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Fig. 5 The tidal flats landforms (a—c) and biomass distribution (d—f) on tidal flats after 1 year, 3 years and

10 years under wave flow, respectively



2 BEAFIGRAR: AR RS I Bl g Hb A T A R ()RR P 5

101

SB0.54F

R34

EeE)

T

0 5 10 0
FE B /km

WV

5
JE B /km

N

PR i F%/m

10 0 5 10
B 5 /km

6 AL W A A I (0 i 0 b 5 3 A 5 R (a—c) AR TG A 00 MBS A A TsF %) 0 e 93 2 3 7 (d—F)
Fig. 6 The evolution process of tidal flat landform in the presence of biofilm (a—c) and the evolution process of

tidal flat without biofilm (d—f)

a 2
0t
2t
£ 4
L
Eo_gl
— FIA I E
-8 — 0.54f
-10 1 — 104
_12 n "
0 5 10 15

BE B /km

—— W
— 0.54f
74 L . 33‘:
— 104
_6 "
3.5 5.0 6.5

PR /km

7 T T RLW x =5 km 2B AE L (a) FITAT TR LB y = 10 km 2R 22T 0 (b)

Fig. 7 The elevation change of the section perpendicular to the shoreline x = 5 km (a) and the elevation change of

y =10 km parallel to the shoreline section (b)

TE 18, Bt A BT B0 £ 385 o, 0 ) PR 00 2 ok o 70 g 9
FEESIAT JIT 1 i, W0 9 1) 9 R EG Ak S 0 /N, V) 1) o )
VEFESRAN . 7655 3~ 10 4R 0], 94 vh it (0 {7 &
ARANAR Uk B D S T L I R B B AR, K
I FAEA BN T A SR LSS,

Pl 8 27 10 4F Ji5 A= oy B0 I 0 JIC A= A i 4 1
AT 1 AR Ol . 7E y = 10 km B 1T (5] 8a)
e, A R L A P K AR R, R R
0.3 my; JCA 1y M0 W 5 A 2 B L AR o, 6 B Y AR W
FEFEE, A2 HE Ty = 10 km W77 = A2 38 00 . HL 23
WEFE y = 12 km Wi 17 (& 8b) - 35 % A I, F b mT I,

A Wy A A I I A IR B RIS A, i
T _F, DG AR W B 0 B e i T R TR BEE /DN, A 5
JEE R, T A A= ) T i 0 3 e L, T T e Y
18 BA RO Z H, WA TR R, WA L BE /N 45 A

75 y =12 km Wi (1] 8b) b, PR AN ] 26 284 f) 3)
WEAR A2 Az T A TR R JBE B PR, A 0 M Y L 32 T T £
FROREREAE 1.5 m 7247, 1070 A= ) 5] e b 1 e e
RN 1.8 me A ELEY LIS, W18 L e KA
2 m, T A 49 BB A A I VA B TR B B KT 35 3 4 m, J2
HIE A 2 A% o AEIZ T Ak, W01 b 3V 2 SR B
Wom 2 B AR IR aL, DO AE T AE W R e L T A



102

(GRERE T LE

N it
— JaA y=10km
_43.5 5:0 6.5
i

3b —— A S
— Jo AW R y=12km
Y 50 6.5
¥ 5 /km

Pl 8 A Ay I A P G A= 0 ST e 10 4F S5 AT T 2 W e AR AR AL

Fig. 8 Elevation changes of parallel shoreline section after 10 years for biofilm and non-biofilm tidal flat

a.y=10km Wilfi; b. y = 12 km W1

a.y =10 km section; b. y = 12 km section

R ATV TR BT R .
3.3 EAMEAEE
331 RIS S

WA 5 10 AN TE S S 8GR 4, 763 ]
RS, AR PR e LA A IS KT A
I 40360 A, 2R A )l S 508 4 A 11 2 0 RT3 IX B 1Y)

WA K BA R R, XA S AR A 1 4 A
R, A LI 45.2%, - 24 58 BE A G IR /1N, h 5.6%.
e E) 7 R, A IR 22 i SE T I8 T A R
FVACF 34 T, A A 22 1.1%, 1180 74 6k T A AN
-1 G B Y9N, 43 N T 9.0% F 10.0%.

T4 FWFHARTSH
Table 4 Morphological parameters of tidal channel in the 10th year

TeA: Wi PN ] AR 2=
b1 i O 151 S S 7 WEATTES EATR b1 i i O [ 1 H SR THE
BARY(10°m?) 0.32 2.66 4.57 0.46 3.50 5.58 45.2% 31.6% 22.1%
HEAY(10° m?) 0.27 2.44 4.12 0.32 222 3.83 19.8% -9.0% -7.0%
PR EE /m 1.19 1.09 1.11 1.44 1.57 1.46 21.2% 44.6% 31.5%
MKE10' m 0.21 4.13 5.30 0.24 4.18 5.42 13.5% 1.1% 2.3%
P FEE m 127.45 59.20 77.87 134.53 53.26 70.70 5.6% -10.0% -9.2%

332 WIMEEESHILE

A ) FE R VA R G R TG AR W A R G AR A
SHCE RGN 9 FR, FEHAE I (0~2 4F),
A g S 5 A A A B b i 3 AR R 25 8
K, AW e e R A K BN TR
FEETAE, TR I BT . FESR 2~ 10 AR Ay AR i B v, X
TR SRR, BT ARSI 3 WS AL, AR R
T4 72 55 1) 1 B B DR A W A R B, WA
TR TR AR 2 B 0 W 18 A o R 9 245 7R 1 3 R R
U, E T AR A T FS I 1 R TR A e R R i 2%
T 301 V) P S AR RIS 34 % B 3 A R 3 4, 76 i B ]
DAL, A AR B 2 R VA IR AR AR SN

UL S BOATE SS8S TR 4, R AR, E

0y MBS 0 9 ) e T R T A A T S 7.0%,
BT BE RGN 31.5%, WA SRR N 22.1%. fEAE
PIEAE R, WA 1 S B RE SRR N, 10 4F J5 A 1Y
S B B T AR ) O VA R GRS N 2.26%, WA 1 SF- 1
e RN T A BN RS, —HAHZE 9.2%.

g BRI ASEE, B Ak U, 7EiZ K sh 1 & E T, i
T AR I, A RS A B 4 AR M T A T A
B, AR BE T VA 1) G\ 1) R KR s RS I, WA Y &
F o R LA IA IR Sk 2 i e R K B A N RRE -
I T AR, A WX RSk B o B EH &
B3R I A WS VA B ST 38 BB SRR T VA Y R B
V) S TR APURE AR /N T TG A 0 R Y, T 0 ) ) TR
MRS T, DT 0 7 174 A B, A5 80 348



20 BRI AR 2 BN 0 51y A B R ) ) B (R

103

a 6 b 5 c s d 7 e
- 6 -
5 Al
B o4t E E10f = E
= s 3t = = i
= = LS @’ "
g 3l & ka3 b
Z = B X 5
0 W2t = = X
2 Ll = = B =
>~ 2 = 0.5 = =
= = i
1t I
06—t 0o 0.0 6———— 06— Qo
0246 810 0246 810 0246810 0246 810 0246 810
i /a it [7)/a i [F)/a B} [R)/a 5 /2
—o— HAM —e— JLAYINK

B9 Pt AF T A TE A W AR I hi v & & i S 2 8 it
Fig. 9 Statistics of morphological parameters of tidal gully development with or without biofilm under the wave
a. WA SRR b, WA S TR o VA TR s A A R B s e VA P 2 9

a. Total volume of channel; b. total area of channel; c. average depth of channel; d. total length of channel; e. average width of channel

34 itig

AR S 3 A T IR AR T Delft3D HHeoks A 1y 54 FH R
GRS R K D 2 ) s SRR BT T AR )
T WY ) AR e R L AR, LSRR P AR W S
PR Ry 52 4, AR AR W 22 () AR BLAR (8 4n, IS 204
XF A ) IR B I | AR 5 A W TRORE EAE AR, DL K
A Wy BB X6 7K By 7 RS IR U8 U 21 43 45 TR 3R R 2% 1Y) T )i
B . I HL A2 b WE A K A R B BLAT 0 35 ) ke
PRI, 4 52 2 A 26 ) b 3 52 220 B B A A rp R —
KEPkL

A W A e AR W b, AR A S e PR B A A L
SUEAROG o DAk 9 28 A W A 1514 43 A o A2 Ak %
KEEMHR ., B, fEEE R EA > —0
+, TR RGO A R, Bk, SRR A e
AR B BRI 2R, A RS G Bl W AE L
A7, AT B 1 i3 2 () 4n, 1% 8 i A= W 3% 2 ) BELAS T
e Wy S A A R T 2 A 7 A R A A R
(6] BN 7K R AL S — A E SR e PR 3R, K TR 2 0l R i
J A AN TR R B A SR IR, K TR R DA il 2 A e
WK OGRS IR —E R AKX E Y
H AL, I AR AR E, SR UL, 24
e, R R R R, A D NERE N
JEA N ) IS B B, R, MR AR R A K
BT, RRE TP A 3 Bk T AP B K/ van der
Wal %509 (1 i 57 3R W, A 8 T A0 Jo 3 e, 908 e Joi ) A
AR A AR bR — b 22 E A B TE % (NDVID)
SR o IR IE K B VR RIS 2SN, B i R A

R I T BRSO ABE el 2D 3 R
VAR TR I (1) A 2 4 ) AR ) K/ — AN LR W )
R R TR, 5 AN T b 2 5 e B A )RR Y
23 A 43 A B R /Nes

H T A= ) 1 B2 e DR 3R AR 22 LTI e, B 1Y
AW BB RN GRIE T A A R R — — 1 fk
HE L BN, IKIRIEVPH 55 4 Y B Z R C R
ey, BUAE R AR A BT WA 48, OF B i T 0 5% S
AR RN A e, o JC A Bl R R T T AR
T A B A R b BT L, Ay TS A 2 SR g S
bR, 755 e AL ST b, A b B — D kIR IR e 10
RS AWK R . Gerbersdorf Fll Wieprecht™)
& B YRR e MR R I B TR T By I SR 2 U
77, M\ Riethmiiller 552 52 . Widdows 5515 7K 1 5 5
J Le Hir 555 i i 5% b o] DL AR ) B X6) 8 U0 I 3t
ARSI N 7 52 B AT H AR RS — IR R, A
KSR G 1 3 RO PR o D5 A T S Ml
R 1 PR S O A B B =, 45 BRI
Wk T — By RXE, R, R ok By AR AR 7R T ) 4
Bk AR B &, AT ST A AR AL LAl 25
B Z2 (5 R 1R 8 K R e R R AR )
e Pk AR A RS B 09 5 1Ak, [R)IE AR 9% b 63 1Y)
S A S0 ESHE R B, 45 30 5 RE ] Tz 0 A= W Bl
HARAR A
4 ZHig

) 0 ot Ay v A 2 M I A AR R SR, B



104

(GRERE T LE

FEEARE Ay T B 28 9 v 4 B B A W K, X R i A%
b 35 28 3 A AN T BRSNS SCTE AR S8 Y
SURLRL A A WA, S8R T A2 1 3 ) A A R
Xof A ) RN BE T, X TCRR 2 4y L IR DB UL
it B E T4 T 1 RO AR R B, b T A
PR R G RR R . BARSSIE I

(1) AT 8 SN 5 20 558 308 Az 1y I 1) 0 I A T, AR
SCIT 2 (4 A W R e ] UASE AL T A ) e A 0 500 K
ih £k, 55 RN SE B & A5 R I I LA P i B IR 4
U, AR BRAE L2 B AR R AR A e

(2) TEiZ A W A R v, e PR v 28 21 70 1 o |
Py, A e PRGN 5 IR B R AP E T A
14 Fi L i 3 D' R 7 R ) il 3R X — 2 JO
A A K TR AR A B4 SRR RE S N, A R B 6 A
BRI

(3) LR W B2 MR 1 3400 0f ot A3 98 s 00 iB R T K
7, EERIN: B BFERAETEIN R T RV IR AR L
PR, X 30 A ) 0 % S 2 0 A ) 3 1)
T HRA A% WY A SRS RGN, 100 8] b A
TR AR 249 538 A /IR B 80/ B AR 158 A )
e -1V i 22 4 TR BRI, L S A U/

AWEFETT & 1K E) I3 LY JE VD R 5 1 3
M BRI, 2 58 A oy I A M T TP AR A5 OR A
Bl IR X A= 0y S Y A b 3 9 3 v PR ST AL AR A A
W ASWFFEAER L AR P R T 855 1Kk 3h 14
FH AR TR T80 3 — A 3 2% 1 X6 2 ) I 9 Tl 35 1k
G, BRI S8 A W) RS AE 2 J2= 00, TS B ) 8 v A
Py A 2 1] L AT A, AR BT ST Fb T LA Rt 1
HE— A BCHE, T SN R A Ml AR AR W R 2 R Bl
PRl [ P X 80 0t 50 0 901 9 28 8 B9 R

S E 3k
(1] 3RS, tRdnmi, JE, 55 W g S 5 R i ot il i (7], KEHFAIER, 2018, 29(2): 269-282.

Zhang Changkuan, Xu Mengpiao, Zhou Zeng, et al. Advances in cross-shore profile characteristics and sediment sorting dynamics of tid-
al flats[J]. Advances in Water Science, 2018, 29(2): 269—282.

(2] JAIRE, ORTR, ARARIE, 55, ShVE IRk Yo )1 A i AR ot i R (3], AKBL22HERE, 2021, 32(3): 470484,
Zhou Zeng, Chen Lei, Lin Weibo, et al. Advances in biogeomorphology of tidal flat-saltmarsh systems[J]. Advances in Water Science,
2021, 32(3): 470—484.

(31 ZREC MRk, AW, . AEWE X e s iz [J]. B, 2021, 66(1): 53-62.
Gong Zheng, Chen Xindi, Zhou Zeng, et al. The roles of biological factors in coastal sediment transport: a review[J]. Chinese Science
Bulletin, 2021, 66(1): 53—62.

[4]  Zhou Zeng, Olabarrieta M, Stefanon L, et al. A comparative study of physical and numerical modeling of tidal network ontogeny[J].
Journal of Geophysical Research: Earth Surface, 2014, 119(4): 892-912.

[5] Xu Fan, Coco G, Zhou Zeng, et al. A numerical study of equilibrium states in tidal network morphodynamics[J]. Ocean Dynamics, 2017,
67(12): 1593—-1607.

[6]  Schuerch M, Spencer T, Temmerman S, et al. Future response of global coastal wetlands to sea-level rise[J]. Nature, 2018, 561(7722):
231-234.

(7] JyerT, X0, AT, 45 JRYD R A KA IR S R IR AL IRER BT IT [J]. AKRI#4R, 2011, 42(3): 278-283.
Fang Hongwei, Zhao Huiming, He Guojian, et al. Experiment of particles' morphology variation after biofilm growth on sediments[J].
Journal of Hydraulic Engineering, 2011, 42(3): 278—283.

[8]  Chen Xindi, Zhang C K, Paterson D M, et al. Hindered erosion: the biological mediation of noncohesive sediment behavior[J]. Water Re-
sources Research, 2017, 53(6): 4787-4801.

[9]  Andersen T J, Lund-Hansen L C, Pejrup M, et al. Biologically induced differences in erodibility and aggregation of subtidal and intertid-
al sediments: a possible cause for seasonal changes in sediment deposition[J]. Journal of Marine Systems, 2005, 55(3/4): 123—138.

[10] de Deckere E M G T, Tolhurst T J, de Brouwer J F C. Destabilization of cohesive intertidal sediments by infauna[J]. Estuarine, Coastal
and Shelf Science, 2001, 53(5): 665—669.

[11] Droppo I G. Biofilm structure and bed stability of five contrasting freshwater sediments[J]. Marine and Freshwater Research, 2009, 60(7):
690—699.

[12] Gerbersdorf S U, Jancke T, Westrich B, et al. Microbial stabilization of riverine sediments by extracellular polymeric substances[J]. Geo-
biology, 2008, 6(1): 57—69.

[13] Tolhurst T J, Gust G, Paterson D M. The influence of an extracellular polymeric substance (EPS) on cohesive sediment stability[J]. Pro-
ceedings in Marine Science, 2002, 5: 409-425.

[14] Chen Xindi, Zhang C K, Zhou Z, et al. Stabilizing effects of bacterial biofilms: EPS penetration and redistribution of bed stability down
the sediment profile[J]. Journal of Geophysical Research: Biogeosciences, 2017, 122(12): 3113-3125.

[15] YoungIR, Verhagen L A. The growth of fetch limited waves in water of finite depth. Part 1. Total energy and peak frequency[J]. Coastal

Engineering, 1996, 29(1/2): 47-78.


https://doi.org/10.1360/TB-2020-0291
https://doi.org/10.1360/TB-2020-0291
https://doi.org/10.1360/TB-2020-0291
https://doi.org/10.1002/2014JF003092
https://doi.org/10.1007/s10236-017-1101-0
https://doi.org/10.1038/s41586-018-0476-5
https://doi.org/10.1002/2016WR020105
https://doi.org/10.1002/2016WR020105
https://doi.org/10.1002/2016WR020105
https://doi.org/10.1006/ecss.2001.0811
https://doi.org/10.1006/ecss.2001.0811
https://doi.org/10.1071/MF08019
https://doi.org/10.1111/j.1472-4669.2007.00120.x
https://doi.org/10.1111/j.1472-4669.2007.00120.x
https://doi.org/10.1002/2017JG004050

2

RAS ISR A W IR ) B0 ) S A R e B B R AT 5 105

[16]
[17]
(18]
[19]
[20]
[21]
[22]
23]
[24]
[25]
[26]
271
(28]
[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

Young I R, Verhagen L A. The growth of fetch limited waves in water of finite depth. Part 2. Spectral evolution[J]. Coastal Engineering,
1996, 29(1/2): 79-99.

Tao Jianfeng, Wang Zhengbing, Zhou Zeng, et al. A morphodynamic modeling study on the formation of the large-scale radial sand
ridges in the Southern Yellow Sea[J]. Journal of Geophysical Research: Earth Surface, 2019, 124(7): 1742—-1761.

Roberts W, Le Hir P, Whitehouse R J S. Investigation using simple mathematical models of the effect of tidal currents and waves on the
profile shape of intertidal mudflats[J]. Continental Shelf Research, 2000, 20(10/11): 1079—1097.

Green M O, Coco G. Review of wave-driven sediment resuspension and transport in estuaries[J]. Reviews of Geophysics, 2014, 52(1):
77-117.

Soulsby R L. Dynamics of marine sands: a manual for practical applications[J]. Oceanographic Literature Review, 1997, 44(9): 947.
Partheniades E. Erosion and deposition of cohesive soils[J]. Journal of the Hydraulics Division, 1965, 91(1): 105—139.

Winterwerp J C. On the sedimentation rate of cohesive sediment[J]. Proceedings in Marine Science, 2007, 8: 209-226.

Engelund F, Hansen E. A monograph on sediment transport in alluvial streams[R]. Denmark: Tekniskforlag Skelbrekgade 4 Copenhagen
V, 1967.

Bagnold R A. An approach to the sediment transport problem from general physics[R]. U.S. Geological Survey Professional Paper, 1966.
van Rijn L C. Principles of Sediment Transport in Rivers, Estuaries and Coastal Seas[M]. Amsterdam: Aqua Publications, 1993: I11.
Roelvink J A. Coastal morphodynamic evolution techniques[J]. Coastal Engineering, 2006, 53(2/3): 277-287.

TR, AR, YR, A5, J/INGIE R MESTU AR 2 S i X B AU ST (] 24, 2021, 43(10): 70-80.

Xu Mengpiao, Dong Peihua, Ma Jun, et al. The effects of spring-neap tide on sediment bedding on tidal flats: a numerical study[J]. Haiy-
ang Xuebao, 2021, 43(10): 70—80.

van der Wal D, Wielemaker-van den Dool A, Herman P M J. Spatial synchrony in intertidal benthic algal biomass in temperate coastal
and estuarine ecosystems[J]. Ecosystems, 2010, 13(2): 338—351.

Mariotti G, Fagherazzi S. Modeling the effect of tides and waves on benthic biofilms[J]. Journal of Geophysical Research: Biogeosciences,
2012, 117(G4): G04010.

Nguyen H M, Bryan K R, Pilditch C A, et al. Influence of ambient temperature on erosion properties of exposed cohesive sediment from
an intertidal mudflat[J]. Geo-Marine Letters, 2019, 39(4): 337-347.

Fagherazzi S, Fitzgerald D M, Fulweiler R W, et al. Ecogeomorphology of tidal flats[J]. Treatise on Geomorphology, 2013, 12: 201-220.
Riethmiiller R, Heineke M, Kiihl H, et al. Chlorophyll a concentration as an index of sediment surface stabilisation by microphyto-
benthos?[J]. Continental Shelf Research, 2000, 20(10/11): 1351-1372.

Le Hir P, Monbet Y, Orvain F. Sediment erodability in sediment transport modelling: can we account for biota effects?[J]. Continental
Shelf Research, 2007, 27(8): 1116—1142.

Uehlinger U, Biihrer H, Reichert P. Periphyton dynamics in a floodprone prealpine river: evaluation of significant processes by model-
ling[J]. Freshwater Biology, 1996, 36(2): 249-263.

Labiod C, Godillot R, Caussade B. The relationship between stream periphyton dynamics and near-bed turbulence in rough open-channel
flow[J]. Ecological Modelling, 2007, 209(2/4): 78—96.

Boulétreau S, Izagirre O, Garabétian F, et al. Identification of a minimal adequate model to describe the biomass dynamics of river epi-
lithon[J]. River Research and Applications, 2008, 24(1): 36—53.

Lawson S E, Wiberg P L, McGlathery K J, et al. Wind-driven sediment suspension controls light availability in a shallow coastal
lagoon[J]. Estuaries and Coasts, 2007, 30(1): 102—112.

Whitehouse R, Soulsby R, Roberts W, et al. Dynamics of Estuarine Muds: A Manual for Practical Applications[M]. London: T. Telford,
2000.

Mariotti G, Fagherazzi S. A numerical model for the coupled long-term evolution of salt marshes and tidal flats[J]. Journal of Geophysic-
al Research: Earth Surface, 2010, 115(F1): FO1004.

Zhu Q, van Prooijen B C, Maan D C, et al. The heterogeneity of mudflat erodibility[J]. Geomorphology, 2019, 345: 106834.

Guarini J M, Blanchard G F, Bacher C, et al. Dynamics of spatial patterns of microphytobenthic biomass: Inferences from a geostatistical
analysis of two comprehensive surveys in Marennes-Oléron Bay (France)[J]. Marine Ecology Progress Series, 1998, 166: 131-141.
Andersen T J. Seasonal variation in erodibility of two temperate, microtidal mudflats[J]. Estuarine, Coastal and Shelf Science, 2001,
53(1): 1-12.

Chen Xindi, Zhang Changkuan, Paterson D M, et al. The effect of cyclic variation of shear stress on non-cohesive sediment stabilization
by microbial biofilms: the role of 'biofilm precursors'[J]. Earth Surface Processes and Landforms, 2019, 44(7): 1471-1481.

Fan Daidu. Open-coast tidal flatsiM]//Davis Jr R A, Dalrymple R W. Principles of Tidal Sedimentology. Dordrecht: Springer, 2012:
187-229.

Zhou Zeng, Ye Qinghua, Coco G. A one-dimensional biomorphodynamic model of tidal flats: sediment sorting, marsh distribution, and
carbon accumulation under sea level rise[J]. Advances in Water Resources, 2016, 93: 288—302.

Zhou Zeng, Liang Mengjiao, Chen Lei, et al. Processes, feedbacks, and morphodynamic evolution of tidal flat-marsh systems: progress
and challenges[J]. Water Science and Engineering, 2022, 15(2): 89—102.


https://doi.org/10.1029/2018JF004866
https://doi.org/10.1002/2013RG000437
https://doi.org/10.1061/JYCEAJ.0001165
https://doi.org/10.1007/s10021-010-9322-9
https://doi.org/10.1007/s00367-019-00579-x
https://doi.org/10.1007/s00367-019-00579-x
https://doi.org/10.1007/s00367-019-00579-x
https://doi.org/10.1016/j.csr.2005.11.016
https://doi.org/10.1016/j.csr.2005.11.016
https://doi.org/10.1046/j.1365-2427.1996.00082.x
https://doi.org/10.1002/rra.1046
https://doi.org/10.1007/BF02782971
https://doi.org/10.1016/j.geomorph.2019.106834
https://doi.org/10.3354/meps166131
https://doi.org/10.1006/ecss.2001.0790
https://doi.org/10.1002/esp.4573
https://doi.org/10.1016/j.advwatres.2015.10.011
https://doi.org/10.1016/j.wse.2021.07.002

106 WPE2ER 46 6

[47] Blanchard G F, Guarini J M, Gros P, et al. Seasonal effect on the relationship between the photosynthetic capacity of intertidal micro-
phytobenthos and temperature[J]. Journal of Phycology, 1997, 33(5): 723-728.

[48] Macintyre H L, Geider R J, Miller D C. Microphytobenthos: the ecological role of the "secret garden" of unvegetated, shallow-water mar-
ine habitats. 1. Distribution, abundance and primary production[J]. Estuaries, 1996, 19(2): 186—201.

[49] Gerbersdorf S U, Wieprecht S. Biostabilization of cohesive sediments: revisiting the role of abiotic conditions, physiology and diversity
of microbes, polymeric secretion, and biofilm architecture[J]. Geobiology, 2015, 13(1): 68—97.

[50] Widdows J, Blauw A, Heip C H R, et al. Role of physical and biological processes in sediment dynamics of a tidal flat in Westerschelde
Estuary, SW Netherlands[J]. Marine Ecology Progress Series, 2004, 274: 41-56.

Numerical simulation of the influence of biofilm on the dynamic
geomorphological evolution of tidal flats

Liang Mengjiao', Zhou Yi?, Zhang Heyue?, LiHuan’?, Kang Yanyan®’, Wang Dawei’, Zhou Zeng"?

(1. The National Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China; 2. Jiangsu Key Laboratory of
Coast Ocean Resources Development and Environment Security, Hohai University, Nanjing 210024, China; 3. College of Oceanography,
Hohai University, Nanjing 210098, China; 4. College of Environment, Hohai University, Nanjing 210098, China)

Abstract: Tidal flats maintain a complex ecosystem, while its formation is driven by multi-factor interaction, in-
cluding hydrodynamics, sediment transport, and biological processes. In particular, investigating tidal flat biologic-
al processes and elucidating their biological-physical effects are current research hotspots and challenges in the
field of marine science. This study focused on intertidal biofilms, constructed a two-dimensional biomorphodynam-
ic model which coupled biofilms with hydrodynamics, sediment transport, and bed level change, to explore the role
of biofilms in sediment transport and geomorphological evolution. The biomorphodynamic model was validated us-
ing literature data, indicating that the constructed model can simulate the growth pattern and interannual variation
of biofilms well. Model results show that tidal creeks with biofilm attachment are more fully extended towards the
landward side, showing a branching distribution when hydrodynamics are weak, and biofilms were distributed on
both sides of the intertidal zone. Through quantitative analysis of tidal creek morphology, it is found that the pres-
ence of biofilms promoted an increase in the number of tidal creek and their development in the vertical direction,
while limiting the increase in their width. Compared to tidal flats without the influence of biofilms, the average
depth of tidal creeks increases, the total area decreases, the total length increases, the average width decreases, and
the overall volume increases. The research outcome of this study deepens the understanding of the role of biofilms

on tidal flat evolution and provides a scientific basis for coastal zone protection and ecological restoration projects.
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