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Estimation of gill ventilation volume was based
on the Fick principle using P,, difference between
inspired and expired waters and the rate of oxygen
consumption (Figs. 1 and 2). The minute volume
and stroke volume of resting unanaesthetised tench
inspiring well-oxygenated water was 243~ 530 ml/
kg-min and 9.1~13.9ml/kg, respectively (Table
1). Both minute volume and stroke volume
increased and O, utilization decreased greatly
during hypoxia. The increased ventilation is
considered to contribute to respiratory homeostasis
during the early stages of hypoxia (Fig. 3).
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Fig. 1. A: Cannulations to the buccal (left) and
opercular (right) cavities and the dorsal
aorta (middle) of the tench, B: Detail show-
ing the basal part of the opercular cannula-
tion.
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Fig. 2. Diagram of the continuous water circulation through the respiration chamber, including
temperature regulation and gas-exchange columns.
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Table 1. Ventilation volume, oxygen utilization and oxygen consumption of the tench.
wt | T Pi.0, f Pros | Pr.os \Y% VF Vi, U Vo,
(g) (°C) |(mmHg)| (ml/min) |(mm Hg)(mmHg)| (ml/kg-min)| (cycle/min) | (ml/kg)| (%) |(ml/kg-min)
466 | 15.2 158 405 147 112 530 38 13.9 23.8 0.85

» | 15.0 160 480 156 105 414 38 10.9 32.7 0.96
466 | 15.1 157 1585 153 140 528 38 13.9 8.5 0.32
» | 15.1 169 1542 161 123 346 38 9.1 23.6 0.62
315 | 14.9 157 250 153 94 412 32 12.9 38.6 1.11
» | 14.9 158 237 157 104 376 31 12.1 33.8 0.91
267 | 14.8 152 175 143 82 243 21 11.6 42.7 0.68
» | 14.9 60 187 44 28 897 34 26.4 36.4 0.66
r | 15.5 41 198 31 25 3192 38 84.0 19.4 0.83

Wt: weight of fish, T: temperature of water, Py ,: Py, of inflow water, f: flow rate of water
through the respiration chamber, Pp,: Po, of inspired water, Pg,o,: Po, Of expired water, VG:
minute volume of gill ventilation, VF: ventilatory frequency, V,.: stroke volume of gill ventila-
tion, U: percentage of oxygen utilized from inspired water, Vo,: rate of oxygen consumption.
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Fig. 3. Relationship between O, content of dorsal-
aorta blood and decreasing Py, of inflow
water at 15°C in tench (406 g body weight,
solid line with open circles; 267¢g, broken
line with crosses).

~22°C) TH b, HB#EL 0.15~0.2 % urethane
F 200~500 ml/kg-min ({k%& 65~129g, kik 18.5
~19.5°C) TH b, HEZELOBIAER (243~530ml/
kg-min) & fh—K+5. LoLlFEELR, KERD
BREIETBRCREVAEE LD, TS H
BLTOeHh =2~ 0 bBELRLKE, BEEA
CRTDH = 2— FERMEDMBIZ X - T, xS
LIcKEHRRA LD X h BESENETEA
BEErH 0, Wi (1) RogE»ETRICIKE2 L
Ml bTHAB, FDL Saunders (1962) pifTie
Sl HiT, BWEEADH = 2 — FIIEFTEETHE

FBBATEONIORE L EEL B,

B BT HERFIARE, AEBRTIBECE. 1
BPlaBRThH 24~439% L{EWETH -7:. Hughes
and Shelton (unpublished data) » 26~60%, %%
V3 Schumann and Piiper (1966) o#5 60% &1t
W5 et B, 7vFUNoBEBRIZAGIRS
fili (33X% 10~85%) »HE 2 THEL, Thi ki
IR~ T BB K ORI L0 FHE D B EEZ D
hs.

MBRINEER, AERCTIBREL L flEEkR &£ 0.62
~1.11ml/kg-min (37~67ml/kg-hr) TH otz —h
{¥ Schumann and Piiper (1966) o 0.94~1.63ml/
kg-min L #h—&KL, fLOBEFHROF (X% 0.3
~1.7ml/kg-min) 2:BEF 2 Th, T vF O
FHEE L L THAHL bR S,

WAKDEEFESEIMET T 5 &, EoKREIZER
WKL, 60mmHg © 3.7 f%, 41mmHg T3 13
fElic ot ZHITIIFROBE LIRIFOR S, HHiC
BEOWANKELEELTE D, MREEN 1.6 %
HHE 1.8 fHT Win+ 5 & L b, EEHUKE
2.3 fEHH I 7.2 kL7 (Tablel), Zo X
5 oW EB O FERT X b, S0mmHg FiE ¥ T Ok
FEHSEETEHLTUL A A+ A2 Y 2D RENR LR
B0, FRUTOMZREE T NSRBI E T 50
etk E VW &2, BIRMEFEEED S IEBIRIL
FEFEMEL bHEE S5 (Fig. 3).

— 41 —



ke Japan. J. Ichthyol. 21 (1), 1974
# 2
Z DFEBUL, WRAHAEEAFEA L LTHER
REBIRTWBEIC, ba.— XORFEFIcECHE
NI s I Ro—FTcH b, £\ The Na-
tural Environment Research Council I b {&{:DHf
FTE Lot CSICREET B,

50 B X @

Holeton, G.F. and D.J. Randall. 1967. Changes
in blood pressure in the rainbow trout during
hypoxia. J. Exp. Biol., 46: 297~305, 7 figs.

Hughes, G.M. 1970. A comparative approach
to fish respiration. Experientia, 26: 113~122,
13 figs.

Hughes, G.M. and G. Shelton. 1958. The me-
chanism of gill ventilation in three freshwater
teleosts. J. Exp. Biol., 35: 807~823, 8 figs, 1
pl.

Hughes, G.M. and G. Shelton. 1962. Respira-
tory mechanisms and their nervous control in
fish. in “Advances in Comparative Physiology
and Biochemistry” (O. Lowenstein, ed.), Vol.
1, Academic Press, New York and London,
275~364, 27 figs.

Hughes, G.M. and S. Umezawa. 1968. On respi-
ration in the dragonet Callionymus lyra L. J.
Exp. Biol., 49: 565~582, 14 figs.

Millen, J.E., H.V. Murdaugh, Jr., D.C. Hearn,
and E.D. Robin. 1966. Measurement of gill
water flow in Squalus acanthias using the dye-
dilution techinque. Am. J. Physiol., 211: 11~
14, 5 figs.

RigsAgE. 1970. 1Rk £, AEATEEEE 2, &
#E, ¥, vi+354pp., 110 figs.

Saunders, R.L. 1962. The irrigation of the gills
in fishes. II. Efficiency of oxygen uptake in
relation to respiratory flow, activity and con-
centrations of oxygen and carbon' dioxide.
Canad. J. Zool., 40: 817~862, 14 figs.

Schumann, D. und J. Piiper. 1966. Der Sauer-
stoffbedarf der Atmung bei Fischen nach Mes-
sungen an der narkotisierten Schleie (Tinca
tinca). Pfligers Arch. Ges. Physiol., 288: 15~
26, 3 Abb.

Smith, L.S. and G.R. Bell. 1964. A technique
for prolonged blood sampling in free-swimming
salmon. J. Fish. Res. Bd. Canada, 21: 711~
717, 3 figs.

Smith, L.S. and G.R. Bell. 1967. Anesthetic
and surgical techniques for Pacific salmon. J.
Fish. Res. Bd. Canada, 24: 1579~1588, 4 figs.

(R 812, MR FIMKFRERKES
#, Hughes: Research Unit for Comparative
Animal Respiration, The University, Bristol BS8
1UG, England.)

— 4 —



