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T NSAEL . LR E 1254 S (RS,
2019) , 43 3 URAF AR Tl AT RAE , SRAf s B L
BT, 1~5 25 BB AT 213315626 1
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MG A AR TR AR B ZE PR BT ) &%

RAIMHEER I PR KR/ NN OKIR<T.0 m)
DL B AU A 2R AR R ARG A7 _E T U7 400 m ¥ [l SR £
1 IFE A, TRICRFER 12974 30 mins AN A] 7K K 8
T GKIR>1.0 m) PAEE AR L i & 3047 , RITETR]
K X DA H 2 28 0E AT #0 2RR AR, AE IR /K X DU H f 2%
AR 17 S AT R A, FEMIBS TR DN 1 h, SRR B ECA
AT SRR SR T 3 R AN [ E R/ R
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Fig.1 Location of sampling sites in the Taizi River basin
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MRPPs) fll #§ 7~ # 43 #7 ( indicator value analysis,
IVA), [ FF A 0 2 FE H008 3047 1g (x+ 1D 20408 %
e o WK AL R 7 3647 3 048 40 T ( principal
component analysis, PCA) , DA J] 52 5 1 K -1 1] 7K 34
B E BB . XA T BB
.43 #T ( detrended correspondence analysis, DCA), 45
4 AN Bl PR B3 KRR AR A R T 4, T3 46 B35 X0 B2 43
(canonical correspondence analysis, CCA) ; #7 4 > %
() de KAFAEAEL /N T 3 W 8 T0 AR 23 s A 4l i) e
KEFAEAE AT 3~4, W =35 B0l o B o M
(PCA)- P 25 X B2 73 Hr ( DCA) HT 7 X B 73 #r
(CCA)TE Canoco 4.5 58 i, #6 7 B 5 AR 1 ) 22 1l
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Tab.1 Number of first, second and third order

streams in each tributary

— R £
AR ek —amw | S

P 4 6 ’
i 0 2 0
sy 0 7 ¢
N 0 4 ;
KT 2 5 :
AT 6 ; ’
o 3 0 2
T 0 3 >

2 ERESH

2.1 KFu&aEiERHM

BIRAGHE R EICRER 1218 883 B, 77 )& 23
Bl 60 F, H o 3% KAk (Phoxinus lagowskii) ~ % 1 fi§
(Zacco platypus) ~ A6 75 5% ik (Nemachilus nudus) - ¥
1€ 8. (Abbottina rivularius) FHPLEF, 53 51 b5 285
H11 35.52%+8.58%+6.63%5.53%

X R TR (SRR A THR A (VA 73T
W 2, B =GR A il AR AR AR AN, R % 4]
TS ARSI S AE 7Pl , — TR R R A e Tl AT L
J7 88, = Zm AR 7S AN BRI 2L (Grathopogon
imberbis), IR K48 7~ TN A AL HED . (Leuciscus
waleckii) , AT TR NN EE (Hemiculter leuciscu-
lus)~ 5 W(Oryzias latipes) KR Ve (Paramisgurnus
dabryyanus) ¥ i 2 . (Ctenogobius giurinus)F1¥E
LNV R f1(Gymnogobius laevis).

22 B BERIEHST

AR £ PR K -] i ek 8.3 73y 5 S D RE SR

— Rt e et B R RN EhY)

YA 2) . B R, AR AT R i A SR A
SR BT o5 B B s, R AR AR B
PR ) £0. 28 LA BRI 5 2 B i 0 28 7E 0 00T 4 1) L A3
W 83 T — 2R (P<0.01) « — 40 i (P<0.01),
FE = AT He A5 S5 3 vy T — ZR (P<0.05) F1 —
I (P<0.05) 5 [ H 2 P (1 £ 28 7E — 2 i i B
Bl B . 2 T = R (P<0.01) F L 2R 3] 3
(P<0.01) , & 3% 5 T VU g 3t (P<0.05) , 75 — 2 i)
T 1 LA B 5 2 v T = T I (P<0.01) Rl L TR i
(P< 0.01), HoAth P 1) f1 28AE & G it 2 18] 22 = A
3 (P>0.05) .

TEAN R SR 24 & R R W Fh 50 A
E 77 (P<0.0D), —ZMR I A B a2 P R &
T G (P=0.012) 5 — R it (P<0.01) , FL.2%
TATIAL FR) A B M #2800 . 3 v T — IR (P<
0.0 =GR (P<0.01) 5 B B P R A A e
S LG L A B2 2 7 (P=0.026) , LR
B R 1 B A ORI 2 3 T — ST (P<0.0 D Al
VUit (P<0.01) , ¥ 2 15 T 2 (P=0.027)
23 BESHHRURERBENS

BRI 3R T 22 43 A R B AT I A 0T # SRR VR )
Yo wh=F & FE A 2 KT 3 2 (F=3.644,
P=0.008; F=2.543,P=0.043) (] 3), k&K 4%
FEMEAR RS YA & B 2B (8] AT I e 1 P i
ST B B, = G A v, HLER KA R BT
=GR
2.4 MRPP &3 #f

i 2 AH X %2 1 B4l MRPP 20 BT 45 B L% 3. K
T IA] 5% AT I f R T 5 R A I B A S T R R
(P<0.001) o ¥ & 3L H A [F) 55 2T i 1 # 2 AE G
% [ A5 AT MRPP AT, S5 R 7R — L - =
AU A5 R3S (P<0.001) 6

F2 KFmE&ARERPIERH

Tab.2 Indicator species of different stream orders in the Taizi River basin

o TN
ECENG — Ey— — —
— YL TR =Y 7SR FLGT

% [Kfisk Phoxinus lagowskii 27 24 15 12 9 0.0092
At 75 &1k Nemachilus nudus 27 20 6 12 6 0.0368
FEAERAi) Gnathopogon imberbis 0 0 13 0 0 0.0480
HACTER 8 Leuciscus waleckii 0 0 0 12 0 0.0388
2 Hemiculter leucisculus 0 0 2 2 18 0.0322
i Oryzias latipes 2 1 5 0 23 0.0236
KEEENJEER Paramisgurnus dabryyanus 0 0 0 0 41 0.0008
TBEFI R . Ctenogobius giurinus 0 0 3 0 19 0.0330
T TN Gymnogobius laevis 0 0 1 0 30 0.0018
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Fig.2 Structure of fish feeding functional groups in rivers at different stream orders
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Fig. 3 Box and whisker plots of the fish Shannon index and species richness for the rivers of each stream order
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Tab.3 Multi-response permutation procedure for fish community structure

in different tributaries of the same stream order

S ELAR

— R

T

=T

i VS 23]
iR VS 4]
I VS /Nigin]
B VS K S2
B VS K dbsZ
i VS
Wi VS Abvbia
2% 9] V'S i
2230 VS Nz
2T VS K FIRT R 3C
22 VS KT AL
£ VS TE ]
223 VS dbvbia
4] VS /Nigyin]
A7 VS K FI 52
A3 VS KT AL SE
2 VS T ]
B3] VS b vbin
NG V'S KPR S
/NG VS KM AL SZ
/NG VS i T
/N VS Ak ib i
KA S VS KT A%
KT R S VS I
KT EGSZ VS Jbvbin]
KA AL VS i
KT ALSZ VS Jbybin]
15 VS dbvbin]

P=0.002;7=-3.929;4=0.138
P>0.05 ; 7=-0.234 ; 4=0.011

P=0.007;7=-4.335:4=0.558

P=0.005;7=-3.616;4=0.133

P>0.05;7=-1.610;4=0.040
P=0.004;7=-3.523;4=0.058
P=0.003;7=-4.574;4=0.170
P=0.007;7=-3.744;4=0.088

P>0.05;7=-1.679;4=0.040
P=0.011;7=-2.732;4=0.064

P>0.05;7=-1.384;4=0.039
P=0.011:7=-2.897;4=0.133

P>0.05;7=-1.384;4=0.039

P>0.05:7=0.149 ; 4=-0.005
P=0.016;7=-3.016;4=0.171
P=0.006;7=-3.672;4=0.098

P>0.05;7=-1.559;4=0.029

P>0.05;7=1.040;4=-0.022
P<0.001;7=-5.531;4=0.149

P>0.05:7=0.709 ; 4=-0.027

P>0.05;7=-0.549;4=0.028
P=0.011;7=-3.289:4=0.276
P>0.05:7=0.816;4=-0.025

P=0.007;7=-3.584;4=0.162

P=0.025;7=-2.652:4=0.143

P>0.05;7=-0.323;4=0.007
P<0.001;7=-1.686;4=0.134
P=0.012:7=-2.992:4=0.186

P>0.05:7=-0.978;4=0.034

P>0.05:7=-0.952:4=0.046

P>0.05;7=-2.639;4=0.052
P=0.003;7=-3.998;4=0.109
P>0.05;7=-1.324;4=0.026
P>0.05;7=-1.459:4=0.025
P=0.023;7=-2.608 ;4=0.069
P>0.05:7=-1.805:4=0.142

P>0.05;7=-1.549:4=0.095
P=0.048;7=-1.899;4=0.144
P=0.009;7=-3.347;4=0.211
P<0.001;7=-0.131;4=0.005

P>0.05;7=-1.529;4=0.054
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2.5 BEBEENERFHXR

IR IR A kK B 35 B AR TR 7 32 B 40 BT &5 R
A, HHETR A0 5 7K 58 DR 1 PR B o 343 0T 43 it
R WE S,

4B B R RRIE(E 3 K T 3, AR SR R 8L
X3 AT o PCA i ade Hi ) & 2T It 1) 7 BE KAk
P 1 5 0 SR VR HHs 34T CCA 73 i, 46
& 4. 2% 3 it ' COD,,, (MCT, F=2.05, P=
0.008) 72 ‘2. 3 52 i 1 R I M BE R 1, 4 M 2
WA B AL R T A A AR R 1 31.9% (il 1 AN
B2 2> AR FE T 4.6% A1 1.4%) LA K 4 3 4 B A 3R
BE A 5 1 100% Chl 1 A5l 2 73 5 i B 1 76.5%
23.5%) . Ui H COD,,, (MCT, F=1.60, P=0.049)

F4 KFARBKMIELEFHERD S

Tab.4 Principal component analysis of

physicochemical factors of the water

environment in Taizi River basin

EIM LY/ R D B 7 sy
— LR COND.WT.pH TN.COD,,,
30 Mk COND.DO.pH TN.COD,,,

Z YRR COND.pH TP.TN.COD,,,
UERENN COND.DO.pH TN.COD,,,-NH3-N
FLIT IR WT.DO.pH TN.COD,,,\NH3-N

F5 KFARiESERBEEENSKINERFHDCA S
Tab.5 Detrended correspondence analysis of fish
community structure and water environmental

factors in Taizi River basin

R LFERMELBEOFIE T ADOETIE —
o I A =R LI AL
S ALARERE T A B AR R 1K) 78.9% (il 1 A%l 2 43
o . A
(TR T 24.9% F1 18.4%) UL J% 4= 3 4y FFR 35745 2 11 IR 3.6662 6.071 4551 5.146 6.040
100% (it 1 1%l 2 49 W iR B8 T 48.8% H135.9%) . T 3.6662 6.071 4.551 5.146 6.040
S 4 TSR P DR R 2 B9 4 R B R FE Ferh AR 4 RO
e Note: Data listed in the table are the maximum eigenvalues of the
= (P>0.05) . 4 axes.
2[man - METEE KETTE MR < [emtmans
\ DO N pH
\ DOx
\\ .\\ 11‘II
‘\\\A COND ‘ ' ‘.\\: /
o ‘\”-A A2 1. bt g " o o 4 4 e 5.0 ¢
- i N Y AA/E 3 ’ F o |F|
N a /‘ a o i N . WT
2 / \ \
// . k
TN bl
I3 ('0(11
g H o ] = <
o T 0 10 it 10 9 Ell o 1 Hi 10 9 1 1
@ [t r N K - T |© PRATHT - Slamnrms 2 | smpeems wh
4 // // \ NHN
/ NH3-N . NIBN
. 1/ : |
B u‘// N “/ / N b N
o N & 7“ N A“ ‘ 4 4 x
F ““ g ‘.*‘" i e & gl g )
A [ CODMn @ N . §
/a .y a s "N CODMn
/ “ODMn
/ CODMn
/
/ N
/
< CODMny/ s : % =
e 1 0 -0 1l 0 -0 HiL 10 B 7 T e W 10
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Fig. 4 Canonical correspondence analysis between the physicochemical factors of the water environment

and fish community for rivers of each stream order in Taizi River basin

BRRTESFERNEK6. SR P<0.0DH
A (P<0.05) 1E & F i 2 A AF7E B 1 22 57, 1
fth 34 58 R - 7F % ol i 2 18] 22 7 A B3 (P>0.05) ,
BB BAE = ZO AN TG0 I 0 YA v T
At - TR

W 5% SR R S5 (A e DR AT R &R
TR, MR 7. G RERHE SR — = =R
() H 5 22 Bl B 2 (P<0.01) , — R3] i Hh KR R
AR E 12 (P<0.0D), ZZMR MR At A &
7573 (P<0.05) .



2022 455 2 3]

EREE, KTFATRELM & RBELENRTFE T NN 91

®6 KFARBEHARMEEFHRRRTEDN

Tab.6 One—-way ANOVA of environmental factors for rivers of all stream order in the Taizi River basin

BT — iR YR =730 M VY 3T A P F
HL$ %/ ps-em! 283.13+29.27°  320.75+24.43*  355.67+44.76*  204.09+33.93*  351.71+25.60° 0.107 1.968
S /mg- L 0.05+0.01° 0.05+0.001° 0.16+0.06° 0.04+0.02¢ 0.090.02¢ 0.070 2.398
HE/ mg-L! 2.03+0.42° 2.38+0.24° 3.05:0.42¢® 1.19:£0.29° 4.05+0.48° <0.001 5.772
e B Hh R A U/mg L 2.65+0.35 2.58+0.21¢ 3.43+0.45° 3.85+0.88¢ 3.22+0.57¢ 0.332 1.160
Ki/°C 17.09+0.87 17.83+0.48¢ 18.32+0.64* 16.33+1.24° 18.26+0.75 0.530 0.796
AR /mg-L! 12.2240.70° 10.95+0.58" 11.0420.70° 11.54=1.80° 10.5120.65 0.368 1.084
A%/ mg-L! 0.27+0.07* 0.32+0.06° 0.46+0.12° 0.18+0.04° 0.73+0.17 0.011 3.569
pH 8.14+0.21° 8.10+0.12¢ 8.05+0.16° 8.12+0.40° 8.13+0.15¢ 0.994 0.036

TE R P IO B D91 B ARRTE 22 » [FAT B0 4 6 A A 7 RER R 22 573 1B 35 (P<0.05)

Note: The data listed in the table are reported as the Mean + SD, the data in the same row with different letters indicate significant differences

(P<0.05).

R7 RFARERBAZARMERFHRARRAESH

Tab.7 One-way ANOVA of environmental factors of rivers at the same stream order in each tributary

Wi+ — R R =Y
HL %/ ps-om’! P<0.001,F=16.058 P<0.001,F=15.794 P=0.004,F=19.359
S/ mg-L! P=0.557,F=1.979 P=0.379,F=6.406 P=0.114,F=2.076
K/ mg- L P=0.623, F=0.609 P=0.174,F=1.647 P=0.097,F=2.201
R IR Eh R 2 mg L P=0.450,F=2.642 P=0.591,F=0.783 P=0.774,F=0.536
KiE/eC P=0.009, F=6.480 P=0.163,F=1.691 P=0.403,F=1.103

BHRE/ mg- L P=0.771,F=0.378

P=0.703,F=0.632 P=0.156,F=9.319

HA/ mgL! P=0.539,F=0.761 P=0.126,F=9.986 P=0.037,F=13372
pH P=0.956,F=0.088 P=0.783,F=3.204 P=0.992,F=0.795
3 i B DI RETE S AR s Al I AT W S B TR I I 45 4 1) 70 A R
A\
E

3.1 ARERSEEBEIS ML

AEZTIW. 8 IR E SR TIN ek R S S
T 45 7 2> T 2 32 I H B 8 (1) 72 4K (Aumen et al,
1990; Li et al, 2012; fi& ¥ %5 , 2015; Roberts et al,
2010) , H 2 FF 4 78 o 8] 2% 75 i) it 14 $1] 0§ {8 (Sun et
al,2012) o A 70 A1 & IR 1] = ZinT 3 B ) Fb =
B RN 208 22 FE i 20 T At & G, 1X S
N B FE 285 5 — 250, mTBR A2 ORI AR 7 R 4 i
RFRE 7 o PR AR AT R A T b 8] 800 R TRT 97 (Mlinshall
et al, 1985; BRA1L5,2016) o K FIA] it 3 % 2] it 2
() f0 A V& 4 M A R 25 2 e (H DY T 5 & )
Z AR IFANRZE B LRE i R R 2 DY 2 s A %
BEDHES, PR . Yan 55201 DA Fida
HH B SRR 5 0 5 2 AT S ) 25 B IR B SRR (R
PR S KRS ) R B Y Bl o A AR B o 4
LA AT R OG, W& S ORI R R ) 2
o R SRR VR S A I S (A Ry o A S SR

1k, DA B B4y e oy £ 1R i DR S T M R 2R A T
A7 T U LR . A6 2% RO A 1 £
I, IR A KA, W H LT B, WX 2 Mk
R b JETT A R R s R s 2 A2 ) S AR AR Ry
IRBEMEEE, B, HARILHER G I 1%, N
rhiE B T TR B AR s s TR DT B 2 DL
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Effects of Stream Order and Environmental Factors on
Fish Community Structure in the Taizi River Basin

CHONG Xiang-yu', SONG Bi-zeng'!, LIANG Shan'!, WANG Bin', YIN Xu-wang', KONG Wei-jing?

(1. Liaoning Provincial Key Laboratory for Hydrobiology , College of Fisheries and Life Science,
Dalian Ocean University, Dalian 116023,P.R. China;
2. Laboratory of Riverine Ecological Conservation and Technology,

Chinese Research Academy of Environmental Sciences, Beijing 100012, P.R. China)

Abstract: In river ecology research, stream order is an important classification standard for evaluating
biodiversity and the environmental characteristics of a river. In this study, the Taizi River basin was
selected for research, and we investigated the relationship of stream order to the fish community struc-
ture and the response of the fish community to environmental factors. The primary tributaries of Taizi
River were treated as independent watershed units for comparing fish community structure in streams of
the same order. The Taizi River basin was divided into five levels of stream order, and a total of 125
sampling sites were set for surveying the fish communities and measuring water environment factors. A
total of 18 883 individuals from 60 species of 30 families were collected during three fish surveys, with
dominance by Phoxinus lagowskii, Zacco platypus, Nemachilus nudus and Abbottina rivularius,
accounting for 35.52%, 8.58%, 6.63% and 5.53% of the total species, respectively. There were signifi-
cant differences in fish community structure between rivers of different stream order in the Taizi River
basin. Indicator species were Phoxinus lagowskii and Nemachilus nudus in upstream segments, Gnatho-
pogon imberbis and Leuciscus waleckii in midstream segments; and Hemiculter leucisculus, Paramis-
gurnus dabryyanus, and Gobiidae sp. in downstream segments. There were also significant differences
in feeding functional groups in rivers of different stream order. The species number and proportion of
omnivorous fishes were higher in third—and fifth—order rivers; insectivorous fishes made up a higher
proportion in first—and second—order rivers, and the number of fish species was higher in fifth—order
rivers. Stream order also significantly affected fish community species richness and diversity, with the
highest diversity and richness in third—order streams (F=3.644, P=0.008; F=2.543, P=0.043). There
were significant differences in total nitrogen and ammonia nitrogen in streams of different order. How-
ever, conductivity, water temperature, ammonia nitrogen and other environmental factors varied signifi-
cantly among streams of the same order. To summarize, there were significant differences in the struc-
ture of the fish community in streams of different order in the Taizi River basin and significant differ-
ences in the fish community were also observed in streams of the same order. However, spatial differ-
ences in fish community structure were not significantly affected by the physical and chemical factors
of the aquatic environment.

Key words: stream order; environmental factors; species diversity; fish community structure



