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Abstract

This study investigates the community compositions and ecological functions of bacteria and archaea
in intertidal zone environments, focusing on the effects of stochastic processes and environmental
factors on community succession. We conducted five sampling sessions in the intertidal zone of the
Nanmen sea area of Kinmen, using Next Generation Sequencing (NGS) technology to analyze
changes in microbial abundance and functional traits through 16S rRNA gene sequencing. The results
showed that Proteobacteria dominated the bacterial community, while Nitrosopumilaceae were the
primary archaeal group. The neutral community model indicated that the abundance of archaea was
significantly affected by stochastic diffusion, whereas the bacterial community was mainly driven by
environmental factors such as salinity, temperature, and dissolved oxygen. The metabolic pathway
predictions generated by Picrust2 revealed that both archaea and bacteria share several core metabolic
pathways, highlighting their ecological complementarity. At the same time, their distinct metabolic
pathways reflected their different adaptations to environmental pressures. This study contributes new

insights into the dynamics and ecological functions of microbial communities in intertidal zones.

Keywords : intertidal zone ~ microbial ~ Next Generation Sequencing
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at order level; (G) Archaea at Family; (H) Bacteria at Family; (I) Archaea at Genus; Bacteria at Genus ©

(54 d e mp %)
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:‘;%FN@FH /?F’&%4y4*”ﬁﬁ*t:|_’%\#

et Rt B 0 AP F R A E R R R F (Proteobacteria) thyp i i 0 Hp
HYR PR L 63.87%2 87.85%2 F(R=(A) > M A BL 6| R FpHER & 70.93%
(4A) 3 87.85% (3A) 2 Bkt » &7 1 3% Gps @ pht (L 2 B o B Bhen® o) [l
B 5 6387% (1B) 3] 81.25% (3B) 2 & » 7k p 0 R EH T STt - C
Behg A, F R R AT 68.29% (1C) 4= 83.17% (5C) 2 B » » Pt TZM 7 F 3
B2 B e e oo ",ﬁ% TRAFAM S BB wEF P aeEE F P (Bacteroidetes) v
TR AP (Actinobacteria) tir ¥ Bhs ER DA FAOUPFEER o bl4v o B AR BREEFHF
m#ﬁ*f‘gﬁ%fﬁ; 264% 3 4.67% > @ 2 EB > Z P a® R 43 421% (2E) - 6.14% (5E)
2 o AAMF i E R E\,}ﬂm%lbﬁ’rﬂp 298% (1A) T 4.43% (5A)- #&m » & C
B M AP HERRIEF > TET]0 587% (4C) - & E B APFRT T AHEK
B E LR (Tenericutes) fo+ # T (Thaumarchaeota) # % 3§ 4 » & WiE 5] 4.79% Fr
T04% > 8 H m Y S PR RS ) S BT o o A Bh o PR
* (Acidobacteria) 3% — < #$ ¥ 90.08% (1A) F| % 7 =t * 9191% (5A)- m & E
Bt W %5 ™ (Campilobacterota) % I R FEF| 7 B F DipHER(7.14%) - @ =%
& F 4R A P (Balneolaeota) 3 % R 4 (Chlamydiae) 0% 88 4p 4+ ¢ & pl32 i3
1% °

TAFEOERASGRERETOIREFOZIRIrEREIL(BZ=B) - T ERET
Nitrosopumilaceae g% ik 35 B4 > H Ap 4t PR PR R 2653% 3 76.52% 2 B o hiRtRE A
Nitrosopumilaceae 4p ¥+ ¥ & % 26.53% (1A) I 76.52% (5A) 2 Bl & > F R I "gpr i 34
£ PAR% o £ 1% B B i Nitrosopumilaceae $¢ ¥ <h4p ¥+ 4 Fl 5 29.45% (1B) % 71.24% (5B) -
BERE A G aginat 2 AgE o Methanobacteriaceae {dite A BRerip ¥ ¥ R %11 R
5.18% (4A) F| 15.49% (3A) - a$## 8 C > Methanobacteriaceae #4p 4t f’—j’)i% Fl & 7.21%

(1IC) 2 11.34% (5C) 2 - ¥ = * % » %7 ¥ ? Sulfolobaceae 4+ Halobacteriaceae ¢
AT RAPESTT e 2 BEFR S0 A B 5 7.14% v 4.93% > © Methanospirillaceae #3p ¥t
R AT RGBSR %%] % 0.02% % 0.18% -
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(A)

abundance (%)

oo 44 BEE

Actinobacteria
Parcubactana

Firmicutes -
Tenericutes
Acidobacteria
Tﬁéuman:haeoba
Porinactena
Balneolazota
Marnimicrahia
Campilobact=rote

Proteobacteris

(B)

Halobactenaceae
Methanobecterisceas
Methanemassilicaccaceas
Methanasmicrebiacese
Methanocaldococcaceas
Tnemmoplasmataceas
Fervidicoccaceas
Haloarculaceas
Matrialbaceae
Sulfolobaceae

Methanoregulaceas
Haloferacaceae
Methanococcaceas
Halorubracezas
Methanotrichaceae
Methanosarcinaceas
Archaengiobaceas
Methanothermaceae
Thermococcaceas

| Mitrosopumilaceas

Bl= 2P sPawfpA)ds AB)FFAEAYAR B AT E R 47 FagipmlF > ik
F 13952 FeadriE -
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2 HEFRXARBRE S AR PERR T A

PO HERELE T Ao A¥EE e K (Asseemble) Sk F1 & 0 AT g * ¢ P E T HCA
m@mﬁm%AﬁmDmiﬁﬁwﬁﬁﬁﬁ% F| 5 $HE S o NCM 2 % B m o SE 816
BHTAFENERARE LG 3 AERY (R?=0.94 > Kolmogorov-Smirnov test D = 0.17778 >
P:M%Wﬁim»’»‘*%@%%%%{ﬁﬁu*ﬁﬂ%#ﬁ%ﬁﬁ%&%ﬂ%
Archaeoglobaceae ~ Halorubraceae ~ Methanobacteriaceae ~ Methanomassiliicoccaceae fe
Nitrosopumilaceae  Ap¥teh > m A & & H it ¥ 2 3§ * NCM 3] (R? = 0.076)(Rl =z (B)) » *
- BEETEPBHICOhERR o AE R DPET 2 K o Ra o NP FREBSR FE - L
v A4 g R 0 4e Halobacteriaceae §- Methanosarcinaceae % 3 %5 g fd g & 3
EXBRECBERAIRY ERAFFORT - AAHES wRAEEOERELE LR IR TS
SR> o RDA 55 % &m0 R 75 f29F 38.48% hamAp#EE %2 (F=3.3065>p=0.005" data
not shown ) &4 > Proteobacteria <% & 228 & {vin f42% B ¥ 40 b ; Bacteroidetes P22 % R
FeB R ApM o B B S fF 0 4e Firmicutes fv Campilobacterota » » < 31§ 3% RAirh 2% DM F R
f;:'i °

APE- HEPEF wATr AL L ARRTFF MG HEEHIWRT 0 AFLER
MR ET RO AN LB ???&i%ﬁ%ﬁiiﬂ% 5] E4 G iR RS
EH R HG A PR PHRFE AR ERSEY LR P R G A
ERE méw%,mﬁ$ﬂﬁ#ﬁ? faelier o AT g Fi S RE 6 RS AR
R T m{ﬁmmﬁ~ﬁm§$wﬁ@1’@%%

CEERETFIFHI R FEOERRCL G AP OHERE A i

ﬁ'j
REERAE XARDNFT PEFAPR DB i T

241 B R
LREITRIPM DR HL Acidobacteria (1=0.31); Bacteroidetes (1=0.32); Balneolaeota
(r=0.37); Chlamydiae (r=0.43); Latescibacteria (1=0.58) - 22 # K T R 4p M v F4F A 5
Archaeoglobaceae (1=0.63); Halobacteriaceae (r=0.58); Haloferacaceae (r=0.58); Halorubraceae
(r=0.59); Methanobacteriaceae (1=0.62); Methanocaldococcaceae (1=0.62); Methanocellaceae
(r=0.68); Methanococcaceae (r=0.55); Methanocorpusculaceae (r=0.45); Methanomassiliicoccaceae
(r=0.64); Methanomicrobiaceae (1=0.61); Methanoregulaceae (r=0.68); Methanosarcinaceae
(r=0.60); Methanospirillaceae (=0.68); Methanotrichaceae (1=0.66); Methermicoccaceae (1=0.53);

Natrialbaceae (r=0.62); Nitrosopumilaceae (=0.61); Thermoplasmataceae (r=0.62) °
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2428 &

SRR ERDT PN D EFAY AL Actinobacteria (1=0.39); Balneolaeota (1=0.36);
Cyanobacteria/Chloroplast (1=0.30); Firmicutes (1=0.51); Latescibacteria (r=0.35); Parvarchaeota
(1=034) - B R & IR 4B hv F 4 5 Archaeoglobaceae (1=0.41); Halobacteriaceae
(r=0.44); Haloferacaceae (1=0.39); Halorubraceae (1=0.42); Methanobacteriaceae (1=0.38);
Methanocaldococcaceae (=0.40); Methanocellaceae (r=0.42); Methanomassiliicoccaceae (1=0.42);
Methanomicrobiaceae (1=0.38); Methanoregulaceae (1=0.38); Methanosarcinaceae (1=0.35);
Methanospirillaceae (1=0.44);, Methanotrichaceae (r=0.38); Methermicoccaceae (1=0.54);
Nitrosopumilaceae (r=0.43); Thermoplasmataceae (r=0.31) o

243 RBrHMS

BRBBFAMP LRI P D FY 85 Actinobacteria (1=0.40); Balneolaeota (1=0.32);
Firmicutes (r=0.41); Latescibacteria (r=0.31); Parvarchaeota (r=0.30) o 22 3,4 f2 F 485 & I 4p
M chw F4f % Archaeoglobaceae (1=0.59); Halobacteriaceae (1=0.57); Haloferacaceae (1=0.51);
Halorubraceae (1=0.54); Methanobacteriaceae (1=0.57); Methanocaldococcaceae (1=0.57);
Methanocellaceae (1=0.64); Methanococcaceae (=0.46); Methanocorpusculaceae (1=0.41);
Methanomassiliicoccaceae (1=0.58); Methanomicrobiaceae (1=0.59); Methanoregulaceae (1=0.57);
Methanosarcinaceae (1=0.59); Methanospirillaceae (1=0.59); Methanotrichaceae (1=0.61);
Methermicoccaceae  (1=0.61);  Natrialbaceae  (1=0.46);  Nitrosopumilaceae  (1=0.56);
Thermoplasmataceae (r=0.50) °

244 (7 B

BETRERDAPY DwFS S Balneolaeota (1=0.35); Firmicutes (1=0.45); Latescibacteria
(1=0.40) - 2 ¥ T &R T M1 4B M v B4 & 5 Archaeoglobaceae (1=0.61); Halobacteriaceae
(r=0.58); Haloferacaceae (1=0.50); Halorubraceae (1=0.54); Methanobacteriaceae (1=0.58);
Methanocaldococcaceae (1=0.57); Methanocellaceae (1=0.64); Methanococcaceae (1=0.48);
Methanocorpusculaceae (=0.42); Methanomassiliicoccaceae (r=0.58); Methanomicrobiaceae
(r=0.60); Methanoregulaceae (=0.58); Methanosarcinaceae (r=0.61); Methanospirillaceae (r=0.61);
Methanotrichaceae  (r=0.63);  Methermicoccaceae  (=0.60);  Natrialbaceae  (r=0.45);
Nitrosopumilaceae (=0.56); Thermoplasmataceae (1=0.50) o

2555 f%%

BAfRy R ARM RS 85 Actinobacteria (=-0.33); Balneolaeota (1=-0.31); Firmicutes
(r=-0.30); Chloroflexi (r=0.32) - 273 f#% T 3§ 40 M chw F4 % Archaeoglobaceae (1=-0.44);
Halobacteriaceae  (1=-0.48);  Haloferacaceae  (r=-0.41);  Halorubraceae  (1=-0.44);
Methanobacteriaceae (1=-0.44), Methanocaldococcaceae (1=-0.44); Methanocellaceae (1=-0.44);
Methanococcaceae (1=-0.35); Methanocorpusculaceae (r=-0.35); Methanomassiliicoccaceae (r=-

22



0.46); Methanomicrobiaceae (r=-0.47); Methanoregulaceae (=-0.41); Methanosarcinaceae (r=-
0.45); Methanospirillaceae (1=-0.44); Methanotrichaceae (1=-0.39); Methermicoccaceae (1=-0.48);
Nitrosopumilaceae (=-0.48); Thermoplasmataceae (r=-0.51) -

2.6.6 pH

& pH % IR E 40 M Do A4 A5 Firmicutes (1=0.37) - &2 pH & R 4p M chw F4 & %
Methanocellaceae (r=0.31); Methanotrichaceae (r=0.35); Natrialbaceae (r=0.31) o

(A)
Sloan Neutral Model Fit
= 3] o Observed
T 8 e Fitted Neutral Model
% [
= =] %
} = o
8 18 - % .
g o & o
=] —
s 3 @ é o0
0 — ® ® o o
< 8 e}
= on § g o
5 1 e® o ©
3 8 2
s ]
o T T T T T T T
5e-05 1e-04 5e-04 1e-03 5e-03 1e-02 5e-02 1e-01
Regional Abundance (log scale)
(B)
Sloan Neutral Model Fit
0
E =
© o]
2 o o
=] D o
s S o™ ® o
(o]
© 0 @ o%
% ] o0 IB (ﬂm%) O o @
'g | o " oDt o o0 o og O
5 w 7 O
= 8 . oo © 8 g ©
il o (53
o]
§ = 8 °
S 1 e
= T T T T T
0.001 0.002 0.005 0.010 0.020

Regional Abundance (log scale)

Bz ~ #7309 A0 FAE mFB)E AR S ~ 17 -
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(A)

Methanosarcinaceae

Methermicoccaceae
Methanococcaceae
Methanobacteriaceae

Methanoregulaceae
Methanocaldococcaceae

Methanomassilicoccaceae
Methanomicrobiaceae

Halorubraceae

" Dissolved Oxygen
(B)
//ﬁ Marinimicrobia

Cnodation-Reduction

Baneoiasots 0

Chiamydias

7 CyamabiacteriaChioroplast

Bactersidetes
. .Delnctntcw-Then'nu
T Acidobacteria
.Tempmtwe
pH
B ~B%BFF 25 FA)Z mFBAMIEA YT - FAL M, 81 M - R ot &
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T~ £ PAPER A ABE R AT

oG AT A 1S A SRR Y
d PICRUSt2 g ip| ¢ (7 3| chlm /&2 v A ® 50 ¢ Predicted metagenome 3w it 25 % » H %
PR R B AR EaEE L £ A R
o B9 55 26 CHREEA FIRG Do R EFORBRIE G IHEL 1B
Hi 2 &1~ RQpETE Y B 2 &2 1 (Ecoli)s ¥ 4 %% s ¥ & 2 endfgid
G Bk P H KR & 2 HAgiR T 1~ CDP-H b - Bk A 4 & & I~ Ldf & fed 4 & & 11>
BREMAFESIN-PRIP LS 6-22 47 A= §ifex- ghfe 4 # £ & T (Chlamydia) ~
H o R N BN (B A R D) AR R AT S UMP 2 4 & &~ A7 b [T el
PP A F R R PR S S DL SR AEATF LY 7 2 2R R
9 TCA PpFr ~HIRp2 P &2 ~ 7 A G ERAEH B SBEIS - FRA B ¥ Ak
BARa Ry R PRI 2 P & A R heh R B R BT R PR A SIS ST R
bR EHG P E o
e wEfes By Ep T 24 BIBRFORSHEE o mEHy AER SR R
POHRE & N BE AR N ol A S I g s S I ¢ @ik
FL-BREFEAP & TR pr s RATR LA P 6 LI EE LR R rF T F o
-0 0 v FebF S SR i £ R AR E S 2 T IEAIHIM A 0 F4E L-
Wap2yH 2 IV "R I (RUMP %)~ B RZR{cHa A5 &+ - HpEipg
BRANZHFFER AR HR A E LA AR L 3% o ABEHT T AN
Er oo v AERAM e L dda & A8 g AR E S M DRSS i e Feh R

FREAZ L Re P HEE S R e S e AL PSS o

’
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e
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ARG FLREMT 0 wAS T YR A3 FRERPRBLR G AT R
s "Eﬁ?%%# IRBFHCR T APM o R EREE Y 0 %2 FF (Proteobacteria) ted
BHEEE DL RHER G AP X AR PR BT RE R M 0 %7
FIFHPED S RDBEE G FRDOERML > g 7 0 FRABRZIREY 453
[2,4] - = F#E Y > TAE % FP (Nltrosopumzlacea ) Bk ERfRERY 4 B R

2 ERMEFREG LAY ET A AR EA BT HA G RIOERES G M bR
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SEF AR o BTV RARTU P AREAREY R s il B0 S Ffe

WMEL BT AT T A PR PR AR R 5]

Gi

?ﬁ%%ﬁ%feﬁwﬁmﬁ%°pﬁﬁ%

v

4 i B AR M o b4 o Nitrosopumilaceae i %

&
%

i
|

AT ERRS SR FETSHEE G P REORE (1] o Ao Y AT
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EARREFAET R 0 LRSI RERT BTG iEE 3848% i AEE R E
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b At % #;1 IR o R FM4e Planctomycetes ~ Acidobacteria ~ Poribacteria

Campilobacterota §= Balneolota > T AR M B Fhd f4pk > @1 F v P B2 ik ay
TR sk dd o A pLRNZPFP TR ARERERTRF ARG, e o JAk
S L A R R g RS S R LE

3

LRGP EATRT TR TR ML P EE Y AT M MR SR g g
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