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Respiration and Avoidance Reaction of a Cyprinid Fish
Pseudogobio esocinus under Hypoxia
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(Received May 9, 1986)

A cyprinid fish, Pseudogobio esocinus showed gradual bradycardia at oxygen saturation ( ;) of
less than 29.744.6 (1.894-0.29 m//! of oxygen concentration), surfacing at 14.74-1.3 (0.944-0.09
mi/), drastic decrease of oxygen consumption at less than 14.24-0.8 (0.914+0.06 m///) and asphyxia at
9.741.4(0.62+0.09 m///). The fish avoided water having low oxygen saturation of less than 54.0+
5.4 (3.384+0.30 m//l), and markedly at less than 26.24+3.4 (1.6240.16 m//l).

(Department of Aquaculture and Biology, Shimonoseki University of Fisheries, Yoshimi, Shimo-
noseki 759-65, Japan; Present address, YH: Prefectural Government of Nagasaki, 2-13 Edo-cho,
Nagasaki 850, Japan; HY: Kyushu Branch, Nihon-nosan-kogyo Co., Ltd., 3-5-7 Hakata-eki-

mae, Hakata-ku, Fukuoka 812, Japan)

BT, REKOBEAMEMET 2 LHBRNE
X4 L (Marvin and Heath, 1968; Marvin and
Burton, 1973; Eddy, 1974; Hughes er al., 1983), .[»
¥ 1 4>+ % (Randall and Shelton, 1963; Holeton
and Randall, 1967a, b; Randall and Smith, 1967;
Marvin and Heath, 1968). # L\ EEEEICs & &
KECEELTRBET®1T5 X 5127 b GRIR, 1960;
B, 1963), XLIET+5E EEIETHA, ELW
EEEFR 1o % TN EBEERKIEA S 3l 4 % (Jones,
1952; Whitmore et al., 1960; Deubler and Posner,
1963; Hill, 1968).

ZEL, 248D H» = ¥ # Pseudogobio esocinus
ERAVTERRTIC T 2BRHEES LOORROE
&, B EFR IOBRIEIELMELE, EEERAKR
2B DR THH~ L,

HHEELUHZE

FERITIL A =V » 168 fHEx V7o, BITKERER
N EBREE SR DT 3 T OV £ AW X b
#£L, 2 ARORGER Y BAEGEDH 1% HE5ELT
FEBKED B & T 3 BHLE, TERFEKE (500)
TEHE Lic, ERucdsiio 24 HEERSRECL
7.

&« OEEEMATMEIC ST 2BREERES LOLHED
gz, €& 16.0£1.7cm (M+SD, LUITREEIICTR
3), KB\ 26.7+9.5g oo 16 FEERAHVWT, K
19.9-0.7°C, ML EA~DFHA L 265207 mi/min D
LT 16 BlfT-7z. ¥3, A% 100ppm DFFAL oV
BHCCRHEEL, #duzse (1973) ¥ CTHEEEEYH
DRRERC 3R LT REC Ak, 15 B ESEB L
DBLUEHFT -7 (Fig. 1), WEXEFREOBTRAM
R 99.4+1.7% (BEMESR 6.40+0.18ml/l) TiT-
7oDH, DO £ — & —% B NGEREADTHAKICE
FHAEBRE LT, BRAMELY 1 Mg 781+
2.69% (5.02+0.17 ml/l), 59.6+3.9% (3.8040.25 ml/
1), 42.6+3.19% (2.71+0.21 ml/l), 29.7+4.6% (1.89
+0.29 ml/l), 12.4+1.2% (0.78+0.07 ml/l) & B\ %
10.440.29% (0.66+0.01 ml/l) ~& 5 BPEIET &+,
FRERECDOWTI Tz, Z0Dh, ZFOBIICYIH
2T, EbCHAKOBMKAMEY EFREDCH ¥ TH
mxe, EBEFEHLOEEMO 10 kL0t 60 SHEIC
DWTHIE L,

MFEEHE (Vo,, mi/min-kg) i, b TREL
LBECA LRI TR L, FREANDOTHRAK(Cy,o,
ml/l) EHHKOBHESEFRE (Coop mi) Y 4 v 7
5 —ETMEL, Vo,=(Ci,0,—Ce,o0,) fr/BW [fr: BRI
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Fig. 1. Diagram of the experimental set-up for
determining oxygen consumption and heart
rate of Pseudogobio esocinus. A, aeration;
C, equilibration column; D, DO electrode
(used only during monitoring); RC, respira-
tion chamber; O, oscilloscope; Re, recorder;
B, Winkler bottle (for oxygen determina-
tion); FL, flow meter; N, N, bottle; Pu,
lift pump; F, filter; G, gravel; S, shell; T,
thermostat; H, heater; R, water reservoir.

E~DWAE (/min), BW: {k&E (kg)] X hHE L.
BERAAFE I EERAATIREOE L b Rd1, LIEEUT, W1
B3R (BAXES, AVB-8) T 15Hz LIF, 0.03
KHz LIEoBERDO S DEBREL, v 27 F 3 — &£ —
(AAXESR, RIG-4002) <5 HMOERAELTH
Bl
ERFRECEIB LT IOEAECOWT, £h
HLORAHBFLEATE A< 5 7o dic, £K 9.0+0.6
cm, {AE 4.9+1.2g oo 112 ks AT KR
20.0£0.1°C D% & T, FhFERTHAEREYIT-7. A
EERE (BE6Iofin s 5 A v, Fig.2) ~ 16 {#
AN, 257 Py, Py, Py #[ADT P, & P, %BAT,
TMAKDEEELFIE 100.9+0.1% (BHEHEE 6.40+
0.05ml/l) DKEFRE~OWAE 242+10ml/l T
KiE (R) 251 E (RC) ~EEIwioRET 15
B EEBLIcOLE FTFOERY T -7, F3,P, &
P, #PAdT Py & Py %#B13, P, X hZKE¥ED, Py
L VERR L THERERNOKLEREDH (L) FTF
DB Py D, HEEOBERECL - TRRED
BEEYEA e, 1, ¥ LEFLERBET L
FriZ Py B CTHAKL, BRAMEXASC. 200
b, Py, Py, Py ZFHT P, & Py BT, BREDL

LPu

Fig. 2. Diagram of the experimental set-up used
to determine surfacing and asphyxia of
Pseudogobio esocinus. A, aeration; C,
equilibration column; RC, respiration cham-
ber; P, pinch-cock; B, Winkler bottle (for
oxygen determination); Pu, lift pump; F,
filter; G, gravel; S, shell; T, thermostat; H,
heater; R, water reservoir; L, adjusted
water levels for experiments of surfacing
behavior.
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WoOT AL D EEREE, bibe FEORELMES
I OTRAECKERAE (R) 22bFHRE (RC) ~ER
XRARIET 48 AR LIcObERIEOEREIT -
fo. WRECKAH LACRIET P & Py D TARE
ROBEMET L - TPRED BREXEL 3, 1,
LEKEIEREZERFE LB Py & Py &5 CERK
L, EESMEY A, BEATMEE LROBELR
B HEBERYIE L TR,

ki, EEEFKIRA S OHBIZOWT, FTOTERS
LEAEMIFIE L OBGREY ANS fodic, £& 7.4+£0.4
cm, fA%E 2.320.4g oo 40 @EEEHVT, KiE
21.7+1.6°C o & CEBRFIT -7, EhuL, EFRE
DEEFRFIEE 98.412.2% (SHEMEE 6.1710.20 m//
D 55 ERoBaL: ABRCERY A DBRIIC X - T
50.3+2.6% (3.1620.21 ml/l), 38.6+4.1% (2.39+
0.21 ml/l), 24.9+3.8% (1.53+0.26 ml/l) DFhah
¥ CARCET IR A FETERTH 14 6, 1 BiEE
6 B3R, >E D 73.6+4.29 (4.63£0.30 ml/l), 54.0
+5.49 (3.38+0.30m//l), 40.3+3.9% (2.48+0.29
mljl), 26.2+3.49% (1.62+0.16 ml/l), 17.5+2.3%
(1.100.15 m//l), 11.2+1.5% (0.70£0.09ml/l) o
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BT X 5HET 17 fifT-7. £, & 10 {#Eik
wEBKH (Fig. 3) KARh, =1 HOBE&HER % EH
AEDH 0.5% &5 LT 5 AU ERKE KRS Lic
OHLMERFIE L, FNEOKT thig B MERCE AR
RE Ui, W@, BRATEOE TG 30 HtkX
D2 15 EEBRKEOMHYY X h iz @A
Ez, BEERAKED LR L -EE (LT, kBERe
AT EAE U, BEREMEX TR LcERKE
D 2 PFTFOOEKAR IR A BEFH 4 AFRK
L, bBRofa s ARCEFREEXNE L TRDI.

FEBKHE (20x35x 9cm, FHX) BB H5 UTE
EERRETC A (Q0F) CHiflZeCRE L., EfET
FOEK AL BDOWARITFRF R 800 m//min & L,
EE D IIEERATME 98.412.2% OKEEREAL,

o

[Reemo

5528
o
RS

il B LT DR RAFE = T8 LKA A Lic Fig. 3. Diagram of the experimental set-up used
- - S to determine avoidance reaction of Pseu-
_};%KDEM.(D#F)UD‘QT‘LH:EE%LI 1000 m//min, FifiA-H i dogobio esocinus. A, aeration; C, equilib-
600 m//min & L7z, E#E TEHOEKD B DOEAK ration column; D, DO electrode (used only
DERKIEHNOREIL, FKEDOELS 1.5cm EIFT during monitoring); T, test chamber; B,
HEI D HRA BT I LB L O » FOBEK DA B DR H Winkler bottle (for oxygen determination);
~ , FL, flow meter; N, N, bottle; Pu, lift
22, - - < 2 NExS : ’ ’ ’ 2 > >
E%“ﬁﬁﬁfz"-&k;”ic’ TEBRIB1E. LR pump; F, filter; G, gravel; S, shell; T,
£, THOEKO AL OWMAKOBEFEMEL K LIET thermostat; H, heater; R, water reservoir.
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Fig. 4. Changes in oxygen consumption (Vo,) and heart rate (Hr) during hypoxia experiment using sixteen
fish at 19.940.7°C. Circles and vertical bars show means and standard deviations, respectively.
Solid circles show oxygen consumption and heart rate during the fifth step at which the oxygen satura-

tion was lowered gradually every 1-hr intervals.

The lower abscissa shows oxygen saturation (S) and

the upper abscissa oxygen concentration (DO) of inlet water to the respiration chamber.
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Fig. 5,

Changes in avoidance reaction rate (ARR) during hypoxia experiment using fourteen fish at 21.74+

1.6°C. Circles and vertical bars show means and standard deviations, respectively. Open circles
show means taken when oxygen saturation was lowered gradually at 1-hr intervals; solid crircles
represent means taken when oxygen saturation was lowered rapidly. The lower abscissa shows
oxygen saturation (S) and the upper abscissa oxygen concentration (DO) of inlet water to the res-

piration chamber.

EXTHOBEKA,LLDORAKDFNRL D $1.6+0.7%
(BEHEEZE 0.10£0.04 ml/)) REVIZEEE ST,

] e

MERHEERL, ERRE @EREME 99.4£1.7%)
Ti¥ 1.2540.21 ml/min-kg 7R L, MELHFEIVET
LT HISIFEEREOEAHMEEE Licss, BERAFE 12.4
+1.2% L0 ETT5EFE LB LTEREMNE 10.4
+0.2% T 0.494-0.29 m//min-kg %R L7 (Fig. 4).
BT 10 47 2.08+0.63 m//min-kg & E#ER
BED# 2 RS L, 60 HHiciEE LT 1.32+0.50
ml/min-kg &R L7,

LIS, EERE EERAME 99.421.7%) Tk
92.9+13.6 stroke/min ;R L, EBEFREIFEIMET LT
IMEMEEE L AT EFREOHELHERR L,
BRI 29.7+4.6% X V{ETT5 LI LT@E
fafnEE 10.44-0.2% T 62.8+17.8 stroke/min #/RL
7= (Fig. 4), EMEICIL 10 5#iz 101.1414.4 stroke/
min L EEREEL Db EmL, 60 A bz
DfEx R LI,

1 EEr R LT % Blth Lic M oBERAAFEL 19.5+
3.0% (GHEEEE 1.25+0.19mll), ¥EEEr Bk

L7-BiiE 17.6+3.1% (BEEEES 1.12+0.20 mil),
BB LT 14.7+1.3% (BHEEEEE 0.94+
0.09ml/l) THHtz. BEFOBIFEL a4 E & Big
D, KEXDZEELTKETAXRERE LD
T L, ZoBFx £EE BRRT X 517 - 1ohF
FLEENE T A Lz s L.

1 {BfEH A8 Lic B MEFRAMEL 10.1£1.1%
(EHEMBFRE 0.64+0.07ml/) T, 2FEFENEBEIFL LI
Mk 9.7+1.49% (AEEEER 0.62+0.09ml/) TH-
7o, FEAERBIE LI OBRAED, BEGIER
FELicob I ENHOMCEBENERIE LI Lo
B, WETELD T

WERE, BERAMELYSBRCETIRCHEGL 18
MiEZ 6 BRFSE T X /3B a0 Th AR E b=
L7 (Fig. 5). ¥Ry, EHIREE (ERATE 98.4+
2.2%) TIL 4.3+2.49% Tho1o2d, BREREIE
T+5& ML T HBEHAFE 54.0£5.4% T 8.1+
4.0%. BEEMIFIE 26.2+3.49% T 20.1+9.2%, BF
BFEE 11.24+1.5% T 80.2:+7.9% %Rl ZDX
5 AR RATME DK T - THM LA, FE
ERKIE P 4 b A8 UCHEE 3 B @& S 3 L.
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ERETCRT S <Y HOBEEEEL, 2(EAE
BT wBnT smRENE (14.7£1.3%) khdb
FHE 12.4%1.2% ¥ TIURIEEFREO B
FlLich, BCETTHEELIEAL (Fig. 4, 9.7
+1.4% TLEMGFEIEBEIFE LI, D Ehbh=I N
13, =v—<A, JFaA—Fn, catfish (Marvin and
Heath, 1968), tench (Eddy, 1974), =1 (Hughes et
al., 1983), v, 7477 (UL~ Sk, 1985) 7
EERRD, BRRAFENMET LTEERETONR#ME
YT ABMRELENTE R L h X EHIRELE
L, EBRZRT kT 2ERHEEOHIR T 58823500
bhicw 7= (UG« @k, 1985) & s Ebard
LotELLRD.,

RIR (1960) 37+ Ti3&EFs 10-20% OEER
BMETHED, 10% LITC2BEfNT>2L%, B
#E(1963) kv S1 ik 1.4mll PToOBREREST
MED, 0.9mll LIFCEBHENTI ZExHREL T
5. v 74 DO%E (KR 26°C) oBFREMELchT
h 24.3%, 15.7% THbH. »—=V HE, 19.5+£3.0%
Iviggy, 14.711.3% CTLEENRTIZENnD, ¥
FFEIDIEL, VIO LR UHMREAME TR BT
NEBEEZLNRSD.

ZEERY T BEREE R, Shepard (1955) (%
Salvelinus fontinalis TIXKi{E 9-10°C < 1.85ml/l T
HrZ L%, A& (1957) (=4 TIKE 12°C
< 0.2m/l, , 7+ =TXKR 12°C T 0.4m//l TH
B EEREL T\ 5, BFREMELRD B & S
fontinalis % 16.0-16.3%, =A Ti% 2.6%, 7> =
Tk 5.3% Lich, A=Y Hi, 10.1%£1.1% X vik
¥h, 9.7%£1.4% T2EFENEEE LI Z M6, S.
Sfontinalis X b dEL, 247721 h @ HEHREA
METERRTHEELDOND,

# =2 »D0HENE, tench (Randall and Shelton,
1963), = <A (Randall and Smith, 1967; Holeton
and Randall, 1967a, b; Marvin and Heath, 1968)
LA, BREMENMETT5EH5L 2HETRE
HREDOELHFT52, BCETTALELVWEI%E
R L7 (Fig. 4), T7chbb, BFEAMEN 29.7+4.6%
I DETT 2L 0B L, ROTRETETS X
SIZiehpy, TDX S IBEOEREH - T 12.4
+1.2% ¥ CRBREEFREOMEHEELHRF L.
oI Emnb 12.4+1.2% FTIXIEERETOREE
CHY T BEEX KB L VIERL, BERMECX > T

HBAE > T B EBLATH S, Livl, BFRA
FIEEDS 29.7£4.6% 75 12.4+1.2% ot 53
ERBELERET A O, DHESRS LT B
Emb, =CATRDLR TV A X S ITLED 1 ElD
HHEX X &5 (Holeton and Randall, 1967b)
L AFICB MR EOMRMEE M52 L, &
BNIERBDOWTRMC L » TR EBA~HEHB LT
WHLDEEZLRB,

TEOERL Y, BHFMEEHN KT 5L Deubler
and Posner (1963) i1t 5 x DHEIAFATIIKECER
7£¢ 3.7ml/l kb, Hill (1968) i spring cavefish
T 4.2mll X b Eh b OEEBERKEL B KT HD
%z &%, Whitmore er al. (1960) (I<=% /) A¥reF
v = ATk 3.2mll, TA—-—FART S5 v 7 SATIE
1.1 mi/l OIEFEZEKIB A B3k Lic = & %, Jones (1952)
134 b =, minnow 75v v 57+ OREA TIX
2.1 ml/l T OEREFEKIRH S OFEE MR D LR
I EERELTWS, chboRBLRRT, 2=V
HTH2le ) BOEFBEE (3.38 ml/) X h XTI,
FELWEEE (1.62ml/l LIF) TREEELKENTED
Hiz- (Fig. 5), Deubler and Posner (1963) iie 5
ADBUFATIELWERR (1.09ml/) wk\T£
EEAIGEBELI. 2 & ZHELTWS, Lo L, Jones
(1952) 14 F =, minnow 735 Y v +F v +TIXHE
LWEBETICR T, ik b BERARM LR X b
EEEEDOKBAADZLEREL TS, H=Y Ak
5 2 LAERIEERTH BN, LEENEBIET HER
# (0.62ml/l) ¥ TETFLTH, A b=, minnow 75
vV b7y b EohEEEEK LT 5 BE L AR
ST Lo & ERER OKIK & O E R D FEL
Lizhio T 100% DiEEREYIRXI8h o1,

5=V 7 CEBIEAN LW BRERICL S &0
NEYL, BEFETS> X5Cks, £ LT, EFERE
TORBMBICHYT ABEEOEBWNTE R L LhEH
LSMEMEEENBI L, BbELETS. Lol
H =Y MIFED X 5 E LWERERT L AN Z DK
X kETAHZEN WAL TH S,

& 21
KERBORECH T LT e i W TR ERFEU R

HEREBS OWEHEDR OO EEBZ OWKICHTE
HERELET.
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