5539 %5 12 ) 7= S N S O 4 Vol.39,No.12
2019 4F 12 A Acta Scientiae Circumstantiae Dec., 2019

DOI:10.13671/j.hjkxxb.2019.0355

i RS TP, 5 2019, PRI A EIRE 44 B L S ERBEIN 0036 3 1) FRBERIE%] 39 12) £4096-4105

Xue H, Yao Z P, Meng F S, et al. 2019. Community structures of periphyton and their relationship with aquatic environmental factors in the Woken
River, China[J].Acta Scientiae Circumstantiae,39(12) ;:4096-4105

RETELEHERESARESHERATHXR
B BEM  FHUADT AR AR AR RIS

1. F EFEAF Rk, Lo 100012
2. bR ASE A F AR FH R, AL 100875
3. P EFREE A &3k, 3 100012

FEE T A HEATEM T TR AE SRR, 2018 4F 8 H (F/K M) , 02 T 19 /> S0 A5 A= S HE I8 2548 K PR3 FRAE. {8 H] Menaughton
PRFBE 3T RN A S B S0 3 R I5 IR ST T 5 1045 A B2 M T 45 K RN 0 B2, (1) Spearman ARG A3 BT | B84 35 X6 Iz 43+ 7 11 ML 36 %oF
NEAIATEE T BEFIE T B TR 4 A T B T R PR 8 IR 7 (MR R DG 3R 5 SR SR W A5 L T 5 A ol 89 WA 8 AN IR SR A AL ) AR
YRV 2E TR Nitzschia palea %5 & B IR 8 R AR AZ 1T B DL SR BraE R R W) AR I RAE SALAT 4328 3 4, NZH 1 520 3, JL 3
TH T T TR AR SR | - R R A TR RN R O SR A L R b T e 2 4 T A R R VR S A T KRR O TN
DO il pH, HH DO A1 TN /22 3 & A= Gk S fEv& (0 =282 (K7, pH R4 2 25 A4 Rk e A 10 S 25 i [R] F. phy  mT O, B3R 37 VR Sk X340, 1% 15
TR AR FRBE  E R O 22 , 45 AR R SRRV W] LU R T8 AR 8 1 K AR SRR 0 R AR IR L.

KW AR B A RERE ; Nitzschia palea ; WX 534

X EHE :0253-2468(2019) 12-4096- 10 HES RS X17 X ERFRIRAD: A

Community structures of periphyton and their relationship with aquatic
environmental factors in the Woken River, China
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Abstract: In order to reasonably evaluate the eco-environmental health of Woken River, a tributary of the Songhua River in China, community structures
of periphyton and cleanliness of the benthic diatom at 19 sampling sites were investigated using McNaughton's dominance index, clustering and ecotype
analysis, while the relationship between the environmental factors and the diatom communities were studied by the Spearman correlation test, detrended
correspondence and canonical correspondence analysis during the flood season on August 2018. The results indicated that a total of 89 species of periphyton
algae have been identified with significant differences in biodiversity among sampling sites. Nitzschia palea and other diatoms which can be used as
eutrophication indicators were the absolute dominant species in the Woken River. Sampling sites can be divided into three groups based on clustering
analysis. The cleanliness of dominant species gradually decreased from group 1 to group 3, while the results from ecotype analysis show an increase of the
proportion of low-aerobic diatoms, a-mesosaphrobe, polysaprobe diatoms, and hypereutrophic diatoms. The predominant aquatic influencing factors of
diatom community structures for three groups in Woken River were total nitrogen (TN) , dissolved oxygen (DO) and pH, among which TN and DO were
the main factors for group 3 and pH was for group 2. As a result, except for the headwater of the river, the eco-environmental quality of the Woken River
was poor, and the benthic diatoms were found to be an effective indicator for the nutritional conditions and saprophytic status.

Keywords: Woken River; benthic diatom; Nitzschia palea; canonical correspondence analusis
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Mok A AL TS g s B R o G
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W B YI48 4R (Fetscher et al., 2014) [ AM#E%T H
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(Beyene et al., 2009) , FIBA ELFr9F8 R~ 1EH.
FIFHAE ST T K B PE e B 7 VR A 22 A 4
W) AR SR B R R A S R MR AR Ak
[l N G T3 A e 35 A 7 235 1 S s /K 5 DY 14 A1
KW B W 2 A R T ORI (BRE S
2012) ARIL (AP HESE, 2012) | IF AT (BE RE 45,
2013) TR (5KATSE, 2017) S5 B A AL R BT
TGS JFRIFSE T OK BB A 7 X ek i A 7 2 A Y 52
e LA 2735 (B AR R e R RS s PR TR
(XUBEESE, 2016) AT ( BT 4F, 2018) 45 4k
HK A SRS o f, DA B AFSE 3R] AR R R )z

I A A Ak SR T A T 2 ) M S5 PPN R W AT Y.

UTAERE 5 AT It 3 A 1% 5 7K R Tl K
AR HE RIS AN TR AN, Rl T PR 7 G R A B A R0h
B, REUE DK BB (£ RS, 2015) FEfk
TR A T /K B B M A K 2R A R KA B
TR K B IR AP AR A TN & 5 4
SRR R, BAREE LAV A T &R TE
A R AR TS AR B Y 1, £5 G s T R 2 e
Mecnaughton /i # % 43 Hr | Spearman #H ¢ 73 A1 | Bi i
X N4 M1 ( detrended  correspondence  analysis,
DCA) 1 Ly XJ i 43 7 ( canonical correspondence
analysis, CCA) 5573 HT 5 %, WE5E 1 5 Tl i del 27K
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A, TRV T 7K BRI PR 5% 4 15 0 O Sl A ik A T
AR, LU Ry 3 ] 35 A4 3 1 Y 3 7K B 45 o
W5 PPN TAE SR BE SRR S5 9T 22 6.
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Fig.1 Sampling sites in Woken River
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FHAEEK w2 AN BT8P, i 5% FF R s [
SRR BT BRI T R AE A R AR IR
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JT A A B RE i (BRI A, 2018).

FE AR IE [P S20 % F B DISE 48 h Ji, B 0.1 mL
BISIRE i T 400 175 W48 (OLMPUS BX51) K 4T
T 248 S e A0 R 15 (X 2845 4, 2015)  GHR 40 R
A EA TR A AL B (AR R AN B IR ) , I il Bl ik 8
A, 7E 1000 £50%62% 27 5% ( OLMPUS BX51) T #E4T
S TETIEL, ARkt e LR B 0 R A0 A B 0
400 4~ (Xue et al., 2019).400 {75 A0 EF T FE b % 5 )
J& , 1000 A5 PLEF T~ i s it 68 5 3]

2.3 KR K SURE A AR AR E

KR (T) LT (Cond) ¥ fif % (DO) H1 pH
o {5 % X K I 43 B X ( YSI Professional Plus,
Yellow Springs, OH, USA) P37 7E . 45 KL 15 A [F]
AR AE T KRR i, AL L A R S5 2= 0 b 2
T i (CODy, ) | i 4 R #h 78 B (CoD,, ) . & A
(NH;-N) & (NO;-N) A (TN) FLE#E (TP)
IKFERAE TALEE ARAF LA K 5 2 B ORI K
Moy B 7 2 (U R Y (E R E R B R,
2002) ; ¥ B BB P FR R S P bR vE ) (RN
4, 2007) BRI FT 4%, FRBUE 1543 ( Bott) Al A= 58
84> (QHED) .
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R & AR 2 BT RS RS /AL
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Fig.2 Dendrogram with boxes around the three selected groups
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Table 1 Dominant species of benthic diatom in Woken River

(R T M fRRS BT AR L
ik NPAL  Nitzschia palea 0.23 42 GPUM  Gomphonema pumilum 0.24
ESBM  Eolimna subminuscula 0.05 ESBM  Eolimna subminuscula 0.22
NAPE  Navicula atomus var. permitis 0.04 NAMP  Nitzschia amphibia 0.12
GPUM  Gomphonema pumilum 0.03 EOMT  Eolimna minima 0.11
EOMT FEolimna minima 0.03 NPAL  Nitzschia palea 0.06
NSSY  Navicula schroeteri var. symmetrica 0.03 GPAR  Gomphonema parvulum 0.04
NINC  Nitzschia incospicua 0.03
RSIN  Reimeria sinuata 0.02
A1 GMIN  Gomphonema minutum 0.15 413 NPAL  Nitzschia palea 0.40
NAPE  Navicula atomus var. permitis 0.12 NSSY  Navicula schroeteri var. symmetrica 0.07
NPAL  Nitzschia palea 0.06 NVRO  Navicula viridula var.rostellata 0.04
NINC  Nitzschia incospicua 0.05 ESBM  Eolimna subminuscula 0.04
CPLA  Cocconets placentula 0.04 NERI  Navicula erifuga 0.03
NAPE  Navicula atomus var. permitis 0.02
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Table 2 Benthic diatom diversities in different groups

ZREPEIRBL A1 42 413
YR R 16.67 21.5 20.25
& A 11.17 11.75 9.75
TR Z R 2.45 2.91 2.79
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Fig.3 Dominant species probability of occurance of dominant species for water quality class
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®3 BEHLEEEERESBERREETF (M)
Table 3  Ecological types of benthic diatom and environmental factors in

different groups

NO,-N 5 TN M HAR 3, QHEL [A]HF F1 Bott \NH,-N
POV PR 8 38 A G, S BR TP NO,-N A1 QHEL
COD,,, Fl1 COD, & A0 HAH AR 3% , COD,,, B i

e ML A2 D g A OK B, BRI B CODy, B 5

e BT 4 A 15.18% 6.27% 4.30% ST L | AR TN .Cond .T.pH .DO _Bott .NH,-N

o 2T oD, 3 8 TR THERTIRSESM

S T HUE DCA 587, DCA HEFF T 4 e (8
AR 5 42 0.07% 0.29% 0.58% 3.72, KT 3, CCA SPHTIRBEIN 3 kSR vie 1
. 0.00% O011%  172% KA AL YOG FR.8 IR A VIF ifﬁ%%%

KA B B J A A 53.24% 12.22% 19.2% :ilzﬁ?ﬁj‘u gon: ﬁ?@?fﬁ;;fgiézﬁl;ggfﬁ

- - R A Y 14.17% 11.75% 10.61% - ﬂ’ on \* : %Lﬁl . =Rl
o BB 16.57% 32.61% 10.59% BIRROL, BT LAAIER Cond AT J5 2250 B 3 4% 7 4
B A 5.69% 6.20% 43.36% WEEAF VIF R85 58 WoR A & [a] VIF i KMEN
SEH 0.94% 0.00% 0.11% 5.2 , AAEEI B LR R R
S 0.00% 0.50% 1.03% 7 5 CCA HEF I (K] 4a) (K3L T34
R 15.86% 5.26% 1.65% SR FUCRAFE SIS — 50 HE e il iy AR A

BRRB hmE e 0.88% 0.68%  0.52% W s —HEF i A ZE A 45, NH,-N  COD,,, . Bott il DO
EETR 64.32% 48.8%  33.98% W BE B TR TN R T BRI, pH VRS —HEF
B R >.78%  6.20% 43.36% MR B it m . HE P B 45 SRR, 3 A o i TRl A7
o O03% 32.00% A% Ak LA FRSE S AL 1 RS A T HEY
DO/ (mg-L7") 8.91 10.61 5.82 BRI, BERAZE 1 4% 4507 DO . Bott ,NH,-N Al COD,,,
CODg/(mg:L™) 2173 1826 20.67 YRS, TN e SERE AR AL 2 AT 457 49 57 HE P 1Rl

SRR CODw/(mer kD) 7520 676 EJ7 LS pH J R, BN 2 RN 2
/et L0 LT S0 g e REIN T pHL41 3 BT R T
o s e AP T S IR L 4 00

AOCPER i (H ARG,
x4 12 M IREETFH Spearman 1HX R
Table 4 Spearman correlation coefficient of 12 environmental factors

TP N NO,-N Cond pH DO Bott QHEI NH,-N

N 074"

NO;-N 0.75*** 0.98 ***

Cond 0.64** 0.65" 0.71°""

T 0.188 -0.02 0.03 0.59**

pH -0.01 -0.18 -0.12 0.28 0.44

DO —0.86°7"  -0.73"*"  -0.72°"°  -0.63"" -0.33 0.29

Bott 0.06 0.09 0.04 -0.41 -0.47*  -0.02 0.10

QHEI -0.04 -0.06 -0.11 ~0.62"" -0.52* 026 0.17 0.84 %"

NH;-N  -0.10 -0.06 -0.09 -0.51* -0.43 ~0.48" 0.10 0.50* 0.73%""

CoD,, -0.08 -0.06 -0.08 -0.31 -0.32 ~0.53*  =0.09  -0.11 0.09 0.26

. ARE p< 0.1, = 0 p< 0.05, = = fR3F p< 0.01, = = = {83 p< 0.001.

Poh 5 R K 5 CCA HEFP 181 (&1 4b) 7R3 17K
JBE A 35 A T S AL B e (R B R
T 5 (RN U AE — B T HE T R AR A B Horh

A EEFACHS 2 IR [E BDI 45%%( Coste et al., 2009).
WSS —HE P 4l M ZE A 45, NH,-N . COD,, . Bott Al DO
e PE AR TN AT 3B 8 T, pH AR —HE7 4
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Fig.4  Ordination diagram of CCA (a. sites-environmental factors, b.species-environmental factors )

4 1118 ( Discussion)

41 FEBEBREEMER

T - KA A ik R VR 4 A N B BT
TR AR A i, b 3l 4 0T 5 Sk DX 0 A A B
TR BT, HoAx i A BE R ™ o KR S
B EE TN #is iR EE LA
T A MeR B s B 2 TR K
P, W R AR T TS o R A T & s AR
REBCT-IYIRIEL 19 Tl Wy b BERCAF  (HAS R AE
AR 3 A AN S8 50 A ) AL ) R A
A W06 s LAY RE A AR REBE 6 b

AR Rl BRI IR 45 R (1 2) AR W) 19
ARFERNIAT 3 3 4N 1 B4 3, AR B i &2
PR FER S Y w B R R 2R
TRES Pielou ¥2) R EUN £ B EIHE N RERE
P REWFE R R R R B b, WA 2k
PE2x Bl b BT PR B 0BG o e BT R T R
( Clauson-Kaas et al., 2017, Simoes et al., 2013,
Espinar, 2010) , Bl 3¢ 134 1V ( hump-shaped effect ).
H St AT AHEIRT 2 3 2 8RS TR X, B2
2o SRR BERE TR A BLSONY.
42 FHEBEERHMHEFEEFELAREER

Nitzschia palea 55 6 M4 FP & W F K&
ARk, MR 4 BDI 845X ( Coste et al., 2009) ,
G I AL B FR R Gomphonema pumilum 4135 Ry
15 YLt 32 F, FE AR CLA O 22 /K AR 4
(B 2) A N. palea TEBE W16 LAY 18 4 RAE 1
B B, D3 e ey, S B T I ) 4 %)
BTG R, N. palea |12 53 A F 1 A 45 4

(Bere, 2016) , FEHIGTE TP W 5 ( Oeding et
al., 2017) ARV s34 K (Lavoie et al., 2006)
Y DX 3k, BN R & E 3748 78 i ( Besse-Lototskaya et
al., 2011) A4 Muscio( 2002 ) £ 57 135 [ ik L i V5
F8% (Pollution Tolerance Index,PTI) ,N. palea M it
TR TS AEN (BRI 1) AR BRI {7 3 fik
#:95 Z0 ( Diatom Species Index for Australian Rivers,
DSIAR) ( Chessman et al., 2007 ) ¥ Ff i 5.,
Eolimna subminuscula 1 Eolimna minima T V5 {E1543
BRI, 2 i ¥ fE 1 Bom iy My i [ Sh e AR 3R
1993 ) #i
Navicula atomus var. permitis( Sabater et al., 2009) #B
2 B E AR LS X 1 e A5 (2015) 7E AR VLI
WA 5 45 SRR B, Navicula schroeteri var. symmetrica
HA® M TP fiti{H. 25 LTk, Br Gomphonema
pumilum M K 0 A e v O SRR Y SR T
T 52 P25 s 14 o 8 IR TR s .

H4E BDI 4540 ( Coste et al., 2009) ,41 1 {3l
T B R 78 CLS M /K B 2% 1F 1t BEAY -
BEFR2) 40%. 1 1 LR EE I R R R Gomphonema
minutum , G. minutum F1 Cocconeis placentula 7£ PTI
TRECPITSE 3 (R 3 4) , AR A, Hoax
3 AN IFN I Sy i i . 40 2 ORI T A 1 D
i, 76 CL5 Je B /K B 25 0 K By - X AR 2
30%.4H 2 tREEFER G. pumilum F Reimeria sinuata
Hb RS Rl 2 3 PRI I B AR, TE CLS M
SRR TR T B X AN L 20% , %A B
AR T 5 8, b N, palea TEIZ A HE
KT 0.40, WAXSALFFN , LA IZ KA S B AL
CAH Y A 2 T A SR B A 1 24 3,

B, Navicula atomus ( Kawecka et al.,
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KA BRI Z HT AR 2, 5 4.1 Esie—E
4.3 T FEEEEE AR LA Y

A1 FIA 3, B 3 7 R0 70 e B T AR R o
Fb A5 B Sk AR A, P 5 SR R0 e 9 L (91 B S T R
H5HER T CCA HEF B (Bl 4a) ATLLE 4 3 51
LA THEF B2 F £, DO W E o 3 A%, W)
Pl 5 B85 R F CCA HEF I (1 4b) AT LLFE ) BR
Eolimna subminuscula b ,2H 3 H A4y 5 AR #4147
THEFEA T, 5 DO A AL 1 B4 3,0
JEE g A ORI g T A R ek s 4 b BB B B T,
HIRA 3,20 65% k1A o HP G AR RUR i R A
A AT BSR4 3 DO WAL B 41 1 hEFR
RURESE ) R LGN 3 4l b f i, XA 4 1 7E 3
M E S TR . 4H 3 W S SR T R R
BORF T 43.36% , il HA 2 5 R A AR
B SRR LB 80% , Ui 4H 3 B SR AR
90 L I A XY AR
4.4 FRHE T xR B TE A5 B B

FEJT SEREE R T CCA HEFF R4 3R 5 ik ik %
BAKIITLE REARYA 41 1 6 A i, WOl ~
WOS A5 1l 2% 458 S A, 34067 F L i e Bg X
Hofth g A7 3 BT R, AR A M M £
e VEAE A SR DL AE N T BE 53 W01 ~ W05 2 ]
A W RETEARDLBE 45155 ( Tang et al., 2016) , R
S AR WOl S5 W02 ~ W04 5 g %43
— 21 AR SR AR AR R B, WO s BT 8
FER ARG Al TG 4™, WOl 5547 DO
B RAR T2 1 P HAb S A A, WOl JSAEN. atomus
var. permitis FIAHXS - BEIRE] T 61.81% , U HIZ s AL
W E AR A S, L cCA HEF E L,
WOL s A0 FIZH 3 s o7 5 B BT

ZH 2 4 ASSREES (W11~ W14) 67 T T
RN S, FL b B 7 B T IR B IR e A 4 S (3R
3) KW, A 2 AR (R AR B b Al 1 25,5k n]
BB 2 BEA RIS M TH 1 WEZER
PRLARE CCA HFFEIZ5 R (K 4a) ,2H 2 19 4 RAE
SN TFHEREIE 7, HAR B 2 6] B 450 41 2
FIA SR pH 2Z (] 98 f 8/ A G e HLIEAH
O, AR pH 2 2 Ak PR VR 45 4 1 2B e PR T
HABIREEN T4 2 48 s Je f K, A e P 1
VU H A EREE 7 X 21 2 BN,

2 3 SRAE RN EE AR SY, W6 ~ W10 {7 F

BB, W17 ~ W19 A FA& 150 T i R85

TOMr s (2 3) R, 41 3 /K M A= I 34 O 3
AP 2. W6 ~ W10 AT E X3k 5 £ | Al At
TG BRI BX 0] B2 T 206X 5 A 5L PR T
ZE E BN, W17 ~ W19 43 BI07 T 5 50 A4 fie
N2 N 7 = B /A N R S | A TR R
Yo KRS K HER AT BB FBOX 3 A4 5 A i i
0 EEFR AR CCA HEF RS R (K 4a) 4 3
FA S FHEF A T O EF B G, 5 TN
Z I fge /N BRI 2 3 AN A7 5 TN A G T
HIFADE 4 3 ZH05 60 F1 DO Z [a]e f#2iE 180°,
FHOCHE R H ARG, BT TN F DO 220 3 fiE s
TR S5 F I BRI P

Pifh 5 3 85 7 CCA HE 18 45 R % 0,

Eolimna  subminuscula ., Gyrosigma  scalproides I

Navicula trivialis 3 %05 pH A P fim H IEAH
K EIITEAZ A iRt 3X 3 M)A O 424 76 72 pH
R AT BEARYE Van Dam (1994) AYBFZE AR 3 3
ik PRk W R M ) R ( alkaliphilous Y
alkaliphilic) , B0 AT LAAE 4y £ 15 100 14 8801 45 75 A
Reimeria sinuata 5 Bott MM SR HIEAHIC, 5 DO
AP WAR B, U R, sinuata 542 16 75 AR 55 458
| AR R TR B [ A R T A O 4

( Muscio, 2002, Chessman et al., 2007, Goémez et
al., 2001) ¥ % W, R sinuata 75 35 FE 8 .
Gomphonema minutum F Ulnaria ulna 5% & 2.3 1F
FHE, 5 CODy, AR, R4 Van Dam(1994)
AT ST R , X PR BE 70 301 0 B-rP 5 8 TP A -
e s AL 5 TN IE A S W) Fh B s & £,
N. paleaF Navicula erifuga %5 & B 37 /KIKFE R Y Fh
VA TR UK R 5 7 IR AR O™

5 25 ( Conclusions)

1) 2 F K AL 4 5 A A kv 33 s 83 A
6 LA, 25 AL W R 19 B AN F R AE SALZ
(] £E ) 22 R 22 S 8K A8 1 1T 7K AR A P B Jo R
WAL B REBE FEH Nitzschia palea 55 & B 3718
IR, o N palea PEHEE 0.23 51 FK
CUECPORY LN

2) ARG A R VR S AL SR i A T 19
SRR 730 3 A NEH 1 B4 3, YR i
TR, FRE 75 S8 B | P - e B T AR R AR R
BRI B O T g T 6 AL R B AR P AR
TRk X 5.
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39 %

3) SN A 1 ) 2 A T VR S M AR A ) R
KIS T35 TN DO Hl pH, 5 AE fk S REP A LA
BRI FE N E S KR & SRR SRS ARG
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