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Effects of Hypoxia on Gas Exchange in the Gills of the Eel,
Anguilla japonica

Ken-ichi Yamamoto

(Received December 9, 1986)

Abstract Parameters on gas exchange in the gills were measured in eel acclimated for more
than 2 weeks at 9.1+0.1, 25.8+0.6 and 33.540.2°C under normoxic and hypoxic condi-
tions. Under normoxic condition, oxygen pressure of the dorsal aortic blood (Pa,0,) in-
creased and pH of the blood (pH.) decreased as the temperature increased. Under hypoxic
condition, pH, increased gradually, and P.,., and oxygen content of the blood (C.,.,) de-
creased as the oxygen pressure of the water decreased. Under normoxic and hypoxic con-
ditions, Ca,o, at 25.8°C was the same as that at 9.1°C, but Cu,0, at 33.5°C was smaller
than that at both temperature. High P.,0, at high temperature must be a compensation
for the detrimental effects of low pH and high temperature on the oxygen transport by the
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blood.

(Shimonoseki University of Fisheries, Yoshimi, Shimonoseki 759-65, Japan)

BKBDBTON AZBCHEH T HEHE =0~ A
Salmo gairdneri (Stevens and Randall, 1967), 5 v 5
Tinca tinca (Eddy, 1974), = 4 Cyprinus carpio (Ita-
zawa and Takeda, 1978; Hughes et al., 1983) 7z &I
DWTIThbhTWAA, vFF 2w TIEErLi
Ve g F RN SR b EB L TE D, KBOKX
EREF R AEL, SOCEMC L LEERED
RECEATLEEZDNRS. £-T, &MnbEHIC
M CEBARBE KRO LR L L dwemL, chic
o TERSREAZLIET WL B EE X bR 5. [l
2, KRIC X » TEBETCRT 2R RO E Lok
FIREBLEELZDND.

Z#3Y F ¥ Anguilla japonica A\ T, BEKD
BESEDETICHE > #Co 7 AZBO T2 =BRED
FKIRIZ 2\ TR

WHEELUFE

B BICIL Y 7 ¥ (fhE 626431 mm, (kT 402+79 g)
(M=£SD) 95 Efkx v FEBix 1 A 15 -2 A 10

KR 9.1%£0.1°C, FFRE~OHAE 39078 ml/
min D% ET, 9 B 15 A-10 A 15 Hi© 25.8+0.6°C,
47277 ml/min ©H LT, ¥ X8 A1 H-30 Hic
33.5+0.2°C, 848+43 m//min D & T{T-7-. ALK
EXFRDHRMEREE S CERE, BRIFAXD
5007 KAEC 2 ML Ey ¥ HEEHB Y HRE O
1% #5 LT (9.1°C 0BE& TIHEHRET) £EHRKER
DLETEHBL, E%o 24 BREMI VAT L. F
F, 1:1000 o * 7+ 1 2 v W CHRE, Holeton and
Randall (1967) 1 #t U T afE-~, Saunders (1961) = #&
U THIE, & JOEFRBIIR~ (LT, 1985) 442 1 mm
DRY =F U HIFEREEL, BRE (Fig. 1) ~ART
48 W[ Fli2 HEIE I B,

MEIBENEL TTFBMOEFIRECONTTo 1
#, DO 2 — 2 —CHXLEDBLERI AOBREYHE
FTCHE L CEREANDOHMAKDOEBESEY 1 FfblEc
IRRAET S8, FBEFECOWTIT- k.

FERE DA (Disoy, mifl) & FFREE D B OHEHA
DEFEEF R (Ceo,, mI/D) 12, Fid > THREL TR
R A (Fig. 1B) &MU 2 CTHoK L, Winkler & Tl
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Fig. 1. The experimental system. N, N, bottle;
FL, flow meter; AR, aeration; C, equilibra-
tion column; P, lift pump; D, DO electrode
(only for monitoring); RC, respiration
chamber; B, DO bottle; R, water reservoir;
T, thermostat; H, heater; F, filter; G, grav-
el; S, shell; Sy, syringe; A, I and E, can-
nular to the dorsal aorta, the buccal cavity
and the opercular cavity, respectively.

ELi. FRE~DFAKDOEBESE (Pi,0,, mmHg) i
MFEOBKENNCEER A D SEHETH 1 ml KL,
IL # — 2 —CE L. BEK(Po,, mmHg) &k
DOEEFRE (Pr, 0,, mmHg) (X373 - TRE L T\ 7
T4 (Fig. 1Sy) %Iz <# Iml 328K L, IL
A =& —TRE L. AEK (Cio, mifl) &BEKDOH
H#MFEE (Cey0, mlfl) 1% Ci,0,=P1,0, (Ci,0,/Pis0,) 35 X
O Ck,0,=Pg,0, (Cio,/Pio,) L bhRd7-. MEHKFIAR
(U, %) X U=100-(P1,0,— Pk, 0,)/Pr,0, & b, BEFRHE
# (Vo,, ml/min-kg) % Vo0,=(Cio,—Ce,o,)Fr/BW
[Fr: BRE~OWHAE (/min), BW: {k&E (kg)] X

b, BHEERKE (Ve mi/min-kg) 2 Vg=1000-Vo,
/(CI-OZ_CE,OZ) £h 2%5?57‘:.

MBI~ VALE U4 EC 0.7ml HIRL, &
WTHRY) =FVVIELVREHD bR EE~< 2
Vv MEWEMROEMEWER LI, ~< 7Yy Ml
FEMEXES 11,000 EIEET S HE O HE L THE
Lic. Bikifio pH EMESEIL IL £ — % —T, BE
B L &REESE L Van Slyke OBECHIE LT

i 3

BEMERBIEFRETIKED LR > TELL
L (Fig. 2). BELSENETT 5 &, 33.5°C Ti
80 mmHg ¥ CIMZFIEFHRBOMELMFEL, FET
THLEELLLBA LD, 25.8°C CRMENEQET

B D 7 A 72

Vo, (ml/min-kg )

(o] * ' * * 5.0 ! * * * lOIO ' ! * * 150
Pyop  (mmHg)

Fig. 2. Oxygen consumption (\702) in normoxic
and hypoxic conditions. Pr,o, shows oxy-
gen pressure in buccal water. Results are
shown in the mean and standard deviations
by circles, and vertical and holizontal lines,
respectively. Open circles and dotted lines
are results at 9.1+0.1°C, open circles and
solid lines at 25.8+0.6°C, and closed circles
and solid lines at 33.5+0.2°C. The same
rules apply to the following figures.
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Fig. 3. Percent oxygen utilization at the gills
(U) in normoxic and hypoxic conditions.

- THA L, 9.1°C TREZCEL L1 (Fig. 2).
EBEFEFIARICTHhOKETH EERETILIZIER
UfixRL, BESE E T THEHRACETFLL
(Fig. 3).
FHMEEKBREERETIREBD LR - T
L7 (Fig. 4). BERIEMETTHEVWThoXkKRTH
WinL, 25.8°C TIXIEHRREDM 2 f5, 33.5°C T3y
4.5 e R L7 (Fig. 4).

BRImMO~~ + 7V » MEIEFRECTRVThok
BT R UfE%xR L (Fig. 5). BERAOENMET T
% L 33.5°C Tt 107.4 mmHg % ¢, 25.8°C Ti389.2
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Fig. 4. Minute volume of gill ventilation (V) in
normoxic and hypoxic conditions.
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Fig. 5. Hematocrit value of the dorsal aortic

blood (Ht,) in normoxic and hypoxic con-
ditions.
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Fig. 6. pH of the dorsal aortic blood (pH.) in
normoxic and hypoxic conditions.

mmHg %<, 9.1°C i 41.6 mmHg % TILFIEHR
REDEZMHEEL, FETTHLMMLLER, Thb
DEIMIABOE I EKRE 2 -1 (Fig. 5).

R Mo pH (X IEFHRETIIKRDO LR - TET
L7: (Fig. 6). BESENMETTHLThoKRTS
Baric BER LA, 33.5°C Tk SO0mmHg X H{ET3
% LELLET LA (Fig. 6).

BiRki o2 RBEEITEFTREBTIARS LA
THEA L7 (Fig. 7). BESEMETT 5L Thok
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Fig. 7. Carbon dioxide content of the dorsal

aortic blood (Ca,eo,) in normoxic and hy-
poxic conditions.

P1,0p (mmHg)

Fig.8. Oxygen pressure of the dorsal aortic blood
(Pa,0,) in normoxic and hypoxic conditions.
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Fig. 9. Oxygen content of the dorsal aortic blood

(Ci,0,) in mormoxic and hypoxic con-
ditions.
BTh A @A Lic (Fig. 7).

BR ML OB E A EIEFRE T AR EFICH - T
LR L7 (Fig. 8). BESESMETT5 L 33.5°C Tk
{EFL, 70mmHg X Y {ETFT%& 25.8°C LA L
{H% T LTz, 25.8°C Tit 69.1 mmHg ¥ TILRFIER
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REOELMHERFL, FCETTHEETLE. 9.1°C T
ERACET L (Fig. 8).
BRmMoOMESEIT EFRE Tk 9.1°C & 25.8°C
TRIER CER R Lichd, 33.5°C i zh b X b€
fE%x 7~ L (Fig. 9). BMESENMETT5 & 33.5°C T
1% 107.4mmHg %, 25.8°C & 9.1°C Ti3fy 90
mmHg ¥ TIFEFRECMHELXMEHEL, FETT
% &4 Lz (Fig. 9).

% 2

Hughes (1964) 1 3EFEE T k13 2 SO K % IF
WIKFOF VERSEKOBRSENMET 555 L
ZHETREBRSENMET T % i1 0 BBRMBE L HF
L, BCETT2 LMBEANREV BT 5B &P REKE
Box VREKOBRESEDE T T > CTHRENEE
BT 58 LT\ 5. Hughes et al. (1983) 1=
1Tk 200C TikiE 0B %, 10°C TRHEEOIM AR
FTIEEREL TS, v+ F T AR 33.5°C Tik
AEO %Y, 9.1°C CitkE 0B %R L T\ 5% (Fig. 2).
TDZEND, vFFIRKREMETT S L RBELHL
35 LA, FRIHKERD SEREFEHCELT S
LEZbh5.

Bk pH IZIEFRETIIAE DO EFITH > TR
BEEF BY L TUET LTV, WTFhokiichR
BRKOBERSEDET > TLRBEESENBL LTE
H 1L T35 (Fig. 4, 6). Randall and Cameron (1973)
FIEFRED = 2= ATRKES EFT5 & miffo
{LRFEENRD L, Mo pH AMET 35 & v
LT\ 5. Howell et al. (1970) (xZE{E B4y D IE 5k HE
TR A MmE o pH o LMK O£ RBEEEO T
X5, KodH SRt s 715 ) EoFEERIC
Lo THHMIR TR LHELTS, LiL, EBE
TBF58RMmo pH o ERixFcERAEDORM
(Fig. 4) X 2885 b0 B RFEOHHEORINC &
> THIRMOEKBEENBD Lic (Fig. 7) fedb L& 2
bin. 33.5°C ClEEESE S0mmHg LT/ &
BRM D pH 2METF L7123, 2, SKRDODIE
BABELAKE S 2 KB OMINCHE > R ED
iy, TokERABECHY T IBREEYE
LBV BERSEOKFT, HERTE Y, HIMERc
faA D, MEOHBEIEM LD EEL bR,

Steen and Kruysse (1964) i3iEB LT3 v+ ¥ H
BEBELTW330 X ) bBRMOBESELE - &
THRELTV 5, EHRCBIRMOBESEIEL b

or
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Fig. 10. Relationship between oxygen pressure of
the dorsal aortic blood (Pa,.,) and oxygen
content of the blood (Cx,o,).

Z &% lemon skark Negaprion brevirostris (Bushnell
et al., 1982), tench Tinca tinca (Jensen et al., 1983),
striped bass Morone saxatilis (Nikinmaa et al., 1984)
THILhTW5. FARRE, EFRETCIKENERLT
R EEE T 5 (Fig. 2) &, BRI OBERDER
EH LT3 (Fig. 8). BEKDOMESEIMETLTSH,
KEVE VR EBRMEBESAE L (Fig. 2), Bifkmo
MRS EEE (Fig. 8). La L, BEKOBMESEH
70mmHg X W {ETF 35 & BlkmoOMmESERL 33.5°C
L 25.8°C TixiiERA L% /R LTETFLCw5 (Fig.
8). Zhix 70 mmHg AT CRBIRMOBEESELTH
FhOBEKOBESET TORLEVEY 33.5°C &
25.8°C OWTFhETRLTWAREREEL NS,
BRI OBER S E L BRI O SR & E L 0 Btk (Fig.
10) 2264 B Ak ko, EFRECRT 2BRMO
BFEBAINT, Ko LR > THRELERL, x
TERMm D pH 2MET U Tl » BER AR RE AR H 5 1 1H
E, ThEOhTETFTLTWALEEXBNRS. —F, B
BKDOBESEIMET T 5 & Bk OBERRMNTBIR
1o pH O ERHE->TERLTWAEELZBRS. L
2L, AUCREKOBREAED S & T, KEVLEWIE
EBNRM O pH 2 Z &2 B, BIRMOBERBA I
KBEREIZEENEE2bRS. KBEOERCHES B
RO EESED LRI 0 X5 nBRMLOBESNS
DET %2> THRMOBEEEDOHA /I LT
EEZBID.
BiRfio~<+ 279 » MEXREKOBESEDET
o TiEmL T\w5 (Fig. 5). toRRE LT, 1ER
M~ D B OFRIMER DO S+ L OTRR T o
KO MEN~DOTHIC X BHKRMERDEME (Yamamoto et
al., 1983, 1985) 7 EREF SN 5. #-C, BIRMmMO
BERABIREKOBIESEOETICHE > THML T
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rEEZBRS.

PR OMBE SRR 9.1°C & 25.8°C TIREUEAD
BRIEOETICHE > TRIEHE LEYRLTEL LT
B, 33.5°C TIRIThBL I HEWEERRLTHEL L
T3 (Fig. 9). oz &nbd, vFFTREMEDH
RfuAER T 2 BFREIKELEH L 2 A L8T3S
FCREFHRES TCEBRETCRT 52 EhoRss
KOBFESEC R TRBDOEIIC X 3E2 D bhik
WA, KBEVE#EREIAIDELLLERTAERA L
TwWaLEzbh5.
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