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Abstract: [Objective] To establish a methodology assessing the existence and active state of
biofilms on mudflat. [Methods] We sampled the biofilms on mudflat and the surface sediments
in the nearby regions, and compared the dominant algal species and their abundance between
the biofilms and their nearby regions by 18S rRNA gene sequencing. Furthermore, we
employed chlorophyll a (Chl-a) assay and flow cytometry to compare the concentration of
Chl-a and the amount of Chl-a-containing cells between the biofilms and their nearby regions.
[Results] The mudflat biofilms mainly harbored Diatomea, Dinoflagellata, Ochrophyta,
Chlorophyta, Cryptophyceae, and Phragmoplastophyta, the relative abundance of which,
however, varied significantly in different seasons or geographic locations. There was a
significant difference in the concentration of Chl-a between biofilms and their nearby regions.
The amount of Chl-a-containing cells in biofilms was significantly higher than that in the
nearby regions. A method for assessing biofilms on mudflat was established based on the
relative abundance of algae, the concentration of Chl-a, and the amount of Chl-a-containing
cells. In brief, a sample is classified as a biofilm in the case of the relative abundance of algae
higher than 40%, the Chl-a concentration higher than 500 mg/m’, and the amount of
Chl-a-containing cells more than 500 cells/uL. Otherwise, the sample is classified as
inexistence of biofilm. Additionally, the amount of Chl-a-containing cells more than 1 500 cells/pL
indicates that the biofilm is in the vigorous growth phase, and that between 500 cells/uL and
1 500 cells/uL suggests that the biofilm is in the colonization or recession phase. [Conclusion]
We compared the dominant algal species and their relative abundance, the concentration of
Chl-a, and the amount of Chl-a-containing cells between biofilms on mudflat and their nearby
regions, and established a methodology assessing the existence and active state of biofilms on
mudflat based on the above indicators. The findings enriched the knowledge of biofilms on
mudflat and provided a theoretical basis for understanding the microbial carbon sequestration
capacity of biofilms on mudflat.

Keywords: mudflat; biofilm; 18S rRNA gene sequencing; chlorophyll a; flow cytometer
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Table 1 Sample name and information table

Sample name Sample time Site Sample type

3-S1-B 2023.03 S1 Biofilm

3-S2-B 2023.03 S2 Biofilm

6-S1-B 2023.06 S1 Biofilm

6-S2-B 2023.06 S2 Biofilm

6-S1-B-H 2023.06 S1 Biofilm (dark)

6-S2-B-H 2023.06 S2 Biofilm (dark)

6-S3-B 2023.06 S3 Biofilm

6-S4-B 2023.06 S4 Biofilm

9-S1-B 2023.09 S1 Biofilm

9-S2-B 2023.09 S2 Biofilm

9-S1-B-H 2023.09 S1 Biofilm (dark)

9-S2-B-H 2023.09 S2 Biofilm (dark)

9-S3-B 2023.09 S3 Biofilm

9-S4-B 2023.09 S4 Biofilm

3-SI-N 2023.03 S1 Surface sediments near biofilm
6-S1-N 2023.06 S1 Surface sediments near biofilm
6-S3-N 2023.06 S3 Surface sediments near biofilm
6-S4-N 2023.06 S4 Surface sediments near biofilm
9-S1-N 2023.09 S1 Surface sediments near biofilm
9-S3-N 2023.09 S2 Surface sediments near biofilm
9-S4-N 2023.09 S3 Surface sediments near biofilm

B SBQT-S2

Overall environment

Biofilm

1 #HEXEHHBARERKEREEYEROES A ZJ0ERE-S1. B: —di&RE-S2. C: Ky -S3.
D: V4[]5-S4

Figure 1 The overall environment of sample collection areas and the morphologies of representing biofilm. A:
Overall environment and biofilm morphology at S1 in SBQT. B: Overall environment and biofilm morphology
at S2 in SBQT. C: Overall environment and biofilm morphology at S3 in AWW. D: Overall environment and
biofilm morphology at S4 in XMD. SBQT, AWW and XMD represent three different geographic locations,
namely Sanbei Shallows, Aiwan Bay and Ximen Island, respectively.
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2 AREFHTEYIEFMHERZTIRE Chl-a iRkE

Figure 2 The concentration of Chl-a in the biofilms and their nearby regions in different geographic locations
under different seasons. A: March. B: June. C: September. SBQT, AWW and XMD represent three different
geographic locations, namely Sanbei Shallows, Aiwan Bay and Ximen Island, respectively. 3-S1-B—-9-S4-N

represent sample names as shown in Table 1.
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4.3 (Ochrophyta) . %t #: (Phragmopl astophyta)
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JZUURI SR BORE , AW IBAL iy 5
FROMRESE, OB BB &7 AR X . SR
TEAEYERHE RIZDURY sy AN =

http://journals.im.ac.cn/actamicrocn



4432 FU Yunhan et al. | Acta Microbiologica Sinica, 2024, 64(11)

R2 AEFFMIPEERSMES IR F LRSS

Table 2 Overall percentage of algae and percentage of dominant algae species at the phylum level in different

samples

Sample Overall Diatomea Dinoflagellata Chlorophyta Ochrophyta Phragmoplastophyta  Cryptophyceae
name percentage (%) (%) (%) (%) (%) (%)
of algae (%)
3-S1-B  81.00 80.76 0.08 0.10 0.06 0.00 0.00
3-S2-B  81.00 71.15 5.69 1.21 2.90 0.01 0.04
6-S1-B  62.00 61.65 0.02 0.32 0.01 0.00 0.00
6-S2-B  74.00 72.88 0.02 1.09 0.01 0.00 0.00
6-S3-B  65.00 64.57 0.34 0.03 0.06 0.00 0.00
6-S4-B  59.00 55.69 1.49 0.34 0.96 0.51 0.00
9-S1-B  70.00 65.40 2.43 0.43 1.12 0.37 0.25
9-S2-B  70.00 62.55 0.87 0.89 4.63 0.84 0.23
9-S3-B  52.00 45.61 3.11 0.86 2.40 0.01 0.01
9-S4-B  47.00 45.81 0.26 0.14 0.69 0.06 0.03
3-SI-N  11.00 10.65 0.33 0.00 0.01 0.00 0.00
6-S1-N  15.00 14.65 0.05 0.01 0.29 0.00 0.00
6-S3-N  36.00 34.72 0.79 0.02 0.45 0.02 0.01
6-S4-N  38.00 37.34 0.04 0.59 0.01 0.00 0.01
9-S1-N  33.00 32.54 0.32 0.01 0.12 0.01 0.01
9-S3-N  20.00 17.61 1.75 0.13 0.32 0.04 0.15
9-S4-N  33.00 21.59 9.11 1.04 0.65 0.12 0.49

e PBER, (HIERE BT AR, HE
T R € E R X = B L A W R B AR R
BN Wi, 6 4> BEE RN Yy R
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RIBLS, HLAh sS4 AhAPyfEFn S3 AbTTARY Y H
P A, DR R [R] B B A A B A e 2k
FEFAELE —EES 9 H 4 Bl EY AL $iefh
FIFENT (5 F 22 SRR, S2 Fl S3 Ab Ak Wy I fry & 3
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Figure 3 The genus level algal community structure of the biofilms and their nearby regions in different
geographic locations under different seasons. 3-S1-B—9-S4-N represent sample names, specific information on

the samples is shown in Table 1.
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Figure 4 The amount of Chl-a-containing cells in the biofilms and their nearby regions in different geographic
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Figure 5 The differences of samples in three main indices of the method assessing the biofilm in mudflat. A:
The concentration of Chl-a. B: The relative abundance of algae. C: The amount of Chl-a-containing cells.

http://journals.im.ac.cn/actamicrocn



4436

FU Yunhan et al. | Acta Microbiologica Sinica, 2024, 64(11)

3 W54

JEMEA PR AR Y RI R
VR Ry 6 B 1 E ORI, TE IR T A S R 5
25 ) W 220, AEEAESR A 0 FEEXT I Tk b DX 1)
WG A T7 . DR R AT 8 3 . = PRI 4
A EEEHCARREZKED, Ay
AN i FAAEM R RSO R, SR A
b IR DA [ (R 2, 15 0 38 VR 3 3R J 2 DT AR
Yrrp Chl-a s F 2R, FOUE LW L D L
(R 25 AR50, o 45 Rl I B e AR st
FHHTEAER, RAESE CO, ., HMEG
MEAEBRYGE CO.0, WA, NEANAERRG
HERE A FIRT, RS CO, MRS
DURW rh S B R, R TR e A R A ARAR ALY
TCVR AT Ab 1 £ Py R 5 FLBE I i OB W) A7 7
FRES R 2 SR R BB A Y
AL GO € IR DA s G
Wy (o 22 00 B A, X A g R
ZARIRAM ST AR AME GE ) B LB 0,22 51
T AT AE IR TR . EASBIE SR R, XTI
3 Ab BRI AGRE  BRES R P ] )i T
T HEYIEREERN AT, 25 SRR I AL 48 B 0
FEA] LA 5 R A e, (R AN AT T2
VIR, A ERIE IR, e —%
DN AT BH A

A P R e BE RS B AR 1, b4
R 706 TR (Y R, T D — i R BAE A
W2 R 2 I T R O Y,
WFFE R, Ak de R AR R b i o R, R
SRR AR 8, D) PR G A RIS o ()3 1 R g 1T )™
A, BENS (I 2 RlOK AR E >0 HiAth
FRS O se . 2R WRBESE, MR FEMZE
PEPE B4, Hornlein 25U BFSY & RSk A=
YIS R oA ke, RESETE IR E S R G

<l actamicro@im.ac.cn, & 010-64807516

EEEAEN, BA TR g b AR Y BT
ITIBE . SRTTZEDE 2 AW TR M X, R A%
AV REE BB, B4 5 B FRM0H0F e
PRI 50%, R E I A B
P (16%), HKIEREEE(9%) ', st HIHIA,
FER K N E BRI E W RAEDIR Y R
TR W — )2, DA 3 52 2 0 A Y M R Ak 2= 10
PRl AR 14 [ R A PR U441 Sl A 4 8 S TR
BEHLR A3 A1, S — B As [] A A8 Ak B st A P
W, FUREVR AL BRI LS o AR X 3 B 25 R AR B
SAFEST peAh, B SRAS TR b X [ RS AT 8 A
BEIE A AR AP B 2 57, HAEETES
R S D N E

FAR T R, 3 I 4 T DU R
W P A W SR TR A PR AN S R R AR AT
ST 18S rRNA JE Rl By 04, &
BRAN [7) b, 27 5 19 A 0 SRR ) 22 (8] 40
YRR AP A 25 5 (AR S IR 22 i
A= W AR A T2 RS AN ) B AT A A A )
W2 X FE B (50%-90%) it it K T
(10%—40%), TE 3-9 H B9 #r VIR GRE R T AE P
i Hp TG I T A R A AR AL, X 5 Ao
WEAE PR I T 260 WV e R TR, 2
T AR AT EOR , AR L R S5
VRIA A, A5 = AL MR T R SR TR PR BT
sV ] Bl 52 A ke st s g K, P T 15 28
FREE 30 A A A LT AR, 32 3] ] BRI A% L B v 1
[ 32 i (1 s P 28, T RE(EAS LA s b 1A 1Y
B PSPPSR A R 22 5 Pl
55 Jb A= I PSRN 5 AR A A R i 22 S fe B L B
RPN B R O s , P REE R P T A
MR A Z A0 BRI, AR
FOT O BRERAE RS P LT ] 1 AR A
7T v 5 ] A8 (R SRR B 0 T UZE W s A L 2
BT BRI, S 18S rRNA BE PR i HE il 7,



T 55 | UEEP2dR, 2024, 64(11)

4437

AT AAE H LR FERA T ffAN R 432824 KOF- i
FRRIARXT FRE A 22 57, INTTHER A IR A AR
VIR S AEAE S A IR B A T 2 BURFAE

Chl-a &R, FE AR ERM FE AR,
W TRAEEEMAEY &, HirC &4 TRT
Chl-a ¥ JEVE IR A ) e UK A S TR )
WREE () R AT B IR VEAL , X o 4l
UESE 1384 Chl-a ¥ B2 H 5 A WIS A AFAE ]
FPERS, [RlBE, AR PR R A R R A
2% K B Bk B (Synechococcus) Fl J5E 4 B
(Prochlorococcus)% 5 4l B, B T4, B
AFEARBE, 8% R AR T 8T,
WL R, AT AR A O B | R
Wi | RBREE | JRAREREE DL I PRI A ) L 3
ML . RS A ),

FEF UL R, AW AT T Wi eHE
A Wy R 3 2 2 O RR W A B AR T
Chl-a ¥FERISA Chl-a A 40 MEFTEA [R]85 07 |
T ELM T NES, R R — Ty o LU
A SEMEA WA AT, B AnAS I 5% 4 BRAE )
i P PSR X T B A v T L R TR R 2
BRI, HAEYBERD G 6 ML
PR AYARXT R KT 40%, (HAERELE N
T, EYRRANHERZDIRY N E R IR E,
i, 6 7 S3 MRZUTFMIA 9 H S3 A=Y hs
Wb EEZE G AR ZEAN K . RIS, AHFGE & A )
JEE DX 35 5 45 Chl-a B 4 iy & 4 2 5 T L B TR
YIDIR, FETCAE DL A= P BOIRAS 25 IAAE A HE %
W1 (>1 500 cell/uL) % 7 9 /b 2] A= K 52 R
(500—1 500 cell/uL), ¥ h0 T XA P B 2tk
BHERN, Hib, &4 TRFEEFEE .
Chl-a ¥FERISA Chl-a 40 MEE = F 456 14
GHE I, ETZINE, 6 ARSI 5
HZ 2T (6-S3-N I 6-S4-N) AR H AR &
BRAEIRE, AERT DL R A e

AW ISR T A% 50 H A s K 1 Ak
TEIRZE, LA T OGREAE PR T b 1) 0 5
{B, FEALGICMEE Y R ik 22 o, /T
— IR T FR . Chl-a WEMSA Chl-a 1Y
20 i A P S A B R T 1, S A AN R ZE T R
b FR A DA 22 0 BE R B UE A AR W R VR I
AL EEYE R A M G B R RS IR AR T
Dy HE R 0 0 ik o

S 3 Hk

[1] MOHAPATRA M, YADAV R, RAJPUT V, DHARNE
MS, RASTOGI G. Metagenomic analysis reveals
genetic insights on biogeochemical cycling, xenobiotic
degradation, and stress resistance in mudflat
microbiome[J]. Journal of Environmental
Management, 2021, 292: 112738.

[2] PINCKNEY JL. A mini-review of the contribution of
benthic microalgae to the ecology of the continental
shelf in the South Atlantic bight[J]. Estuaries and
Coasts, 2018, 41(7): 2070-2078.

[3] ZELEZNIAK A, ANDREJEV S, PONOMAROVA O,
MENDE DR, BORK P, PATIL KR. Metabolic
dependencies drive species co-occurrence in diverse
microbial communities[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2015, 112(20): 6449-6454.

[4] YAZDANI FOSHTOMI M, BRAECKMAN U,
DERYCKE S, SAPP M, van GANSBEKE D, SABBE
K, WILLEMS A, VINCX M, VANAVERBEKE J. The
link between microbial diversity and nitrogen cycling
in marine sediments is modulated by macrofaunal
bioturbation[J]. PLoS One, 2015, 10(6): e0130116.

[5] MIYATAKE T, MOERDIJK-POORTVLIET TCW,
STAL LJ, BOSCHKER HTS. Tracing carbon flow from
microphytobenthos to major bacterial groups in an
intertidal marine sediment by using an in situ “C
pulse-chase method[J]. Limnology and Oceanography,
2014, 59(4): 1275-1287.

[6] SAVELLI R, SERODIO J, CUGIER P, MELEDER V,
POLSENAERE P, DUPUY C, le FOUEST V. Potential
impact of photoinhibition on microphytobenthic
primary production on a large intertidal mudflat[J].
Journal of Geophysical Research: Biogeosciences,
2021, 126(9): €2021JG006443.

[71 GOMEZ-GARCIA MR, FAZELI F, GROTE A,
GROSSMAN AR, BHAYA D. Role of polyphosphate
in thermophilic Synechococcus sp. from microbial
mats[J]. Journal of Bacteriology, 2013, 195(15): 3309-3319.

http://journals.im.ac.cn/actamicrocn



4438

FU Yunhan et al. | Acta Microbiologica Sinica, 2024, 64(11)

(8]

[10]

[12]

[14]

MURRAY NJ, PHINN SR, DeWITT M, FERRARI R,
JOHNSTON R, LYONS MB, CLINTON N, THAU D,
FULLER RA. The global distribution and trajectory of
tidal flats[J]. Nature, 2019, 565: 222-225.
KROMKAMP JC, MORRIS E, FORSTER RM.
Microscale variability in biomass and photosynthetic
activity of microphytobenthos during a spring-neap
tidal cycle[J]. Frontiers in Marine Science, 2020, 7:
562.

CHEN J, WANG DQ, LI YJ, YU ZJ, CHEN S, HOU
XY, WHITE JR, CHEN ZL. The carbon stock and
sequestration rate in tidal flats from coastal China[J].
Global Biogeochemical Cycles, 2020, 34(11):
€2020GB006772.

SUBASHCHANDRABOSE SR, RAMAKRISHNAN
B, MEGHARAJ M, VENKATESWARLU K, NAIDU
R. Mixotrophic cyanobacteria and microalgae as
distinctive biological agents for organic pollutant
degradation[J]. Environment International, 2013, 51:
59-72.

WATERMANN F, HILLEBRAND H, GERDES G,
KRUMBEIN WE, SOMMER U. Competition between
benthic cyanobacteria and diatoms as influenced by
different grain sizes and temperatures[J].
Ecology Progress Series, 1999, 187: 77-87.
REDZUAN NS, UNDERWOOD GJC. The importance
tides on the resuspension and
deposition of microphytobenthos (MPB) on intertidal
mudflats[J]. Estuarine, Coastal and Shelf Science,
2021, 251: 107190.

PRIETO-BARAJAS CM, VALENCIA-CANTERO E,
SANTOYO G. Microbial mat ecosystems: structure
types, functional diversity,
application[J]. Electronic Journal of Biotechnology,
2018, 31: 48-56.

RIBEIRO L, BENYOUCEF I, POULIN M, JESUS B,
ROSA P, MELEDER V, DU G, BARILLE L.
Spatio-temporal

Marine

of weather and

and Dbiotechnological

variation of microphytobenthos
biomass, diversity and assemblage structure in the
Loire Estuary, France[J]. Aquatic Microbial Ecology,
2021, 87: 61-77.

HORNLEIN C, CONFURIUS-GUNS V, STAL LJ,
BOLHUIS H. Daily rhythmicity in coastal microbial
mats[J]. npj Biofilms and Microbiomes, 2018, 4: 11.
REMIS JP, COSTERTON JW, AUER M. Biofilms:
structures that may facilitate cell-cell interactions[J].
The ISME Journal, 2010, 4(9): 1085-1087.
MOERDIJK-POORTVLIET TCW, van BREUGEL P,
SABBE K, BEAUCHARD O, STAL LJ, BOSCHKER
HTS. Seasonal changes in the biochemical fate of
intertidal

carbon fixed by benthic diatoms in

sediments[J]. Limnology and Oceanography, 2018,

<l actamicro@im.ac.cn, & 010-64807516

[19]

[24]

[26]

63(2): 550-569.

LIN WJ, CHIU MC, LIN CW, LIN HJ. Effects of
sediment characteristics on carbon dioxide fluxes
based on interacting factors in unvegetated tidal
flats[J]. Frontiers in Marine Science, 2021, 8: 670180.
GEVAERT F, GONTHARET S, BOLHUIS H,
GOMMEAUX M, DUONG G, GOULARD F,
COURCOT L, DENIS L. Biofilm dynamics and

production in a tropical intertidal mudflat in French

Guiana[J]. Regional Environmental Change, 2022,
23(1): 2.
KUWAE T, ELNER RW, AMANO T, DREVER MC.

Seven ecological and technical attributes for
biofilm-based recovery of shorebird populations in
intertidal flat ecosystems[J]. Ecological Solutions and
Evidence, 2021, 2(4): el2114.

GEDGE M, VOON L, GLYNNE-JONES P, MOWLEM
M, MORGAN H, HILL M. The use of ultrasonic waves
to minimise biofouling in oceanographic
microsensors[C]//AIP Conference Proceedings. Gdansk,
Poland: American Institute of Physics, 2012: 765-768.
BENYOUCEF I, BLANDIN E, LEROUXEL A, JESUS
B, ROSA P, MELEDER V, LAUNEAU P, BARILLE L.
Microphytobenthos interannual variations in a
(Loire

detected by visible-infrared multispectral

north-European estuary estuary, France)
remote
sensing[J]. Estuarine, Coastal and Shelf Science, 2014,
136: 43-52.

BARRANGUET C, KROMKAMP J, PEENE J. Factors
controlling primary production and photosynthetic
characteristics of intertidal microphytobenthos[J].
Marine Ecology Progress Series, 1998, 173: 117-126.
LIU YX, QIN Y, CHEN T, LU MP, QIAN XB, GUO
XX, BAI Y. A practical guide to amplicon and
metagenomic analysis of microbiome data[J]. Protein
& Cell, 2021, 12(5): 315-330.

BOYER JN, KELBLE CR, ORTNER PB, RUDNICK
DT. Phytoplankton bloom Chlorophyll a

biomass as an indicator of water quality condition in

status:

the southern estuaries of Florida, USA[J]. Ecological
Indicators, 2009, 9(6): S56-S67.

JONES HFE, PILDITCH CA, HAMILTON DP,
BRYAN KR. Impacts of a bivalve mass mortality event
on an estuarine food web and bivalve grazing
pressure[J]. New Zealand Journal of Marine and
Freshwater Research, 2017, 51(3): 370-392.
TENNANT RK, JONES RT, LOVE J, LEE R. A new
flow cytometry method enabling rapid purification of
diatoms from silica-rich lacustrine sediments[J].
Journal of Paleolimnology, 2013, 49(2): 305-309.



T 55 | UEEP2dR, 2024, 64(11)

4439

[29]

[30]

[32]

[38]

MARKINA ZV. Flow cytometry as a method to study
marine unicellular algae: development, problems, and
prospects[J]. Russian Journal of Marine Biology, 2019,
45(5): 333-340.

FROSSARD A, HAMMES F, GESSNER MO. Flow
cytometric assessment of bacterial abundance in soils,
sediments and sludge[J]. Frontiers in Microbiology,
2016, 7: 903.

ZHU H, LI SY, HU ZY, LIU GX. Molecular
characterization of eukaryotic algal communities in the
tropical phyllosphere based on real-time sequencing of
the 18S rDNA gene[J]. BMC Plant Biology, 2018,
18(1): 365.

PRIETO B, SILVA B, LANTES O. Biofilm
quantification on stone surfaces: comparison of various
methods[J]. The Science of the Total Environment,
2004, 333(1/2/3): 1-7.

RULLI MM, VILLEGAS LB, COLIN VL. Treatment
of sugarcane vinasse using an autochthonous fungus
from the northwest of Argentina and its potential
application in fertigation practices[J]. Journal of
Environmental Chemical Engineering, 2020, 8(5):
104371.

TREMBLAY J, YERGEAU E. Systematic processing
of ribosomal RNA gene amplicon sequencing data[J].
GigaScience, 2019, 8(12): giz146.

LI CR, MIAO LZ, ADYEL TM, WU J, HOU 1.
Transformation of biofilm to carbon sinks after
prolonged droughts linked with algal biodiversity
change[J]. Environmental
2023, 57(41): 15487-15498.
ALLER RC, HEILBRUN C, PANZECA C, ZHU ZB,

Science & Technology,

BALTZER F. Coupling between sedimentary
dynamics, early  diagenetic = processes, and
biogeochemical cycling in the Amazon—Guianas

mobile mud belt: coastal French Guiana[J]. Marine
Geology, 2004, 208(2/3/4): 331-360.

ORVAIN F, GUIZIEN K, LEFEBVRE S, BRERET M,
DUPUY C. Relevance of macrozoobenthic grazers to
understand the dynamic behaviour of sediment
erodibility and microphytobenthos resuspension in
sunny summer conditions[J]. Journal of Sea Research,
2014, 92: 46-55.

UNDERWOOD G. Adaptations of tropical marine
microphytobenthic assemblages along a gradient of
light and nutrient availability in Suva Lagoon, Fiji[J].
European Journal of Phycology, 2002, 37(3): 449-462.

CARTAXANA P, MENDES CR, van LEEUWE MA,
BROTAS V. Comparative study on microphytobenthic
pigments of muddy and sandy intertidal sediments of
the Tagus estuary[J]. Estuarine, Coastal and Shelf

Science, 2006, 66(1/2): 225-230.

[40]

[41]

[42]

[43]

[45]

UNDERWOOD GJC, SMITH DJ. Predicting epipelic

diatom exopolymer concentrations in intertidal
sediments from sediment chlorophyll a[J]. Microbial
Ecology, 1998, 35(2): 116-125.

CABRITA MT, BROTAS V. Seasonal variation in
denitrification and dissolved nitrogen fluxes in
intertidal sediments of the Tagus estuary, Portugal[J].
Marine Ecology Progress Series, 2000, 202: 51-65.
TAMM M, LAAS P, FREIBERG R, NOGES P,
NOGES T. Parallel assessment of marine autotrophic
and

Total

picoplankton using flow
chemotaxonomy[J]. The Science of
Environment, 2018, 625: 185-193.

MIYATAKE T, MACGREGOR BJ, BOSCHKER HTS.

Depth-related  differences in

cytometry
the

organic  substrate
utilization by major microbial groups in intertidal
marine sediment[J]. Applied and Environmental
Microbiology, 2013, 79(1): 389-392.

GRAUE J, ENGELEN B, CYPIONKA H. Degradation
tidal-flat
sediments: a microcosm study of metabolic processes
and community changes[J]. The ISME Journal, 2012,
6(3): 660-669.

MANDAL A, DUTTA A, DAS R, MUKHERIJEE 1J.
Role of intertidal microbial communities in carbon

of cyanobacterial biomass in anoxic

dioxide sequestration and pollutant removal: a
review[J]. Marine Pollution Bulletin, 2021, 170:
112626.

LV XF, MA B, YU JB, CHANG SX, XU IM, LI YZ,
WANG GM, HAN GX, BO G, CHU XJ. Bacterial
community structure and function shift along a
successional series of tidal flats in the Yellow River
Delta[J]. Scientific Reports, 2016, 6: 36550.
MORRISSEY EM, GILLESPIE JL, MORINA JC,
FRANKLIN RB. Salinity affects microbial activity and
soil organic matter content in tidal wetlands[J]. Global
Change Biology, 2014, 20(4): 1351-1362.

MOUILLOT D, SPATHARIS S, REIZOPOULOU S,
LAUGIER T, SABETTA L, BASSET A, DO CHI T.
Alternatives to taxonomic-based approaches to assess
changes in transitional water communities[J]. Aquatic
Conservation: Marine and Freshwater Ecosystems,
2006, 16(5): 469-482.

B, TR, AL, KSR, BOEE, U, T
W5, AT B AR TR AR IR R R
SR AP HT[I]. WV 51, 2019, 50(4): 838-850.
ZHAO Y, YU RC, KONG FZ, ZHANG QC, GENG
HX, DAI L, WANG JX, ZHOU M]J. Features of
phytoplankton communities and their controlling
factors in the Yellow Sea and the East China Sea in
summer time[J]. Oceanologia et Limnologia Sinica,
2019, 50(4): 838-850 (in Chinese).

http://journals.im.ac.cn/actamicrocn



