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Fig.1 Sampling locations for diatoms attached to
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small and medium-sized rivers in Shanghai
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B A Ak R A 8 B B 2 2 (10 cmx 10 em
PR BT 10 SRR MERRIE ) B TR 1235
B EEZE A7 K R Ak, B HE 30 d, e s, A
B RENLECE 2 B 83 R, FHECE DR 2SR A
BE IR LA 25 5 1 /K Pl il s = 1L, ki
TROFIAE: (i 3 [ SCAE BI IV R H , W 4 25 50 mL, If
A aF RN Y S TR A 7 181 5, J5 ) T g
SRAE DAL PR

Bk PR S 10 mL AR, P Eh iR+ 3L
KR R BR 2R, 2R F Naphrax i 5 i i /g 3t
R, REBE S 2 FE 1000 £ 7 B (BLAREL T BXS1)
THAT B E T BT 400 TR REERY)FD
% 2 F B % % LANGE-BERTALOT?® |
KRAMMER 25200 ] 08§ 45127 S5 (1 B 3 28 2 3
VE. BfEE RESOE B HEARYE T i A= e



5 FE A b VRS T I IR0 B A T AR R AR 0 B X A R B A R A A 1133

SETTE A PSSRSO 1 em? 6T
BAMARS
N=(C,-L+n,)/(C,*R+h+S) (1)

Ao N B TR @ FR R ARSI, A em?; C
RIBRAS E ZE K L, mL; C, A SEBRTHE I AR A K
i, mL; L BT EOHE B 09K B, wm s A A
PP SEAT LR A AR S, um s R T B AT 8 n,
SR E A i S A AR S Sy ) O B Y
STATR, em?,
1.3 BIEFRNE

FEASRAE R FE KT 0.5 m AT 1.5 m A R4
5 LIBA/KAE KA JE 1.5 m RRAE KR 1/2 4b 7K
FE L IF7E 4 h 3% 2 5050 % 0w Sk (TP) LBVA
(TN) fk2Ef A (COD,,) M4t E a (Chla) it
HA(DTN) S A (NH-N) VA R 3 A (NO;-
N) MR Eh A (NO-N) (i fif Sk (DTP) (W R 3R
(PO;-P) Ml 484k HE (Si0,) &6 bR , N E S %
OR5 KM CEPURR) Yo ##E A HLER (DOC)
AR R LA B BT (TOC-VCPN, &, H
A KA SEIE IR >90%. fliH
YSI Pro Plus (USA) i 7l 7 7K vt ¥ pH ., HL 3 58
(Spe) R (Sal) MR A S (DO) 5 K45 B
(SD)ff FHFE AL I 1, PRIBE A e S BV A
WA S — B ] N KA B BB AR A, A 5T
FEEE R0 A A DCEE s 23 R KRR
TR B AE |, foe i >R 3 R B340, TR o hi
BTG SR T Z MR o R INACE FR RS
Bk (TSDH B & E IR

TSI(X)= EWTSI)J. (2)

K WSS SR AR DAL 288 TSN 2R
JNSEE RS EL

14 ZitHE

i i Origin 2021 B4 Xof 2% (o2 i K 1A

A8 E DL BAH XS B> 1% W) Fh it AT s o il
FH R1E T ) vegan £ X BiF 5 fe e A % 1) =F 2 X
NS R T AT PR A RS Al o 0 fik e 0 R
H LR B9 29058 25 (Agglomerative hierarchical
clustering) ¥F 17 % 28 , R #& Bk JL B 15 B &
(Euclidean metric) X ik B 5 i 475040 . R E
A FR 43 #1325 (Principal coordinates analysis,
PCoA) WF 5 1E & 73 20 A% 0, I A8 AR AL 14 23 #r
(Analysis of similarities, ANOSIM ) & i & 3 24H fit:

PR AL R 22 S . pb A A U E A b
(SIMPER ) 73 M X 5 22 S () SR AP

BT R TR AR 2 22 73BT (ANOVA) £
o5 20 8] 2 55 09 W % M . R H Fisher’ s Least
significant difference (LSD )5 56 X 35 K4 19 22
SR 2255 AT R 50 (Levene s K2 56 ) , 234
K 5 2 5 L% Tamhane /6 56 0 &4, 1F 16
B I8 BRI 22 JiT, R FH DCA X 4 A4 HE e il A 6
FER BESEAT T 408, % F B Ak e R K
HEFF 5l (1) B9 7 748 K (Axis lengths) 24 2.369 6.,
L, R R HE T (T04 4381, RDA) 3K /R 1
HEAL IR AR i S RE B M Z B e & .
7 Z I 70 B B SL 2 M IR B I 7, SR e
i3 db-RDA HEFT23HT .

M A A PR AR I T R T REANE
B, AT RBAE AR A R G0 AR A A 43 T ™ A K i)
JOE 3R A A R 5 BRI AR S (2 B 1k A
Y ZREERUVE S RGBT RE TR 1 LR
ff FH R 35 5 0 TITAN £ %) B 25 356 1 V% 41 B 1
DTN 1 DTP Y B {H #47T TITAN 43#7, H FE 25
M F H Bray-Curtis A5 Bk & 1 A 9 7 75 X6t
B IR AR AR 1 o FEBE BT RE, X B
HEAT 1g(a +1) B a4 B LABEAR 55 WFR B 52 0, I
HERR H BUEAR T 3 A A, e 5 X A7 B2k
1) 109 Ff 4 Bh k47 55 HlAE [ 28 5341, IRECR 500
WSV R LR B E R (P <0.05) | ] & BE
(reliability =0.90) A4l (purity =0.95) AR P i
%E DTN .DTP W35 7~ 9 Fh .

2 45

21 LEBEHNIEEERUREREERAE
$FAE

FE 32 A RAEAL S A I X RIS 247
B FHE SRR, b E 6.25%, HAb 7 S 3540 F
B EFRES, PR s B FRIREUK IR 1 15.63%,
R B TR KR 75.00% , H B SR KR
i 3.13%, SREE N TR 43R 1625 . TEFTA
S AT SANJE AR 3 BE R L 10%, 4300k
)R (Navicula) JWIEHEIE (Ulnaria) G2 Y38
(Nitzschia) . H %k ¥ J& (Melosira) F1 5 % ¥ )&
(Gomphonema) ; 211 28 /4~ Wy i 0 AH X =F B 68 3
1%, H i =5 B2 Je s 9 02 42 5 B BE 8 (Melosira
varians) , FoR 4% 2 251 3 (Nitzschia palea) .
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Fig.2 Eutrophication status of medium and small rivers in Shanghai and the
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Fig. 3 Differences in periphytic diatom communities and species composition

HRYE RO LA 2, Féﬁ%‘é*(AHc)éﬂﬁ%
32 REBEREVE /3 K2 (A-C4l) (El 3a).
4, B2 C A RE BRI AP =F & B3 51 93 1137
117 F, I YRk 77 Fh . PCoA 1 ANOSIM
0T, R 3 2 B RE BT TR A A B 2 R (P<
0.05).
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A B KR FIA 6 F, o L35 BE fe v
B A W /0N il 22 35 (Achnanthidium minutissimum )
Bl LA 12 F, Frp PR i i o AR
S HBEE (Melosira varians) , IZH - HEY R ($8 7~
i) R 4F B2 22 I % (Nitzschia palea) Wk 15 £ T

(Aulacoseira granulata) . 1 /)N W 22 ¥ (Surirella
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minuta) VA } 22 IR 32 1 ¥ (Nitzschia filiformis) ; C
HAT A 15 A, Hoh BE R IEIZ ISR I 38 7R 1k

YRR N Ay 2 ZE I B R 2 55 B % (Ulnaria
delicatissima) , VA N ORI 53R (R 1) o

®1 FRESEMEERAEFRIETRH

Tab.1 Dominant and indicator species of periphytic diatoms in different groups
$iT 44 Latin names 2 A Group A 2 B Group B 2f C Group C
AR S A B Melosira varians 0.035" 0.249" 0.026"
B35 Nitzschia palea 0.035" 0.081"" 0.111"™
WL FHE 8 Navicula recens 0.001 0.139" 0.009
FHIIE#E Ulnaria delicatissima 0.004 0.004 0.121"
We/INIH 22388 Achnanthidium minutissimum 0.505" 0.006 0.001
FPHERIIE B Ulnaria danica 0.026 0.004 0.100"
BEAESHESE Navicula gregaria 0.019 0.083" 0.003
A B Cyclostephanos delicatus 0.002 0.004 0.064"
HEIL/NRE Cyclotella catenata 0.018 0 0.061"
e 3 Stephanocyclus meneghinianus 0.008 0.023" 0.040""
INFHERR S 3 Navicymbula pusilla 0.023° 0.043"" 0.019
W SMIEWE Bacillaria paxillifera 0.016 0.036" 0.024"
ZEXZEW: Surirella angusta 0.002 0.021" 0.037°
INEL S A8 Gomphonema parvulum 0.002 0.013 0.033"
JHRIIE 8 Ulnaria ulna 0.028" 0.019 0.020
WM Gomphonema sp. 0.001 0.001 0.040"
RISTH S Gomphonema pseudoaugur 0.004 0.001 0.038"
B O SHE # Navicula veneta 0.017 0.023" 0.010
UKL R £ Aulacoseira granulata 0 0.013™ 0.019"™
3k AHE 3 Navicula cryptocephala 0.017 0.002 0.022""
TUNKGEBE Surirella minuta 0.007 0.025"" 0.005
328 Nitzschia acicularis 0.004 0.006 0.020"
YIRZEIEBE Nitzschia filiformis 0.004 0.020" 0.008
H I 508 Gomphonema pala 0.011 0.008 0.016
R Gomphonema acuminatum 0.001 0.001 0.023""
4% 54 3 Gomphonella olivacea 0.001 0.028° -
=5 L YA £ Aulacoseira alpigena 0.001 0.011° 0.013"
FIFAF S Gomphonema lippertii 0.002 0.002 0.017
TE 7 AT 7 &7 R IR Al 7 P<0.001 5 #*7 P <0.01;5“*”P <0.05; =" AR AGIH
Notes: “+”. dominant taxa; “*”&"“**” indicator taxa; “***” P<(0.001; “**” P<0.01; “*” P<0.05; “~". Not detected.

22 INESH

AWEFE A K AR B TN W EE R 1.32~
5.14 mg/L, DTN ¥ J& 4 1.04~4.25 mg/L, TP ¥k &
4 0.04~0.72 mg/L, DTP ¥ J& & 0.02~0.58 mg/L,
Chl.afe i 41 2.88~47.13 pg/L. A-C#H 35KIERY
B (BRNO-NAN) (i R DL R AR B A IR B A
T, BR R CH i m,BARZ , AH ;3
E SRR E 25, LR DTN WK JE (P<
0.05). pH A1 DO N & BiAH & ## ., 14ah, TOC .
SD .NO;-N . SiO, FlEh B A58 1R, 3 40 AR UL i 3 25 57
(P>0.05,1K14).

23 REEFESHEEHENXR

RDA 73 #7127~ , T P4~ RDA il (1) FEAEAEL 53
MR T W Ah - OC R 1Y 12.90% F18.53%
(E5), SiO,.COD,, .DTN.DTP HI NH;-N ¥k &
5 3 41 18] /) RDA 5 4 5 PR & 25 09 41 56 % (P<
0.005) , hy CHEPE P45 A8 &, Horf DTN A NH;-N
Z Al AT IE A 26 56 5 (R*=0.68) , H AR R B 48 i
(TOC .NO;-N NO;-N . WT pH A % Sal) 55 3 4[]
) RDA 15 73 5 31— 22 9 AH e (P<0.01) . AF 22
G RO AR LR T 16.9% RIHEYR

AL
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oolkd™ L 76k, 0.2 L e B L. O oo,
A B C A B C A B C A B C A B C A B C

M R AR o e P<0. 0001, “* 7P <0. 001, “#*%7P <0. 01, “*”P <0. 05,
The significance of the regression coefficients is indicated by “***”P<0. 001, “**”P<0. 01, “*”P<0. 05.
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Fig. 4 Comparison and analysis of physicochemical parameters among three types water bodies
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Il 548 TR 0 Foh 43 #

HE4E RDA (Bl 5) Fi o320 22 P53 (I8 4) 1Y
S5 EHU DTN #1 DTP AR 2B 45 b5 , 1 T
SEERESERETE RS i — L IFE TITAN 43#r ., 45
HRW], DTP {8 & B 43 51 24 0.12 F10.16 mg/L
B, fE SRRV 3 200 2B B 3 T A7 g AR Ak 5 i

24
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DTN [H{E N 2.26 mg/L i}, ik de 7% & 4 % 1F
M 1 (R ) i A5 e o B 45 PR s J3 18 o i 34 )
(E16)

TITAN 43 #7345 DTP 5 75 ¥y Fft 17 Ff, Horp
TEMR R A5 15 Ff, DTP IE WG REFE R~ Ffepy, 75 fe 35
J¥ ¥ (Nitzschia palea) tH BUSE U =5, 31K, 1L
ANGEAN ST i ( Gomphonema acuminatum ) FNZF4H
S B (G. gracile) W) BB % 55, 0 0.24 mg/L.
DTP 171 M Jif 48 75 B 2% 55 1 3% (Gomphonella
olivacea) F B Z 55 J& ¥ (Navicula
cryptotenella) W TR BEAR, 43500 7 F1 11K 5 B2
F 5 ML B B8R , 4 0.17 mg/L, % DTN
AR B TR 7N TR Rl 14 il , X0 TE e 5 R,
A B Z2 T8 3 0 BRI SR e, R 31 IR, HEOE: A
J& i £ % (Stephanocyclus meneghinianus) , A 30
WK 5 21 40 S A 8 1) 130 {E e 5, 4 3.30 mg/L

3 ihie
3.0 b3 R B 2 A T B A R R B IR
HETF

AW S B, L 98 v /)N KA B B



5 5l

a5« b TR AT IR0 B A e R 7 R B R U I B R B R AR PR

1137

WU ER MR ER R ER SRR
BB T S A o DO, b BB 1 S
TELBEE DU MR X = B d5 sy, X n] BRI
PR B A AR R, R K A ULz A
IR R AR T B IR AR R A TR
o LA S RIAS B Y 18 A 14 7K B R
A A ] B e b9 v /NI SR AR TR SR A
KRB B E IR IR B KRR AR TR R
B3 B IF S ib Y RS MR AY (PN
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LS B2 A i ) 0P S /N 2238 0 x
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Fig. 6 The response thresholds of periphytic diatom communities to DTP and DTN in water columns
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#&2 TITAN 5#f DTP I8 RYF R HEE
Tab. 2 Indicating species and thresholds of DTP by TITAN analysis

Yyl Y {E kR Jila) M S AR
Species Env.cp/(mg/L) Freq Maxgrp Obsiv.prob Purity Reliability
RN BE Gomphonema acuminatum 0.24 21 + 0.009 1 1
L1 40 54 3 Gomphonema gracile 0.24 16 + 0.004 0.99 0.94
S Gomphonema sp.7 0.23 19 + 0.001 1 1
rh RIZZTE ¥ Nitzschia intermedia 0.18 13 + 0.002 1 1
WK ZETE ¥ Nitzschia amphibi 0.16 15 + 0.009 0.99 0.94
HAU5 %8 Gomphonema lagenula 0.14 22 + 0.003 1 0.97
FFIIE ¥ Ulnaria delicatissima 0.13 26 + 0.001 1 1
HERGE W Surirella angusta 0.13 27 + 0.001 1 1
) 5 R % Je K 3 Lemnicola hungarica 0.12 25 + 0.001 1 1
P 3 Gomphonema turris 0.12 28 + 0.002 0.99 0.97
)8 T 35 Stephanocyclus meneghinianus 0.11 30 + 0.001 1 1
3 LI EE ¥ Aulacoseira alpigena 0.11 21 + 0.003 0.99 0.98
WKL YA 5 Aulacoseira granulata 0.11 21 + 0.007 0.99 0.95
el Ve i Luticola goeppertiana 0.11 25 + 0.004 0.98 0.96
1% Wi ZEJBHE Nitzschia palea 0.10 31 + 0.001 1 0.99
W4k A B Gomphonella olivacea 0.14 7 - 0.001 1 0.99
RSk SHE # Navicula cryptotenella 0.17 11 - 0.001 1 0.99

T - BB 7R 25 Wl B0 ) B2 4L 5 A9BSR s W o R BB 5 77 ) R e L B 77 i), FGrp -7 SR SRR, 4 B TR 5 B PR
ECHE AR A AE A5 ORI Ind Val Z3 Y T REME 5 S1RE 3055 28 T RlRE rb 5878 A e N 1) 5 P UL 38 o 1 1] — S5 L B 5 T
PEFZRAE 0.05 AR EMIKF T 2 p nl e iR . TR

Notes: Env. cp represents environment change point for each taxon based on IndVal maximum; Freq represents number of non-zero
abundance values pertaxon; Maxgrp represents the direction of responses, “-” means negative response and “+” means positive response;
Obsiv. prob represents the possibilityof obtaining an equal or large IndVal score from random data; Purity represents the proportion of correct
assignments as a threshold indicator among bootstrap replicates; Reliability represents the proportion of obsiv. prob replicates <0.05. The
same as the following table.

%3 TITAN 247 DTN R ¥R HEHE
Tab. 3 Indicating species and thresholds of DTN by TITAN analysis

Pyl EHIEN B 5 1wl BEE afifig FIHETE
Species Env.cp/(mg/L) Freq Maxgrp Obsiv.prob Purity Reliability
LY S BE Gomphonema gracile 3.3 16 + 0.001 1 1
LR T 22 8 Nitzschia balcanica 3.03 19 + 0.001 1 1
FHG Y8 Ulnaria delicatissima 2.56 26 + 0.001 1 1
RN BE Gomphonema acuminatum 2.56 21 + 0.002 1 0.97
WHI eI Luticola goeppertiana 248 25 + 0.003 0.99 0.97
HE XSS e Surirella angusta 2.42 27 + 0.001 1 1
UKL V8 £ ¥ Aulacoseira granulata 2.28 21 + 0.001 1 1
43 7 228 Nitzschia palea 2.26 31 + 0.001 0.99 1
Wk ZE T ¥ Nitzschia amphibia 2.26 15 + 0.004 1 0.99
M3 Je T 8L Stephanocyclus meneghinianus 2.25 30 + 0.001 1 1
i VA5 Aulacoseira alpigena 225 21 + 0.003 1 0.99
IR AT Tryblionella apiculata 2.16 24 + 0.002 0.98 0.98
) 25 R 2 Je K 3 Lemnicola hungarica 2.12 25 + 0.002 0.99 0.99
BEIE 5+ 3% Gomphonema turris 2.07 28 + 0.002 1 0.98

T4/ s , NH;-N . DTN . DTP . SiO, il 24152775 N AW BN, KK EFEICE 4%
COD,, Skt b B EME, iR —/ ME & B SR pH H48 5 A\ 875 shim
AR AT, 2015 R AEN O RSB ESR T I FE KR pH A K 8 37 00 & 23 U [ 25
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B, 7E & S IR AR R b RERR £6 v B2 1 34 i 2 (2
ER SRR R AR O L, AT S BOK AR
KRR LS AR
3.2 MEREERXTH/NTERBMNIEREE

TITAN 5347 & 30, L vt v /INing 38 B o ek i %o
DTN {1 7 ({5 5 A 211 B 20 DTN ¥ J& 1) 7 FR
FHGET , DA AT 36 4F 1T BB DTN (¥R JE B T3 A
A B A MBETE 22 57 o T Ak BEAFEYE X DTP A i
NERES A BAMCHDTPHEA X, HNILA.B
PIZELR C 410 B V% 25 5 7] g J2& th DTP (9 v & A%
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Characteristics of periphytic diatoms communities to the urban river
network in Shanghai and their indicative role for dissolved total nitrogen
and total phosphorus

LU Di', LU Zhiling*, WANG Ting’, XU Xiaoying', WANG Liging'*, ZHANG Wei'"*

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2.Shanghai Water Conservancy Management Department, Shanghai 200002, China
3. Shanghai Aquatic Wildlife Conservation Research Center, Shanghai 200092, China; 4. Engineering Research Center of
Environmental DNA and Ecological Water Health Assessment, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The characteristics of periphytic diatoms serve as effective indicators of changes in aquatic
environments. However, research on the characteristics of periphytic diatom communities and their
associated environmental factors in large urban river networks remains limited. Our study focuses on the
urban river network of Shanghai City, selecting 16 medium and small rivers to investigate periphytic
diatoms by using artificial substrates. The Trophic State Index (TSI) method was employed to
comprehensively assess water quality. The characteristics of the periphytic diatoms communities were
analyzed, and the threshold response of these communities to soluble nitrogen and phosphorus nutrients
was quantified. Our results indicate that, with the exception of two sites in Shujiawan River, Baoshan
District, most locations are eutrophic. The main genera with a relative abundance exceeding 10% include
Navicula, Ulnaria, Nitzschia, Melosira, and Gomphonema. A total of 28 species with relative abundances
greater than 1% were identified, with Melosira varians being the most dominant. Redundancy analysis
(RDA) revealed that the primary factors influencing differences in periphytic diatom communities are
dissolved total nitrogen (DTN) , dissolved total phosphorus (DTP), ammonia nitrogen (NH,-N) , silica
(Si0,), and chemical oxygen demand (COD,,,). Furthermore, threshold indicator taxa analysis (TITAN)
indicated that the periphytic diatom communities undergo significant changes when the thresholds of DTN
and DTP are reached. The positive response threshold for DTN is 2.26 mg/L, while the thresholds for DTP
are 0.12 mg/L (positive response) and 0.16 mg/L (negative response). Fourteen species exhibited a positive
response to DTN, with Gomphonema angustatum showing the highest threshold at 3.30 mg/L. Fifteen
indicator species responded positively to DTP, with Gomphonema acuminatum and Gomphonema gracile
both displaying a threshold of 0.24 mg/L. Only two species showed negative responses: Gomphonella
olivacea (threshold 0.14 mg/L) and Navicula cryptotenella (threshold 0.17 mg/L) , while Nitzschia palea
was the most frequently observed species, occurring 31 times. The results demonstrate that key water
chemical parameters in small and medium rivers of Shanghai significantly influence the structure of diatom
communities. Species such as Gomphonema gracile can serve as bioindicators for dissolved total nitrogen
(DTN) and dissolved total phosphorus (DTP) levels in water bodies. This study provides foundational data
and technical support for ecological monitoring and scientific management of Shanghai's river network.

Key words: periphytic diatoms; indicative role; eutrophication; megacity; threshold indicator taxa

analysis
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