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Fig. 1 Distribution of the sampling sites
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Table 1 Environmental overview at the three sampling estuaries

SRR RALH] 1 DU 11 H
O
AR BE/ C 9.6 12.3 12.4
ARHREIK A /mm 650.0 586.0 647.0
12 /m 2.4 22 1.0
R /0% mPa ! 77.0 - 592.0
NG N 858.0 381.0 146.0
A FH T AR kem? 727 236.6 50.4
TEKHERCRE/10% ta ! 1.0 8.4 2.1
WEK SR TR 10° hmPra ! 0.9 10.0 1042
Witk EEFRIERN XHIF, S EESEAXHE DK S
U8 AP TTIRE e b e

KAET, 2 0.45 um (1) I R £F 4 B ok %, B S DR A T
—20°C vKAHE, 11T E SRR E
22 [RFEREES TR BIELE

HR 45 Battarbee™” i 3 46 B AR fE i A2, SE S &0
KR, RAYL, 8, WL, §l 540
R, B A e DA R 2 UTAR W rh 4R S O, R AT R 2R M
KRG WIS ARSI R ESH Sl
A FROJKGE AR KR T AR A e 4y 2
£ . hE3 F FE (Diatom Absolute Abundance, D,,.) F £
v T HUURR Y T T A A RE BT B (BRA : indl/g, T
) &~ #7218 Battarbee %5 2 $2 {1 1 77 ik 47 115,
AW U

Dy = (NXV)/ (VX W), (D

P, N YRR G b A AR e A R Ok i e
P& WO AR5 v, SR ik T R i A R S R IR B
W R BURE S T8

2B T A (P) 5 R R -ELH 2
F8 % (Shannon-Weaver Index, H' ), HAR AN .

P=%x100%, (2)

A, N RE S TR Rl G XS R N AR AR
T W o 2 B 2

N
H = —ZP,.xlogZP,., (3)

[, S HYFEG PSS i YRR BRI XS R

23 RENBRY Chla . EFRHRRIMRHHLEHNE
KIZDURY H Chl a ¥ B2 5E : L 0.5~2 g K=

DU (0~2 cm) {BFE, B F 15 mL &.08 %, A
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90% FO TS Bl 10 mL, 7£ 4°C T #2520 h J&5, &0 HC -
THW . ] Turner Trilogy %64 (38 ) I 2 £ B ik v
Chl a W B, #F— P B AT B W) h Chl a H
(BA7: pg/g)o CHEFEDTRR Y 0] B A= 4y 8 2 B3 ) v
R JZ TR -2 25 A8 PS8 50 8 P o, R TIE 2 B
g4, (HAL A BTN R P PR S 2R R B AN K7
AT GE AT HEAT R 75 P AR GX — 2P, 3X AT BE s W RUAIR
{2V Chla WREE .

[i] Bt 7K 3 SRR vk B 5 - 7 5] Bran+Luebbe
AA3 EFRER A S IO E o % i TS HLA (Dissolved
Inorganic Nitrogen, DIN) 24 il iR £ (NOI-N), V. fif§ ik £
(NO;-N) FIZ A (NH-N) e i 2 i, o, NOJ-N R H
i~ 0 J5 5, T AR R 28 & i b A8 75 I 5 5 NO,-
N SR 3R R —28 & e e 8 700 5 5 NH-N R K 4
FR NI A2 o VA R AS BER R (PO -P) SR F B 4H 5 1
SE 3 WA RERRER (S107-Si) SR F R AH VA i .

DURR YRR 22 - K v R DRI RE T AE 4 °C 36
Be TR UR, BRI 2 g LRI AL, AR IR A G,
A 43 L 5~ 10 min, fFH T 508 &5, i
Mastersize 2000 00 B 48 FE 4700 BE I 1, B
D& 5 Y, WL E Y 0.02~2 000 pm, 55l &
W2 <1%. FIH Excel 84, Giitih R )Z VIR R
A543 B0 o B E 43 Bl F5 BB Folk %529 iy 4 7% % Hoiw
2, IR ERAR
24 HIBERBRSITHH

T B R R K i AR 0 ECR IR T E AR

(B0 K Y5 - http://www.cma.gov.cn/); T8 22 K08 >k R T
Hp [ TR (R SR YR - http://www.chinaports.com/) .
FI ] SPSS 20.0 AR AF X A BEAEVE 544 . Chl a W JE
HWEH ¥ Z [ 47 T BR ARG Hr . R
Canoco 5.0 X Ji& A fif: 88 A V& 2E 47 3F B i M 2 e Am JiE
( Non-metric Multi-Dimensional Scaling, NMDS) 43 #T ;
X SR A il 6 1 P PR 4T 1 3 43 43 A (Principal
Components Analysis, PCA); X Jic # fif: 3 10 #4) Fh 0
AR N 47 1 B8 SCHK 43T (Canonical Correl-
ation Analysis, CCA).

3 4%

3.1 NEETFHIE

TF 5 DX 3 1 MR (3 2 UM X, DU 2R A
R 2, H R R A Y A
SAE R PAEA A A b, 6 H 4y 19I5 55 W 7R 1
BETHMZEN(F2), 340 O EE s 0 124
B, B SRR R AEREER: K
03] T B 25 e K CGF ¥ >2.5 m), WORR A A 410 ks
A5 R 77.8%~ 81.0%, J& T3 b Jo b 5 U3 Il 141 ]
22 & v (F ¥4 >2.0 m), UURL4 Hh 41 50k EL B e ik
95.3%~97.1%, J& TR 26 £ R Ui . iR
o, O 22 i /D CEEME< 1.0 m), LR B8 T
WD 5 26k 2 A0, (E 40 UK EL 48] (57.3%~ 63.3%) B i
T ILIT F o 22 550 B B0 (A 30 T T KR (<30)
FEAE, A0 T 3h B 5OHE 5 32 3R HE Y R IR L K

®2 3INREAREETF ( FHEAREES) HETEUFHE

Table 2 The seasonal variations of environment factors (meanzstdve) at three sampling locations

Xk A WE/C FBFoKE/mm

R W12/m dso/um Rif2<63 pm /% DIN/umol-L™ PO} -P/umol-L™' SiO3™-Si/umol-L™' N/P N/Si Si/P

KITAT 3H 9.9+4.3 192 28.043.1 2.6£0.6 28.3 77.8
4H 16402  109.5  29.8+0.1 2.7+0.5 28.3 77.8
6H 273£1.0 1052  33.0£2.52.9+04 19.7 81.0
9H 21.0£4.5 843  23.7+6.7 3.0+0.4 283 77.8
WA 37 7.9£0.2 0 25.8£0.2 2.1£0.5 13.0 95.3
4H 14507  117.3  28.6£4.2 2.2+0.5 13.0 95.3
6H 20302 2052  31.4+1.524+03 7.4 97.1
9H 23.6£2.8  113.9  24.6+7.1 2.4+0.4 13.0 95.3
W 3H 10.4+3.5 1.8 31.6+5.8 0.6£0.2 57.8 57.3
4H 16.3+3.5 1982 26.1£5.4 0.5£02 57.8 57.3
6H 253+0.5 3240  25.5+5.6 0.7£03 51.9 63.3
9H 22.8+1.1 1464  26.0+2.5 0.6£0.3 57.8 57.3

123.6+58.6 0.4+0.2 15.1+8.7 309.0 8.2 37.8
239.3£108.8 1.0£0.1 34.5+7.7 2393 6.9 345
229.0+47.4 2.7£3.6 43.3+7.2 84.8 53 16.0
68.3+1.3 2.9+0.1 45.8+1.1 23.6 1.5 158
156.5+42.5 2.6£1.3 21.2£7.9 602 74 82
563.5+148.1 13.6+10.7 62.2+1.4 414 9.1 4.6
294.7491.3 1.4+1.3 52.1x14.4 210.5 5.7 372
42.945.7 1.1£0.1 38.0+0.9 39.0 1.1 345
128.2+93.2 0.5+0.1 15.2£1.1 2564 84 304
180.2+136.2 0.3+0.3 20.3+8.8 600.7 8.9 67.7
110.7£25.4 0.4+0.2 29.1£9.0 276.8 3.8 72.8
44.9420.0 0.4+0.0 58.8+11.1 112.3 0.8 147.0
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Fig. 2 The spatial and temporal distributions of Shan-
non—Weaver Index (a), D, (b) and Chl a concentrations (c)

in the surface sediments at three sampling locations
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Fig.3 Temporal and spatial variations of dominant diatoms in surface sediments of three sampling locations (relative abundance > 5%)
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Fig. 4 The NMDS results for seasonal diatom community sim-

ilarity at three sampling locations
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Fig. 5 The scatter diagrams of PCA at three sampling locations
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AW N/P AT R ik 3 20 A ) SR B N
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son ) A S A 3 A 1, ek 9 A A — B A 4 K0 A AL
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Table 3 Pearson correlation analysis between benthic diatoms and environmental factors

| Chla K Bekit  R#R<63 pm w2 DIN PO}™-P  SiO%~-si
FAR—EENTEEL B IR N 0.18 0.06 -0.41 0.74%* 0.65* —0.09 0.23 0.30
A 12 12 12 12 12 12 12 12
RESEERE BEIRHMA A -0.21 0.32 —0.12 0.26 0.41 —0.41 -0.02 0.17
A 12 12 12 12 12 12 12 12
Chl a¥f BEIRHMA A 1 —0.41 -0.22 0.57 0.28 0.81%++ 0.89** 0.31
A 12 12 12 12 12 12 12 12
TE: #* FIRTE0.0 17K GO ) L B2 AH G *FRARAE0.05 7K (U b kS AH G
i ad o 8 A R IR EE N GRLE L Bk EH TR
BELORLEEL W22 ) B CCAZP BT, 2B 1 AN 2 945 e

EAE 53 314 0.317 1 0.181, 4l 1 = ZAR K TR JE AIpk
P 52, DTik 1BV Y 55.2%, il 2 EEAER
T 2 AR ORI AR O A2 <63 um) AR, STEk T
SRR 29.1%(18] 6), RES/THIA SR E | FEK
T S AR ORE TR R AR <63 um) 7778 B Y1 A 6,
FREUNREE L WTOR (R T S IR R AR OK AR R B
HYIEARDG o & 43 W)l 5 8 25 AEAE AR OC I, AR /N ER
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Fig. 6 CCA biplot of dominant diatom species and environ-

mental factors at three sampling locations
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Table A1 Species list of benthic diatom at 3 sampling locations

FALI 1 DU B[
TR T AR
3H 4H 6H 9H 3H 4H e6H 9H 3H 4H 6H 9H
LT Achnanthes brevipes + +
AR PR Actinocyclus ehrenbergii + + + + + +
% [CHE A BB [C A Actinocyclus ehrenbergii var. ralfsii + + + + +
T IR PR A B AL i Actinocyclus ehrenbergii var. tenella + +
T 630 4 A Actinocyclus ellipticus + +
HR R B Actinocyclus fasciculatus +
AR Actinocyclus normanii + + +
PR e Actinoptycgus annulatus + + +
ARSI Actinoptycgus splendens + +
ORI HE Actinoptycgus undulatus + + + + +
r A A Actinoptycgus vulgaris +
Vb Hb AU E B Amphora arenicola +
R RUE B Amphora costata +
Gy 78 WU MR ARAL i Amphora proteus var. oculata +
XUJE B Amphora sp. + + + +
i S U 3 Amphora turgida +
B Asteromphalus sp. +
IE&TBH Biddulphia biddulphiana +
AR T Bidduphia reticulata +
eI Biddulphia tridens +
JE G TE B 5 A AL R Cocconeis scutellum var. varians +
ST Cocconeis sp. + +
s [ i Coscinodiscus argus + + + +
1B i 58 5 T AL A Coscinodiscus asteromphalus var. pulchra + + +
TR i Coscinodiscus blandus + +
rvC B Coscinodiscus centralis + + + + +
TR 2[R i Coscinodiscus confusus +
2[5 4 (B Coscinodiscus crenulatus + +
W (B4 5 Coscinodiscus debilis +
B B G 5 Coscinodiscus excentricus + + +
as-allipea Coscinodiscus hexagonus +
JR LG i 8 Coscinodiscus kutzingii + +
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gk Al
KLy B ]
TSR LT 2%
3 40 6J1 9 3 4l 6 9 3[ 4H 6J1 9A
B2 [ i Coscinodiscus marginato-lineatus + + + +
FLih [ i 5 Coscinodiscus marginatus + + + +
A1 i e Coscinodiscus nodulifer + + + +
/INHR R i Coscinodiscus oculatus + + + + +
TR R i Coscinodiscus oculus-iridis + + + + + + + +
A ) R 7 Coscinodiscus radiatus + + + + +
[53] f Coscinodiscus sp. + o+ o+ o+ + o+ o+ o+ + o+ +
LRI i Coscinodiscus spiculatus +
Al 1[5 i 55 A Coscinodiscus subconcavus var. tenuior +
255 5 i Coscinodiscus subtilis + + + o+ +
iR [ i Coscinodiscus turgidus +
TNV IR Cyclotella caspia + + + +
INIRE Cyclotella sp. + + + + + +
SRBUNABE Cyclotella striata + + + + + + + +
FER/INIR 3 Cyclotella stylorum + + + + + + + + +
W B RSB i Diploneis bombus +
T4 RURE Diploneis crabro +
PN VR S T A i Diploneis crabro f. suspecta +
A 530 BB g Diploneis elliptica +
TR Diploneis smithii +
SR RURE ) R A Diploneis smithii var. dilatata + +
AN EaE Epithemia hyndmanii + +
PRI S Eunotia monodon +
e 2 x4 Eunotia pectinalis +
e a4 Frustulia interposita + +
(SRS Frustulia lewisiana +
TR S5 B 55 A i Grammatophora oceanica var. macilenta +
MR Gryosigma sp. + +
A 4 Hyalodiscus sp. +
JnFIE e WARTE Licmophora californica +
UKy B Melosira islandica +
Jed FHE Navicula carinifera + + + +
IEIEFHE 3 Navicula digito-radiata +
ICFHE Navicula eymei + +
TRLFHE i Navicula granulata + +
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B SEHE
P22
B3
BRI
RIEPILCHE
PLCBE
AN
XU HE ST
KUEHES
XU HE TR R R
BLOYIE G
Tk % G
K BEE
B A B
AL
HLEGHA fa s Fh
Gy
W BE =

B RE A

Navicula lyra var. dilatata
Navicula pinna
Navicula rhaphoneis
Navicula sp.

Nitzschia cocconeiformis
Nitzschia granulata +
Nitzschia lanceolata

Nitzschia sp.
Paralina sulcata
Pinnularia major

Pinnularia sp.

Pleurosigma
Podosira stelliger

Rhaphoneis amphiceros
Rhaphoneis surirella

Rhaphoneis surirella var. australis
Roperia excentrica
Roperia tesselata
Stauroneis constricta
Surirella fluminensis
Thalassiosira excentrica
Thalassiosira sp.
Trachyneis antillarum
Trachyneis aspera var. angusta
Trachyneis olivaeformis
Triceratium favus +

Tryblioptychus cocconeiformis +
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Maps of dominant benthic diatom at 3 sampling locations

JOR = 12 M N 1 1 1 U e P T 1 P M S A b P O N G b P B A I b I R 1 e e

Wes 10, /N NFRBE; 11 A BUNERSE; 12, FER/INERSE; 13, 2 [REREREE; 14, 955 =08 15, 3CIRAHB 8 16, Je B s 17, BRIB 2500 35 18.
RLZETE HE 5 19. 50 ICOURE B4 R AR Fh

1. Coscinodiscus argus; 2. Coscinodiscus centralis; 3. Coscinodiscus crenulatus; 4. Coscinodiscus excentricus; 5. Coscinodiscus kutzingii; 6. Coscinodiscus

Fig. Al

oculatus; 1. Coscinodiscus oculus-iridis; 8. Coscinodiscus radiatus; 9. Coscinodiscus subtilis; 10. Cyclotella caspia; 11. Cyclotella striata; 12. Cyclotella stylor-
ums 13. Actinocyclus ehrenbergii; 14. Triceratium favus; 15. Navicula eymei; 16. Navicula carinifera; 17. Nitzschia cocconeiformis; 18. Nitzschia granulata;

19. Diploneis smithii var. dilatata
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Temporal and spatial variations of benthic diatom communities at
three estuaries in the Bohai Sea

Wang Shanshan ', Liu Dongyan®*, Wang Yujue®, Yuan Zineng’

(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation of Chinese Academy of Sciences, Yantai Institute of
Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China; 4. In-
stitude of Eco-Chongming, East China Normal University, Shanghai 200241, China; 5. Center for Deep Sea Interdisciplinary Research, Pi-
lot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266200)

Abstract: Benthic diatoms are important primary producers in estuarine mudflat system, and the spatial and tempor-
al changes in the communities can significantly impact the productivity of benthic fauna in the estuary. In this
study, the ecological parameters in the estuaries of Daliao River, Hangu River and Huanghe River along the Bohai
Sea coastline were surveyed and the related environmental factors were discussed, aiming to understand the season-
al variations and spatial differences of benthic diatom communities. The results showed that the species diversity
index and absolute abundance of benthic diatoms were the highest in autumn, and the dominant species displayed
obviously seasonal succession. The diatom absolute abundance in the estuaries of Daliao River and Hangu River
were significantly higher than that of Huanghe River Estuary. The coarser sediments and significant phosphorus
limitation in the Huanghe River Estuary are main reasons for the low diatom abundance. The correlation analysis
between the benthic diatom communities and environmental factors indicated that the changes of temperature and
nutrient concentration have significant effects on the seasonal pattern of the benthic diatom communities, while the

sediment size, tidal range and runoff of the three estuaries are more important to explain spatial differences.

Key words: estuary; mudflat; benthic diatom; sediment; nitrogen pollution



