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Benthic diatom assemblages and their seasonal variation in streams along an

urban-rural gradient in the Beijing metropolitan area
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Abstract: Here, we investigated benthic diatom assemblages and their seasonal variation in streams along an urban-rural
gradient in the Beijing metropolitan area. The samples were collected from 23 sites (7 from rural reference streams, 6 from
upstream urban areas, and 10 from downstream urban areas) across three seasons of 2014, namely, spring (May) , summer
(August) , and autumn ( November). A total of 200 diatom species and sub-species belonging to 64 genera were identified
during the period of sampling. Although Achnanthidium, Cocconeis, Cyclotella, Fragilaria, Gomphonema, Navicula,
Nitzschia , Pseudostaurosira, and Staurosira were the dominant genera in the sampling sites, the major dominant genera and
species differed considerably among the samples. In rural reference streams, Achnanthidium was the major dominant genus,
with an average relative abundance of up to 40.6%. Achnanthidium minutissimum was the major dominant species, with an
average relative abundance of 20.51%. In urban upstream sites, Pseudostaurosira and Staurosira were the major dominant

genera, with average relative abundances of 21.72% and 22.18% , respectively. Pseudostaurosira brevistriata and Staurosira
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construens var. venter were the major dominant species, with average relative abundances of 21.72% and 20.17%,
respectively. In urban downstream sites, Nitzschia was the major dominant genus, with an average relative abundance of
37.46% , and Nitzschia palea was the major dominant species, with an average relative abundance of 21.7%. There was no
significant effect of seasonal variation in the relative abundance of the major dominant genera among the three sampling
zones (P > 0.05). The relative abundance of Achnanthidium in reference streams was 34.03% in spring and 37.22% in
summer, both of which were lower than that of 43.75% in autumn (P > 0.05). The relative abundances of Pseudostaurosira
and Staurosira in urban upstream sites were 19.11% and 23.38% in spring, which were higher than those of 16.79% and
18.78% in summer and 18.18% and 20.49% in autumn (P > 0.05). The relative abundance of Nitzschia in urban
downstream sites was 35.71% in spring and 39.27% in summer, both of which were higher than that of 27.25% in autumn
(P > 0.05). The relative abundance of the major dominant species did not differ significantly in the three seasons. The
relative abundance of A. minutissimum in the reference streams was 18.07% in spring and 17.44% in summer, which were
lower than that (25.23%) in autumn (P > 0.05). The relative abundances of P. brevistriata and S. construens var. venter in
urban upstream sites were 19.11% and 22.21% in spring, respectively, which were higher than the corresponding values of
16.79% and 16.71% in summer, and 18.18% and 18.86% in autumn (P > 0.05). The relative abundance of N. palea in
urban downstream sites was 18.43% in spring and 13.2% in autumn, which were lower than that of 24.74% in summer
(P >0.05). However, the results showed that changes in the relative abundance of Achnanthidium and A. minutissimum in
reference streams and Pseudostaurosira and P. brevistriata in urban upstream sites were larger in spring than in autumn and
summer. Similarly, changes in the relative abundance of Staurosira and S. construens var. venter in urban upstream sites and
Nitzschia and N. palea in urban downstream sites were larger in spring than in summer and autumn. Our results indicate that
the distribution of diatom assemblages and their seasonal compositions might well reflect differences in urban-rural stream
environments and their changes, and thus the diatom assemblages can be used for biological monitoring of streams in

Beijing.
Key Words: benthic diatom; seasonal change; urban stream; urban-rural gradient; Beijing
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TR 12.9°C , A HIRIE R 25.8°C , BRI BIRETE 13—14°C i, A BRI N -1.38C . AREK
HOFH 538.2 mm, BFEOK EEL AT 6—9 Ay, 2 &FKEN 80% A4, A 16410.54 km? , #i%
FHHLTE L 1505 km?®, 2014 4F, & 4 AT 2151.6 J7 A 3B A 1T 1859 J5 A, o5 % 1E A 11 (1) 86.4% ; GDP
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Fig.1 The locations of the urban sampling sites within the fifth ring road, and the reference stream sites
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Table 1 Mean value of the water quality indicators in reference stream, urban upstream and urban downstream

PRALSE bR Xof HEIR 3 T i BT i
Parameters Reference stream Urban upstream Urban downstream
JKIE WT/°C 18.5 **%,wxx 237 **x. 25.6 ***.*
pH 8.09 8.26 8.18

HL 5% Cond. /(puS/cm) 463.3 388.6 946.8 7%t
AL T i BOD /(mg/L) 4.20 2.98 5.01 %
TN /(mg/L) 2.26 1.87 12.35 **%%**
S TP /(mg/L) 0.43 0.14 0.59 *
fb2: T i COD /(mg/L) 54.28 60.52 72.90

AET K/ (mg/L) 2.40 2.60 18.70 ***»***
B F Mg®/ (mg/L) 7.38 o 13.82 %"+~ 26.27 *rrrr
BB F NH, "/ (mg/L) 0.10 0.20 2.35%:*
TR B F NO,/ (mg/L) 2.24 3.69 41.58 **o**
FER B F S0,% /(mg/L) 97.74 75.68 122.65 »**

F,x = P <0.05; %% =P <0.01; **x = P <0.001

SIS PN H T 1 AR R S A TR AR FE S TSRO 1.74 1Y Naphrax©$ffﬁ‘ﬂ5‘?>{%1‘$t%1ﬁ(}ﬂz7]‘(7\
iR, S8R5 TE Olympus BXS1 B2 WA F 100 A5 09TM G T8k , B8 13 7 Bk i ek e 52 B0 78 500 4
FEAT S REBCRPRI S FE SIS E MALEN 0T Krammer 1 Lange—Bertalot' ™ F 485325 15 K 3 [ % Bk
HRIMSE R F AR B0 58 B AR BL e PR B A9 v AR oA 8 T3S (http < // diatom. ansp.org/) o
1.3 4ot

B AR B fek PR 2 AR = BE R B8 AR 51T log,o (X +1) BIXT R AL ], FHERLPR 225 22 40 A ik
(One—Way ANOVA) 6 56 AN [ 25 47 (1) ik 5 20 1 B 45 7K B e A A X JEBR e 3ok Tl I J0%e e 8 R 3 vl Wi T 36 1) 2
S EE(LSD 5 ,a=0.05) . HLNZE J7 2501 7E IBM SPSS 19.0 314458 1.

2 #HR

2.1 JRRAVE =S 8] o A AR

ARUMFFEH ILHETE AR B 64 & 200 Fh (G IEAR AR ) o PLHJE 24 it 7C 228 (Achnanthidium) |
YR R ( Cocconeis) /NI J& ( Cyclotella ) | Mo #T ¥ )& ( Fragilaria ) | 5 % 3% J& ( Gomphonema ) . FF 1 % &
( Navicula) ZZIE 38 ( Nitzschia) B+ F W58 ( Pseudostaurosira ) N+ F- Mk T & ( Staurosira) 55 (FE 2)

3AMEX I FEALS R 22 F W W, Horh X BRI 1 EZAR B N Achnanthidium , V- S AHXT 2 BEIA 38.
3% , =T Nitzschia (16.88% ) N Navicula(10.89% ) S5 HE . HF BB N Achnanthidium minutissimum , T
FESRTT FIFEITIE , AR IR R Pseudostaurosira Fl Staurosira , V- YA %t 3 B 43 3] Fy 20.88% 1 18.03% , i
Achnanthidium (17.00% ) } Fragilaria (11.42% ) %S0 # g . FEEAREF 450K Pseudostaurosira brevistriata F1
Staurosira construens var. venter, HBIRIZFEX. Achnanthidium BIEIIFEXT F B 5 EBALFIE Pseudostaurosira
Staurosira V- YA BEAH 2280/ N B H FEEOR AT IR IE 1Y S8 A Ah i, T ATy 29.68%
T AE TR DX B R A AR NS = B AR R, S8 h 13.43% , 3T R 38 19 B0 38 N Nitzschia , V44
XFEJE K 34.08% , 15 T Cyclotella (11.14%) . Achnanthidium ( 10.94% ) ZE ¥ @ . T AR F TN A Nitzschia
palea ,“EXIFAXTFFEN 21.7% .,
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Fig.2  Seasonal variation of the relative abundance of Achnanthidium, Cocconeis, Cyclotella, Fragilaria, Gomphonema, Navicula,

Nitzschia , Pseudostaurosira, Staurosira in reference stream, urban upstream, and urban downstream

22 FEARHIR N AHE
221 R[ARE X FEAR S B AR XS R T AR

A3 AR R EAE A m AR B RN (] 2) o TEXT BRI, Achnanthidium F-F-BIAHXS
FETERFNN 34.03% ,TERZFH 37.31% SR TR 43.65% , (H 315 2 B AR E (P>0.05) , 1R
IS |, Pseudostaurosira K1 Staurosira WS-Y54H X 3 B 7E B 2= 043 51 8 19.11% F1 23.38% , i3 T B 2= 1) 16.
79% 1 18.78% MFKZE(1) 18.18%F1 20.49% (H 27 25 F A W2 (P>0.05) . FESHT N IEITIE , Nitzschia 1A
XFEFEAERZERT N 35.71% ,FEH 250 39.27% Y5 TR 27.25% , 251 22 AR B3 (P>0.05) ,
2.2.2  AN[ARE DX SRR AR 2 B 215 A8 22 SRR

FEASRED T BN A ARG 32 B e b 22 S R B R [R)  H 2B 3 i AR T BE AR R R AR R 3
KRTHEFMEKTE(E3) . TEXT IR, Achnanthidium FARXTFJE T840 25 S W R TESTKESE A=, fEIRTT
UFRIE , Pseudostaurosira (AR XS 3 BE 5 HAWAL 8 2515 48 Ak 22 AR LB/ BAT R I B > Bk T > H 2
1M Staurosira WIARXT=FFE R AR 25 7 W F > E STk AR T IETRIE , Nitzschia PARXT 3= B 227748 40
ERNEESHESHE,
223 A[EFEDC PR E BT AR AR

TEATRIREDC, F= 0 1Y 215 2840 22 57 g 0T P 3 > 0 BRI 3 > 3T BTl A 3 MREIXN
B, A A 2 1 AR F BRI R O A Y T AR A S S S AR R B R R AR (1B 3) . AEARRIAEIX Y
T FE S AR BT AR B, AN XS BRI, fE B R, S2 FE S BJE Navicula , Achnanthidium , Nitzschia
FIAERT B TE 209% DL I, M 7EE 25, Cocconeis , Achnanthidium VAN 35338 33.14% K1 21.63% , TEFKZE
Nitzschia WIFAX F2BE 3K 41.57% . 7E S5 FE R 22, Achnanthidium AR 325y 78.43% , £ B 2=, 38
Cocconeis FIFAXTFE IR 67.41% (BFERKZS | Achnanthidium BOFIXT 3 A %] 30.14% , Cocconeis HYFAXT =F FE Ky
12.64% , #£ 30 7 b e 3B (9 S8 A 55, 7 F F /), Fragilaria 0 X%F = hy 45.5% , 1 78 5 2= Mk 2,
Achnanthidium 73524 41.07% M1 51.06% . 3T T EAMIER) S17 451, 742, Nitzschia AHXTEBEIE 80.74% ; 75
K75 | Nitzschia FIXFEJE T %3] 36.29% , Cyclotella #1XF=F Bk 17.55% , Navicula K 23.47% ; 1E#K 25 | Nitzschia
AAXS FBEN 17.27% 8 Z IR B R (Mayamaea ) FAXS 32 B35 57.54% , H F 2R/ 0 i 2 IR B (Mayamaea
atmous , 51.82%)
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MAEHE R o3 FE fih, EZAPLH IR AX T =35 R an7e Xy BUE i, #F =0 S1RE s
Achnanthidium AHXT 420 3.99% , MiAE B 2= FIEKZ , HARXT B2 205034 2] 54.63% 1 57.06% , WiAE3 T
W IE | FZmE, S13 B S R B BE Pseudostaurosira FAXTEFE R 45.79% , Achnanthidium 7 7.14% , i1E B 2
FFKZE | Pseudostaurosira 73R 25.3%F1 23.57% , T Achnanthidium 5358 39.44% F1 23.57% . TEYLTT T 0
i, BT S15 FEJS Y Fragilaria #8%T 3 &8 34.21% , Achnanthidium “A 30.26% , Nitzschia K 26.13% ; 7 & 7% |
Fragilaria FA%} 3 B AR 3] 6.65% , Achnanthidium 73 48.29% , Nitzschia "N 27.38% ; T £ #k 2%, Fragilaria 7
10.4% , Achnanthidium N 14.38% , Nitzschia 5 39.86%

2.3 FEARHARARXS F R A B R A RHE
2.3.1  AN[ERE DX BB B AR B 2T AR R E

3 ANKE X B B A XS BN, A, minutissimum SR IR ) 3 B EF AR IZREIX 1)
SRS N 20.51%  HAKR IS HI N 25.23% , i TAZER 18.071% ML B 17.44% A2 7R
B3 (P>0.05) , P. brevistriata 55 S. construens var. venter AT [ I8 A9 = BAL RN | 2B 120 X AYF 2748 X%
FREEH 21.72% H1 20.17% . 7 Z= 09 BIARS SEBE 50508 19.119% A1 22.21% , 5 T Z =1 16.79% Fl
16.71% , S Bk ZE 1Y) 18.18% 1 18.86% fHZE 15 22 55 A 3 (P>0.05) o N. palea ST T ey i () £ ZALHFh
TEZREX )-SR X E N 21.7% . R TR RIAR XS 425 18.43% A8 T H 1) 24.74% , #5 T K
13.2% A JC W 25 (P>0.05)

232 A[RIRRIX R BRI R ZE A 25 S A

B REIX TR AR F2 8 25 AR A 22 S AR E AN [H] (18] 4) B 20 AR AR = BEE A R 1y A2 1L 1y
KT EFMRKTE, TEX BRI, A, minutissimum WIAHXS F B2 Z2 A8 28 59 0 A SRk 3> 2% . TEIT B3]
i, P. brevistriata BIAXTFE 5 HAWE B Jm 20 AL 2 R RIFE N HEZSKESE S 1 S. construens var. venter
BRI B 2 1 A8 22 S R 2> SRR, TR TR IE | N, palea FRRHXS 2B 25 A8 {22 S W B/ 2>
RS &N
2.3.3  A[EFE AR A0 1 SRR

TEANEIREIX, F2 00 ) 2= 15728 Ak 22 S g 00T 1 90 T 3 > 08 BEGEE It > T B T 3 . T AR A (] R XY
BRAHE R, FEARIAFP A AR XS FE T AR AR (B 4) o U0 A, minutissimum TEXT BT ST FE L, FLARXT
FREAEFR TN 2.08% , 70 BRI, 4 BN E] 22.019%F1 37.77% . FETT _F 3l 8 Rl o T Wil i, A%
A. minutissimum A2 FEARFFD AHLEDISHE A 0 S8 S15 45 HARXT F RS, HZE 1A, i
R Y S8 AF A, HAH X AR B T Ol 12, 7%, 6 B ZE 0Bk 3= 43 0 B B 32.32% F1 44.01%
P. brevistriata5 S. construens var. venter TE3% T I 7 1] 18 B AH X = B 2= 5 AR b AH 68/, {HAE S13 ﬁé)ﬁ,
P. brevistriata WA “FBEFE R 22K 45.79% , 18 5 BRI, 05 T %3] 25.3% 1 23.57% . N. palea TESETT T
T AR A U T AR . INTE S17 A s, HARRS FETE R Z 8 57.78% , 72 A Z= MRk 2, 73 S| FEAIK
3 31.56% 1 2.91% , (HAESE T T UHERGE , S14 A 551 EZLHEFN N S. construens var. venter , Ho-YFHXT FFEH
74.91% fHZ= BRI,

3 itie

FORERH, K b3 A RE X Z 8] Rk B R A 2 R (B 2) . H, Achnanthidium (A.
minutissimum ) AT IR A B FEIE (M) |, Pseudostaurosira ( P. brevistriata) 1 Staurosira (S. construens var.
venter ) YT L WFE T AL R (Ff) | Nitzschia (N. palea) KT i 0E EZALEE (F) o GEBEH LY
23 [ 22 5 5 Z R GO — 2, X FE SR TARRBIREEA G, Horb, i T RE & 5wl ik B Fh S o)
A 225 00 RPN R 2 — o ST b Y T AT 9059 T ) Kl L L DX PR SR # 3E 5—8°C (P <0.001) ,
S S R T RO AR RO Wenger SN IACH ) S EE AT AR SR T 0T AR o AR T AR 3B K
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Fig.3  Composition of dominant genus of Achnanthidium, Cocconeis, Cyclotella, Fragilaria, Gomphonema, Navicula, Nitzschia,

Pseudostaurosira, and Staurosira in 23 sampling sites during spring, summer, and autumn
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TR R, T X ik o I A 8™ A B BRI

(G175 Qe P Ao e A% A DR i A 2 S I TR LA 3R A L DR IR IR, T A O AR i, i
AL e e 2 IS A A AR I PP S SR R | TR I R A AR I e il Al BRI AE AR
FHALREAR T 7K s B SR B2 22 ) DT {68 1Ly DXV S K AR X B84, A, minutissimum 2 FEARHFh, 2
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