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Fig. 1 Location of sampling sites in the Heishui River
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Tab.1 Scopeand characteristics of the sampling
sites of the Heishui River

RAE R ZJE(E) HEE(N) 4K /m
sampling sites longitude latitude altitude
S1 102°33'12.70" 27°23'41.83" 1139
S2 102°33'43.97" 27°23'36.01" 1145
S3 102°33'39.65" 27°22'57.49" 1134
S4 102°33'49.71" 27°21'36.83" 1099
S5 102°33'55.47" 27°21'07.29" 1089
S6 102°33'51.15" 27°20'12.21" 1064
S7 102°3421.71" 27°18'10.47" 1050
S8 102°35'01.99" 27°16'40.41" 1030
S9 102°35'47.70" 27°15'42.06" 995
S10 102°35'55.62" 27°12'56.06" 962
S11 102°37'11.64" 27°13'13.02" 1000
S12 102°36'41.73" 27°11'40.83" 914
S13 102°19'47.88" 27°11'44.68" 908
S14 102°39'09.94" 27°10'01.97" 880
S15 102°40'17.06" 27°08'46.11" 852
S16 102°40'50.26" 27°07'29.12" 827
S17 102°42'28.77" 27°02'57.78" 779
S18 102°42"21.19" 27°02'54.16" 784
S19 102°43"23.59" 27°01'53.03" 765
S20 102°47'08.31" 26°59'49.13" 687
S21 102°48'57.27" 26°57'45.81" 660
S22 102°48'56.91" 26°57'45.45" 663
S23 102°52'13.57" 26°57'35.39" 617
1.2 HiEsH

121 ARBEIMMBEMHEBESHIEERE BN
555 w3k 5 (catch per unit effort, CPUE)LLHL
{3 1 A 2L (ARS8 3K 0 [/ (he )],
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L, k AGIHHEBI P S BCE, L iRl
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BB by 2 v G AT v i 5 3 AR

123 GAM & AR LUKIR . B, &
BHEE | B A PR R, WA E A B, A
Uy VE R B[] R A 78S, AR, i L2tk
Ko 5 07 e A B K, M RAE A s B, A AE
R BIEFAZ SR, BARLEN 24 K1
PR 1A, SRR IR 4 ASFREER 22 ]
FL M4 59 (O Z WK T VIF<2), K A 55 LA
21 2 Ik 1 5 55 13 (CPUE)E g mie [ A8, LAJK
DTN 2= W 71 DN T N (%% | DS R (O S R (B
Jfr R, R GAM BRI IR N T K40 2
I AT Y 2 8 AT AR, GAM BT [ ik =R

Y:a+ifi(xj)+5
i=]

Krf, Y ORLLRRIBK D) PR, o 2SR RN
I, ¢ BBEHLIR 22T x FoRBAR & fi)e45
fi s i x; BAT R AR B pRAR, E A T R
BORAG I IR FARA GAM iR, i — 2P i
T HH 5 0 2T 2 ) RO R A ) R R IR

HRYE AIC 5 B HEN, 18 AIC Fe/N AR 11
N PR A S Bl AR I A A R 8E HF, ERA
F| AIC A/ NS T FOARL Y, FEAK IR 1 iRt
FEARWIE R, Frfd AIC {H /NSRRI R HL4 5%
ST PR, DL AR TR A Al R 4.1.2 3
AT, A “mgev B P IETT GAM AT 4
124 ¥R B b A2 B FE Excel
2019, SPSS 26.0 il R4.1.2 #AFrpsg sk, HAH
KM HTAE SPSS26.0 FR5E K,

2 HRS5HMH

2.1 LIEEIE IR Z 5T

BRI 2T 2 B Sk CPUE 25 [A] 43 4 4 & 2 iR,
MAR T35 2 e, BRI B RI#k CPUE 78
BB W ohtE, (HEARE EF g XAFEE
#k CPUE # 174 =% K-W K% (3= %
Kruskal-Wallis #55), 4558 WoR A RIEEAL ) CPUE
FLUA W PR 25 5 (P<0.01), BERAZT R R CPUE
FEAS oA E 22 R,
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Fig.2 Box figure of Paracobitis variegates CPUE at different altitudes
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Fig. 3 Box figure of Paracobitis variegates CPUE in different months

22 mEER

FIH AIC MG 2 21 2 Rl 6k CPUE PR A
FZ MR 2), TR AL I E R
(R-sq) M 0.767>0.5, FUHERIHL AR T8k . H 0y
TR T ANA AR S 4R RIS CPUE Z B AR .
R AIC fi/NE WS B FE GAM BRI FRE N

In(CPUE)=a+s(H)+s(m)+s(T)+s(V)+s(DO)+e

X, CPUE /R 21 2 Rl Bk B (o7 i 455 5% it 3,
o NI, s R HARRE ST PR, H R, m &
NAGY, THRARKE, VERTHE, DO ZREMA,
R IEZS 53 A I REALIR ZZ 0, GAM AR A 45

RN 3), Frk @i 1) R 2= i BN
84.7%, WE¥hk . A0y WA . WE T 4R ml Bk
CPUE I B E 5 (P<0.01), 1% 41 FE

* 2 GAM EEIHIELER
Tab.2 Theresults of the GAM model screening

UK T factor 5% 2% deviance AIC
T 191.265 340.957
DO 189.226 338.527
SD 182.878 348.032
14 172.830 330.007

130.684 306.432
m 137.580 313.979
H+T 125.458 305.674
H+DO 126.091 305.195
H+SD 111.302 307.805
H+V 118.374 299.695
H+m 65.998 256.818
H+m+T 58.153 251.382
H+m+DO 65.837 258.435
H+m+SD 65.488 256.748
H+m+V 62.194 255.005
H+m+T+DO 47.605 250.474
H+m+T+SD 57.053 251.114
H+m+T+V 54.840 248.987
H+m+T+V+DO 30.231 227.762
H+m+T+V+SD 53.917 247.942
H+m+T+V+DO+SD 30.145 229.419

HE: TFRRREE; DO RN SD FonEMEL; V Fomi; H
FORMIG m FoR A

Note: T is the temperature; DO is the dissolved oxygen; SD is the
transparency; ¥ is the flow velocity; H is the altitude; m is the month.

*3 GAM EEHSERSHT
Tab.3 Analysisof deviance for GAM

wy B fi 2%

e fHRER /% i R % AIC P
cumulative of deviance
factor . X .
deviance explained explanation
H 33.7 33.7 306.432  2.0x107'¢"
+m 66.5 32.8 256.818 2.0x107'°"
+T 70.5 4.0 251382 3.7x107*"
+V 72.2 1.7 248.987 3.5x10°"
+DO 84.7 12.5 227762  2.3x107%

i *FR 0.05 K E B FEHEP<0.05), **EK R 0.01 KF R
BFEI(P<0.01), +FRR AR T

Note: * indicates significant correlation at 0.05 level (P<0.05), **
indicates extremely significant correlation at 0.01 level (P<0.01), +
indicates the addition of influencing factors.
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S i R 22 R R e, o 12.5%.
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GAM B & 7, KR FL I 2 5 41 2 @
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KR I FNA A X4 R BN CPUE f 520 4
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Kl 4 iR, GAM #8Ith, 7F 11.7~25.9 C, &K
T THE, LRI CPUE 2% FIEEA % b
FHiE T RS, 20 BRI B EGE KRR 14.5~
20.0 C (K 4c), WHEFG A SRR CPUE
Z IR L2 AELME X R (B 4d. de), B
21 R R Bk CPUE il i 3 R Ak 42010 A8 A0 LA AN B
W, FOEREN 0.6~0.9 m/s, FEIRME N 7.9~
9.5 mg/L,

70 7.5 80 85 9.0 9.5 100
#f#4/(mg/L) DO

Kl 4 GAM LAY 28 FPRE 7 0 KT ZL R Bl CPUE #5200
TR7NIREE; DO Fn Va4, SD Rn Bl BE; 1V RoR s H KRR m Rom H 0.
Fig. 4 Effects of space-time and Environmental Factors in GAM model on CPUE of Paracobitis variegates in Heishui River
Note: T is the temperature; DO is the dissolved oxygen; SD is the transparency; V is the flow velocity; H is the altitude; m is the month.

3 it
31 UREMAREMNEHHAIE

AR, SOKIZLRERIB CPUE 4}
e 2 AT G2 5 . R AN
R 0 3 4R 0K 5 A 0 B BB A
SRR R DR 90 009045, IR 6653 1
PR LRIk ETE LRSI I,
WS O F IR T OB
K, ERIS A2 ) R8T AT 5, M
AR RE A R 2 |22 k20, 21
PRSI I B 52 G S5 IR 2 A
HEEES

TEzs 8] b, MARIEE R B e g4k, SROKITLL R
flEk CPUE SRR TR S . AU RM, 4
R B O L E ORI, TR A+ & R & Bk
i Fh v i 7 PO, KRB O 528 m,
PRI KT IR i 22 VT B, AT AR M R
AR E# T, HRAEY EEE RS G EE
2L R RIS T B B o 4, ZL R R oy
A T BRG] LB, IX AT RE 5 41 R R Bfk ) ~) 1
AR, LLR RIS AR K BURT. 2B A 80
o, TEYIFR A R R AL R R SR O, W R
FIGM T, TEBP OB B A T4 Sk
B A2 E A, H Bl B A3 s+
PR/, KBRS R, & BAL R RIS A A



520 Hh [ K R A

%30 &

WE B, ANZEWE s TR, ARERH . FE.
TAE, PRARAETRTE K . TALEAK A FEA EAR
K A Lot b B B e HE L, 3 KRS g, &
R R TIR E F R . R e e B i
ZA/NRLK R, I K S B A . K
. BRSNS T AW, 51k T AR
b, IR 2 K AR O3, X A IR S Y
TSRO = 8 7= 2R i P52 [ s s i g K 0
IK 2 S EY 2 — B KT B, i Al BE & AR R
890~980 m i BL4T BRIk CPUE & (1&l 4a)Ry i
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Bl B 3 KR O 14.5~20.0 °C, 7 12.0~17.0 C,
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Abstract: Paracobitis variegatus is widely distributed in streams and has high nutritional value. Currently, studies
have mainly focused on its biology, digestive system structure, genetic structure, mitochondrial genome, muscle
nutrition, and other aspects, but reports on the impact of environmental factors are lacking. To understand the
environmental factors and optimal habitat conditions that affect the red-tailed loach, this study selected the
Heishui River as the study area. The current situation of the red tailed loach resources and related environmental
factors were investigated at 23 sites in the middle and lower reaches of the Heishui River basin in November 2018,
January 2019, March 2019, May 2019, and August 2019. The generalized additive model (GAM) was used to
screen the main environmental factors affecting the distribution of the resource density (CPUE) and their optimal
ranges. The results showed that the altitude, month, temperature, and flow rate had a very significant impact on the
CPUE of P. variegatus, and the dissolved oxygen had a significant impact on the CPUE of P. variegatus. The
highest interpretation rate of the deviation of the altitude was 33.7%, followed by 32.8% for month; the highest
interpretation rate of the deviation of dissolved oxygen in environmental factors was 12.5%. The CPUE of the P,
variegatus in the Heishui River showed extremely significant spatial and temporal distribution differences. From
low to high altitude, the change in the CPUE of the P. variegatus in the Heishui River was volatile, but the overall
trend was upward. In March and May, the CPUE of the P. variegatus was higher; in May to October, the CPUE
gradually decreased. The main environmental factors affecting the CPUE distribution of P. variegatus were
temperature, flow rate, and dissolved oxygen. In the GAM, the water temperature and flow rate had a very
significant nonlinear relationship with the CPUE, and the dissolved oxygen had a significant nonlinear relationship
with the CPUE. In the range of 11.7-25.9 °C, with the increase in water temperature, the CPUE showed a trend of
first declining, then a brief rise, and then declining; the flow rate and dissolved oxygen showed a multiwave
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nonlinear relationship with the CPUE. The optimum flow rate of P. variegatus was 0.6—-0.9 m/s, the optimum
dissolved oxygen as 7.9-9.5 mg/L, and the optimum water temperature was 14.5-20 °C. The distribution of food
species was a direct factor affecting the distribution of these fish. The environment indirectly impacted the
distribution of fish by affecting the distribution of food organisms. The main food of P. variegatus is benthic
animals. Due to the differences in environmental factors and benthic animal abundances over time and space, P.
variegatus abundance differs widely in time and space. Fish are extremely sensitive to changes in water tempe-
rature; that is, the water temperature has a strong impact on fish. At 12—-17 ‘C, CPUE significantly decreased with
the decrease in temperature, which may have been due to P. variegatus being more sensitive to changes in water
temperature within this temperature range. Within the water velocity range of 0.75-1.4 m/s, CPUE showed a trend
of decreasing with increasing velocity. Excessive water velocity prevents P. variegatus from swimming upstream
for food, hindering its survival in environments with high water velocity. The optimum range of dissolved oxygen
for P. variegatus is relatively high, which indicates that P. variegatus has strict requirements for dissolved oxygen
in water bodies. Therefore, attention should be paid to the range of dissolved oxygen in the water bodies where P.
variegatus is cultivated.

Key words: Paracobitis variegatus; CPUE; spatiotemporal distribution; environmental factors; generalized addi-
tive model; the Heishui River
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