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Ventilation in the yellowtail, Seriola quinqueradiata
(Perciformes : Carangidae)

Ken-ichi Yamamoto® ", Takeshi Handa', Motohiro Yokota® and Satoshi Yoshida®

Abstract : The ventilation of the yellowtail, Seriola quingueradiata (active marine teleost) was examined by
directly measuring the ventilation volume, the water pressures in the buccal and opercular cavities, and
the difference of the water pressures under the normoxic and hypoxic conditions. The flow velocities in
the mouth, the gill slit and the secondary lamella, and the mean flow areas of the water course over the
three parts were calculated using the values of the parameters measured. Under severe hypoxic condition,
the ventilation volume and the mean flow velocities were higher than those under the normoxic condition.
The ventilation volume increased to 5.00//min/kg which was nearly 5 times as high as 1.01//min/kg under
the normoxic condition. The mean flow velocities were elevated from 39.7cm/sec to 71.5cm/sec at the
mouth and from 33.6cm/sec to 50.3cm/sec at the secondary lamella. However, the velocity at the gill slit
was 35.5-38.4cm/sec and roughly constant. The mean flow areas were also broardened from 0.69cm 2 to
1.59¢m 2 at the mouth, from 0.83cm 2 to 1.33cm 2 at the secondary lamella, and from 0.69cm 2 to 4.19cm 2
at the gill slit. From the relational expression of the mean flow areas and the mean flow velocities, the
hydraulic pressures at which the buccal and opercular valves begin to open were estimated: -1.7mmH-0 or
higher for the buccal valve, and 6.6mmH:=0 or higher for the opercular valve. Moreover, the hydraulic
pressure at which the water begins to flow between the secondary lamellae was assumed to be 4.9mmH:0
or higher.
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-Fig. 1. Diagram of experimental system. 1 : supply of seawater, 2 : filter, 3 : water reservoir, 4 : aera-
tion, 5 : thermostat, 6 : equilibration column, 7 : flow meter, 8 : Nz bottle, 9 : laser displacement
meter, 10 : column used to adjust the water pressure, 11 : three way cock, 12 : column used to
absorb the vibration of water level in the tank, 13 : electrode of oxygen meter, 14 : probe of
electromagnetic flow-meter, 15 : oxygen meter, 16 : pressure transducer, 17 : carrier amplifier,
18 : electromagnetic flow-meter, 19 : recorder, 20 : tank with the respiration chamber.
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Fig. 2 . The change of the water pressure in one cycle (T)
of respiratory movement. T1 (plus) and T 2
(minus) indicate the change of water pressure.
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Fig. 3 . .Changes of minute volume of gill ventilation (Vg),
amount of oxygen uptake (Vo:), respiratory fre-
uency (Rf), stroke volume of gill ventilation
Vsv) and percent oxygen utilization at the gill
(U) with decrease of oxygen pressure (Poz) in
the yellowtail Seriola quinqueradiata.

S=Vg/V+ (T/AT) +1/60 + = + « « + - (7)
PHRDIZ, I T, T (see) 13 1 IR (Fig. 2),
Vg (ml/min/fish) (3B HKEERT,

s R

BBOKE, BRESEH152.942. 2mmHg7 537.6+
1.5mmHgNMET ¥ % D125 T1.0140.191/min/kgd* &
5.00£0.471/min/kg 5 fEDMEM%E R L7 (Fig. 3), BeE
EEHE L, BEFSEOETIIE S T3.534+0.40mi/min/kg
2 54.261+0.29ml/min/kg~NbF 2B L 72 (Fig. 3).
HREIE, BESESETLTLIZIZ—ET, BESE
152.9+2.2mmHgD¥4A (89+ 7 stroke/min) & BEESIE
37.6£1.5mmHgDH4E (91+ 3 stroke/min) & THELE
PROLN o7z (4=0.788, P>0.1, Fig. 3). M
—EOBAKEE, BEFEDETICESTIL5+2.7ml/
min/kg?* 554.8+4.6ml/min/kg™~ 5 REDHEM%E R L 7=
(Fig. 3)o BREFIAFIZ, BESEDET IS T80.0
+2.6%%571.7£2.6% A L7z (Fig. 3),

BOPOKE L REB L R —E OBk EORGEE R
5, BABOKESEML THMPREZIZIZ—EL TV
7%, WK 1 BBk EIEERGICHENL 72 (Fig. 4),

120
e °
100 1 . TR 1P
.
80 + °q

60 1

Rf (stroke/mir)

40 1

20 +

0 + : -

70
60 | -
50 + e
40 + g:o

30 +
20 + o °8°
104+ &

0 } t t t t+
0 1 2 3 4 5 6

Vg (/min/kg)

Vsv (m//stroke/kg)

Fig. 4 . Relation of respiratory frequency (Rf) and stroke
volume of gill ventilation (Vsv) to minute volume
of gill ventilation (Vg) in the yellowtail.
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Fig. 5. Records of water pressure (P) in the buccal (fine lines) and opercular cavities (broken lines)
, and difference of water pressure between buccal cavity and opercular cavity (heavy lines)
which was changed with the respiratory movement under normoxic (above) and hypoxic
(below) conditions in the yellowtail.
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Fig. 6 . Changes of average water pressures in the buccal
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and opercular cavities, and difference of the press-
ure between buccal cavity and opercular cavity in
the zones of plus and of minus with decreasing ox-
ygen pressure (Poz) in the yellowtail.
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Fig. 7 . Relationship between minute volume of gill ventila-

tion (Vg) and average water pressures in the buc-
cal and opercular cavities, and difference of the
pressure between them in the yellowtail.
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Fig. 8 . Changes of mean water-velocity (V) at the mouth,

the gill slit and the secondary lamella with de-
creasing oxygen pressure (Po:) in the yellowtail.
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Fig.13. Changes of water velocities (V) in the mouth (thin lines), the gill slit (broken lines) and the

secondary lamella (heavy lines) with respiratory movement of the yellowtail under normoxic
(above) and hypoxic (below) conditions. Water pressures (P) are the same as those in Fig. 5.
Each Roman numerals followed the stage of the respiratory cycle proposed Hughes. The letters
(a and b) show the water flows between the secondary lamella during one cycle of respiratory
movement.
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Fig.14. Relationship between the actual measurement
value (Vg) and the estimated value (Vg,c) of mi-
nute volume of gill ventilation in the yellowtail.
Vg,c were calculated by the formulas for the
mouth and the secondary lamella in Fig.12.
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