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Fig.1 Location of the sampling sites in the

Huangshui River basin
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I bR A R A BRI
T, 7 100 m 3 BBl P3P 1% e ot 8 28 L I Ik 7K IR AN )
HEMERIATRE. EEMNERARAMNGEO
T2 0.09 m2, W $E£L4% 500 wm) , 3R 4 3 S FATFE
Ao SRAEFIHIFE S H 500 wm )73 BT #EAT 75 128 | b
Ve, PR T IR AR IR ORAE T 95% LB
HR 4 AH O 25 7 TR A KK 52002 38 T 48 PR 855 U
SZIG 0, 2014 Merritt et al, 2008) % K JE A 5 4
FEA S E B K K.

9 AR AR W RE AR SR AR 55 7K 5 F b DU 1) T4
FEAEYD RS R 50 m REE 3APATKIE. IR
FI HORIBA D-75 7K Jiz 73 #r A3l 7€ 7K i (WT, C)  H
T % (EC, pS/em)  pH. i fift % (DO, mg/L)  #h &
(SAL) F & ¥ fi#t [ & (TDS, mg/L) ; ¥ & (TUR,
NTU) X FH HACH 2100Q 3 BEACEAT I 72 5 i i (Ve-
locity , m/s) R FH 3% b5 22 D 52 5 0T 95 7K 0T 3L 1) KR
(Depth, cm) FH J7 )OI &, AS A] 5 7K ] 38 7K 3% FH
A £ 5 0] 97 B 5 N 52 225 Barbour 55 (1996) (1) J7 12
(VD Y8 sand<2 mm., i 47 pebble 2~42 mm. & B £7
cobble 64~256 mm - k45 boulder >256 mm) . ¥4
155 )51 5 1743 (Habitat) 12 BUR 5T A 358 5 2% 1 L FE -

IREE 456 B R e M VT TE AR AL T KK &R L A
B Z A NSSTE B 5 B AN R SR A AR 10 MR bR
HEAT N LI L, 159700k s 2R s i A 15 o bk
GFMESE,2007) o IR IKFEA JIRAEIF 2 R
6 2 S A 4 BB CORORT R K R 23 A1 D7 V) AR
XAk 2 T 4 B (COD, mg/L) « H& (TN, mg/L) - s
(TP, mg/L) 5 Ry (VP, mg/L) < b i (TA, mg/L) «
HIRAZ (NO, N, mg/L) AR A Z INO,™—N,mg/L)
VRS (Na*, mg/L) 1 (K mg/L) FLE & 1 (CI,
mg/L)ZEFR bR AT I E
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G 20 400 A T 45 HA HOHE X 25 AN FE AT K
(Cluster Analysis, CA) , [A] i F1 H 9E 5 & 2 4 br B V%
(Non—matric Multidimentional Scaling , NMS) i#f 17 %%
[ HEF 40 B o ARAE SRR H &5 - A Fa 7= M e A
(Indicator Species Analysis) , I8 I )€ S F 11 F8 7
{H (Indicator value, IV) 115 & 73 41 K 8L KA 2 4 F
7N W1 A (v>40 H P<0.001) (Gilliam & Saunders,
2003). PA_ETHH Ml PC-ORD 5 8 AF#EAT

AN Z FEPEFR S (H) \Margalef 35 JE R4
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fi %R ALE SR W T H B 49 2R (Leps & Smilauer,
2003). PAY=0.02/FAIHAFHIRIENSEPielou, 1966).
f I SPSS 20.0 247 5. 1A 3 5 22 73 #r (one—way
ANOVA) , LU % B8 73 41 2 [R] A 55 DR AR 9% 45
H P 2L IR) 22 Sk
XI5 KR 3R 58 DR - 34T 3 143 43 T (Principal
Component Analysis, PCA) , A4 7~ = LIRS .
X R TR e 50 P A s A R AT BB 3500 B2 23 At (De-
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JEE A 5 2 ok 5 R RN R B TR - 2 1) 56 R 1K) 23 W 7
%o A KR B E>4.0, 1% £ CCA (Canonical corre-
spondence analysis) ; # iz K Ah FEE AT 3.0 140, N
RDA (Redundancy analysis) 1 CCA ¥3i& H 5 % i K46
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2o & 2023 4 3 A

JE 18 <3.0, U Fif RDA (Yu & Xian, 2009) . 448
21 E B M K B2 Monte—Carlo i 348 22 Ml i
(999 VK AEBR il £ Jif i G 24 , P<0.05). BT A HEF 20 bt
Z R AP AR DR (B pHD 4T 12 (140
e Ayt 83448 B Canoco 4.5

2 ERESH

2.1 KRERWSMBE S

A URAEAR KRR R AL 4 5 KT AN 5 4)
1090 B, 8 T 41174014 H 41 ®l. 49 BE1]
Yk % , 4% 2490 7 H 31 BF89UBOFl, 15 81.7%: X
w1294 B 6 BN, 5 10.1%: 1530417 2
N2 H3R8UBF, i 7.3%: I 141 H 1
BELA, 5 0.1%. #ZIRO0H EBUE GR D, LA D
MR APY T & 1 M (Baetis sp.) 800 1 Fh (Hydro-
psyche sp.) i 127K 2288 (Limnodrilus helveticusi) < 5
K1 FF (Antocha sp.) ~ 32 W (Simulium aemulum)
A I FRIL (Cricotopus albiforceps) »

&1 EKAXBEAEM DAL E
Tab.1 Macroinvertebrates with dominance higher
than 0.02 in the Huangshui River basin

LU T4 o
VYT J8 1 A Bactis sp. 0319
s Akl Hydropsyche sp. 0.079
Fity ~F 7K 2215 Limnodrilus helveticusi 0.064
HORI 1 Antocha sp. 0.035
FE gy Simulium aemulum 0.020
SRk EREIg Cricotopus albiforceps 0.020

2.2 KERHEZHYIE 65 R 4F1E

25 MFE AU KB AT B V4 45 K R ABL I
R 3H(E2) . HA, 551 HIL AN, A A
e BN S Ta A VAP A5 R I (IV=90, P<0.05) ;
F2 L 13N AL Iz A e RIS 1R
SRR DY JE 1 A (IV=69, P<0.05) ; 45 3 3L 44
B, BESAATET R NI, fEn R o5+
JK 205l (IV=93, P<0.05) . &5 & K00 b 45 3L, %t
NMS HE 7 3 BT AT RE s 23 ) 3 2L (3D, 5 R &%
R 3URESZIMEES .
2.3 BKARBMEEZRRME

X % B35 K 1 HEAT PCA 20 87, Wi 2 AN il (1) 5 41E
1B %3518 0.5795 F10.1268 , 55 FR 55 K175 i 4 4l L
M AEAE T 2. 56 1RIZE 2 5 5o 4 AR 7 IR
55 B B A R 1 58.0% F1 70.6%, B 4 > E Bl or 3t
fl R T A 5 87.6%. TR PCA 45 & B4

RATFNCE 4D, 55 1 AHFE AR AT T 55 1R 4 R,
T BRI VA S o A R 2
SE[RRE SRS = e 0 o o i i Pl T
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AVEE 5 1M 25 3 ZH A R0 3 E BLTNGNO, =N A
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Fig.2 Cluster analysis of macroinvertebrates based

on Bray—Curtis distance
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Fig.3 Biplot of NMS based on macroinvertebrate
cluster analysis
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Fig.4 Biplot of PCA based on environmental

factors in Huangshui River
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Xof &N IS R AT AL ) 22 SRR LR, 45 R
HH TR THNEZREE, FENS Y
FREhik Z (EC.TDS.TUR.Na*.CI".NO,™—N), H &
R U S T R A TR R O 4 A A, b
Ui RRLAR T B 2 I T R U AL (R 3D
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Tab. 2 Load values of environment factors on the
first four axes of PCA in Huangshui River

2% %‘13‘3 %‘23‘3 %‘33‘3 5@\43‘5
L% D% D% L%
FRIE(E 0.5795  0.1268  0.1080  0.0620
WERRT 2REEY% 58.0 70.6 81.4 87.6
Depth -0.389  -0.6916 -0.0267 -0.3139
WT -0.4547  0.5463 -0.2281  0.4668
Velocity -0.1788  -0.3596 -0.1009 -0.4756
pH 0.1928 02646 0.0394 -0.2711
ORP 0.8373  0.0669 03801  0.1683
EC -0.8539  0.0846 -0.3313  -0.1923
TDS -0.8567  0.0141 -0.3043 -0.1793
SAL -0.8832  -0.0614 -0.2072 -0.1252
TUR -0.8745  0.192  0.4416 -0.0505
DO 0.1661  0.0122  0.1779  -0.4348
TN -0.6431  -0.1441 0.0154  -0.5433
K* -0.7239  -0.2548 -0.1806 -0.0366
Na* -0.8518  -0.4376 -0.1452  0.1831
Ca?* -0.6193  0.1151 -0.468  -0.278
Mg -0.6773  0.4738 -0.4953 -0.1437
Cl -0.868  -0.3729 -0.1099  0.286
SO,> -0.8297  0.1812  -0.325 -0.1617
HCO, -0.5109 03524  -0.56  -0.2653
NO,-N -0.5451  -0.1894 -0.2036 -0.4562
NO,-N -0.6859  -0.2987 0.1824  -0.0732
PO> 0 0 0 0
VP 0 0 0 0
TA -0.5238 03686 -0.5601  -0.253
COD,,, 0.1992  -0.6254 0.123  0.3794
NH, 0 0 0 0
TP -0.1217 02617 03383  -0.2971
boulder 0.4785  -0.2994 0.0757  -0.2363
cobble -0.0418  0.1957 -0.1024 -0.0518
pebble 0.229 0.5544 -0.3752  0.1907
sand -0.2818  -0.3268 0.2239  0.0431
Habitat 0.5655  0.0296 -0.3645 0272

2.4 EIKTKERMENEE S

X8 7KK B A S M = B 2R
PEHE ORI 35 W) Fh A2 25 TS 40 20 2 TR) R AT LU, I
Fd. SEREIRSH dAPUTEEJE 1R LLFIE b
UiE SR AN IR 23 i) B BT 3 T R B
BB A MR Sk I B R, KB AN B A

T 2 FEPERB A 1 /K AR B R AR T A, T DA K 22
Ellé'ljvﬁi%%ﬂ:E@ﬂﬁ‘m%‘éﬁtuﬁﬂ)ﬂuw%JJuo

MEMAEIY = B S X BIAMEETF

KB AR BRI K DCA 3t R 85—
iR BE R 2,079, PR L FR 26 AR Y RDA 1531 51
Rh oy A B AR B 1. LA P<0.05 AR HEEAT
Monte—Carlo §i % 5 , 2 H 8 NIAES A 7B 1 3 %L
AR AR (R 5) . PREA7ERE 1 Al 2 B Re (B
(A, AR P 2 L (14388 9k U , £R B EC Habitat
NO, =N .Depth . TUR F1 TP Z&{F A & 2 S 2 /K i
SR EAT Sh R o3 A5 () K BEIRBE R 1

F3 EBKALRESEMEREFHLE
Tab. 3 Differences in the environmental factors
among groups in Huangshui River
based on one-way ANOVA

o Ji i

M5 7 p
A1 1 2 3
Depth  42.03+11.13  31.49+13.54 5540 2.707 0.095

WT 6.45+3.54 5.23+4.08 5.43+1.38  0.287 0.753
Velocity 1.68+0.56 1.4940.61 1.72+0.45  0.335 0.719
pH 8.67+0.13 8.69+0.19 8.61+0.15  0.381 0.688
ORP 2.46+0.76 1.95+0.56 1.62+0.36  2.919 0.075

EC  419.81£159.04> 569+143.03* 640.25+115.01* 3.935 0.035
TDS  223.5+83.52> 297.65+74.66° 340.75+63.16* 3.82 0.038
SAL 0.19+0.08 0.25+0.08 0.3£0.08 3.037 0.068
TUR  31.37438.52% 82.89+73.27° 166.19+82.78* 5.622 0.011

DO 6.62+0.99 6.38+0.72 6.38+0.72  0.183 0.834
N 1.55+0.45 1.81+0.74 2.43+0.79 2311 0.123
K 1.71£0.52 2.06+0.74 2.61+0.65  2.426 0.112
Na* 8.98+5.74° 13.06+9.02>  24.18+7.61* 4.952 0.017
Ca?* 51.25+14.70  57.54+8.35 57.75£7.54 0954 04
Mg?* 11.03+5.11 19.58+13.54  15.78+4.48 1.637 0.217
Crl 8.39+6.39°  12.49+10.61° 26.30+8.55* 5.205 0.014
SO 43.48+39.98  55.93+26.08 71.99+23.01 1.167 0.33

HCO;  150.22+£35.41 191.91+£52.14 171.13%15.16 2.271 0.127

NO,-N  6.01+1.60 6.04+2.74 7.73£1.75 0916 0.415
NO,-N  0.02+0.01° 0.05+0.07° 0.26+0.20*  10.475 0.001
PO,> 0.02+0 0.02+0 0.02+0 0 1.0
VP 0.0002+0 0.0002+0 0.0002+0 0 1.0
TA 131.3£30.60  168.71+44.89 150.33+15.46 2.443 0.11
CODy, 1.81£0.50 1.76+0.50 1.82+0.20  0.037 0.964
NH, 0.02+0 0.02+0 0.02+0 0 1.0
TP 0.002+0 0.002+0 0.002+0 0 1.0
Boulder  15.83+16.25  11.34+13.72  12.55+17.40 0.468 0.632
Cobble  46.92+18.96  42.07+20.78  22.30+27.65 0.597 0.559
Pebble  34.04£9.57  35.17£19.94  14.62+25.33 1.378 0.273
Sand 3.21+1.97 11.41£26.79  50.54+57.12  3.01 0.07
Habitat ~ 138+13.34* 118.92+16.14* 103.5+7.33> 8.574 0.002

T B R FRROR A B .

Note: Differences between groups are marked with superscript letters.
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Tab. 4 Macroinvertebrate community richness,
diversity index and relative abundance of dominant

taxa of different groups in the Huangshui River basin

R5 HIMEKAKREEMENYZ B 5 HHXEIMER T
RDA 4 #f

Tab.5 Key environmental factors affecting the spa-

tial distribution of macroinvertebrates in Huangshui

River based on redundancy analysis (RDA)

il
S P
1 2 3
M S 16.38+3.46* 11.85+5.01°  7.5+4.80° 0.012
i’f H' 1.85+0.56*  1.45+0.41%%  0.93+0.53* 0.015
e
PEVE d 2.7440.61°  2.1240.79°  1.23+0.81® 0.011
R J 0.66+0.18  0.63+0.15 0.48+0.11 0.179
Pt 8.34+6.81° 48.32+18.03%¢ 13.92+6.52% 0.000
J& 1 Fir
LUK
- 20.52429.17 8.57+11.90  1.48+1.84 0.212
%?ﬁ J& 17
e AR IZ A 0.29+0.46  6.56+16.15 0 0.425
gEe  HERE ) el 4.14+7.22 4
i 98+7.68 1447 0 0.486
il & 2.0342.93°  3.40+5.13°  72.13+18.66" 0.000
K 2245 T T ’ : ’

T EART AN RIROR LA B R

Note: Differences between groups are marked with superscript letters.

4 PRI R - i e T3 IA] - [m1 1 2 A D% R 4L
F P i1 42

EC 221 0.004 -0.3522 -0.1130
Habitat 1.883 0.014 0.3316 0.3609
NO,—N 2.178 0.020 -0.5520 -0.2552
Depth 1.833 0.024 0.5050 0.3126
TUR 1.786 0.026 -0.4278 -0.2229
TP 1.81 0.038 0.2064 -0.5567

KAV P RS WL 2% 6, RDA 43 Hr tn [ 5.
45 R W], EC.NO,—N Al TUR [A)%H 1 5 & 35 k2%,
/N % R RRI (s33) Rl 7K 2205 (s38) [F] EC.NO, =N
HITUR 2 IEAHIR R, R BEAE KA 75 Je ik B2 1)
SN, G B s A S SR, HE R R) B —

F6 2 REEMDIY RDA 547 H BB # 2 R

Tab.6 Macroinvertebrate species list in RDA in Huangshui River

L&A S s MHEE A& h T4 G5 TTSIE
VU5 1 Flt Baetis sp. sl 2.5 Uity L FERRIL Cardiocladius capucinus 20 4.7
AT 1 A Baetiella sp. s2 4.8 SRERZYEE AN Cricotopus albiforceps s21 6.8

IR 07 & 1 Fh Pseudocloeon sp. s3 6.0 KL IR A& R Cricotopus bicinctus s22 6.7
PRIEATE 1 Fh Serratella sp. s4 4.6 SRR R Cricotopus trifascia s23 7.0
15 X AE e 1 R Amphinemura sp. s5 1.0 PRI B R PRI Orthocladius makabensis s24 4.7
B[ S A5 J 1 Indonemoura sp. s6 1.0 R G B SRR Orthocladius thienemanni s25 4.7
SUARJE 1 Hydropsyche sp. s7 3.1 KRN Orthocladius kanii s26 4.7
A 1R Glossosoma sp. s8 0.0 SRR IRBR I Eukiefferiella claripennis s27 8.0
FEA R 1 A Brachycentrus sp. s9 1.0 PR B LT IR A Eukiefferiella ilkleyensis s28 5.0

53 Neophylax japonicas s10 3.0 S F T FCRR I Eukiefferiella gracei s29 8.0
KIS 1 Fh Tipula sp. sl 2.2 XK LRI Rheocricotopus chalybeatus s30 7.0
FAK IS 1 Antocha sp. s12 43 R I Rheocricotopus effuses s31 4.9
BRI S 1 Fh Dicranota sp. sl3 22 i 22 TR R Polypedilum laetum s32 9.2
FHIZR N Simulium aemulum sl4 2.4 WNE 2 JERRI Polypedilum nubeculosum s33 9.2
B Simulium xinbinense s15 24 B T BRI Rheotanytarsus muscicola s34 45
LT A Prosimulium liaoningense ~ s16 24 PEIT J& 1 Fh Gammarus sp. $35 3.5

Oreogeton Ji& 1 ffi Oreogeton sp. s17 5.3 fili 2z g 14D Nais sp. 36 9.1

B R IS 1 Rhaphium sp. s18 9.0 K 22| & 1 Fh Limnodrilus sp. s37 9.6
TIETCRPRUL Ablabesmyia phatta s19 9.6 Fig 7K 22 1] Limnodrilus helveticusi s38 8.6

R & . TR P 3R AR 558 5 2 VT 43 (Habitat) AH 9¢ M 55
TR T R TS <7.0 f S ORI B G
Bf At K2R R H O 4% 8T AR S 55 5 2004 5 18X Hif
%,2015), FEGREH EBH . EBWH (57,

s10 Al s12) o 7K VR A1l 32 B 52 e 1 YL 7K ] B3 e
4y HU o3 A, Bl G KR R 3 AT R B I B T
B PRI R (522 s32) 3% HT R CON BEVE TR B
CE 5.
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Fig. 5 Redundancy analysis results between
macroinvertebrates and environmental

parameters in Huangshui River
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Autumn Macroinvertebrate Community Structure and Identification of Key
Environmental Factors in the Huangshui River Basin

HAO Yun'?, SHANG Guang-xiaZ, DING Sen?, LI Xiao-xuan?, YU Ming-qiao®?,
XU Li%, ZHANG Yuan?, GAO Xin?

(1. College of Environment, Liaoning University, Shenyang 110000, P.R. China;
2. Chinese Research Academy of Environmental Sciences, Beijing 100012, P.R. China;
3. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, P.R. China)

Abstract: In this study, we characterized the autumn macroinvertebrate community structure in the
Huangshui River basin and identified the key environmental factors affecting the spatial distribution, aim-
ing to provide a reference for restoring the aquatic ecology of Huangshui River. Macroinvertebrate and
aquatic environmental parameters were measured at 25 sampling sites (8 mainstream sites and 17 tributary
sites) in the Huangshui River basin in September 2020. A total of 109 macroinvertebrate species (genus)
were identified, including 4 phyla, 7 classes, 14 orders and 41 families, with absolute dominance of Ar-
thropoda taxa (81.7%). The 25 sampling sites were divided into three groups according to similarity of mac-
roinvertebrate community structure, based on Bray—Curtis distance. Group 1 included 8 sites distributed
primarily in the upper and middle tributaries, with the indicator species Anfocha sp.; Group 2 included 13
sites that were widely distributed in the upper and middle mainstream and tributaries, with the indicator spe-
cies Baetis sp.; Group 3, with 4 sites primarily distributed in the middle and lower mainstream, with the in-
dicator species Limnodrilus helveticusi. Species richness, Shannon—Weiner and Margalef indices, and the
relative abundance of Baetis sp. and Limnodrilus helveticusi were very different between the upper and low-
er reaches and between the mainstream and tributaries. Redundancy analysis (RDA) shows that habitat,
conductivity (TDS), nitrite (NO,"), total phosphorous (TP), turbidity and water depth were the key environ-
mental factors affecting macroinvertebrates in the Huangshui River basin. Restoring aquatic ecology in the
Huangshui River basin will require improved prevention and control of secondary salinization and nutrient
pollution and strengthening soil and water conservation, based on a strategy of water quality protection and
ecological restoration.

Key words : macroinvertebrate; community structure; spatial distribution; indicator species; environmental

factors; Huangshui River



