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The Macrobenthos Community Structure and Its Relationships with
Water Quality Factors in the Liujiang River Basin

LI Xin', DENG Peiyan'* , LIU Wei’
(1. School of Environment, South China Normal University, Guangzhou 510631, China;

2. School of Environmental Science and Engineering, Guangzhou University, Guangzhou 510405, China)

Abstract: In order to study the influence of water quality factors (DO, CODy, NH;-N, As, Hg, Cd, Pb) on
macrobenthos community structure in different hydrological seasons in the Liujiang River basin, investigations were
conducted in the Liujiang River basin and 4 phyla, 7 classes, 16 orders, 54 families and 68 genera ( species) of
macrobenthos were identified. The Czekanowsiki is 83.76% and the species richness is slightly higher in the dry
season than in the wet season. There were 4 and 2 dominant species of macrobenthos in dry and wet seasons respec-
tively, showing obvious seasonal succession. The results of TWINSPAN and DCA analysis show that there are cer-
tain differences in the temporal and spatial distribution of the macrobenthos community structure in the Liujiang
River basin. In both the dry and the wet season, there are 3 different macrobenthos communities distributed respec-
tively around the source, the upper and middle reaches and the lower reaches of the main stream and tributaries of
the river. The indicator species in the community show a gradual transition from clean species to pollution—tolerant
species. The results of indicator species analysis shows that, in the dry season, there are a total of 8 macrobenthos
species that can be used as indicator species for the communities at the source of the Liujiang River and the upper
reaches of the Dahuan River, namely Baetis sp., Serratella sp., Zaitzevia sp., Cheumatopsyche sp., Dugesia sp.,

Antocha , Chironomus sp. and Caenis sp. , and the other communities have no significant indicator species. In the wet
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season, there are 5 macrobenthos species that can be used as indicator species for community division, among

which Semisulcospira cancellata and Oncomelania sp. are indicator species in the middle and upper reaches of the

Liujiang River and Amphigomphus hansont, Corbicula fluminea and Gyraulus compressus are indicator species in the

lower reaches of the Liujiang River. The CCA analysis results show that COD,;, and DO are the water quality factors

that have important effects on the macrobenthos community structure in the Liujiang River basin in the dry and wet

seasons, the heavy metal factors (Cd, Pb, Hg) have a greater impact on the distribution of macrobenthos in the

dry season, and NH;—N has a greater impact on the distribution of macrobenthos in the wet season.

Keywords: macrobenthos; the Luijiang River basin; canonical correspondence analysis
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Table 1  The locations of sampling sites in the Liujiang River basin

REER LR . -8 2 2hE

RHER LR -8 2 2hE

S1 AET TR 107°35.29’ 25°51.49’
S2 Z11907 AN ) 108°30.46' 25°55.13
S3 HET TR 108°54.16'  25°44.37’
S4 HENT TR 109°24.23'  25°42.21'
S5 R TR 109°23.51' 25°13.12/
S6 BT T 109°15.12"  25°03.15’
S7 I R 107°46.57" 25°34.49’
S8 TR SR 107°53.22' 25°25.04'
S9 Jeit SCR 107°51.33'  24°50.05’
S10 Jeir X 107°55.02'  24°44.56’
S11 KL W 108°15.19’ 25°23.26’
S12 KWL W 108°12.21' 50°00.54

S13 KIRIL S 108°18.14"  24°53.46’
S14 KL T 108°09.10"  24°43.34’
S15 KA R 108°08.49"  24°42.51'
S16 JNERYT. X 108°28.04"  24°34.24'
S17 JEiL XU 108°28.12"  24°34.04’
S18 Jeit B 108°39.13"  24°29.60’
S19 ML T 109°10.23"  24°40.15'
$20 ML T 109°15.03"  24°31.45'
s21 ML T 109°23.53"  24°19.47"
S22 ML T 109°40.19"  23°57.21'
S23 ML T 109°31.52"  23°50.30’
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Figure 1  The location of sampling sites in the Liujiang River
basin
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Figure 2 The amounts of macrobenthos in the Liujiang River basin
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Figure 3 The species richness of macrobenthos in the Liujiang River basin

2.2 [RENHHLB T )1 J& ( Micronecta) Jg i\ E AL A P Hh, M 2

HABERIGETHAE R M 2 B, 2 Y £ 4 B MR JE (Radix ) | 35 B ( Chironomus ) 1 4¢ 12 &
WITREIEA S B S P oS5 pl, AR A (Physa) SRR KN DL 5Bk, 38 oK K I ( Neocaridi-
4B, KA 2 Bl R RE RO 0.022~0.066. /) na ) UFEFEAKII LEF.

R2 UNIREXBERBLEENYMABMAR(Y=0.02)

Table 2 The composition of dominant macrobenthos species in the Liujiang River basin( Y=0.02)

iNE:] Fhz o SN L P, /% IR £ /% HEEY

A7k 4 NEZJF Radix 7.64 69.57 0.053
YL@ Chironomus 5.13 43.48 0.022

JNRI 5 & Micronecta 16.80 39.13 0.066

FMRJE Physa 6.60 39.13 0.026

FKIH HrAKMRE Neocaridina 10.15 47.83 0.049
/NRIWE J& Micronecta 14.75 21.74 0.032

23 RWEHMBER T mEFE 2 3 7. ML A Bl W) B v 45 0 R ) AR AL

FIFH TWINSPAN S MIVLHE A F R WRAE AL AR 23 Rl o3 0 3 IR sh 2 A, 25
DL R S EA TER AT FE4E 4 DCA 43t BF AL ALE 8 i fir, AL AT T i R IR
W T B S SR A g TR RITI I B SR A2 13 i, E R



%54 =

EF ML RIRK B RAG A E LM B LKA T 0% A 57

OrARAERIYT by S SCRE T /N R T B 2R
A3 AL 2 A AL, FE B AT AE IR Sk MR IR T
B FEKH 19 AR R BERI T 3 AR, 2R
B AL 9 AL, T B AT FEMINTL T i b SO
RIRTTI B J/E B2 5 7 A mi i, B A 78
WA B s 268 B3 A 3 AL, RO A E
WITLIE Sk A0 T S ] B, i A k8] 89,510,818
S20 K R R 5 BRAN 30 47, HOR X A7
A AR R AT 3 ) R A i 7E DCA Bl _E 19 73
A&l 4 s

6.0

e Al
m A2
A A3
S11
o A
4
S1a
lﬂ' 4
S S8
-0.5 A1 7.0

(AR 7K 3

R3 UNIREABRENM ERZRES ML
Table 3  The distribution types of main macrobenthic communi-

ties in the Liujiang River basin

il RHE RAE AL
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A3 S1.S11
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Figure 4 The distribution of sampling sites of Liujiang River basin in the DCA
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2.5 KEEFHRES T

XPRE g 3R A 7K B BEAL I - R4 T b A o0, 45
AR 5 7R, DO 1 JoT f vk BEAEAY K Bl % 25
¥ A1 A2 A3 F1 B1 B2 B3 7E%5 [a] 50 A b AR fL 52
BT b TS i Al K ST S bR ) 52 0 Bl R
# Mann—Whitney U K; 56545 520, Bk As Sk

JELASE, Fopt K 59 ¥- (DO ,CODy,, [NH;-N Hg . Cd |
Ph) {4 J5 8 e B A | T2 /K 300 =2 1e] P A7 A 3 22
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F4 UNIKERWS M EE XIS RIS T F
Table 4 The community division of macrobenthos in the Liu-

jiang River basin and the indicator species analysis

LIS FER A fiRfE P

M7kl A3 Baetis sp. 1.000  0.005™
Serratella sp. 1.000  0.005™

Zaitzeviasp. 1.000  0.005™

Cheumatopsyche sp. 0.999  0.005™

Dugesia sp. 0.967  0.005™

Antocha 0.994  0.001™

Chironomus sp. 0.918 0.019"

Caenis sp. 0.705 0.048"

FAKH B2 Semisulcospira cancellata 0.845  0.010™
Oncomelania sp. 0.756  0.032°

B3 Amphigomphus hansont ~ 0.816  0.018"

Corbicula fluminea 0.816 0.012°

Gyraulus compressus 0.816 0.018~

sk FR P<0.01, * IR P<0.05.



58 FAdITRRFFR(ERMF R % 53 &
RS UNLREK R E FHE( FHEAREE)
Table 5 The characteristics of water quality factors in the Liujiang River basin( Mean+SD)
IR Rk Fokl b
Y e Al A2 A3 Bl B2 B3 P
p(D0)/(mg-L™") 7.67+1.58 8.29:0.89 9.21£0.21 8.15¢1.19 10.37£0.85  10.46+0.80  11.71£1.19  10.61+0.96  0.000
p(COD,,)/(mgeL™")  1.65£0.59 1.37:0.42 1.05£0.21 1.44£0.49 1.96£0.42 1.51£0.29 1.90£0.44  1.78£0.42  0.003 ™
p(NH,-N)/(mg-L™")  0.15£0.14 0.27:0.62 0.02+0.02 0.21£0.47 0.29+0.21 0.18+0.14 0.24:0.20  0.24£0.18  0.009 ™
p(As)/(pg'l™)  8.630£8314  6.460:7.881 11.000+4.243  7.609£7.674  1.956:1.528  1.437:0.506  1.057+0.501 1.623£1.128  0.228
p(Hg)/(pg'l™")  0.025£0.055  0.0070.017 - 0.013£0.035  0.032+£0.023  0.033£0.024  0.020£0.020 0.031+0.022  0.000 ™
p(Cd)/(pg-L™")  0.109£0.308  0.02+0.038 — 0.049£0.181  0.314£0.323  0.181£0.077  0.207+0.139 0.248+0.234  0.000 ™

p(Ph)/(pg-L™') 26112639  1.509+1323  1.26+0.438

1.870£1.868  15.732+£36.913  3.126+0.935

6.060£4.031  9.56125.395  0.001 **

1w R P<0.01, * FJ5% P<0.05.
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DCA 73 Mr& 2R o, bl R A5 2019 4 4> HE
F Al A BE A B Fe AL 7391 0 6.50 il S.83, 447K
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RSN, AF 6 AT LI th A /K] CCA HEFF RYRT
PG AR R T A S 7 AL 57119 45.9% F155.6%
ViR CCA HEFF REACAT b S WAy = 7K ST ATG Sl )

A A 5K B F 2 R A e &R

w7 Frow, EA K, 15 DO 2 i K Al
X;Hh2 5 COD,, 2 KIEAH G, 5 Hg .Cd #1 Pb &2
BORIEAC. FEFEKH, 50 1 5 COD,, R TAHE,
5 DO BESRFAAR, 42 5 DO EHR KM, 5
NH,-N S RIEARSE. BIE AT UL, Ak I iy TR
ARSI A7 1) £ EK KB Tk DO ,CODy, |
Hg Cd 1 Pb, F=7K 0% COD,,, DO Fil NH,-N.

&6 CCA HEFFHxy R FFHEE I -KREFHEXER RREALER

Table 6 The Eigenvalues, species—environment correlation and changing percentages for CCA axis

- r— R (i %%ﬂlﬂ—ﬂf)ﬁ? %ﬁfﬁzﬁ%’iiﬂ Py =K 7 R
LEES s AR %o KBV %
ik 1 0.579 0.894 8.5 23.6
2 0.549 0.901 16.5 45.9
3 0.411 0.854 225 62.7
4 0.370 0.891 28.0 71.7
Fok 1 0.582 0.909 11.8 327
2 0.408 0.851 20.1 55.6
3 0.310 0.867 26.4 73.0
4 0.216 0.805 30.8 85.1

P32 BEK 5t 8K By R -y B B AR gk — 20 i AT
CCA 4311, B 5 S e 7 MyTA 7K IR 31 Fop 2 22 K
IS 2 5 7K 53 PR - 2Z 8] B4 i 1 5C &R, H HE P BT AT
SVt 1 R B R T A AR R R R AR O
Tl 1 NZE A AR O3 A A VU5 17 )& ( Baetis sp. ) |
4 81 ( Dugesia sp.) . F% W@ ( Chironomus sp.) ] W
( Corbicula fluminea) 55 , I 2 Y1 Fh 5 th 5 47 =1 46
IRBE () Wy i ik U 30 S AR SR P el B 2 S
))& COD, FE 42 J& (Cd . Pb Hg) i it ik i 1 22 4k
T, W 2 N B2 AR 53 A A it 158 ( Glossi-
phonia sp.) KXW J& ( Micronecta ) %8 V8% J& ( Semisul-
cospira sp. ) 55, RIS YA XK (A EE 42 & (Cd \Pb |
Hg) FIAHLTE e Bt 52 e 1 2 W ReAIK. & 6 ek 1
ML A=K 26 Ffr 5= SRR JF AW 2 47 %8 7K B A+

ASAR AR 15, PR A 5 7K s 3R R A 6 B 5%
REH SRR EA

&7 CCAHI2 H5KREFHEXRY

Table 7 The correlations between water quality factors and the

first two axes of CCA

KRR 7K 9 FKI
i1 i 2 %l 1 %l 2
DO -0.8138 -0.0329 -0.5209 -0.607 0
coD,,, 0.1044  0.8520 -0.8181  0.0137
NH;-N 02336 0.0975 0.1607  0.346 2
As 02710 -0.0548 02599 02174
Hg 0.0577 04333 — —
Ccd 0.0462 05720  0.1153  0.2879
Pb 02460 04616 -0.0087  0.007 7
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1 : Cheumatopsyche sp.;2: Macromidae; 3 ; Antocha ;4 ; Simulium sp. ;5 :
Chironomus sp. ;6 : Epeorus sp. ;7: Choroterpes sp. ;8 Baetis sp. ;9 : Afronu-
rus rubromaculata ; 10 ; Labiobaetis ancoralis; 11 Labiobaetis atrebatinus
orientalis 312 Procloeon sp. ;13 ; Caenis sp. ;14 : Serratella sp. ;15 : Microne-
cta; 16 Zaitzevia sp. ; 17 ; Protohermes sp. ; 18 Sulcospira cf hainanensis ;
19: Sinotaia sp. ;20 Stenothyra sp. ;21 Radix sp. ;22 Semisulcospira sp. ;
23 Tarebia granifera ; 24: Physa sp.; 25: Galba sp.; 26 Limnoperna
lacustris ;27 : Macrobrachium sp. ;28 ; caridina sp. ;29 : Corbicula fluminea;

30 : Glossiphonia sp. ;31 : Dugesia sp.

BS  MINLIRIERERSE A 55 PR CCA HER I (AiliK39))
Figure 5 The CCA biplot of environmental variables and species

composition in the Liujiang River basin (dry season)
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1 : Cheumatopsyche sp2 ;2. Amphigomphus hansoni ;3 ; Leptogomphus inter-
medius ;4 Baetis sp. ; 5: Labiobaetis ancoralis; 6 ; Labiobaetis atrebatinus
orientalis ;7 ; Habrophlebiodes gilliesi; 8 ; Ordobrevia sp. ;9 Bezzia sp. ;10
Culex sp. ; 11 ; Chironomussp. 5 12 ; Micronecta sp. ; 13: Micronecta quadris-
trigata ; 14 ; Neocaridina serrata ;15 ; Corbicula fluminea ;16 Galba pervia;
17 : Gyraulus compressus; 18 ; Sinotaia sp. ; 19: Bellamya sp. ; 20: Physa
acuta ;21 ; Semisulcospira cancellata ;22 ; Melanodies sp. ;23 : Tarebia grani-

fera ;24 ; Oncomelania sp. ;25 : Radix auricularia ;26 ; Radix swinhoei.
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Figure 6 The CCA biplot of environmental variables and species

composition in the Liujiang River basin (wet season)
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