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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 13°C, 42% at 19Cand 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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Fig. 1 . Diagram of experimental system. 1 : N: 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.
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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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Fig. 3. Effect of the amount of oxygen uptake (Vo»)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.
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Fig. 4 . Effect of the amount of oxygen uptake (Vo:) 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.
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Fig. 5. Diurnal change of the amount of oxygen uptake (Vo:) 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 28.04-0.1°C in the top shell, Turbo (Batillus) cornutus.

Voe Vg SP

(ml/min/kg TW) (ml/min/kg TW) (mm/min)
Daytime 0.548+0. 083 63.11+6.3 181 45.3*x5.6
Nighttime 0.704%+0. 068 57.3+7.2 258 53.7%x5.5

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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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.
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. 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.

Fig. 8.

S (%)

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£0.1C, 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. 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£0.17C, 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 2804 0.1C, open circles
and dotted lines those at 19.0£0.17C, and closed
circles and solid lines those at 13.0£0.1C.
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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+0.17C, and closed circles and
solid lines those at 13.0£0.1C.
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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£0.1C, open circles and dotted lines those
at 19.04+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 19.04+0.1C, and closed circles and solid lines
those at 13.04£0.1TC.
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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 2804 0.1C, open circles
and dotted lines those at 19.0£0.17C, and closed
circles and solid lines those at 13.0£0.1C.
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Table 2 . Amount of oxygen uptake (Vo:) of gastropoda and teleost.

Species WT Voo Reference
Gastropoda
Turbo (Batillus) cornutus 13 C 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 T 0.61 - 0.62 m//min/kg TW
1.46 — 1.52 m//min/kg WW
5.69 — 5.73 m//min/kg DW
28 C 0.78 - 0.81 m//min/kg TW
1.90 - 1.96 m//min/kg WW
7.05 — 7.48 ml//min/kg DW
Lymnaea stagnalis 0.18 ml/min/kg WW* 30
Helix pomatia 15 T 0.33 - 1.33 m//min/kg WW* 30
Haliotis tuberculata 24 C 0.40 - 1.45 m//min/kg WW* 30
Pleurobranchaea meckelii — 24 T 0.57 = 0.60 m//min/kg WW* 30
Cepaea vindobonensis 20 C 0.85 - 2.08 m//min/kg WW* 30
Zebrina detrita 23 T 0.87 ml/min/kg WW* 30
Cepaea hortensis 20 T 1.33 ml/min/kg WW* 30
Chilotrema lapicida 15 T 1. 60 ml/min/kg WW* 30
Helicella candidans 23 C 3.00 ml/min/kg WW* 30
Deroceras agreste 23 C 3.23 ml/min/kg WW* 30
Littorina Iirrorata 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 T 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 m//min/kg TW 50, b1, b2
Anguilla japonica 9.1 C 0.15 ml/min/kg TW 53
25.8 C 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 T 86 - 88 m//min/kg TW Present study
184 - 187 ml/min/kg WW
19 T 169 - 182 ml//min/kg TW
398 - 453  ml/min/kg WW
28 € 330 - 331 m//min/kg TW

792 - 826 m//min/kg WW

Teleost
Seriola quinqueradiata 19.2 T 462 ml/min/kg TW 46
20.7 C 500 ml/min/kg TW 47
Cyprinus carpio 15.2 C 104 ml/min/kg TW 49
25.0-25.9 C 110 = 296 m//min/kg TW 50, 51, 52
Anguilla japonica 9.1 T 50 ml/min/kg TW 53
25.8 C 350 ml/min/kg TW 53
33.5 C 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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