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1
1.2.4
11 (25+1) °C, pH (7.0+0.1)
481, 55 oC (0.299+0.011) ¢ (2.899+0.120) g
(49.290+4.160) g (249.760+6.980) g
48 h; , pH 7.0+0.1 ’ 5L,
1.2 10 1
121 50% 50%
(0.179+£0.011) g (2.831+£0.093) g
(50.270+1.560) g (251.850+5.630) g |
5L ,
; 6.2—7.2 mg/L, pH 2l
s N
7.0+0.1, 3 : B " e
10 27 °C
39 °C; 27 °C 0°C
1 °C, 4 h, PR Al
: 1 h IBRER BB
1.2.2 ﬂ RET
NH,Cl , 1
> 10, Fig.1 Sketch of the system for measuring the asphyxiation
25 °C, pH 7.040.1, point of A. australis
(0.297+0.013) g 1.2.5 50
0.125 05 1 2 4 8mgl; L (0.289+0.005) g
(2.950+0.109) g (2.981+0.058) g , 1m’
0.125 0.5 2 4 8 32mg/L( , 1997); (49.610+5.010) g
(49.930+3.610) g (250.750£8.540) ¢ (250.970+8.830) g ,
0.125 0.5 1
2 4 8mg/L 24 h , , (PET) ,
24 ,
48 72 96 h (LCso), ,
(SC) = LCs¢(96 h) x 0.1 , 25°C ,24h ,
(1995) 15 20
1.2.3 25 30°C
NaNO, ) 1.3
) 10, SPSS 25.0 ,
25 °C, pH 7.0+0.1, P<0.05
(0.296+0.010) g (2.960+0.116) ¢ + (ROC) :
20 40 60 [mg/(kg-h)] = [(c —c )xV] / (TxW), (1)
80 100 mg/L; (49.140£6.110) g , C (mg/L);
(252.080£11.170) g c (mg/L); V
300 600 900 1200 1500mg/L 24 h , 24 h V=
) (LCso) V1=V 1, (L), V,
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(L); T (h); W (kg) 1°C , o0°C 20%
) 0 °C 10% ;
> > >
2.1 2.2
1
14—34 °C , 2 3 4 5,
14 °C , 5 )
14—22 °C , 23 °C
) ) 2, ,
,  25°C ,
s , 29 °C 0.80 mg/L> 0.29 mg/L> 0.26 mg/L>
) ) 0.24 mg/L; 24 48 72 96h
) > 3.66 3.08 2.63 2.35 mg/L; 24 48
; 35 °C ) 39 °C ; 72 96 h 17.99 13.34 9.89
36 °C , 39 °C ; 7.96 mg/L; 24 48 72 96h
37 °C , 39°C 532 433 3.52 294 mg/L; 24 48
> 6.5 °C ,0°C 72 96 h 439 3.58 3.04
; 3 °C , 1 °C ; 2.62 mg/L

1 RN ES X KGR BT S 1

Tab.1 The tolerance of 4. australis to water temperature

(%)
(°0)
39.0 100.0 100.0 100.0 100.0
38.0 90.0 43.3 30.0 20.0
37.0 30.0 233 6.7 6.7
36.0 16.7 10.0 0 0
35.0 33 0 0 0
33.0—34.0 0 0 0 0
30.0—32.0 0 0 0 0
28.0—29.0 0 0 0 0
27.0—23.0 0 0 0 0
22.0—14.0 0 0 0 0
13.0—10.0 0 0 0 0
9.0—7.0 0 0 0 0
6.5 3.0 0 0 0
5.0 40.0 0 0 0
4.0 86.7 0 0 0
3.0 100.0 10.0 0 0
2.0 100.0 30.0 0 0
1.0 100.0 100.0 10.0 0
0 100.0 100.0 20.0 10.0
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%2 EBFERMEMNEFEFHEAEETERBEETR

ZR(%)
Tab.2 Mortality results (%) of acute toxicity test of non-ionic
ammonia on glass eels of 4. australis

*4 EBSFERAFBMNBEHHEHIESERRIETE
HR(%)
Tab.4 Mortality results (%) of acute toxicity test of non-ionic
ammonia on juvenile eels of 4. australis

(mg/L)
(h) 0.126  0.495  1.012  2.009 4.014  7.986
24 0 0 0 30 75 100
48 0 0 15 60 80 100
7 0 0 20 85 95 100
96 0 10 25 95 100 100

(mg/L)
(h) 0.127  0.495  1.031  2.025 3.992  8.003
24 0 0 0 10 35 80
48 0 0 0 20 50 95
72 0 0 5 45 70 100
96 0 0 15 60 90 100

x3 EFFaREMNEMESBRFHOSIESEREETE

HR(%)
Tab.3 Mortality results (%) of acute toxicity test of non-ionic
ammonia on fingerlings of 4. australis

*5 EBFRANEMNBEHAEHIESERRIETE
LR (%)
Tab.5 Mortality results (%) of acute toxicity test of non-ionic
ammonia on yellow eels of 4. australis

(mg/L) (mg/L)
(h) 0.126 0.510  2.021 4.008 7.988 32.025 (h) 0.127 0.505 1.020 1.994 4.013 8.007
24 0 0 0 10 40 80 24 0 0 0 20 55 100
48 0 0 5 30 65 85 48 0 0 10 35 70 100
72 0 0 10 55 80 100 72 0 0 25 60 75 100
96 0 0 25 70 90 100 96 0 0 30 80 90 100
201 109
r 0.80 1 24h3EFIPRE
81 B T 48h 2L EFTREE 0.8
1Bl e 720 EBTRE
3 | = osh33pReE 107
E 14t —A— TERE
L 106 ~
L -
K12 S
§ - 105 E
%101 loa #
1§ 0.4 Q,'\:(
ﬂﬂ °r 0.26 B
ﬁg ol 0.2 : 10.3
ol q0.2
ol H {0.1
0
R 4heg 0
ANEE KM BRI 6 T
2
Fig.2 Tolerance of 4. australis to non-ionic ammonia at different growth stages
2.3 24 48 72 96 h 73.69 62.87
57.21 52.07 mg/L; 24 48 72 96
6 7 8 9 99.53 82.43 73.18 63.80 mg/L;
3, 24 48 T2 96 h 995.19
, 933.73 831.01 691.89 mg/L; 24 48 72
R R 88.51 mg/L> 96 h 1459.36 1053.91 962.29
69.19 mg/L> 6.38 mg/L> 5.21 mg/L; 885.12 mg/L
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Fo6 THBRAEFIMEAMEBHAFHIMESEREETE *8 THBRHEFIBEMEMHBHSESERELTE

% R(%) 2R (%)
Tab.6 Mortality results (%) of acute toxicity test of nitrite Tab.8 Mortality results (%) of acute toxicity test of nitrite
nitrogen on glass eels of A. australis nitrogen on juvenile eels of 4. australis
(mg/L) (mg/L)

(h) 20.1 40.5 60.6 80.4 100.8 (h) 300.5 600.9 901.2 12023 1509.5
24 0 5 20 50 90 24 0 0 15 55 100
48 0 10 40 80 100 48 0 0 25 70 100
72 0 20 55 95 100 72 0 10 40 85 100
96 0 40 65 100 100 96 0 30 60 100 100

F7 TRHBRE "ﬁiﬂ‘i@:)‘l‘[ﬁgﬁnﬂﬂﬁE’J,.,\'Iiﬁ‘l”_{iﬂﬁﬁt$ *9 IHBRBEFMNEMEBHAEHIMEFEREETE

R (%) R (%)
Tab.7 Mortality results (%) of acute toxicity test of nitrite Tab.9 Mortality results (%) of acute toxicity test of nitrite
nitrogen on fingerlings of 4. australis nitrogen on yellow eels of 4. australis
(mg/L) (mg/L)
() 20.1 40.5 60.6 80.4 100.8 () 300.9 601.4 902.6 1205.8 1507.2
24 0 0 0 20 55 24 0 0 10 20 60
48 0 0 15 35 75 48 0 0 15 60 85
72 0 5 20 60 85 72 0 0 20 70 95
96 0 10 50 65 100 96 0 5 35 75 100
16007 1 24N ITRE s ]
| T 48hHELRE M 490
- 1400 I ez T2hEBRRE A 180
2 1200 T 9EBILRE 69.19
{52’( I —A— ZERE 170 =
M >
{é 1000 i 1/ leo £
ﬁ 800 150 %
I r H
600} 140 &
% i 130
= 400
= L 120
200 i 5.21 6.3 110
oL mM™m = 0®|a 0
8 R ARE8
N KM EER)NESE0
3
Fig.3 Tolerance of 4. australis of different sizes to nitrite nitrogen
2.4 (P<0.05),
(0.299+0.011) g (2.899+ > > >
0.120) g (49.290+4.160) g 2.5
(249.760+6.980) g > 5
4 ; , , 18:00
2.12 1.78 1.54 1.37 mg/L R (282.76+£8.29)
, 137 091 0.71 0.52mg/L : (259.09+10.27) (204.25+6.37)
1.70 mg/L 0.90 mg/L, 47%;  (173.39£10.52) mg/(kgh);  14:00 ,

(80.08+7.30) (75.67+12.32)
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2.5¢ (212.20+27.23) mg/(kg-h), 24 h
2.3+
: f [ . z=Es 169.68 mg/(kgh); (121.74+
g2 —o— FHATE ,
ERL: DEA 45.66) mg/(kg-h), (199.01+
o 1T 21.68) mg/(kg-h), 24 h 161.01 mg/(kg-h);
L{% 12 (94.17+41.71) mg/(kg'h),
% il (156.96+23.64) mg/(kg'h), 24 h
0.9} 125.56 mg/(kg-h); (72.46+
0.7f 32.83) mg/(kgh), (109.68+
05 —¢ ey prve R 23.51) mg/(kg-h), 24 h 91.07 mg/(kgh);

NEE KRB

4 (P<0.05),
Fig.4 Different sizes of A. australis asphyxiation points
24 h ,
(49.78+9.32) (34.21£6.81) mg/(kg-h) 24 h ,
6:00—18:00, 18:00— 6:00 , (P<0.05), 24 h
(127.14+47.84) mg/(kg-h), > > >
290 B -WFRE —— 08 —o— e
260 -
230
E; 200+
E 170}
M 140
;@ 110
80
50
200 'II é :Ii 4Il I5 EIS I7 EIB EIB 1I0 1l1 1I2 1l3 1I4 1l5 1l6 1l7 1l8 1l9 2IO 2I1 2IZ 2IS 2I4 2I
8 (h)
5 24 h
Fig.5 Changes of 24 h oxygen consumption in different sizes of A. australis
2.6 (P>0.05), 20 25 30 °C
6 (P<0.05), 15 20 25 30°C
, , , (P<0.05);
15 °C  (135.42+ y=0.118 7x* — 1.273 6x +
9.41) mg/(kg-h) 30 °C (194.24+ 126.74 (R2 = 0988 8) y = 0.097 8x* + 0.003 4x +
9.94) mg/(kg-h), 1.43 15°C 98.277 (R2 =0.987 4) y = 0.207 55 — 1.920 9x +
(121.584+6.64) mg/(kgh) 30 °C (185.12+ 38.407 (R2 =0.9939) »=0.345 6x* — 8.948x + 100.92
8.90) mg/(kgh), 1.52 15°C (R*=0.996 5)
(57.75+6.69) mg/(kg-h) 30 °C (166.06+
6.17) mg/(kg-h), 2.88 15°C 3
(43.46+6.01) mg/(kg-h) 30 °C (144.52+ 3.1
7.59) mg/(kg'h), 3.33 )

15 °C 20 °C
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1ok —- B = RE 4088 -8 , 10 11,

180+ > >

150r > > > >
120

FEEEK (mgl(kgh))
=]

60 s

30 1 1 1
10 15 20 25 30 >

BE (°C)

(2019)

> >

6 ; Wagner (2001) Ospina (2004)

Fig.6 Effects of water temperature on oxygen consumption of A4.
australis in different growth stages

s 5 s

(Beitinger et al, 2000; , 35°C 37°C, 39°C ,
2008) , 6.5°C 0°C; 14—29 °C
: ( ,25-29°C
, 2005) , (2010) ,23—29°C

£ 10 TEBHM S KRS
Tab.10 Tolerance of different species of Anguilla to high water temperature

(2) 0 (°C) (°C)
0.134+0.017 38.0 39.0 40.0 ,2010
0.244%0.056 35.0 37.5 38.0 ,2010
0.057+0.025 36.0 39.0 40.0 ,2010
0.1100.020 37.0 38.0 39.0 ,2010
0.160+0.028 37.0 38.0 39.0 ,2010
10.130+0.250 36.0 38.0 39.0 ,2019
0.179+0.011 35.0 38.0 39.0
2.831%0.093 36.0 38.0 39.0
50.270+1.560 37.0 39.0 39.0
251.850+5.630 37.0 39.0 39.0

x 11 RREESE KGR 32 14

Tab.11 Tolerance of different species of Anguilla to low water temperature

(2) O °O) (©)]

0.134+0.017 — — — ,2010
0.244+0.056 5.0 2.0 1.0 ,2010
0.057+0.025 11.0 10.0 5.0 ,2010
0.110£0.020 11.0 5.0 4.0 ,2010
0.160+0.028 1.0 — — ,2010
10.130+0.250 — — — ,2019
0.179+0.011 6.5 4.0 3.0

2.831+0.093 3.0 2.0 1.0

50.270+1.560 1.0 — —

251.850+5.630 0.0 — —

3.2 s s
, (,2013),

) ) ( , 2002),
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88.51 mg/L, ; s
12, ,
, > > > ,
> b b
s (Sprague, 1985), s

SC 0.80 mg/L> 0.29 mg/L> ,

0.26 mg/L> 0.24 mg/L

, Thurston 33
(1981) )
, , (point of asphyxiation) ( , 1995)
2 b b ( b 2004)

(2019) 10 40 160 g
1.14—1.22 0.83—0.90  0.42—0.51 mg/L

(2017) ,
(Fe™) (Fe™), )
( , 2008), (2012)  (0.58+0.17) g ,
( ,2011) 0.70 mg/L (2001)
( 12), 1d , 22°C , (47.46+1.53) mg
SC 521 638 69.19 1.315 mg/L

F12 FEBHHIEETFRAMTMHERE RN ZE

Tab.12 Tolerance of different species of Anguilla to non-ionic ammonia and nitrite nitrogen

(g) (mg/L)
0.5800.170 0.262 ,2012
10.130£0.250 1.220 ,2019
1.250+0.010 2.510 , 2008
7.200 0.219 , 1998
0.297+0.013 0.240
2.950+0.109 0.800
49.930+3.610 0.290
250.750+8.540 0.260
0.580:£0.170 3.710 ,2012
10.130£0.250 6.170 ,2019
1.250+0.010 55.210 ,2008
1.300 2.660 , 1998
0.296+0.010 5.210
2.960+0.116 6.380
49.140+6.110 69.190

252.080+11.170 88.510
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(1.6700.11)
(0.895+0.04) mg/L,
46.4%;

(1.50+0.06) (1.24+0.01)

34

2011), (

),

( , 1995) (1999)

B B

(282.76+8.29) mg/(kg-h)
(173.39+10.52) mg/(kg-h)

(80.08+7.30) mg/(kg-h) (34.21%6.81) mg/(kg-h)

24 h 169.68 mg/(kg-h)
91.07 mg/(kgh) s ,
, ( ,2014)
25 °C, 24 h , 5
R 6:00 18:00 ,
; 14:00 R
R 6:00 18:00
; 14:00 S
; 9:00
3.5
, (1996)
7—25 °C , >
5°C, 27.8%, 30 °C
Degani (1989)

> E

(2013)

E B

15—30 °C 1.43

15—30 °C 1.52 15—30 °C

2.88 15—30 °C 3.33
15—30 °C , ,
; 15 °C
4
(1)

: (127.14+47.84) (121.74+45.66)
(94.17+41.71) (72.46+32.83) mg/(kg-h),
, (212.20+27.23)
(199.01421.68) (156.96:23.64) (109.68+23.51) mg/(kg'h),
(P<0.05)
(2) 14—29 °C ,25—29°C
,23—29 °C

3) 25 °C,
, (1.69+
0.10) (1.50+0.05) (1.24+0.014) (0.895+0.035) mg/L,
(P<0.05)
(4)
2.35 7.96 2.94
0.24 0.80 0.29

2.62 mg/L,
0.26 mg/L,

52.07 63.80 691.89
521 6.38 69.19

885.12 mg/L,
88.51 mg/L,
(5) 15—30 °C ,
y=0.118 7x* — 1.273 6x + 126.74 (R?
=0.988 8) y = 0.097 8x*> + 0.003 4x + 98.277 (R* =
0.9874) y=0.207 5x* — 1.920 9x + 38.407 (R* =0.993 9)
¥ =0.345 6x’— 8.948x + 100.92 (R* =0.996 5)

, 2013.
ETS . , 3205):
9599
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, 2005.
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, 2001.
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, 2014.

1999.
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5 s
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, 2019.
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BIOLOGICAL TOLERANCE CHARACTERISTICS AND EVOLUTION TREND OF
ANGUILLA AUSTRALIS AT DIFFERENT GROWTH STAGES

WEI Jin-Sheng"?, JIANG Xing-Long"? ~WANG Ze-Xu"? LIKai"?
(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Engineering Research Center of the Modern Technology for Eel
Industry, Ministry of Education, Xiamen 361021, China)

Abstract Experiments were conducted to understand the oxygen consumption rate and asphyxiation in tolerance to
water temperature, non-ionic ammonia, and nitrite by Anguilla australis at different growth stages from glass eel,
fingerling eel, juvenile eel, and yellow eel. The oxygen consumption rates of the eels of different growth stages were
measured, and it was found increased in daytime but decreased in nighttime with the increase of individual body mass,
showing significant differences in between (P<0.05). At 15—30 °C, oxygen consumption rate was positively correlated
with water temperature, based on which equations by regressions were established for the eels of different ages. At 25 °C,
the concentration of dissolved oxygen at the asphyxiation point decreased with the increase of age in terms of individual
body mass. The suitable temperature range for A. australis growth was 14—29 °C. Specifically, 25—29 °C was the optimal
growth temperature for the glass eel and fingerling eel, and 23—29°C was the optimal growth temperature for juvenile eel
and yellow eel. With the increase of individual body mass, the thermal tolerance of A. australis increased. The LCs, of
non-ionic ammonia in water for glass eel, fingerling eel, juvenile eel, and yellow eel was 2.35, 7.96, 2.94, and 2.62 mg/L,
while the SC (safety concentration) was 0.24, 0.80, 0.29, and 0.26 mg/L, respectively, indicating that the fingerling eel was
most tolerant. The LCs, of nitrite for glass eel, fingerling eel, juvenile eel, and yellow eel was 52.07, 63.80, 691.89, and
885.12 mg/L, while the SC was 5.21, 6.38, 69.19, and 88.51 mg/L, respectively, showing that the older the eel, the more
tolerant to the stress, and the tolerance of nitrite concentration increased with the increase of individual weight.

Key words Anguilla australis; oxygen consumption rate; asphyxiation point; non-ionic ammonia; nitrite



