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Oxygen uptake in the top shell, Turbo (Batillus) cornutus
(Gastropoda : Prosobranchia : Turbinidae)

Ken-ichi Yamamoto'", Takeshi Handa' and Kuniaki Kawahara®

Abstracts : In the top shell, Turbo (Batillus) cornutus, the effects of daily periodicity, hypoxia and water
temperature on the respiratory parameters were examined by measuring amount of oxygen uptake, oxygen
utilization at the gill, ventilation volume in gill and activity of cilium of the gill. The top shell showed
diurnal rhythm in which the amount of oxygen uptake, the ventilation volume, the activity of cilium and
the critical point of oxygen uptake under hypoxia (Pc) decreased in the daytime (13:00—15:00) and in-
creased in the nighttime (20:00—21:00). Pc increased with the rise in the water temperature : oxygen
saturation 27% at 13C, 42% at 19°Cand 68% at 29°C. The ventilation volume and the oxygen utilization in-
creased with the decrease of the oxygen saturation, but the activity of cilium decreased. Regardless of the
acclimation temperature at 13-29°C, the amount of oxygen uptake, the oxygen utilization, the ventilation
volume and the activity of cilium increased to 31°C with increasing the water temperature.

Key word : Top shell, Daily periodicity, Hypoxia, Temperature, Oxygen uptake, Oxygen utilization, Ven-

tilation, Cilium
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fgeTid, ¥ 2 HWT, BEENE, BEARE, &
KEB I UEOMEEE 2L Z &1L > THEME=
INHICRIZTERREES L OKBEOEE LT,

MK & L UHE

EEIIZ T 375 EEE v/, K& SI135E67.0+
8.3mm (Mean+SD), #%f%56.8+3.3mm, {KE74.7+5.8g,
WHEMDOBERS.8+5.7g, AEMOELHREES.86+
0.78¢ Tdh o7z, FHFTIFINORMEER FME L ) FEERT
BE LIKBROFHICEAL, FA 7L 74X —-TF2T
BOMEWE & hvickr3E L, 100~2001E 4 % K4E (2001)
AR, SEBRTRE L 72/KIRICHE L 72K % 201/min
EALZZRET, RECEEYBEETSESZTL 2 AU
FRFEL, EBICM L2, EBRIE, Fig. 1IIRL-XEEL
AT, BERREDHERME (Testl), BEENE
HokE, BEFAARLEOBEEHOBR COEEL LT
BEBENEICRIZTEBRZEOLEOBH THEE (Test 2),
BRFEIE, ke, BREFARLEOMEEDICKITT
EEEEOKE (Test3) BLUOINLIZRIZTKBELD
W (Testd) IZDWTHINRZ, KHIEIEL, Testl DA
rBRWTET, 2 AFAES S B 24k
RS HFRE AN, BREIM L 721K % R E 60
~80m1/mindit A & & 72 IRRE T16HEHFHE & & TR L 72,
MRS, BT 20 VOERL Z-EEmm, &S
75mm D AT, KD S 15mmDFTIZ 5 mmEAEVWDR)
IFLEOMBER), EICEEFZ AN DZHW
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Fig. 1. Diagram of experimental system. 1 : N2 bottle,
2 : flow-meter, 3 : aeration, 4 : equilibration col-
umn, 5 : supply of sea water, 6 : filter of chemical
fiber, 7 : constant-temperature water bath, 8 : re-
spiration chamber, 9 : DO bottle, 10 : magnetic
stirrer, 11 : water bath used to regulate the water
temperature, 12 : lift pump.

(Fig. 1), Test 1 Tid, 0 8K THA I A S ¢,
BB ICHEREICANT 2 RefE L7z 5 1 BEHEI286
MERfE E Tk L T, /kiB23.0+£0.2Co b & T, 15
EFHWT o7, &8, HHFIRIPFREICANLEIE,
%5 2%, #1452 BEREANOEZ OMOFEE % 4
RV TEDPICEHRZE L7z, Test2 TI, T¥7KiR28.040.1C
Db L T13~ 1485 L 20~ 21 B 12 B AT O IRAE TREFEIREL
&, WOKE, BEFEFIHER &S OMBEES) 2 20/ 48V TRl
EL7o KWT, KiR20.8+0.1CHd & TI11~15EL18~
2B DI Z BN R % 2 20@ET BT, BEMAE
%30 EICIER 7 RS ICEB R AOBRIC L o T (Fig. 1)
BTS¢, EERENOETREAS S 155 %ICHEENED
H5E % 4T o 720 Test 3 Tld, /kiR13.0£0.1C, 19.0£0.1C,
28.0£0.1C Db & T 9 KA b BEFEMMOIKE THIE 217
WV, BENCHIRE L FARICEE S ZADBRRIC L - T 1 ERE
WIERBEERBAEZET ST, 2hFhOKRIZOVT
20fE 4320 v THISE L 720 Test 4 T, KiR13.0£0.1C,
19.0£0.17C, 28.0£0.1CH b & T IBEL S HEZFMEL,
1 REEIC3 TR ERD L2 VIETREET, Zhe
NOKIRTO LR B LU TRICOWT20EEST 2Tl
E L7z, Ok, BEENE, fkE BEFHRONE
WIEFE— ok x vy, SEoOBEES) I oMk % Huv
720 %8B, Test2 ~4 TOWER, FHEML Y F %
M S8 D JEE L2 FRTE L 72D FIZh R+ & ) 7
T GRTERE L TTo 72, Filfid, BRFENE, BkE,
BEFHFEOWETIE, Lovh LEZHAL SELRET
TS5 WED ICREDOITT, AKDOE HAKOAAE
THBROEMIEE 4 mmDR% N VT 7z (Fig. 2),
B OMEESORE I EETIE, BICH25mm x
10mmOEZ T, SNEBICHIEmmOYI AR % Ah THE
B S, WO —EOERYED L IZHET > T, F
WOEEMD-0I2, BOBEEHZHET L-00F
WERLAHFLEFMEBE 200 GHEX) AW
T, 7KiR25.2+0.2C Db & THIEE & FARIC L CEEE M
ErxETEET, 5031 HEEIC3CToKEEZ LR
S TEEEEINE % 20fE & o W TlIE L7z,
HEAHT L7z, EEOEICEORTETIILT
0T HE S, BROREAEH LIRICERELZFHIL, #
BLTwailEKIC 1 AR L THEREFROE L TREE
DEEZFHIL 72, WHEERIE, 105C TIORMER 2T,
WEBMOERER L L 72, WEHOBERIZ, AEH,
LERBIUVEDEELYTIV/fEE L7z,
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Fig. 2 . Setting the electorode of oxygen pressure analyzer
in hole on the shell of the top shell, Turbo
(Batillus) cornutus. 1 and 2 show the holes to me-
asure oxygen pressure of inspired water and ex-
pired water from the mantle cavity, respectively.
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BREBIE (Vo) 13, ROBMAOBELMEVKT
F#E2057RT, & 5\ IZROBRENOKIR ES & 7213 T B
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FHOGHBKDOBEEBER (Ce, 02, ml/l) 2940 T—
THIEL, MRE,SOFHAR (F, 1/min) 5, Vo.=
(Ci,0:—Ce, 02) * F/TWORTEHEL, FELLY OE
(ml/min/kg TW), WEIMOIBERE Y72 DME (ml/min/kg
WW) B L UOREEOFBRER Y720 OfE (ml/min/kg DW)
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B RE (35psu) FHVTERZEMMEOR »OIREL
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E)EEE

BRFEFIRAR (U, %) &, BERERNED 2D OHK
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TPV AT NVE) ZELHEN (MacLab/4, ADIR) I
it L TRRESE & EHflE - THL, ThooMofEz
FLTHERED S OBKDOBEFESE (Pe, 02, mmHg) &
ZRANDAKOEEFESE (Pi, 02, mmHg) % 3K, U=100 -
(Pi, 02—Pe, 02) /Pi, 0: D HEIE L 7259,

B!k E

ki (Vg) 13, BEENE (Vo.), #HTiART
Wi WIFIRE 2 5 Ot KO BFEEEE (Ci, 02, ml/1),
MERED & OHIKDEEFESTIE (Pe, 02, mmHg) & ZhAD
AKDOEEFZSE (Pi, 02, mmHg) OFFEE AV TVg=
1000 + Vo=/[100 + (Pi, 0: —Pe, 0z) * (Ci, 02/Pi, 02)]1 %5
BHEL, RELL)OME (mi/min/TW kg) B L REE
DRERY72) OFfE (ml/min/WW kg) TERLAZ®®,

£ E &

HOMEER T, BAOLICRELY—VoH#EKEEH
A D TR L 72/ (EE 2 mm, EE0.3mm)
OREERE % HIE L TANLY /N OBEEEE (mm/min)
&, vty FTEAOMIBIT/DA LY, BEAOLN
POETTLHETORMEFIL, ZoELNFEEVE
BAFOTMNOREHPOFIHEL, ToHREXI12EBEYERL,
FITRL, WER, WREOEZFIT, MHREADI
AKEIESTIT 072, 2B, WER, BEMNELETS
H72EER (Test3) BLUKIBE LS/ HE (Testd)
Tid, ThbDHELROBRBENOEBEFERMEDETHG
15531 B & U7KIRZALBARA155 A1 A & BAtA L 72,

w R

FiFDRIE

ER IR X, BREAM DR TILFAM % M L 7Bk L
MBE Db DL DEEDED SN oA, FRFEHAE
ZETSEDLHBETIIHREDOLD L) b bFrIT/hEn
%R L C, BERFAEDE T > THA L7 (Fig. 3),
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100
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Fig. 3 . Effect of the amount of oxygen uptake (Voz)on
the operation of opening the window on the shell
of the top shell with the decrease of oxygen
saturation (S). The results are shown in the mean
values (circles) and the standard deviations
(vertical bars). Open circles and solid lines are
the results in the top shell with the window, and
open circles and dotted lines those in non-operated
top shell.



240 Woc, FH, AR

0.5+

Vo, (mi/min/kg TW)

s

WT (°C)

Fig. 4 . Effect of the amount of oxygen uptake (Voz) on
the operation of opening the window on the shell
of the top shell with the increase of water temper-
ature (WT). The results are shown in the mean
values (circles) and the standard deviations
(vertical bars). Open circles and solid lines are
the results in the top shell with the window, and
open circles and dotted lines those in non-operated
top shell.

KigzE ER S L, 8CH 64T ERTLHTIE, B
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TW, 2 HEI2130.80440.072ml/min/kg TW, 3 HEHIZ
120.670+0.065mi/min/kg TW L4 L, ZhLAREIZIZZ
DA LIAETIZIZ—EL, 1 HOWNTRAERLAHS
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Fig. 5 . Diurnal change of the amount of oxygen uptake (VOZ) in the top shell. Time is o’'clock. The results are shown
in the mean values (circles) and the standard deviations (vertical bars). Black bar is shown the time from
sunset to sunrise. Broken line, H and L are shown the tidal cycle, the high tide and the low tide, respectively.

Table 1 . Amount of oxygen uptake (Vo:), oxygen utilization at the gills (U), ventiration volume
(Vg) and activity of cilium at the gill (SP) in the daytime (13:00 to 15:00) and in the
nighttime (20:00 to 21:00) at 28.0£0.1°C in the top shell, Turbo (Batillus) cornutus.

Vo U Vg SP

(ml/min/kg TW) (%) (ml/min/kg TW) (mm/min)
Daytime 0.548=*0. 083 63.1£6.3 181 45.3%5.6
Nighttime 0.704=%0. 068 57:3ET. 2 - 258 53.7L£5.5

Vg was calculated with the mean value of amount of oxygen uptake, and of disolvedoxygen concentration of in-
spired water and expired water.
SP was shown with the moving speed of thin film (diameter 2 mm, thickness 0.3mm) on the gill surface.

TW is total weight of soft part under wet condition, shell and operculum. Values are shown as mean and standard
deviation.
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H12130.508+0.063ml/min/kg TW & A L, #HLAREIC
FEORP LIETIEIZ—E LTz (Fig. 5). — 7,
BRHBEEOZ(LLEWEM oM, MErROsNE
Motz (Fig.5)e SHHEDI LHL, EKBEEOKEL L
UKIBBALDOE A AL EERTIE, WE, BETE?
HE HHETD16-18 KRIZHFAE L LY 2R EIFT
BB R S  HIRSE IZ AN, 16BERE L2k, o
T ) AFHOR B DA % S B72HBOFR 9 B2 SRE LT
15K F TITHRT S8 72,
BRCTOEEY AL L, BREENEIIEMICAPDLS
f, BoKEII1.465, AR OBEIEE XL 25 ML, B
FRART 4 %R L7 (Tablel), BREBMEZET S
®5L, BHRTIE, BERMEDIS1%IETY 2 F Tl
FHBHMORECTOMBEEMRL, BICET T2 LB LE
A, HRETIIBERMEI8% L) bET T2 LRI L
(Fig. 6)o LIFE, T &) ICBERMENETICHEST
EEFIEINE AR % 150 5 R OREFRBMEZ Pc L KT,

® B =

B FEEIE I, BRFEBMOIRETIZAIRI3CTO0.23+
0.04m!/min/kg TW (0.66+0.12m!/min/kg WW, 2.384
+0.93ml/min/kg DW), 19°CT0.61+0.07ml/min/kg TW
(1.5240.17ml/min/kg WW, 5.69+0.63ml/min/kg DW),
28°C T0.7840.09ml/min/kg TW (1.96%0.23ml/min/kg
WW, 7.05+0.84ml/min/kg DW) &IKIRATHWIZEKRE
ZfE% /R L, Peb13C CTRAFEMEE27%, 19T T44%, 28T
T68% L AKRAHWIZLKE 2EER L7 (Fig. 7). B
TR, BRFEAMOIKETIZKIRI3C T45+12%, 19T
T52+£10%, 28°CT51+ 6 %%m L, BEEMMEDNIETIC
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00 1 1 1 5Io 1 1 1 lso
S ( %)
Fig. 6 . Changes of the amount of oxygen uptake (Vo:) on

the daytime (13:00 to 15:00) and the nighttime
(20:00 to 21:00) with the decrease of oxygen
saturation (S) in the top shell. The results are
shown in the mean values (circles) and the stan-
dard deviations (vertical bars). Open circles and
solid lines are the results at the daytime, and open
circles and dotted lines those at the nighttime.

Mo THARLAD, 28C CIIEERBMBEDISL% L VIETT
BEbFhICEP L7z (Fig. 8), #ukEix, BFEMMD
RHE T3 KIR13C T86ml/min/kg TW (184mi/min/kg
WW), 19°C T182mi/min/kg TW (453ml/min/kg WW),
28°C T330mi/min/kg TW (826ml/min/kg WW) & JKigAs
BWELKERMEERL, BERAEOKRTICHE> TV
nHML T, 13CTIEEERMELT7% TL.9M%, 19CT
1328% T1.74%, 28C TI339% Tl.2f5nigmz R L 7
(Fig. 9) o/NE DOFBBHHEE (L, BERAM D IKEETIIKIRIZT

Vo, (ml/min/kg TW)

S (%)

Fig. 7. Change of the amount of oxygen uptake (Vo)
with the decrease of oxygen saturation (S) in the
top shell. The results are shown in the mean
values (circles) and the standard deviations
(vertical bars). Open circles and solid lines are
the results at 28.0+£0.1C, open circles and dotted
lines those at 19.0£0.1C, and closed circles and
solid lines those at 13.0£0.1C.
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Fig. 8 . Change of oxygen utilization at the gill (U) with
the decrease of oxygen saturation (S) in the top
shell. The results are shown in the mean values
(circles) and the standard deviations (vertical
bars). Open circles and solid lines are the results
at 28.0£0.1°C, open circles and dotted lines those
at 19.0+0.1°C, and closed circles and solid lines
those at 13.0+0.1C.
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Fig. 9 . Change of ventilation volume (Vg) with the in-
crease of water temperature (WT)in the top shell.
The results are shown in the mean values
(circles) and the standard deviations (vertical
bars). Open circles and solid lines are the results
at 28.0+0.1C, open circles and dotted lines those
at 19.0£0.1C, and closed circles and solid lines
those at 13.0+0.1C.
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Fig.10. Change of the activity of cilium at the gill (SP)
with the increase of water temperature (WT) in
the top shell. SP was shown with the moving
speed of thin film (diameter 2 mm, thickness
0.3mm) on the gill surface. The results are shown
in the mean values (circles) and the standard de-
viations (vertical bars). Open circles and solid
lines are the results at 28.0£0.1°C, open circles
and dotted lines those at 19.0+0.1C, and closed
circles and solid lines those at 13.0£0.1C.

©21.0+1.7mm/min, 19C T32.5+3.5mm/min, 28C T
51.245.0mm/min & KBAEWIFERE 2EEZRL, B
FEFEDET IR - THA A L7z (Fig.10).

05

Vo, (ml/min/kg TW)

wT (°C)

Fig.11. Change of the amount of oxygen uptake (Vo:)
with the increase of water temperature (WT) in
the top shell. The results are shown in the mean
values (circles) and the standard deviations
(vertical bars). Open circles and solid lines are
the results at 28.0+0.1C, open circles and dotted
lines those at 19.0+0.1C, and closed circles and
solid lines those at 13.0£0.1C.

K R

B FZENE L, ARI3T, 19CBLU2BCTHELTY
KT, WTFROBEICBWTHKRDETIHEST
2RI LEEZRLTRAL, KESERTLLINIMEST
EIZFE CMEZR L CHMLT31C TRA%Z /R (Fig.11) o
BEF AR, KR13T, 19CB L U2CTHE L TV
BETIE, WTFhOBEIZBWTLKROETIZES TR
L, KRPERT S LIS THARLZ (Fig.12),

100p
X |
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Fig.12. Change of oxygen utilization at the gill (U) with
the increase of water temperature (WT) in the top
shell. The results are shown in the mean values
(circles) and the standard deviations (vertical
bars). Open circles and solid lines are the results
at 28.0+0.1°C, open circles and dotted lines those
at 19.0+0.1C, and closed circles and solid lines
those at 13.0+0.1C.
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Fig.13. Change of ventilation volume (Vg) with the in-
crease of water temperature (WT)in the top shell.
The results are shown in the mean values
(circles) and the standard deviations (vertical
bars). Open circles and solid lines are the results
at 28.0+0.1C, open circles and dotted lines those
at 19.0£0.1°C, and closed circles and solid lines
those at 13.0+0.1C.
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Fig.14. Change of the activity of cilium at the gill (SP)
with the increase of water temperature (WT) in
the top shell. SP was shown with the moving
speed of thin film (diameter 2 mm, thickness
0.3mm) on the gill surface. The results are shown
in the mean values (circles) and the standard de-
viations (vertical bars). Open circles and solid
lines are the results at 28.0£0.1C, open circles
and dotted lines those at 19.0+0.1C, and closed
circles and solid lines those at 13.0+0.1C.

FokEiE, KiR13TC, 19CH X U28C THE L TWEE
T, WTFhoBHEIZBWTHKROET I - TR
L, KA EFT2EINIHES THML T28~31C TR
KERL7 (Fig.13). M OBBIEREE X, KiR13TC, 19T

BIU2CTHE L TWEEKTE, wTFhoBsgizswy
THKBOETIE-> TR L, KEAFERT S LI NI
o THML T31~34CTRK%Z/RL7 (Fig.14),

£

FEFIEE X, BOMTERZWNLOIRICELH
, SNEBICY)) AR E AN ST & L 7B L BRI
Db DL THERMOKRETIZIZLALEENBOONE
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INEWEZRL TV, SThH6DIehns, FiiE, BEE
IR OIRRE CIIFRFEN AT LTI LA LHEL TV
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CRBEBNEICEFBO O ol TOT EHD,
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hEEREDIATEICE, FREES LB SRR OME
oM TESBOLONT, 1+ AUEEFELL. DEo
b, #KkELEBOBEESOMEL RAHEIE,
BEHMOREL LUKREZED ERSRHEIIBNT
bFEMOFBERTLUENEVEEZ LNLH, BFE
BHMEAETSEHEBLIOKEZE L LRSS
B ERTILENHLLEZ LN,

BRFBHE X, A (9 —158F) 12/h& <, 15BELIREIC
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) Monodonta turbinata, M. articulata,

% Nasaarius reticulatus
Gibbula richardi, G. ratilineata®™ THILNTWh, LA L,
Crip? (IR TH 5 Nasaarius reticulatus TIZ, EB)IC X
ZACH R ORI IREER B R IC & % BELHEIC X 51T
HHEOMIMICHES 2 LEICE b 2WIZEAS VEHE
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T3 EICHESY) X212 X 2RBEOMKICL -
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Table 2 . Amount of oxygen uptake (‘\'/'02) of gastropoda and teleost.

Species WT Voo Reference
Gastropoda
Turbo (Batillus) cornutus 13 T 0.22 — 0.23 m//min kg TW Present study
0.59 - 0.66 m//min/kg WW
2.74 - 2.84 ml/min/kg DW
19 C 0.61 — 0.62 ml/min/kg TW
1.46 — 1.52 m//min/kg WW
5.69 - 5.73 ml/min/kg DW
28 C 0.78 - 0.81 m//min/kg TW
1.90 - 1.96 ml/min/kg WW
7.05 - 7.48 ml/min/kg DW
Lymnaea stagnalis 0.18 ml/min/kg WW* 30
Helix pomatia 15 C 0.33 - 1.33 ml/min/kg WW* 30
Haliotis tuberculata 24 C 0.40 - 1.45 ml/min/kg WW* 30
Pleurobranchaea meckelii 24 € 0.57 - 0.60 m//min/kg WW* 30
Cepaea vindobonensis 20 C 0.85 - 2.08 ml/min/kg WW* 30
Zebrina detrita 23 C 0. 87 ml/min/kg WW* 30
Cepaea hortensis 20 C 1. 33 ml/min/kg WW* 30
Chilotrema lapicida 15 C 1. 60 ml/min/kg WW* 30
Helicella candidans 23 T 3.00 ml/min/kg WW* 30
Deroceras agreste 23 i & 3.23 ml/min/kg WW* 30
Littorina irrorata 32 T 5.17 ml/min/kg WW* 30
Busycon canaliculata 21=23 C 1.17 ml/min/kg DW 31
Teleost
Seriola quinqueradiata 19.2 °C 1.72 ml/min/kg TW 46
20. 4 ‘C 1.93 ml/min/kg TW 47
Trachurus japonicus 16.5 °C 1.47 ml/min/kg TW 48
Cyprinus carpio 15.2 °C 0.51 ml/min/kg TW 49
25.0-25.9C 0.90 - 1.20 mI/min/kg TW 50, 51, 52
Anguilla japonica 9.1 °C 0.15 ml/min/kg TW 53
25.8 € 0.6 ml/min/kg TW 53
33.5 °C 1. 15 ml/min/kg TW 53
Oreochromis niloticus 25.0 C 0.6 ml/min/kg TW 54

*Modified to expression at the same unit in present study. WT is water temperature. WW and DW are wet weight
and dry weight of soft part ofthe body, respectively. In gastropoda, shell and operculum are excluded from the
weight.
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Table 3 . Oxygen utilization at the gills (U) of gastropoda and teleost.

Species U Reference
Gastropoda
Turbo (Batillus) cornutus 42 - 94 % Present study
Haliotis tuberculata 48 - 70 % 30
Murex brandaris 38 % 30
Tritonium nodiferum 71 -90 % 30
Doris tubeculata 64 - 69 % 30
Busycon canaliculatum 50 - 90 % 31
Teleost
Seriola quinqueradiata 78 % 46, 47
Cyprinus carpio 76 - 90 % 49, 50, 51
Anguilla japonica 60 % 53
Oreochromis niloticus 85 % 54

Table 4 . Ventilation volume (Vg) of the topshell Turbo (Batillus) cornutus and teleost.

Species WT Vg Reference
Gastropoda
Turbo (Batillus) cornutus 13 C 86 - 88 ml//min/kg TW Present study
184 - 187 ml/min/kg WW
19 C 169 - 182 ml/min/kg TW
398 — 453 ml/min/kg WW
28 © 330 - 331 ml/min/kg TW
792 - 826 ml/min/kg WW
Teleost
Seriola quinqueradiata 19. 2 CT 462 ml/min/kg TW 46
20.7 C 500 ml/min/kg TW 47
Cyprinus carpio 15. 2 CT 104 ml/min/kg TW 49
25.0-25.9 °C 110 - 296 ml/min/kg TW 50, 51, 52
Anguilla japonica 9.1 C 50 ml/min/kg TW 53
25.8 C 350 ml/min/kg TW 53
33.56 € 450 . ml/min/kg TW 53
Oreochromis niloticus 25.0 C 100 ml/min/kg TW 54

WT was water temperature. TW was total weight of soft part under wet condition, shell and operculum. WW was
total weight of soft part, excluded the weight of shell and operculum.
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