEFZEIRI DK
HTOMEDLMERR L (Fig.13). BEHE 1 ml % M~
BT OICLERHHE (Vh/Voe) 3, BFEHMOIKE
TIXI72% R L, BESEOET I THML T, 8%
5}HE28.2+1.7mmHg T, 111&6.5f% R L7z (Fig.14).

(%)

S50

So,

1

1S0

0 1 1 "
50 100
Po, (mmHg)

Fig.10. Change in oxygen saturation (Soz) of the blood in
the efferent branchial vessel (open circles) and in
the afferent branchial vessel (closed circles) with
the decrease of oxygen partial pressure (Po:) at
23.0£0.1C in the top shell. All values are ex-
pressed as the mean (circles) and the standard
deviation (vertical lines).

(%)

50

Ut

1
9 50

1 L
100 150

Po, ( mmHg )

Fig.11. Change in percent oxygen utilization at the tissues
(Ut) with the decrease of oxygen partial pressure
(Poz) at 23.0+0.1C in the top shell. Ut is calcu-
lated using following equation.

Ut=100(Ca, 02—Cv, 02) /Ca, o2

Ca, 02 is the mean value of oxygen content of the
blood in the efferent branchial vessel and Cv, o>

is that in the afferent branchial vessel.

W& 1

501
s |
E
2
o
o
[
@
T

% 50 100 0
Po, (mmHg)

Fig.12. Change in the heart rate (HR) with the decrease
of oxygen partial pressure (Po:) at 23.0%£0.1C in
the top shell. WW is wet body weight excluding
the shell and the operculum weights. All values
are expressed as the mean (circles) and the stan-
dard deviation (vertical lines).

3001

£ 200}
2
N

g L
E

3 100

L

% 56 100 780
Po, (mmHg)

Fig.13. Change in minute volume of the cardiac output
(Vh) with the decrease of oxygen partial pressure
(Po2) at 23.0+0.1C in the top shell.

1000
£ |
b
£
> 500}

% 56 100 50
Po, ( mmHg )
Fig.14. Change in perfusion requirement (Vh/Vo:) with

the decrease of oxygen partial pressure (Po:) at
23.0%0.17TC in the top shell. Vh/Vo: is calculated
using following equation.

Vh/Vo:=100/(Ca, 0:—Cv, 02)

Ca, oz is the mean value of oxygen content of the
blood in the efferent branchial vessel and Cv, o=
is that in the afferent branchial vessel.



YT OBRFRI & KERR

£ B

YA TILREE S V2 7 AT ETWBHBROISTIHALHL
TWARWERE LT, BEMOEREYS ) OETHRZ -
RO ORGE LA TOMELBET 5L R0 L )12k
%, BRFFIMORREIZB T2 F OB EEIE (1.176m1/
min/kg WW) (ZEKRE DFEL TV 54 A DMEITH 5
Lolliguncula brevis (7KiR14~30C T6.8~12.7ml/min/kg)
R L. opalescens (FKiR12°C T3.35mi/min/kg)™ X ) b/ &
WS, & IO T B Octopus briarens (KiR20~30°C T
0.69~1.52ml/min/kg)*® % 0. vulgaris (FKiE20~24C T
0.84~1.87ml/min/kg)® & IFIZF LMEEZRL TV 5, f
B LB T 5L, 7 Seriola quingeradiata (FKiR19.2~
20.4CT1.72~1.93ml/min/kg) ®*, <7 ¥ Trachurus
japonicus (FKif16.5°C T1.47ml/min/kg)® £ ) b b3 A
WNEWETH B, ThHEDTZ LR, FHFTidiERED
KREBANITIIE B, 7 aLhBLAEORBELRT
BYchrLEZOND,

FHFZOBEFHEFE (66%) 1, oFRETHE S

305

TWAAHE (48~90%) "™ LA (35~85%)* LIFIZF L
THhkb, LhL, A ADMETHZL. brevis (5 ~10%)*
R L. opalescens (11%)™ L) bFEL L EWEEZRL T 5,
INHEDTERD, FHFZEFA ALY IFIREL, ol
SRR HAE LTI LR TR HEEFE 2 S TEILL T
WwWarEEZLND,

FEREN, WAKEZBEOMEER TIToTWVE I LV HS
nTwz ?, LaL, ¥ ¥ oHKE (355mi/min/kg
WW) (X, SOFKEHENFEL 24 Y L A Nautilus
pompitius (FKiE16~18°C T296ml/min/kg)® % % I DAHE
T 5 0. dofleini JKiR11°C T232mi/min/kg)* > , BH (89
~556ml/min/kg)® LIFIZFE LMEERLTWE, TDIL
o, Y LOBOMEL, BOMWKBESFELLY
LHA, ¥ aRhmBELEFAEOWKEZITIRIEAEL TS
LEZbND,

HFH T OBIRMOEEFEFE (Pa,02) 1, Tablel IR
L7z& 91z, BBRMD I Va7 Y KJ Busycon canalicula-
tum, FIHD X< L A Platichthys stellatus, 7 ¥ F Tinca
tinca® 2 4 Cyprinus carpiok V) bE L, SWMD F * /3>

Table 1 . Oxygen pressure in the arterial blood (Pa, 02), oxygen pressure gradient across gill surface (&
Po:) and transfer factor for oxygen (Toz) under normoxic condition.

WT Pi, 02 Pe,0: Pa, o0z Pv,02 Voq APo: Toe Reference
T mmHg mmHg mmHg mmHg m//min mmHg ml/min
/kg** /kg™* /mmHg
Molluscus
Turbo cornutus 23 153. 1 52.2 124.3 41.1 1.18 19. 95 0. 05894 Present study
Cryptochiton stelleri 10 127 80 98.5 31.7 0.14* 38.3 0. 0036 10
Busycon canaliculatum 21-24 100-120 50-60* 27 2.3 1L.17 62.7-77.7* 0.0151-0. 0187* 11
Nautilus pompilius 16-18 136™ 126* 99.2 20.4 0.05 71.2* 0.0070" 28
Sepia officinalis 17 138* 81*  101.3* 25.1* 46. 3" 31
Fishes
Seriola quinqueradiata 13.2-13.6 150.3 32.5 129.5 20.4 0.603 16.45 0. 0366 23
Salmo galrdneri 9 160. 3 86.1 133.2 31.9 0.645 40.65* 0.0159 32
Platichthys stellatus 7.8 138.7 43.5 34.9 13.4 0.458 66.95" 0. 00684 33
11. 4 126. 3 54.2 75.5 42.9 0.894* 31.05* 0. 0288 34
19.4 148.5 71.8 62.3 29.8 0.955* 64.10* 0.0149 34
Tinca tinca 11-14 145.0 65.5 35.8 7.0 0.500 83.85* 0.00596* 35
Cyprinus carpio 25.3 130.0 28.6 23.2 9.0 0.97 63.2* 0.0155" 36

* . the value calculated with the results of each reference, **

. wet weight, excluding shell and operculum in gastropods, Pi, o= :

oxygen pressure in the water inspired into the organ of gas exchange organ, Pe, 02 : oxygen pressure in the water expired

from the organ, Pv, oz : oxygen pressure in the mixed venous blood, Vo: :

amount of oxygen uptake.
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BT H A Cryptochiton stelleri, * 7 LT A, A 71 Sepia
officinalis LW D BFETH 57, =V <R Salmo gairdneri
LIZZFLEEZRL TS, TRHEDT DL, ¥HT
DEBXI VTR, BEOAAT LA, FrFRaA
I OBMEFEBRLLTL, ANV EFTHA, T4
HA, 47T, VA LAREOBEEAELAL
THETHLLEZOLND,

F7z, OB TOKE MEHOFEBETEE (&
Po:) &, IVaATVRT, FvaHl4, FrFRAL L
DHINEL, AFNYEHETHA, ya, £ HRXTHL
A LIFIFELT, 7LD KREV, TREDZ EHD,
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Table 2 . Oxygen saturation of the arterial blood (Sa, 0z), oxygen carrying capacity (0:Cap.), cardiac
output (Vh), percent oxygen utilization at the tissues (Ut) and perfusion requirement (Vh/Vo:)

under normoxic condition.

WT Ca,o02 Cv,02 Sa,o02 Sv,02 0:0ap. Vo: Vh Ut Vh/Vo: Reference
C vol.% vol.% % % vol.% ml/min  ml/min %
/kg** Jkg**
Molluscus
Turbo cornutus 23 1.07 0.49 96 58 1.20 1.18 202 54 172 Present study
Cryptochiton stelleri 10 92.8 74.2 0.14* 10, 37
Chiton tuberculatus — 29.0 ” 1.3 37
Katherina tunicata 12.8 1. 17 37
Mopalia muscoca 13.0 1.28 37
Amicula stelleri 12.5 0. 89 37
Busycon canaliculatum 22-24 84 16 3.68 1.17 52 81" 44> 11
Nautilus pompilius 16-18 100 63 2.0 0.50 5 37* 100 28
Octopus dofleini 7-9 3.4 0.7* 89 19" 3.9 0.38" 14.3*77* 38~ 35
0. vulgaris 1.:36* 31./6™ 23.2 22
Sepia officinalis 17 96"  32* 3.61 68* 46* 28
Loligo opalescens 12 3.35 90 27* 38
L. pealei 4.3 39
Fishes
Seriola quinqueradiata 19.2 11.74 7.09 87.1 52.1 13.44 1.73 35.0 39.6 22.2 23
Salmo gairdneri 9 0. 645 18.3 28" 32
9-10.5 10.4 7.1 97.0 10.7* 0.56 17.6 32* 32" 40

Platichthys stellatus 7.5 4.60 3.34 90.3 67.5 5.09* 0.458 39.2 27 86 33

11-20 0.195-0.613 17-49 80-87 80-87* 33
Cyprinus carpio 25.3 7.4 4.4 86 53 8.67* 0.97 34.2 41™ 35" 36

* . the value calculated with the results of each reference, ** : wet weight, excluding shell and operculum in gastropods, Ca, oz :
oxygen content of the arterial blood and the mixed venous blood, Cv, 0z : oxygen content of the mixed venous blood, Sv, 02 :
oxygen saturation of the mixed venous blood, Vo: : amount of oxygen uptake.

BEFRE (U) 3ERLT 5% 55, $HCIIBENRR
FHOKEDEML 7212 2 b5 TRAL TRV, 20
Ziid, T TIIKE (Vg) ORIV S W0,
BOKEOHIMCHE ) BEAAE (U) o EKEMBED
BEFESERE 1 mmHg2472 Y i 2 FEEL L TV 5 B & (To:)
ZHWINSETH-> TV A RS, BEMAELBESRMORK
BTOMEMFTLZI LML ZoTWEEELZ LN
%,

=%, OEHER, EBEICRL L, AETRELSE
W H FHFITEEMELTVDE, —F, Eicbh
N7 &) IERBRFEIC 2 B LKA S M~ DOEEFE DRI,

BT oK & MBEOFHBEESEE (APo:2) dVNEL %o
RRFBALTWRIETTHD L, MROMEFTEIX, A
HICHRTELLDE Y, ThbDZ Ehs, FHT,
FI bR & ) ICEERBMORETHEE L T E5HEL
RIS, KFPEBEIC Lo HAICBVTHAELRE
%o TERESEOKRTICHE ) 8 CIBICIEB TR Y AR
FEOBL B L VMBOBREFED/NE VI L2/ 120
OHBEEEREMEETCIAL IR LTS EEZ LR
5, O ILHBEAEMIETHELTWSZ L
i, BE 1 ml 2 HEAET 0L E R LR (Vh/ Vo)
PBRESEOET I - THEML TV Z Eh5 RS
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s,
BREOMEERY » 5 &, MO LREERIE, Ak
2o BIRFAMEDZEE (Nephridium) % L CTLIKIZHT
AT B R & AR A & 88 % fE L LIS IA T 2188
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A OHAMEORING, EBRoOMIMTIZER <, BIREKO
BERREHT 2 ML SRR~ L CEERoMEE %
WNEE2ZLitkoTEHELBOhAERLIEZEZON
b, EBIZIZ, HROBAICES TLHBEEDBI LT
Wahd v, 4%, 0L RMIEOSE S SFHIC
ANT, LEEEREIC OV TR T A LEFH S LEZ TV
5,

C I )

FHF O TOBFBIE M L 2 BEHEICRITT
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ShfEERL, OHAHEBRELCRERMEERLZ, 20
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