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) Ja 3 = 5 25 18] 43 4ii (Soininen,2007) . 7E i ¥
FROBE b, fe 8 LA R A b B 3 A A, I sk R 3R
A AT BE L I 8 PR 1 SRR R ORE ek B R A5 M AR R
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TR T T M AL, J2 Fiy — 0 Fhery i 9 X
(R e /N BVRT I, A ) T B AR KR R AR A R
BX, I RFHEER . I1044k, fiEMLE
G PR R, N RIS BN, Y38 P i i b T A
HR TS i SRR I T AR AT AR A R T I 2 R
18, A EUE R R, KR R0 T B GEAFH
5, 20132015 5IR R 4E,2018) o AR KRB AE TS
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TP o IALIR I 2 5] 15 AR BN JR 3R B TR 1 T
FE A 52 T JER VG ek 0 AR 9 0 E LA 3 . 2018 SR X i
BT TR S ARSI A, BB T R
3 NVAT AL S AN 4 A TR A e 8 1A R S 23 A AN
Vo G5 R 22 e, TR DO A Tk T A VT 45 R R R LR
M P 2R, D IR M 0 5 B R A Atk K
2%,

1 #R57E%

1.1 AR

IR RIE TR M BRI 1, B ERIT = f
PR N KB, 4K 174 km , 227/ T AR 2 300 km?,
FERER 1 729~2 050 mm , VT & R £ 5 45 4E W =
1) 80%, b Hie 1L X A R & B 2 T R R
TEE EUE AARMO £, P AR EME 8 E, R
W LS O 3, NP3 B B o R R
AR, NRTFHa B ENm. ERBKFR
A RS 2 R, SRR EE R K & T K, S
e A B2 7E = /KB B v, M 07 & R U R SRR
R BB CRE S, 2018).
1.2 HRIgEEMRENE

TR B A T AL E 20 KA SR,
F£D. T20184E3 H.6 H .9 HAI12 H XA A
TEFEHEAT 4 UCRFE , JEREE 80 Mo 4 VUCKAEREUR
WePUZEAR1, Fodr 3 H A2 H oA ZKEA, 6 A F19 H N
KA. 275 Strahler(1957) IR S L bRIUE , K I
X531 3G, S RN RAE s A, — 2R 101,
THAR3AS, ZHIR T

h

L 03
V‘ — i
’\ ' 10 km CQ s

E1 REIRES
Fig.1 Location of the sampling sites in Liuxi River
1.3 HmRESLHE
i3S GPS Fh IR A s R 22 2 FE g4
F YST 6600 7K J53 73 B A% 47 7€ 7K i (WT) . pH 1E.

HL 55 % (Cond) « ¥ fif S (DOD ; FF I KSR 46 1 LK
Bt 22 CORME 7K W00 73 M 7573 ) CIE 583 358 AR 4
KRS 2002) W 5E KR CCTND LA 2 (N0, - E il &
(NO, ) V& A(NH, S % (TP) L IEBEER 25 (PO, |
AV PR (S10,) A (Tur) 55 4 22 15 45
F1 RS HIE AR AR ER R ERRR
Tab.1 Spatial coordinates, river order (rank) and

habitat status of sampling sites in Liuxi River

R FER G A EBuEZ S
i SR PE PN AR
S1 REMYES 114.01 23.80 —Z¢  LlENRFR, B
S2  KEMEAR]  114.00 23.81 —Z B MHEAESY

S3 AUURYESL 113.99 23.78 —%% BN, R

S4 WAL 113.98 23.80 gL /N, BE LR
S5 =HEE 113.81 23.74 —Z  ILIANR, B
S6 £ H 113.95 23.82 2 AEEIS R, KM
S7 AR 113.90 2377 =g /N R R
S8 FEEMT  113.91 2393 —Z BRI ITH LW
S9 JLiE 113.84 23.84 —2% 21, KAV
S10  BEPAT 11378 23.83 —Z% B, 1200 BV)R

113.73 23.70 —2% /N R, RE SR
113.71 23.70 =% KW, 200,105

S11 YR K
S12 UK

S13 ks 113.64 23.63 =4 % HipkEIREEm
S14  fifghfF  113.63 23.57 4% /N, E R
S15 #HOKHF 11359 23.55 =4 HAENX,EHTH
S16  KTF¥ 11347 2344 =% KW, NLIEE
S17 KM 11334 2342 —Z% /N, DARFEX
S18 A& 113.33 2340 =% KW, A g5 g
S19  AMUAME 11330 23.33 =2 K], 325
S20 EEMIAME 11326 23.29 =2 K[, SZMIE LA

Tk AT il SR A 2 2 I 45 (20140 B LI 77 725 o
FEAKAE S BENLHEIE 3 cmx4 cm Y RE IR A 2270 58,
TEBA RGN A BTy, )R] g 0 43 WA 1) JeC ot , FH 2
ot ) BB J5i 1) B T JER AP A T, R A N 100 mL )
IR, FE4 4% W LE B I N H I 2 a2 AT ] E o
A5 FH A TR ik 25 DO AV ik 9 om0 A AL S A
PEER, EZB BB, EE oK ER I, HEH
F KK HE &, I 3 A IR (Naphrax, 37 41 2
1.703) il Bl 7K A 3% Fr o 38 ek A 22 I8 B 0 ik R
1T % 8 FH 50, A 210600 A o TR AT 1 5
PR S (RN 5 8 R0 (BRI IK &
ZR VL 30 AVG ek v R R ) (o hor BR AN 22 4% « DUUR I
I XUERSE, 2013)
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1.4 HIEAIBE S S5
. v 2 EREH

K H WA & £ (Richness) Fl B 2 ¥ 7 i %4
(True Simpson diversity index , Drg,, ) 7€ 7 JE AV i 35
VI Fh 2 1% Jost, 2007) o FF I HRIBH A EA
EWoE

DTSimp =

1 N 2
o D= ZPi @

o PRORY Bl AR AR & B, S O AR
A b B YRR EL; D N Simpson 8 5, 3R 7R B B
HUAh A 2 AR JE T 17— P B0 B HE 2 5 Dogyppy N H
S AR T8 20, JY Simpson Fi5 2R 2.

AR O85> 2K 0 TG Tk 9 10 35

Y= (n/N)Xf, @

Y RO n, ke A i b i A8,
N AFEA A W) ) ANREL f oA i AE &A1
T IR o Y>0.02 I 00 35 M (B I8 AL AT R 1.
#,1989).

K FH Shapiro—Wilk o 46 P4 855 K] 1 (1) 1E 2 7341 , H
Bartlett £ 50 AR R 1~ & 2H 2 18] (1) 5 22551 s B pH A
of HAR BT A PRI R 1 U E AR B, R 2= T 207
% (Two—-way ANOVA) 73t 44> Z= 15 1 3 N5 it
PRI R 7 CRV 2 Bl A PR A R RS IR R R
ZpH VA O P Rh =5 8 TR 1 4 AR AR AU 22
Fto M PCA 73 fr I8 5 A1 2 8] DA SR PR G R 1 5 4
IR FR

XL ¥>0.02 [T B R 2K 11T RDA 73 #r , DA
TN.TP.SiO,. WT.Cond. pH A Tur /£ it B 25 & .
XTI FPAR T 2 B H 4R 13E AT Hellinger %% # , P5 53 K] 1
BEAT FRAEA AL PR o SR AU 1) 3 5 59 B A B 35 A B
PR 1~ 5 0 A A58 DAL 1% TG Tk 93 T ¥ 228 A 1) 5

K FBA J7 A P B R 6 FRAFAE 7] 2 (Asymmet-
ric eigenvector map, AEM) E A %% (0] 48 & , 43 H1 AN [H]
JOFE 1 =% 1] A% & 56 #F 7% 45 14 1 52 W) (Liu et al,
2013) . B SEARHE SRAT A5 TR ) 4 A7 5L AT K T
) SR E AEM A58 1Y [ 32 00 B s SR G AR 2 4
A R SR A5 R B R A 0T R RS T O I R B AR
PR B S P, 3% A B 5 A IR O R A TR 3R A4S 5 (]
ACEE R, A FH 2% 1) ASL 2 O ) 2 AEM % [) A2
T JER AT ik 5 (Y>0.02) B V& (1) =F B2 808 AT 25 8] 23
. 7 3%k AEM 22 [ A2 & . i f] J7 72 73 ## (Variation
partitioning ) 73 AT ) #8155 A8 8 A 2% 7] A% 5 0k Jeg A ik
BETEVE A2 5 IR AR 2R

FiA it 4 Hr £ R & 5 7 & I H anova. veg-
an.ape - spdep - ade4 I adespatial #2 7 £ 5€ i -

21 BUEETF

VIR 44K IR 8.15~34.48 °C, M 0.05~124.80
NTU. HEHKE 0.46~11.34 mg/L, 15 A 1.91 mg/L;
SRR E 0.007~0.744 mg/L, %14 0.099 mg/L; A] A
TR 6.71~23.90 mg/L, #4118 15.28 mg/L. H 5%
26.10~421.00 wS/cm, pH {H 5.05~8.15, ¥ fift S W &
2.08~11.49 mg/L.

KR 27 28 AT 3 B, ZKIR 0 2345 0 2 |) 22
3 (P<0.05) , F /K KR & 3% m TR K, =4
AT KR v T R RRT — GRIRTIAL s  E AEAE R
(12871 22 5 (P<0.05) , 3 H B3 B 32 v T oAb A
M ABRE R R AR E . A S8R AT M
TR ZET5 2 R AR B 3 A YR E 77 #h
WP 7S ) = 7 B 2 (P<0.05) , B %5 T i 45 2 4
T SR P R R Tl I R T I s A, T A PR R IR
FE S ad i . B S 5 pH H A R A AFE
FEMENER(P<0.05), BSREFKPEES T
R K, pHIE R I A 12 H>0 H>6 H>3 A, F /K
(1 V5 fife SRR 3 AT R K 5 3 A 55 AT L 1) L R
2 pH A R 25 ) 22 R 3 A B3 (2D .

PCA # %% . 78, 2018 4 38 53 K] 1 () PCA P 32
Bl T 22 &R T Z 10 58% B 3) o Bk SiO,. pH {E Al
DO 7£ PC2 il /e ], Fo At 34855 K 5 76 PC2 B i 4
Tur. NH,* . TN.NO,” . PO Al TP % PC1 ] 51 #ik %
K, WT. SiO,. DO pH fH # Cond %} PC2 ] 71 #ik %%
Ko BBEEFRIBLAEARBEIIEMRLLR, SO, 5
TN.TP 2 MK K R #ERAEPCAXUT B L5
A, NI TE] & 3,69 H IFE U EE S AER — .
THMR, M2 AR S R E S AR = I RIR .
M5 2% L, PCA XUF B fE W B X 5y — %]
it~ R = T R R — SO A )
TFIFE R FEE RS = B =R, =490
R EEEPES — HURR.

2.2 RWERERESHMER AR

=Y R = O R AT R R P
3 B M 35.39.46 (- 4-a) o IR R E
JEE 2 B0 H B S A 2 R) S o o 3 N A G IR
W Tk R ) B = B 22 5 B 35 (P<0.05) , Hod — 4 im]
B, = ST I A R R R A s 3 H R 12
AW RMiE S E KT 6 Ao H. By ki
BFENEFEE, 6 HMoH M E ¥ % kit
ZET3HM12 H(P<0.05). 3 /N5 2% it 1 JEE AR
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Fig.2 Temporal and spatial variation of environment variables in Liuxi River

ik Y B o 3 AR B B A7 AR B 3 S ) 2 7 (P<0.05) , L Hh 22 3 J& (Achnanthidium) R 3 J& (Navicula)
5 — 2% FN — 2l AR B, = R I B S 8 AR e AR 5 1 % J& ( Gomphonema) F1 25 ¥ ¥ J& (Nitzschia) [1]
= (K 4-b) PRy o TR O MO0 B K 2 22 L

X AL IZ VAT HE) 4 R A L 80 YO L 4 5E R IR 223 (A catenatum) 2 M 223 (A. rivulare)
WitEBE 2946 H OFL.55 & 276 F . FE AL A F B B 25 T (N. palea) TIN5 ¥ (G. parvulius)
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2.3 RMEFERBTREMREZEEHE

P (Pennatae) F 25 1 ~F- 35 AH 0 =F B2 f e
298 92%. M H (Order) /K V- K F , 5 7 4% H
(Monoraphidinales) 1 ¥ 5% 4% H (Biraphidinales) [f]
P S8 AR S B R S 20 i D 37.1% A 31, 22% Hx

& % 5% 4% H (Aulonoraphidinales) Fl [ i # H
(Coscinodiscales) , F °F ¥ A5 X =F B 43 5l 5 18.75%

1 8.01%; & 7t 4% H (Araphidinales) 1 f 7¢ 4% H
(Raphidionales) ] A1 X = & 51K, I8 T 5%. M F}
(Family) 7K~F->k & , it 76 % #} (Achnanthaceae ) (1] °F-

8or o — % - (a)

ol mommE L
it/ ST ;g : 5
60F 1 i m ' ’
=, 50
Bl § .
- S a l :
= g ! i
B
= 30t

20

10 -

12

..
wh v
- -
I
-
F

O

A

month

TR 5t 3 B A v, N 37.1%:; LUK FHTE B R (Na-
J& # #} (Nitzschiacea) 7 % # B}
(Gomphonemaceae) - [ #ii # £} (Coscinodiscaceae)
F1Hr 25 3 Bl (Cymbellaceae) , V- ¥ A1 %F 3 & 43 1l A
16.87% 13.49%, 8.42%, 8.01% 1 5.93%. W 3% 1k}
(Surirellaceae) F1 fifi #1 5 £} (Fragilariaceae) [1] “1- 13
AH T B A, 20N 5%, Ji 5% 4% B} (Eunotiaceae)
1~ B3R = BEAY 1 0.2%.

R TG Tk Y5 A ¥ (1) A0 33 5 b 6 4 R A A2 W) Sk IS
PRt WEIKFERE , — i 32 2 DAt 76 i
B UCE R ST BB AL P 35 — g
it CA TR T R  SE R R AR R
s Z G 3 DA e R T R 22 T R
N BEE AN, il 5T R R XS AR A X
F= B A, 250 SR AN AT T SRR X =5 B2 T 1= s
MBS TE] b [ — T S 21, ih e i RHE ARG K I (3 A
12 A RIAENT B & T3 KA (6 HF19 A 127K
SR TR AR = B = TR K3
2.4 [RFERERATREMNHIMEF

I AEM B[ RDA 73BT R IR 2) X 3 H =

) A% B () A AR R i 25 (P<0.05) , SL0iak tH 4 N B
AEMBHIE A5 : AEM2 1 AEM3CK R EZS[A]) L AEM 10
(P REEA[E)D CAEM16CINREE A 8] , KR 2% [B] e i
T 14.2%, H R 2 AR 5.6%, /N U 2 (B R 4.4%.

3 7 MLIECHE i RDA i ()3 4% S L s SRk
[ 9 5 35 PR EE AR B, 0 JECAT Fe 5 A0 F4 M i v &5 A it
BN 29.0%(R.,=0.290,, P<0.001) , S i Al B B 7 45
F 78 5 (1) 13.8%, 0 MR BE B T 45 K4 1) 10.1%, 10 JE
fRREREIE S5 1) 5.1%. 7 2 fR R, BT A 5848
B2 () A7 B L AR BE 37.5% 6 JES A fik Y5 AR U 45 My A

viculaceae) . 2%

St Horp, IR8E R 7 BE ST R R 20.4%, 2% 8] A% & Ak
201 )
5 B °
ERET ’ T T |
2z
# 2
a £ il
Z D —
3 6 9 12
A
month

B4 RZARAEEDHFEEE(MEFEREH(D)HWHEEL

Fig. 4 Temporal and spatial variation of benthic diatoms richness (a)

and true Simpson diversity index (b) in Liuxi River
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SRR 8.6%, 7 1] A% B RN BRI [R] - 3 ) i R B v 46
PS5 1) 8.6% (B 5)
F2 WEAREEREEEMYRDALR
Tab.2 Redundancy analysis (RDA) of the benthic

diatom community in Liuxi River

i1 RDA model R R, djz P
= d]
A 0.901 0.376 0.023*
A I 0.401 0.242 0.001 %
AEM2 0.119 0.070 0.007%*
AEM3 0.113 0.072 0.01%*
AEM10 0.091 0.056 0.04*
3A AEM16 0.077 0.044 0.034*
78
A AT 0.564 0.310 0.001 %%
fiiApriEEs 0.402 0.290 0.001%#*
TP 0.183 0.138 0.000%**
TN 0.136 0.101 0.000%%**
Tur 0.083 0.051 0.000%**
ZS i8]
Ky ol 0.851 0.054 0.427
78
61 A fE A 0.519 0.239 0.004%%
[iAEprEs 0.340 0.216 0.001 %%
TP 0.134 0.086 0.006%*
TN 0.122 0.083 0.007%%
Cond 0.084 0.047 0.042%
)|
AR 0.859 0.109 0.266
MR
9H oyt 0.513 0.229 0.001%#%*
il Epries 0.266 0.180 0.001%%*
TP 0.136 0.087 0.001 %%
TN 0.130 0.093 0.001 %%
2 1:]|
AAH Y 0.851 0.057 0.392
78
12 A AE Y 0.566 0.313 0.001%#*
T A 0.276 0.190 0.001 %%
Sio, 0.146 0.098 0.009%**
TP 0.130 0.092 0.001 %%

¥E:*: P<0.05; **: P<0.01; ***: P<0.001

RDA ST iR, MU RS 72 bR B 5 i 6 H
9 H 12 A BIFR R WIRE SR VR 45 . 6 H ik
HH R B BRI i 5 O B AR, o S R S A K
41 ¥ A8 S R AR 22N 21.6% (R, =0.216, P<0.001) ; J5
RTINS BB S 2R A R ST R R T
SERIAR SRR R BN 8.8%11.1% F14.7%, 3 N[
T I AR B RETR 4528 510 2.7%. 9 H fifi i H s i A
BEON R E AR R R R VE 45 AR RN
18%(R2,=0.180, P<0.05) ; 15 Z /3 i oo » A B AE Ak ST

adj

fEFE 9.2%, Sl B BE SN ST MRE 11.2%. 12 H ik i &
B FH AT A M Oy 35 A B, AR PR RN e VB T Vi 45
19% (R, =0.190, P<0.001) , & B f# B 9.2% , 1 ¥
PERESOT PR 10.3%.

44 ) RDA 7%, TP TN SiO, Fil WT 2 fift F%
JRMIRE R R SRR RETE (B 6, R
N 17.5%(R.;=0.175, P<0.001) . TP TN 55 i 1. 5 2
PR SIO, HH 1 2 IEMK, 5Hi 2 2 M AH
KsWT 581 205G, 52 B IEMHK. R/l
22 35 (A. minutissimum) F1E 25 #H 22 3 (A, rivulare)
(A6 2 B 5 TPVTNWWT 2 7 2656 &, 5 Sio,
BIEMK KR DIEEEECS. minuta) 58 57 B 22 %
¥ (N. clausii) F1 77 5 1 ¥ ¥ (B. paradoxa) 5 TP
TN.SIO, 2 IEM KRR, EWT BEHAAMHKKR.
B K FZ T (N, palea) T/t ¥ (G. parvulius)
N FFTE ¥ (N. minima) < & 5% 71 JE 3 (N. notha) fl
F % FF 2 8 (N, rostellata) 5 WT 2 1E A1 KK & o
AT S A SR BER Hh 2238 (AL catenatum) <
BA M 22 (A, rivulare) | i IR 9 B3 (C. placentula)
TE— AN = FEOR BRI AV B (A, granulata)
M JE NI (C. meneghiniana) #FS Y A2 3 (L. goep-
pertiana) F 43 [ ZZ T ¥ (N. palea) 15 = 2% i HH AR
F2 PR, N IUEE T (S, minuta) TEFF 55 S8 11 2F 5
Bo TR, B IR R ML R T R VA S5 A
41 3.1%, W BE AT A RE 2.1%, 1 LRI R R 0.5%.

3 Wig

3.1 HRFEERABMIRNTEL

Uk FEE RN 77 R AL 2 5 ) JEC A Ak v =R FE I
FLIAEE K (Passy, 2010; Delgado et al, 2020) . iti%
TR AT AR S P 3= R B A B B I S SR
FE KA ) AL B DA = 8 FE v TR 7K, SR 7KK
T e, AR T IR AR K, IX AT R R BUE 2 1)
PRI . =R R R e T A A ]
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Fig.5 Variation partitioning of benthic diatom community in Liuxi River
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Fig.6 RDA (a) and variation partitioning (b) of benthic diatom community in Liuxi River
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Temporal and Spatial Heterogeneity of the Benthic Diatom Community
and Influencing Factors in Liuxi River, South China

CHEN Ci', TAN Lin?, ZHU Kun-peng!, LIANG Ying-shan!, HAN Nuo?, WEI Gui-feng”

(1. Guangzhou Bureau of Hydrology, Guangdong Provincial Bureau of Hydrology,
Guangzhou 510150, P.R. China;
2. Department of Ecology/Institute of Hydrobiology, Jinan University,
Guangzhou 510632, P.R. China)

Abstract: Benthic diatoms respond quickly to changes in the river environment, and species composition
and spatial distribution are widely used to indicate and assess river water quality and ecological status.
Liuxi River, in northern Guangdong Province, is an important drinking water source and ecological con-
servation area for Guangzhou City. In this study, we explored the temporal and spatial heterogeneity of
benthic diatoms and their responses to river hydrology and water quality. Further analysis was conducted
to examine the effects of environmental and spatial variables on the benthic diatom community. The aim
was to provide basic data and a reference for monitoring and managing Liuxi River. In March, June, Sep-
tember and December 2018, seasonal sampling of benthic diatoms and water quality monitoring was con-
ducted at 20 sites from upstream to downstream representing three levels of stream order: 10 first—order
river sites, 3 second—order river sites and 7 third—order river sites. A total of 276 benthic diatom species
were detected during the investigation, including 55 genera, 9 families, 6 orders and 2 classes. Species di-
versity of benthic diatoms displayed obvious spatial and temporal heterogeneity. Seasonally, the richness
and True Simpson indices of benthic diatoms were higher in wet season than in dry season. The relative
abundance of Achnanthaceae exceeded 50% in dry season, higher than in wet season, but the relative
abundance of Naviculaceae in wet season was higher than in dry season. Spatially, the species richness
was the highest at third—order river sites and lowest at first—order river sites. Most dominant species came
from Achnanthidium at first— and second—order river sites and from Nitzschia genera at third—order river
sites. Along the river from the headwaters to downstream, the relative abundance of Achnanthaceae de-
creased, while that of Nitzschiacea increased. Redundancy analysis shows that both environmental vari-
ables and spatial variables had significant effects on the diatom community, but nutrients contributed
more than spatial elements in explaining temporal and spatial variations of benthic diatom community in
Liuxi River.

Key words: benthic diatoms; community structure; temporal and spatial heterogeneity; Liuxi River



