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Ventilation in the tilapia, Oreochromis niloticus

Ken-ichi Yamamoto' ", Takeshi Handa', Motohiro Yokota”® and Kouji Takahashi®

Abstract : In the tilapia, Oreochromis niloticus (body weight 1,100g), the ventilation properties under nor-
moxic and hypoxic conditions were examined by continuous direct measurement of the ventilation volume,
the hydraulic pressure in the buccal and opercular cavities, and the difference of the hydraulic pressure in
between two cavities. The flow velocity and the mean flow passage areas at the mouth, the gill slit, and
among the secondary lamellae were calculated using the measured values. And the reliability of the equa-
tion in search of the velocities was examined by directly measuring the velocity at the gill slit with the
fiber-optic laser velocimeter.

Under severe hypoxic condition, the ventilation volume increased at about 11times that under normoxic
from 148mi/min/kg to 1,615mi/min/kg. The mean flow velocities at the mouth and among the secondary
lamellae increased at about 2 times those under normoxic condition from 13.1em/sec to 26.5cm/sec and
from 16.3cm/sec to 30.8cm/sec, respectively. However, the velocity at the gill slit was almost constant in
24.6-27 2cm/sec. The mean flow passage areas under severe hypoxic condition increased severalfold those
under normoxic condition : 5 times at the mouth (from 0.35cm® to 1.69¢m® ), 6 times among the secondary
lamellae (from 0.16cm?® to 0.88cm? ), 13times at the gill slit (from 0.24cm® to 3.13cm® ). From the relational
expression of the mean flow passage area and the mean flow velocity, the hydraulic pressures of opening
were estimated to be-0.8mmH:0 for buccal valve and 3.1mmH:0O for opercular valve. And the hydraulic
pressure in which the water begins to flow in respect of the secondary lamella was guessed to be at
0.8mmH:O0.

The calculated velocity values were almost equal to those measured with the fiber-optic laser velo-
cimeter, and the stroke ventilation volume calculated with the relational expression closely agreed with
that measured directly. These results highly prove that the values calculated using the relational express-
ion were considerably reliable.
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Fig. 1 . Diagram of experimental system. 1: Nz bottle, 2:
flow meter, 3: equilibration column, 4 : aeration,
5: column used to adjust the water pressure, 6:
three way cock, 7 :column used to absorb the
vibration of water level in the respiration cham-
ber, 8:scale, 9: blood pressure transducer, 10 :
carrier amplifier, 11 : analog digital instrument,
12 : respiration chamber, 13 : 100m! bottle to
analyze the dissolved oxygen concentration, 14 :
measuring cylinder, 15: water reservoir, 16 :
thermostat, 17 : crushed oyster-shell, 18 : fine
gravel, 19 : filter tank, 20 : lift pump.
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HRIMEER (T, BICEERBEERERL V) 2L
S=1/AT -« [5T Sdt « = v v v v v e (7),

THHESNAETH L, T/, VIZATTEHLL 72HEH
SR (DT, BUCEEmEE VD) BRL,
V=1/AT - 6T Vdt=1/AT - [§T/2gAHdt » + (8)
TEtHESNAETH 5,

L7225- T, Fi#

cm/sec) 3

V (cm/sec) 133 (8) »563ko

P (mmHz20)

-4 s L L ) a
0 1.0 2.0

Time (sec)

Fig. 2. The times measured on one cycle of respiratory
movement. T : time of one cycle, Tr and T:: time
of plus and minus of water pressure, respectively.

bbb, Thabb, BEKEAHL (1) ZHL, Z0FH
REFTHL, 2ORMFEOELAVELZLIZLoT, F
TIRGEAE" 2 &L WV EIgRHEI R R S S,

FEBE, T, BB L O TRBR OIS BT AFY
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Fig. 3 . Diagram of experimental system used to measure
directly the water velocity at the gill slits. 1:
aeration, 2: equilibration column, 3: column used
to adjust the water pressure, 4 : three way cock,
5: column used to absorb the vibration of water
level in the respiration chamber, 6 : scale, 7: tank
used to set the respiration chamber, 8: blood flow
transducer, 9: electromagnetic blood flowmeter,
10: blood pressure transducer, 11 : carrier ampli-
fier, 12 : analog digital instrument, 13 : respiration
chamber, 14 : probe, 15 : fiber-optic laser velo-
cimeter, 16 : water reservoir, 17 : thermostat, 18 :
crushed oyster-shell, 19 : fine gravel, 20 : filter
tank, 21 : lift pump.
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Fig. 4 . Change of oxygen consumption (Vo:) of the tilapia
under progressive hypoxia. Circles and vertical
lines show means and standard deviations, respec-
tively.
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Fig. 5. Change of percent oxygen utilization at the gills
(U) of the tilapia under progressive hypoxia.
Circles and vertical lines show means and stan-
dard deviations, respectively.
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Fig. 6 . Change of respiratory frequency (RF) of the tila-
pia under progressive hypoxia. Circles and vertic-
al lines show means and standard deviations, re-
spectively.
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Fig. 7. Change of minute volume of gill ventilation (Vg)
of the tilapia under progressive hypoxia. Circles
and vertical lines show means and standard de-
viations, respectively.
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Fig. 8 . Change of stroke volume of gill ventilation (Vsv)
of the tilapia under progressive hypoxia. Circles
and vertical lines show means and standard de-
viations, respectively.
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Fig. 9. A records of water pressure (P) in the buccal
cavity (fat lines) and the opecular cavity (fine
lines), and the difference of the pressure in the
buccal cavity to the opercular cavity (dotted
lines) with the respiratory movement under normo-
xic (upper side) and severe hypoxic conditions
(under side) in the tilapia.
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Fig.10. Changes of mean water-pressure (P) in the zone
of plus (upper side) and of minus (under side) of
the tilapia under progressive hypoxia. Open circ-
les and solid lines, open circles and broken lines,
and closed circles and solid lines are the
water-pressures in the buccal and the opercular
cavity, and the difference of the water-pressure in
the buccal cavity to the opercular cavity, respec-
tively. Circles and vertical lines show means and
standard deviations, respectively.
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AL 1£1.3%T1.6940. 10cm® & BEFE A DO IREE T
DRI SHEOMMAERL, &5 I CEEREMENKT T 5 LK
B L7z (Fig.12), MR COFIRKHREL, BREMO
RRET0.24£0.03em* & 7R L, BRFEAEHEORTIIN-T
W0 L CEEFRAIMIELL.1£1.3%T3.13+0.35cm® & BEFEAT
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Fig.11. Changes of time (T) of the zone of plus (upper
side) and of minus (under side) in one cycle of
respiratory movement in the tilapia under progres-
sive hypoxia. Open circles and solid lines, open
circles and broken lines, and closed circles and
solid lines are the time on buccal and opercular
cavity, and the difference of water pressure in the
buccal cavity to the opercular cavity, respectively.
Circles and vertical lines show means and stan-
dard deviations, respectively.
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Fig.12. Changes of mean area flowing with water (S) in
the tilapia under progressive hypoxia. Open circ-
les and solid lines, open circles and broken lines,
and closed circles and solid lines are the area of
mouth, gill slits and secondary lamella, respec-
tively. Circles and vertical lines show means and
standard deviations, respectively.
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T 5 LR L7 (Fig. 12) , KRS T OFIGI B HE IS
EE AR OIRFETO0.1620.02em* 7R L, EEE AL mf&
W THMU CERFAAMAEIL.1I£1.3% T0.88 +
0.04em® X FERBMOIRETOH 6 EOWMERL, 5
CEERAMESRT 5 LA L (Fig.12),
MTOFEGHHET, BRREMOIRETI3.1£0.8cm/sec
AL, BRFEMENRTICN - TN L TEZaE
11.1£1.3%T26.5+£0.8cm/sec & FEREFIDIRRET DI 2
BEoEmERL, EoEFRENENRT T2 LEP L7
(Fig.13), M TOFHHEIE, BERBMOIKEET24.6
+0.3cm/seck 2 l), BREMMEDERT I - THhE»IC
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Fig.13. Changes of mean water-velocity (V) in the tilapia
under progressive hypoxia. Open circles and solid
lines, open circles and broken lines, and closed
circles and solid lines are the velocity in mouth,
gill slits and secondary lamella, respectively.
Circles and vertical lines show means and stan-
dard deviations, respectively.

WL CEERAAELL 1£1.3%T27.240.3cm/sec 7R L
72 (Fig.13) o ZRIBFHTOFIGHIL, ERFERMOIRGE
T16.3+0.5cm/sec& 2t 1), FRSRAGFEE DT 12 o T4
L CEERAAIE11.1£1.3%T30.84£0.6cm/sec & B AL
MORETOR 2 BHOWMERL, &5 ICHBIREMEI R
T¥H LWL (Fig.13),

F72, BPEMEZ FMEL LT 2 72014T 2 2 EROE
T, MR SRR BN B KOFIG I, FERET21.7
+1.5em/sec, atHEMET24.44£0.6cm/seck e h), Zhb
& IFITZE CEER L7 (Tablel),

oK E LT, 85288 L OV KEBSE OB T O FY
TLERTHIME & OMGRE AL &, FHRBHEIZ WO
T WK E ORI o TML 7 (Fig.14),
SEBEURE & [, #5248 X O KEBH OB T OFIgHE
EOBMRE AR D L, FITEIE, B X R TR ES
Pk B OWINfE > TN L 72745, T REBFTIHITIT—E
L7ME#R L7 (Fig.15), " RIBFHTOFHHE (V,
cm/sec) EEBEERAAR (U, %) LoMEErALE, i

ER A I3 P I HE O BRI o TTIZERE WD
L, #NoTEOMRE,

U=—2.12V+119 (r*=0.920) - + - + (11)
TEREN (Fig.16),

M, §8%E L ORISR O CoFHREEEE (S,
em?) EFHHEE (V, em/sec) L OBREALE, TTBX

TOREBFE T IS E R O A - TR b 9
RLTWAA, MEECIZFEERBEROEINL T IR
I E A LB R h o7z (Fig.17), T HME DM
Big, 11T

V=4.6885"+12.83 (r*=0.9339) - - (12),

Table | . Mean water velocity measured directly with the fiberoptic laser velocimeter (V1)
and calculated with the water pressure in the opercular cavity (V 2) at the gill

slit of the tilapia, Oreochromis nilotocus

Respiratory frequency Ventilation volume V1 V2
cycle/min ml/min/fish cm/sec cm/sec

46 111 242 + 143 * (N=71) 23.4

46 109 240 £ 52 (N=75) 25.0

39 111 247 = 11.1 * (N=36) 24.7

40 105 244 £ 12 (N=90) 245

42 103 243 = 0.6 * (N=89) 24.5

Mean 43 108 243 24.4
SD 3 3 5.4 0.6

*: standard deviation on the each measurement, N: number of particle used for measuring the moving speed.
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Relationships of mean area flowing with water (S)
to minute volume of gill ventilation (Vg) in the
tilapia. Open circles and solid lines, open circles
and broken lines, and closed circles and solid
lines are the area of mouth, gill slits and secon-
dary lamella, respectively. Circles show means,
and vertical and horizontal lines standard de-
viations.
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Fig.15.

1 L
1000 1500

Vg (ml/min /fish)

500

Relationships of mean water-velocity (V) to mi-
nute volume of gill ventilation (Vg) in the tilapia.
Open circles and solid lines, open circles and
broken lines, and closed circles and solid lines are
the velocity at mouth, gill slits and secondary
lamella, respectively. Circles show means, and
vertical and horizontal lines standard deviations.

TREEF T,

V=19.551S+12.90 (r*=0.9572) - - (13),

finzeTid,

Vi=149.197S+600.3 (r*=0.7442) - - (14)
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Fig.16.
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Relationship of percent oxygen utilization at the
gills (U) to mean water velocity at the secondary
lamella (V) in the tilapia. Circles show means,
and vertical and horizontal lines standard de-
viations.
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Relationship of mean area flowing with water (S)
to mean water velocity (V) in the tilapia. Open
circles and solid lines, open circles and broken
lines, and closed circles and solid lines are the
mouth, the gill slits and the secondary lamella, re-
spectively. Circles show means, and vertical and
horizontal lines standard deviations.
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HAWASERWEIRET % &, FEoERIKES SRR
T 5 ETRIBRE A BB T HRKOBELIEICEALTY
BETTHbH, Lo L, EBIZIZ 2 B LS A,
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R TLALD BRGS0 T TR A K AY L B A RTINS
FEAPLAR S, BIKE KL T TR AN LT
WERRLLZFNELLTWLZEPHELLTH A, K
BSR4 BT 2 KOMEDOWRE /NS T B, #
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HEEZHBND,

TS 2R B KO FIgHRHEE, RAIEOKRT
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Under normoxic condition

Under severe hypoxic condition
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Fig.18. A case on changes of water pressure (P) and water velocity (V) with respiratory movement in the tilapia
under normoxic and severe hypoxic conditions. Mouth show the pressure in the buccal cavity and the
velocity at the mouth, Gill slit the pressure in the opercular cavity and the water velocity at the gill slits,
and Secondary lamella the pressure of the difference of water pressure in the buccal cavity to the opercu-
lar cavity and the velocity at the secondary lamella. The horizontal broken lines show water pressure
when the water begins to flow. The pressure were calculated by the equations of the relationship of mean

area to mean water-pressure.
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