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Abstract: In this paper, we investigated the effects of water temperature, photoperiod and light intensity on the survival, feeding

and growth of Schizothorax biddulphi juveniles by using experimental ecological methods; predicted the optimal growth conditions
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for the juveniles by Box-Benhnken design; and studied the saline alkali tolerance of juveniles by single factor static toxicity acute

test. The results show that the survival rate of the juveniles was above 85% at 5-25 “C. The feeding rate, length growth rate and

specific growth rate reached the maximum values at 20 °C. When the photoperiod was 16 L : 8 D and the light intensity was 500 1x,

all the indices of the juveniles reached the maximum values. Under conditions of water temperature of 12.98 °C, daily light time of

15.07 h and light intensity of 670.27 Ix, the best survival, feeding and growth were obtained. The LCs, of NaCl salinity was 4.01,
3.62,3.29 and 2.92 g~L7] at 24, 48, 72 and 96 h, respectively, and the safety concentration (SC) was 0.89 g~L71. The LCsy of NaHCO;4
alkalinity was 97.14, 86.75, 80.26 and 74.52 mmol-L ™" at 24, 48, 72 and 96 h, respectively, and the SC was 20.75 mmol-L ™.

Key words: Schizothorax biddulphi; Environmental factor; Survival rate; Feeding rate; Growth; Tolerance of salinity and alkalinity
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Table 1 Initial and final body length and body mass of S. biddulphi juveniles in different groups N=1 440
SR LULGIESS IR PG BT RGP
Group Initial body length/mm Final body length/mm Initial body mass/g Final body mass/g
5%C 45.3240.52 50.424+0.65 0.81+0.73 1.17+£0.96
10 C 46.25+0.38 53.02+0.73 0.98+0.96 1.71£0.20
15C 47.38+0.12 56.76+0.68 1.29+0.98 2.56+0.67
20 C 48.63+0.36 59.49+0.53 1.65+0.86 3.36+0.94
25 C 46.36+0.49 53.98+0.49 1.08+0.75 1.74+0.78
30 C 47.33+0.16 49.96+0.83 1.26+0.53 1.40+0.63
OL:24D 47.02+0.28 — 1.20+0.63 —
8L:16D 45.36+0.13 51.60+0.21 0.83+0.44 1.28+0.59
12L:12D 48.63+0.22 57.85+0.89 1.63+0.87 2.84+0.99
16L:8D 49.56+0.15 61.25+0.87 1.72+0.76 3.58+0.97
24L:0D 46.35+0.48 50.84+0.77 1.05+0.93 1.28+0.72
2 000 Ix 47.89+0.56 53.04+0.69 1.29+0.94 1.71+0.98
1000 1x 48.31+0.60 57.26+0.32 1.53+0.97 2.46+0.94
500 Ix 48.5240.19 60.80+0.31 1.62+0.96 3.40+0.96
100 Ix 47.11+0.22 56.73+0.57 1.19+0.88 2.41+0.54
10 Ix 46.16+0.34 50.62+0.91 1.00+0.84 1.82+0.42
2.0 100 24 1 2.0 25 - 90 428 120
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Figure 1 Effects of water temperature, photoperiod and light intensity on survival rate, feeding rate,
length growth rate, specific growth rate of S. biddulphi juveniles
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(10)
LR =-2.36A+3.35B-0.66C —2.78AB + 1.66AC—

1.44BC —4.32A?—-8.20B*> -3.17C*+ 15.29(R* = 0.93)
(11)

SGR =-0.134+0.16B-0.09C -0.12AB+0.11AC—-

0.09BC —0.36A? - 0.62B*>—0.29C* + 1.10(R* = 0.95)
(12)
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Wi A*. B % SR. FR. LR. SGR ¥tk i 2%
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KR SRR RV R ER FEXT SR, FR. LR,
SGR VI Ay mw o7 T A3 B 45 5 (&1 2) o, KR A
FERARIA] | AR FDEHRSREE | GRS [R] A B
o W o7 B ) A8 AR P4 S 30T ) R AL Ik, 1
IR A B R EE , R A PREE 7 22 B
& HAE YIS EARZIE A7 . . AR
W, ARSI AR ZE R R, /KR 12.98 °C.
RERJEIERTE] 15.07 h, JEREIRE 670.27 Ix B A 3k

198 BRI fa ) i A . R AR &M,
B BRIE TG RN 81.61%, FHIEHEEFN 1.53%,
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Table 2 Response surface design and results
e IS Coded value WiEE R RROEKE fRREKE
Growp 4 KR WT  B: EMBRIEIIT €. ORMEHRE LI SR/% FR/% LR/% SGR/(%-d ")

1 0(17.5) —1(0) 1 (2 000) 0 0 0 0

2 -1(5) -1(0) 0 (1 005) 0 0 0 0

3 -1(5) 0(12) 1 (2 000) 75.56+0.01 0.72+0.61 8.2140.23 0.39+0.59
4 0(17.5) 1(24) 1 (2 000) 44.44+0.11 0.41£0.59 4.97+0.24 0.21+0.62
5 0(17.5) 1(24) -1(10) 48.89+0.16 1.12+0.63 10.73+0.27 0.59+0.13
6 0(17.5) 0(12) 0 (1 005) 74.4440.15 1.59+0.43 19.1240.63 1.38+0.11
7 1(30) 1(24) 0 (1 005) 0 0 0 0

8 0(17.5) -1(0) -1 (10) 0 0 0 0

9 -1(5) 0(12) -1(10) 78.89+0.09 1.23£0.42 11.27+0.56 0.800.72
10 -1(5) 1(24) 0 (1005) 54.44+0.12 0.94+0.24 11.1240.53 0.49+0.63
11 0(17.5) 0(12) 0 (1 005) 73.33+0.07 1.39+0.38 14.01£0.36 1.11+0.53
12 0(17.5) 0(12) 0 (1 005) 77.78+0.03 1.36+0.35 13.97+£0.57 1.02+0.41
13 0(17.5) 0(12) 0 (1 005) 77.78+0.03 1.25+0.41 11.29+0.39 0.86+0.32
14 1 (30) 0(12) -1(10) 46.67+0.08 0.62+0.62 4.09+0.47 0.30+0.31
15 0(17.5) 0(12) 0 (1 005) 68.89+0.11 1.42+0.58 18.06+0.46 1.15+0.22
16 1(30) -1(0) 0 (1 005) 0 0 0 0
17 1(30) 0(12) 1 (2 000) 37.78+0.15 0.64+0.22 7.65+0.48 0.33+0.39
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Figure 2 Response surface and contour plot of effects of water temperature, illumination time and light intensity on survival rate,
feeding rate, length growth rate, specific growth rate of S.biddulphi juveniles

a. Influence of WT and IT on SR; b. Influence of WT and LI on SR; c. Influence of IT and LI on SR; d. Influence of WT and IT on FR; e. Influence of
WT and LI on FR; f. Influence of IT and LI on FR; g. Influence of WT and IT on LR; h. Influence of WT and LI on LR; i. Influence of IT and LI on
LR;j. Influence of WT and IT on SGR; k. Influence of WT and LI on SGR; . Influence of IT and LI on SGR.
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Table 3 Significance test of factors and their interactions on survival rate, feeding rate, length growth rate and
specific growth rate of S. biddulphi juveniles

2 IKF Level
Factor 4 B c AC BC Ve B bod
HUEHE SR 0.000 2 <0.000 1 0.383 4 0.003 6 0.674 2 0.7359 0.005 5 <0.000 1 0.4452
BEFEFR 0.003 0 0.000 3 0.013 7 0.008 5 0.080 6 0.0292 0.000 6 <0.000 1 0.009 1
MR R LR 0.042 3 0.009 7 0.5117 0.077 6 0.258 3 0.3199 0.013 3 0.000 4 0.046 3
e K SGR 0.042 6 0.018 8 0.116 4 0.146 5 0.186 0 0.2459 0.001 6 <0.000 1 0.005 8
T4 AEREZHTEEARAEADEMIETE xRS FEABEXGETEEANEEYENTTER
Table 4 Lathal rate of S. biddulphi juveniles at Table 5 Lathal rate of S. biddulphi juveniles at
different salinities N=560 different alkalinities N=560
=S gy . == =gt m A .
EN FLIEINTA] Exposure time/h T ; R FEH}[E] Exposure time/h
Salinity 12 24 48 7 9 Alkalinity/(mmol-L ) 12 24 48 7 9

0 (X8 2H Control) 0.00 0.00 0.00 0.00 0.00

2.5 0.00 0.00 0.00 0.00 18.33
3.0 0.00 0.00 0.00 16.67 46.67
35 0.00 0.00 18.33 43.33 65.00
4.0 15.00  26.67 46.67 75.00 95.00
4.5 61.67 75.00 98.33  100.00  100.00
5.0 86.67 90.00 100.00 100.00  100.00
5.5 90.00 95.00 100.00 100.00 100.00

0 (X #R2H Control) 0.00  0.00 0.00 0.00 0.00

65 0.00  0.00 0.00 0.00 16.67
75 0.00 0.00 1333  20.00 31.67
85 0.00 0.00 15.00 4333  76.67
95 28.33 2833  56.67 85.00  90.00
105 46.67 63.33  95.00 100.00 100.00
115 71.67 90.00  98.33 100.00 100.00
125 98.33 95.00 100.00 100.00 100.00

a

3 S EORZE ML iR (a) MR (b)
Salt poisoning (a) and alkali poisoning (b) of S. biddulphi juveniles
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Table 6 Acute LCs, of S. biddulphi juveniles at different salinities and alkalinities
R HIEFESEIE TR MIEFEORHIE TR
Exposure time/h Salinity LCs¢/(g°L ) SC/(g'Lfl) Alkalinity LCso/(mmol-L ) SC/(mmol~L71)
24 4.01 (3.84~4.18) 97.14 (93.62~100.79)
48 3.62 (3.48~3.76) 86.75 (83.66~89.95)
0.89 20.75
72 3.29 (3.15~3.43) 80.26 (77.45~83.17)
96 2.92 (2.78~3.06) 74.52 (71.70~77.44)

T 4GSR 95% BRI,
Note: The values in brackets are 95% confidence intervals.
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