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Abstract

This study investigated the effects of temperature changes on the
oxygen consumption rhythm in the Japanese eels, Anguilla japonica,
using an automatic intermittent flow respirometer (AIFR). The
experiments for the oxygen consumption rate (OCR) were carried out
for two groups of the eels, ie., adult (yvellow eel) and juvenile stage
(glass eel). Both of the freshly collected wild yellow and glass eels
displayed a strong endogenous circatidal rhythm under constant
temperature and darkness.

Especially, the glass eels which removed from their natural
environment (estuary) and continuously maintained for six weeks

under the condition of darkness, exhibited a clear endogenous circatidal



rhythm in OCR. This results suggest that, yellow and glass eels
collected from the brackish waters and the estuary likely exhibit
responses that correspond to the tides in their original wild
environments.

The magnitude of OCR of glass eels exhibited a highly wvariable
range from 0.02 to 052 m¢ O, ¢ WW h' as the temperature
increased from 12 to 25C. According to the change of temperature, the
OCR of glass eels coincided with the gradual increase of water
temperature (1C/24 h) in the experimental chamber. This results
indicate that the glass eels were sensitively subject to environmental
factors such as water temperature changes as little as 1C.

The magnitude of the mean OCR (mOCR) of yellow eels showed a
highly variable range from 13.5 to 237.7 ml O. kg ' WW h' under
constant conditions. In case of increasing temperature (0.5C 14 h'')
from 25 to 40C, the mOCR of yellow eels exhibited a gradual increase
showing the rhythmic pattern to 36°C. Above 36C, the rhythms of the
OCR dampened and then the mOCR decreased rapidly around 36 - 3
7C. The OCR of yellow eels exhibited a maximum value at 38C and
sharply decreased after that. This results suggest that the critical
thermal maximum (CTM) of the yellow eels was around 38C when
water temperature increased by 05C/14 h following acclimation at 2
5C.

In case of decreasing temperature (0.5C 14 h'') from 25 to 10T,
the mOCR of yellow eels displayed gradually a decrease to 23TC.

However, around 20 - 23C, there was an agitation which showed a



slight increase in the mOCR during one or two days. This results
suggest that these changes of the metabolic activity in this species

may be related to physiological processes in this temperature regime.
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W 2ko) &2 (Genus Anguilla) °1F+ 7 3HA (catadromous) ol F = A1, #
MAHo R ofFS Xgdte] 18F o] 2 E T (Ginoue et al, 2001). 1 F
oA 12F o] diAFell, 65l BB I HFATY A FolA F
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dol @7 (Ieptocephalus stage), HAWAolol A Aulgojzw Wejste= W

E]

g} 7] (metamorphic stage), WE F Fo] Tyt HH=Z UF55S 3 F3)
of 4 shtel o2+ AwlAol dA(glass eel stage), wel wH 24 o]

A2 s = elver @Al (elver stage), L2l 7}l slolA A= wAS
o] @A (yellow eel stage)s A AFHo =2 3 Fate AWl
Al (silver eel stage)@ T+ ¥ th(Fig. 1, Bertin, 1956).
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Fig. 1. Life cycle of Japanese eels, Anguilla japonica.

g 5 geln, AWl WHE F UFES AA FolAol dekel Y,

(Tsukamoto, 1992). ZFellA A& vzl WHFoJs2 Aoz AHxy
Al Bt R 3 FE A&k, g ARk = H km £ olF

ol 2F&+sk & AdAS v A " (Fig. 2, Tsukamoto, 1992).
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Fig. 2. Schematic representation of migration pattern of .Anguilia

Japonica in the northwestern Pacific.
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B drAES AU F Adeds F2or B dH(Lee
and Kim, 2001; Yamamoto et al, 2001; Tongiorgi et al., 1986, White
and Knights, 1997; Hiyama, 1952; Tongiorgi et al., 1986). Jellyman and
Ryan (1983) @9 o] v 7[3hol] AMigfo]of Aifo] &tatA
ettt Haglom Gandolfi et al. (1984)= fHAF WA (A

anguilla)o 1014 s o] 23 Hago Fo] Ao Zopx= A7
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WAoo Fhel Yol F&ol FaW 80T gt FHopu
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o] FRA0)7F Fo% I FAT QdoF BHuH vl 9 tHBurnet, 1969;
Todd, 1981). =tiA Aol oA Fak WAoj(4. anguilla and A.
rostrata)} A WA= WA (A4. australis and A. dieflebachi) = 4=<-0°]
Wel7bs 7k E AEArold 3 E AlFdts Aoem HuFdn
(Burnet, 1969; Westin and Nyman, 1979, Todd, 1981; Hividstein, 1985;
Pursiainen and Tulonen, 1986; Haro, 1991). ©o]2]3t A2 S5 W 7fo] 2
slfra Aol 2 BT Bdo] AUSS HolFe T2 & 5
1973 d el YamamotoZ} A AllA Hx2 A3 WAo
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Fig. 3. Sampling sites of Japanese eels, Anguilla japonica. Black
circles (@) are displayed the sites for the yellow eels, white

circle (O) represent site for glass eels.
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FA4 sk}
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t} & 2 (Forstner and Gnaiger 1983)¢l we} A AF&l S
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KOs (mg £ ") = KOsy (mb ¢ Y x 1.429
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— Circular course — ® Circular course

Constant darkness (DD)

during measurement phase during water—exchange

Fig.

4.

Schematic of Automatic Intermittent-Flow—-Respirometer
(AIFR) for measuring oxygen consumption in Japanese eel,
Anguilla japonica. 1: Air compressor; 2. Air valve
controller; 3: Pump controller; 4: Printer; 5. Computer for
control and data storage; 6: Air pressure sensor; 7:
Picoammeter; 8 Three-way valve, 9: Tooth wheel pump;
10: Temperature sensor; 11! Oxygen sensor; 12: Test

chamber; 12-1: Silicon ring; 13: Reservoir container.
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Fig. 13. A: Patterns of the oxygen consumption rate (OCR: ml O-
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g), which were subjected to a temperature decrease from 25
to 10°C, during 467 h period (At = 05C 14 h'') at 0%. B:
Maximum entropy spectral analysis (MESA) spectra from data
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Table 1. Experimental parameters under constant and increasing

temperature of glass eels, Anguilla japonica. Values are mean = SD.

Exposure to Exposure to Exposure to

27.5%0 13.5%0 20.7 %o
Range of temperature (C) 12 13.5 10~25
Oxygen saturation level (%) 85.1~95.4 85.1~94.9 85.1~94.8
Duration of experiments (h) 326 267 386
Number of experiments (N) 1 1 1
Number of individuals (n) 5 5 5
Total length (cm) 5.31+0.05 5.31£0.25
Weight (g) 0.07£0.01 0.09£0.01
?fnjagzogyg%wons)“mp“on 0.15+0.19 0.1240.001  0.34+0.002
Table 2. Experimental parameters under constant temperature of

vellow eels, Anguilla japonica. Values are mean =

Exposure to

Exposure to

freshwater 25%o
Temperature (C) 25 25
Oxygen saturation level (%) 85.3~94.8 85.5~94.8
Duration of experiments (h) 322~466 303~394
Number of experiments (N) 2 2
Number of individuals (n) 2 2
Total length (cm) 47.0+2.8 50.3%6.0
Weight (g) 180.0+28.3 200.0£28.3
Mean oxygen consymption 116.5+30.2 82.2+18.7

(m¢ 02 kg WW h')
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Table 3. Experimental parameters under Iincreasing temperature of

vellow eels, Anguilla japonica. Values are mean £ SD.

Exposure to Exposure to Exposure to

freshwater 25%o 32%o
Range of temperature (C) 25~40 25~40 25~40
Oxygen saturation level (%) 85.2~95.1 85.3~96.8 85.4~94.8
Duration of experiments (h) 449~467 276~392 362~384
Number of experiments (N) 2 2 2
Number of individuals (n) 2 2 2
Total length (cm) 43.5%12.1 44.0x4.2 42.0x1.4
Weight (g) 130.0+14.1 145.0+£7.1 105.0+£7.1
CTM () 38.5 38 38
Ranges of mean oxygen
consumption 20.1~336.6 21.2~417.3 18.9~273.0

(m¢ Oy kg ' WW h'h)

Table 4. Experimental parameters under decreasing temperature of

vellow eels, Anguilla japonica. Values are mean £ SD.

Exposure to Exposure to Exposure to Exposure to

freshwater 25%0 32% 32%0
Range of temperature (C) 25~10 25~10 25~10 25~0

Oxygen saturation level (%) 85.2~95.1 85.2~95.1 85.1~98.3 85.1~95.7

Duration of experiments (h) 259~467 308~511 174~322 494~781

Number of experiments (N) 2 2 2 2
Number of individuals (n) 2 2 2 2
Total length (cm) 41.0%4.2 50.8%£5.3 67.5%£4.9 74.0x1.4
Weight (g) 110.0£42.4 150.0x42.4 330.0£42.4 690.0x14.1
Ranges of mean oxygen

consumption 23.1~86.7 13.9~73.7 69.4~228.9 6.9~42.7

(ml Oz kg * WW h'h
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