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1.2.2
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7.040.5 ( , 1998)
0.125 0.5 2 8 32mg/L ( , 1997),
25°C ,
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1.2.3
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Fig.1 Test apparatus for measuring the asphyxial point for 4.
rostrata
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; ]T[I—I-IT[I]DB SPSS24.0 ,
~~~~ o P<0.05
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Fig.2 Test apparatus for measuring the oxygen consumption *%ﬂ%(mg/(kg )= T
A g e A'(EOES{;“? b — _ (g —cug)*V
F A - B. . C. »D. ; U (mg/(ind h)) =
E. F. TxN
1.2.6 » €t ’
: 15°C  20°C  25°C mg/L; ¢ g5 ;
30°C 4 , mg/L; V , 24h
85g 55g 3lg llg 2kg V=r\—Vy Vi » 7
24h , L; T , h; W
1 : kg; N : ind
x1 ZBREMEREMKESA
Tab.1  Groups by fish size and water temperature
15°C 20°C 25°C 30°C
(€ (ind) (8 (ind) (€9 (ind) (€ (ind)
10.97+1.21 168 11.12£1.25 170 11.22+1.13 167 10.62+1.14 172
30.82+2.32 66 31.31+£2.31 64 30.91£2.86 69 30.49+£3.16 62
55.13+£2.79 38 55.44+2.61 40 55.35£2.69 36 54.87+2.59 35
84.83+3.18 24 85.11+3.01 28 84.94+3.13 24 85.24+2.71 26
) ) ; 1—2°C s
M=aW’, M : mg/(ind h); W : ; 0.1°C,
) ga b b 70% , 24h
) , 0—5°C,
; 5—10°C, ,
2.1 ; 10—18°C,
22—28.5°C , , R 15°C ,
28.5—29°C, , ,
> 5 2
29—32°C ) 2.2
; 33°C , 0.125mg/L  0.5mg/L
; 36°C , , , 2mg/L 72h
, ; 38—39°C , , 96h ,
75%; 39.5°C , s , 20%; 8mg/L
24h 48h 72h 96h 10%

22—13°C
, 12.5°C

30% 70% 70%,
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s ; 32mg/L 24h 48h 72h  96h
R 48h 32.14 1597 12.58 12.22mg/L,
, 3 1.222mg/L
F 2 mEMEBER BT AGRN Z S
Tab.2 Tolerance of A. rostrata fingerling on water temperature
(°C) (%)
39 100
38 75
36—37 8.33
34—35 0 >
32—33 0
30—31 0
28—29 0 >
22—27 0 ,
22—12.5 0 ,
12—7 0
6—5 0
4—3 0
2 0 )
1 0
0 0 ) )
0—5 0
5—10 0 >
10—18 0
*3 EFEFSEMNEMNBHBFIMFIERRERCETEY)
Tab.3 Results of acute toxicity test of non-ionic ammonia on A. rostrata fingerling
(mg/L)
()]
0.127 0.57 1.92 7.88 32.2
24 0 0 0 10 50
48 0 0 0 30 100
72 0 0 0 70 100
96 0 0 10 70 100
2.3 2.4
20mg/L ; 40mg/L (25+1)°C, PH7.1+0.2
10g( ) 40g( ) 160g( )3 6
) , 5
; 60mg/L 1.14—1.22mg/L ,
s 24h 48h 72h 96h 1.72mg/L ;
20% 30% 50% 50%; 80mg/L 0.81mg/L,
) ) ; 0.42—0.51mg/L;
, , ; 0.83—0.99mg/L, 50%
100mg/L  72h , ,
4 24h )
48h 96h 105.40 75.54 64.60
61.68mg/L, 6.17mg/L , ;
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x4 THEBRERAMBEMEGEFHIMSERRERCETEY)
Tab.4 Results of acute toxicity test of nitrite nitrogen on 4. rostrata fingerling
(mg/L)
(h) &
22.5 45.2 66 87.5 109
24 0 10 20 30 50
48 0 10 30 50 80
72 0 10 50 60 100
96 0 30 50 60 100
x5 TRFREEZMNEFHES <
Tab.5 The asphyxiation points of different body weights of A. rostrata
(mg/L)
(® (cm) (ind) 1 50%
10.59+2.47 19.3+1.6 10 1.58+0.07 1.1440.02 0.79+0.01
10.08£1.78 18.9+1.2 10 1.72+0.01 1.2240.04 0.93+0.04
44.66+8.25 29.6+1.8 10 1.39+0.05 0.83+0.04 0.45+0.02
40.15+7.01 28.7£1.9 10 1.46+0.02 0.99+0.05 0.58+0.04
157.24+7.94 41.3+1.2 6 0.81+0.23 0.42+0.01 0.33+0.01
156.83+8.51 41.1+£1.9 6 1.16£0.10 0.514+0.05 0.31+0.02
2.5 24h 6.95)mg/(kg-h) 6:00—18:00 18:00
3 (85.64+3.21)g 6:00 R (86.46x37.77)mg/(kg h),
25°C , (123.58+22.56)mg/(kg h),
18:00—19:00 (182.69+ s (P=0.01),
12.95)mg/(kg-h); 6:00—7:00 (38.69+
190
170
. 150
S 130 F
<
E-: 110 |
M 90 |
i
w70
50 -
30 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 | 1 | | ]
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18 (h)
24h
Fig.3 The variety of 24-hour oxygen consumption rate of A. rostrata
2.6 , 4 15°C
1 s (98.69+14.67)mg/(kg-h) 30°C
(151.18+21.88) mg/(kg-h), 1.53
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15—25°C , 25—30°C 2007
15°C  30°C 1801
(P<0.05), 15°C  25°C £ 160f
(P<0.05), 20°C 25°C 30°C \E-Z 1401
(P>0.05) [FW; 120
I
, ) =—-0.1316x* + 9.4507x —13.712 (R2=0.9523) Wi 100 r
80
1801
170 70 20 0 40 50 60 70 80 0
160 - BIREIE (9)
=150} b
£ 140} b 5
> Fig.5 Effects of body weight on oxygen consumption rate of 4.
E 130¢ b rostrata
8 120 2
i 10 - 160
#e 1107 y = 158.99¢ ° A
100 a or R = 0.9957 22 iso
ol gl ' /,’
80 1 1 1 1 =7} - . =4 140 =
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Fig.4 Effects of water temperature on oxygen consumption rate :ﬂgjj ya N %
of A. rostrata 3r ’ S o 4110 ™
2+ = 0.8334
K y=02321x
2.7 ik R =0.9979 1100
5 0 1 1 1 1 90
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15°C BIERE (9)
(10.97£1.21)g (84.83+3.18)g 5 p
(125.75+7.97)mg/(kg'h) (84.57+ Fig.6 Effects of individual weight on oxygen consumption rate
7.28)mg/(kg-h); 20°C and oxygen consumption amount of 4. rostrate
(11.12+1.25)g (85.11£3.01)g
(144.08+7.89)mg/(kg-h) (103.15= 8.43)mg/(kg-h); 3
25°C (11.22+1.13)g 3.1
(84.94+3.13)g (163.60+8.62)mg/(kg-h) ,
(115.28+ 8.03)mg/(kg h); 30°C , ,
R (10.62+1.14)g (85.24£2.71)g, ,
(176.17£9.91)mg/(kg h) (124.96+12.08) ,
mg/(kg-h) , ( , 2004,
, 2007) R R
b 6 b b
, ©y = 158.99¢ %% (R? = ( ) :
0.9957); R R
, Dy =0.2321x"% (R? ( , 2005)
=0.9979), 0.8334 29°C 13°C
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; 36°C ( , 2002)
, , 2 (D)
0.1°C 24h , , ; (2)
, (2010
13—29°C , ,
28—29°C , ( ,2002)
3.2 ,
, ( (5.13+0.25)g
)(NH;) (NH,), 1.22mg/L  6.17mg/L,
) ) , (4. mossambica)( 6);
:NH; +H" = NH; ( , 1998)

>

Fo6 EBTHLIMTHEBRBRAXFE RMEMOFBILRENRERE

Tab.6 LCsy and SC of nonionic ammonia and nitrite nitrogen for different species of Anguilla

(LCso)(mg/L)
® 24h 48h 72h 96h (mg/L)
1.25+0.01 14.25 11.93 10.68 9.04 2.51 , 2008
2.0 5.6 5.1 / 4.5 0.45 , 1997
7.2 4.26 3.27 / 2.19 0.219 , 1998
0.58+0.17 4.54 4.08 4.08 2.62 0.262 ,2013
10.13+0.25 32.14 15.97 12.58 12.22 1.22
1.25+0.01 341.45 277.73 277.73 268.20 55.12 , 2008
3.6+1.3 460 299 245 205 20.5
, 1981
2.4+0.8 351 279 210 150 15.0
1.3 100.0 84.1 / 26.6 2.66 , 1998
0.58+0.17 92.05 65.81 45.54 37.06 3.71 ,2013
10.13+0.25 105.40 75.54 64.60 61.68 6.17
33 (Barbatula barbatula nuda)( , 2018);
Modlin  (1997) , 5
) , , ( ,2013)
) (2013)
(2013) 50% 0.70mg/L
) ) 10g 40g 160g

Co, pH , 0.98+0.25 0.46+0.06  0.32+0.02mg/L,

B > >
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34 25—30°C,
13—29°C
Clausen(1936) , s , 25—29°C,
) 3.6
(1998) : (
, 2005)
20:00—3:00 ; R
8:00 16:00 19:00 , s
2 3 2 2
( , 1996) )
; (M) ") )
8:00  16:00 , M=aW’ a b ,b (Winberg
, s et al, 1956) , b
( , 2013) 0.67—1.00, b 0.80 ( ,
1999) ) >
8:00 16:00 19:00 ,
, 2 8:00 19:00 , ;
3 , 16:00 ; ) >
7:00
14:00; 4:00—6:00 (
3.5 7)3 b
( )
b b b 4
( 52005) B B (l) >
; (  ,2014) () )
, , 25—29°C
) 3) )
, 15—30°C , ,
) 4 ,
25—30°C 15—25°C,
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Tab.7 Comparison of relationship between oxygen consumption amount and individual weight for various eel species at different
temperatures
°C)
25 M=0.56W"% 0.94 Degani et al, 1985
25 M=0.396W" % 0.99 Tarr et al, 1979
25 M=0.23W"70 0.99 Egusa, 1958
18 M=0.0038 "> 0.92
20 M=0.2132°77 0.99
24 M=0.4660W°-¢781 0.99 Degani et al, 1989
27 M=0.5583 655 0.99
15 M=0.2004 5% 0.9999
20 M=0.2075 W% 0.9960
25 M=0.2600 W82 0.9934
30 M=0.2639 8418 0.9965
, s , 2013.
,33(1): 58—64
: : , 2013, , 1995,
ETS , 32(5): ,(6):27
95—99 , , 2004
, ) , 1981 ,22(1): 114—121
» (2): 49—50 , 1998. ,22(2): 34—35
: : ., 2002. , : , 2007.
,23(12): 46—48 , 31(4):
; . » 2018. 581584
»37(3): 309—315 , 1996. ,(11):26
. 2005. : , , 2008.
, 44(S1): 254—257 ,(4): 7—12
: : . 2005. : : , 1997,
, 14(2): 202—206 (Anguilla rostrata) , (D
; , » 2013. 19—21
(Acipenser gueldenstaedti Brandt) , , , 1998.
,30(3): 51—53 . ,25(1): 20—23
> > » 2017. Chan D K O, Woo N Y S, 1978. The respiratory metabolism of
» (1): 10—11 the Japanese eel, Anguilla japonica: effects of ambient
» 2014, oxygen, temperature, season, body weight, and
, 19—21 hypophysectomy. General and Comparative Endocrinology,
,2018. 2017. 35(2): 160—168
,33 Clausen R G, 1936. Oxygen consumption in fresh water fishes.
) 5 , 2013. Ecology, 17(2): 216—226
» 32(5): 695—700 Degani G, Lee-Gallagher M, 1985. The relationship between
, 2010. growth, food conversion and oxygen consumption in
developed and underdeveloped American eels, Anguilla
s , 2004. rostrata Lesueur. Journal of Fish Biology, 27(5): 635—641
,(4): 16—19 Degani G, Gallagher M L, Meltzer A, 1989. The influence of
R , 1998. body size and temperature on oxygen consumption of the
( ), 3(1): 15—18 European eel, Anguilla anguilla. Journal of Fish Biology,
, 1999. . : s 34(1): 19—24
56—81, 103—105 Egusa S, 1958. On the oxygen consumption rate of the
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, (1): 37—40
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STUDIES ON OXYGEN CONSUMPTION RATE (ROC), ASPHYXIAL POINT (AP) AND
OPTIMUM WATER TEMPERATURE RANGE (RT) OF ANGUILLA ROSTRATA AND LCs
AND SC OF NON-IONIC AMMONIA (NIA) AND NITRITE IN WATER

YANG Xiao-Dong"?, JIANG Xing-Long"?, LE Pu-Min"?, ~GONG Ming-Jie'

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Engineering Research Center of the Modern Industry for Eel, Ministry
of Education, Xiamen 361021, China)

Abstract
dissolved oxygen, non-ionic ammonia and nitrite nitrogen. This study used a self-made fish breathing apparatus to measure

Study on the oxygen consumption rate of Anguilla rostrata and resistance to water temperature, low

eel oxygen consumption rate and asphyxiation point. Resistance of eel fingerling to water temperature, non-ionic ammonia
and nitrite nitrogen was determined. The results showed that diurnal variation of the oxygen consumption rate of A.
rostrata, the oxygen consumption rate during the daytime was (86.46+37.77)mg/(kg h), at night (123.58+22.56)mg/(kg h),
and there was significant difference between them (P<0.05). At the range of 15—30°C, the oxygen consumption rate was
gradually increased with water temperature up, the relation formation between oxygen consumption rate and water
temperature as y=—0.1316x°+9.4507x—13.712, (R°=0.9993). The oxygen consumption rate decreased with body mass up,
but the amount of oxygen consumption increased with body mass up. The relationship between oxygen consumption and
body weight was y=0.2321x"%* (R?=0.9979). At the water temperature of 25°C, the asphyxial point decreased with fish
mass up. Average eel individual weight at 10g, 40g and 160g, the dissolved oxygen concentration at the suffocation point
of eel was 0.98+0.25, 0.46+0.06 and 0.32+0.02mg/L, respectively. The optimum water temperature range for 4. rostrata
was 13—29°C, however 25—29°C was the optimum water temperature range for good growth, and in a certain range of
short time low water temperature or high water temperature environment to its damage was reversible in some. The LCs,
and SC of non-ionic ammonia in water for 4. rostrata was 12.22mg/L and 1.22mg/L respectively, and the LCs, and SC of
nitrite nitrogen was 61.68mg/L and 6.17mg/L respectively.

oxygen consumption rate; asphyxial point; non-ionic

Key words Anguilla rostrate from South America;

ammonia; nitrite



