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&30 K E K B s s AR R AR E
Hu 3R 53> 75 R BE TR ML E)

Fa g g0 FER FTP RER
(1. TEBEBDEEVIT TG EY R S RGN R IWRES 266071 2. o IRl BE LT
WWARFE 266071 3. FEMN=Re E Yy ipioe e ILATEM  253023)

HE EHAKAEYRAGYERFE, EABREFTRNR LR 0T EERBEAZBEN >
R AR F . T IRIE DNA (eDNA)E K, L 18S rDNA # [ 4 4 FARIE 2 F xt 4 i 2 ok frfn
HAKE RE S IS AN TRD AR EDHFERATRA N ERENA, AKE NS HEH
KRBT WL BT, W H B LT LR F £ F(ANOSIM: R=0.576 3, P=0.001), 5 4M& A, A
KD B TR B R F B JE 7 AU _E BOIK[#E 1E 2 2 ¥ T (operational taxonomic units, OTUs) % &
AL 1529 vs. 1672], [HEAE G Ry HIL ML (L% 4062 vs.3138), KA HAEAZRATHE
Afawh, e8GR REB)VEREMETE T & F M, 5 FE XA KR 5538 & 89 1E F
FoR, MR EAREPEN A KA NBEENYHE X, ARERKRAEFLKE TR F
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AW E WA E LA B, B eDNA SURH 2 N AEAT i 7% A & My 038 0 A 8 Ry fn i i £

RAGEMN—HAERITE,
KR
hESES P735; Q178
VI LA AR A A A R T A 0 £ 0 DR g S 2L
g, ERAEBRRG G S5 IEe, H 2022105 e A4
4% J5y (Finlay, 2002; Sherr et al, 2002; Falkowski et al,
2008; 25 H#5, 2011; Worden et al, 2015), X240 i
AR A R IR, X B A A A BBURR,
SRR A AN R G AR ) R R 2, AT D
E AR GIE AR ERER Y T . Rl EER i H st
TR AT ZERE, BRI 1 X IR AT FLA% T2 ) 2 R 1 S H b
PR3 A A% J8) B9 TN 1 (Azovsky et al, 2016; Pagenkopp
Lohan er al, 2017), % i ¥ B = ¥ i DNA
(environmental DNA, eDNA) L A 11 24 F A4 9% FT 8% .
5 DNA FOR ] m 8l 31/ A 280885 2., 32 FH ) b
Ko 0 68 7 I BT RE R A8, SRR VE AR ) Z R S
Az 25 1 B DT Ak B2 fE OC B 34 (Rees et al, 2014; Dos

H g, I DNA; 38 F; B A £ A KHE; 18S DNA V4
doi: 10.11693/hyhz20251100254

Santos et al, 2022)., HEZGUEYIFIE H H DNA &2
i X 8k A0 45 ITS . 18S rDNA K 28S rDNA % (Wayne
Litaker ef al, 2007; de Vargas et al, 2015; Ruiz-de la
Torre et al, 2022), .1, 18S rDNA ¥ Fh 7 55 K & |
B SEE, H va KOy 8P 5 i) 0 B T Vo
IX (FF T4, 2023). eDNA AR B 184 W) Z R
& BWYIPE S SR YR AR BUE AT B,
SR AR 25 W I [ SRS v e RO SR (AR ST A, 2024)
HARAZS R G REVTAY 7 10 0 7% ) .35 Zhang 5
(2023) 73 A v [ ¥ 2 AL R WU RE R, s N80
B0 A YA R IR S AL Papaioannou 45(2023)1E ¢
SHERT R B3 300 o8 A WA 9 A S, 512 R A 28 XU
%, Botta %5 (2024) 4578 B W M 4544, M 548 B
HEARAE .
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HOAE R — B3 ARG SE, SFHEIK RN 44 m,
He v s Y A X 3k K A T 50~80 m (Xin et al, 2015).
T 518 /K A (Yellow Sea cold water mass, YSCWM)J&
R HAR AR K SCRAE, B S =22 (L R
WA KB ZPUARI S 25 S, )2 K ik
JZ R E 2~5 °C, TR AR KRRl HR5 12
IR AR 8 TR, R 2 AR IR K Al B 2, 78 v S Ui A X
BOY MR E (¥ K A1, B 22 HOR & S s iy i i,
FRZEBE L 2K R RR T | 3 TR G iR T 34 94T T L (T
SEARAE, 1959), R K BIALEAIRIR(<10 °C). =
ER (>32%0) [ 10 R AIE, 38 52 B0 M i Re e 1 L (IR
AL E IR A M PR R, LA )3 [l P A o v
T TP A K R SRR X, TS )2 OKAR . R
e K A 2R R[] (1) 4 855 (Zhang et al, 2008; Xin et al,
2015), EA IR, B K H BRI K0 B A7 T 58
BB KPR (Liu e al, 2022), H¥ KA -5 4056
ZA], /NS K KA R A ) VR S A A A B 25
(Liu ef al, 2007; Zhang et al, 2012), $K T, &% g G
ELAZ A W, FCRE T S5 2 A5 B g o 17 ¥ 7K 113X —
Py BEBE B, AT NI A G — HAFE I R, B
WK 645 2 0 ORI W5, B JE 76 1R B/
R R SRR TR, RAEO A A4 h & B —
Ve K AN A 53 A 25 R4 R (Meng et al, 2012;
Gong et al, 2015; Zhou et al, 2016). i I 4F KA WF5E
K FHFREE RNA HOR BB B8R T ¥ K A N AR I
FLZ U YR TS 0 0 3 25 5, (MR R AL IG VRIS RE,
i LA I 8 V% B AR R AIE (Huang er al, 2020), JEE £
R ARV 7K A o 8 4 A A2 5 0 ) AL 1 AN
HIH, BELAS T XTI EE S RS S DI RE IR A
PR

L5 Ik, R AT R A K AR — Rk AR B B
R A W A A SRR 5 A ok 72, R A 5% DNA
HAR, RGHHIE T #iE% K A S8 0 3k U b
R A P ) Z2 R 2 BRI o ) 6 3R, 8 7R L RE VR 4
g AR N B3 A REAE, O — 2 BRI %A R 1Y)
FEARRIKB T DFFELE AT B R AT K A A3
IR HLHTIESE, IR 5 S ST 5L T eDNA (1 Wil {4
L VAR A A Ak X IV A B AR 0 Y R e 4 AR 2
WA

1 RS

1.1 FARXEBEHFERTE
ARG T 2015 45 8 HEER“IR 4L 27 SRl %

LI, A6V BN (32°~41°N, 117°~125°E), 2Lk &
17 A SREES A I TR BOTRREA (B 1) AR A5
JEE IR 55 R BE A, K 3 e 57 K1) 40 Ay #EVvA K AT Y
-5 AR P4 (Zhang et al, 2008), FEA w7 RAE—4E
KZ SR TURYY, il 28 O 0 0 170 R N BE A v 43 i)
FI 3 132 20 g 2 (0~2 cm) LA, IR-E A5
%e, BRI E T =20 °CHM TR RAE, FFR M 5256 % 5
A% AR VKA T Ak 2L A7

17° 119° 121° 123° 125°E
41°N : 41°N

38°

35°

. ; ] 300
117° 119° 121° 123° 125°E
BT BV A P R S 300 B ) SRAE il 7 &
Fig.1 Locations of the sampling stations in the Yellow Sea
Cold Water Mass (YSCWM) and its adjacent waters
TE: W £ AU B K A2 (Y SCWM); 48 €8 s 214 7K A
SN AL (OYSCWM)

K RJE KR ANER BE Rl CTD SRAERHL
U B A R A LB & & i 1] 9T R 20 B AL (Vario
Macro/TOC Cube, Elementar Germany)i#F {1l 52, F- L)
AHLB SRR R 1724 T EE R BAVR & &
(Laird et al, 1994). UFY i ERAR SR ADRLEE 23 BT
DZE; M43 o SIBEM 2R o & BRI P00
11 (Turner Designs, Trilogy, American) il & (Mantoura
et al, 1983). BLAh, REUUERPIRERL B T 60 °CT 1A
HEF 48 h, LI g H5 7K i (Huang et al, 2021).

1.2 DNA 12ER5 PCR ¥1&

UUFRY) DNA (1) £ B It DNeasy PowerSoil Kit
(Qiagen, Germany) Wi/ 41, MEEAEEALY 3 4
i 3 BIFRE 2 g DURRY), R4 T ST SR I, AR HCAS il
{9 DNA. i Fl EAZ A W38 T 51 %) TAReuk454
FWDI [5'-CCAGCA(G/C)C(C/T)GCGGTAATTCC-3"]
il TAReukREV3 [5'- ACTTTCGTTCTTGAT(C/T) (A/
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G)A-3"19" 1% 18S rDNA 3£ [H Y V4 [X (Stoeck et al,
2010), PCR JZ W R & 4 50 pL, 15 1.5 L &
DNA. 1 pL IEMGI4. 1 nL KIE 515, 25 wL 374
REW M 21.5 L ddH,0. 347 T 2 98 °CHilE
PE 30 s; BHJGHEAT 10 NIRRT 98 °CAEYE 30 s, 57 °C
Bk 45 s, 72 °CHEAH 1 min; 235 #4725 DMEA MY
98 °CAEME 30 s, 49 °CiRk 45 s, 72 °CIEfH 1 min; %
J& 72 °CCAFEH 1 min, J+F 4 °CLRAF . MRSt
Al ae g A AMETS 4y, & & PCR =5 H (DL ddH,O
RN DNA)., Rk iR 22, BFER i 3 IRE R,
£ PCR ¢ B K Al —BEAR Y 3 IR EE =) 5 iR
Jri e g SR e ZAdi ] Tllumina Miseq - 6 X4 4% C
JEE S AT XU
1.3 HIEAEBMSEIT RS

ffi 1 VSEARCH #4751 4 2B 5 i 436, Bl
il it USEARCH #EAT K MEAL L, $RAGY 1Y 78 53 )5 41
[ % 12 # E 4> 28 B JC (zero-radius operational

taxonomic units, zOTUs)](Liu et al, 2021). F|H pr2_

5.0.0 HdE 2 XF zOTUs #1743 25 1 B (Guillou et al,
2013), I-HE T vegan 55 i 2 AL A B AT 1)
(22 041), LB IRITA FEARE AT e . e R0 R
A=Y zOTUs A& SAH N PR E RS B o RIS
Logares 55 (2014) X[ L # 55 A OTUs My X,
OTUs 4§ 76 B — ui fr o P B AR XS B2 5 T 0.1% 1Y
OTUs, 1 #ii A OTUs W £ P ¥ 41 Xf = & % T
0.001%. BEARFHXS - IEFEH— OTU B FFHIEL i &
JFHEC LA

BRI AE ROIE B o8k, BAREEE: R
“ape” f X K BEME AT R 2 i “vegan” £ H Y
Anosim PR B 4 0] 22 S5 B 47 S 11K 58 (Clarke et al,
2006); fifi ] “VennDiagram” £ %t % 41 OTU f) H & 5
FEA TG LT 538, R “geosphere™ G 25 46 J& i
S Wb B B (Karney, 2013), Jf-11 % Bray-Curtis #f 7%
MR ; Bm, KA “UnkET LX) R 41 5 B K119
A PEVETT Mantel K256 .

hy i A [R) PR PR 2 0 EA AR W T A5 A 1)
A GE BT ER, $EAT 5 22 43 f# 43 AT (variation partitioning
analysis, VPA), JEAEE AT MT Z 1T, X OTU %4 F124
5 R 504 R AT log(et 1) e 48 LA bR ofE AL B4k 20 A, IF
] VIF BEATPREE 7 A B 8, B2 BR VIF>10 #93R1E
PR, DAHERR P45 PR 1~ Rl 19 22 L2 PR 52

ARG AL TR XS BV S5 R s e, B i R R
F5 %0 (B-nearest taxon index, BNTI)#% FHIE—Fh 3+ &R

90K E REE AL 93T 77 1 (Stegen et al, 2013).
ZAR PR T LAIA Y B-~F- 18 i i 2 E 5 (B mean
nearest taxon distance, SMNTD) Jy 5&4iHl, i i3 999 Yk Fi
B et R g kB FBAL, I 52 BROW I Y
BMNTD B 5 LR o i JE AT H . 4 |BNTI>2 B,
WO A o M i AR T S RV AL A BNTI>2 37 [A] 3 ik
# (homogeneous selection), BNTI<-2 3 7~ 57 it 1% £
(heterogeneous selection); 7 |[BNTI|<2, N 5z ik fifi L P
ARG S, BARUEE BNTI 7E-2.00~-0.95 2 [a] K [
4 B (homogenizing dispersal), —0.95~0.95 2 [f] &
AF (drift), 0.95~2.00 = [8] b " HL B il (dispersal
limitation), 33X $8&35 F 7 Ff V% 49 2 POt 2 22 4E F (Chase
et al, 2011; Stegen et al, 2015),
1.4 KWK

T 2 A A A B R 28 SR AR S AR [R) ) e ) B A
HAEMRR . B\ & EmAE S OTU 3= 5 8l i
1A B, $% FRER R 5 2R, K OTU K I3 Ny BUiEV2 K A
N ERFNANER 2 2H . R DL FARiEX) zOTU #E47 i i -
FE ST A FEA A X 42 B >0.01%, HL7E#E L 50% HFF
A R 2, DUBA DR L 53 B 1 AT SEME

K “Hmisc” i 1 ) Spearman Fk A ¢ 5 %115
JiiA OTU P 22 [H] (9 SCIC 0 B2, I 1% 8 ™ 4% B {H R
E S E W ILBOC R P> OTU Z [A] i AH 56 R 5L
26 X K T4 T 0.6, H. 4 3 Benjamini-Hochberg £
FRTIALIE T Pog (/N T 0.01, 5 S R/NS Y FIFE
FEVE T B AR SR B RIE L o XTI E A, SR AL AR
FORIEA KRR, W OLRR AR, A A
55 G ZR B 4 N R/ E L, DT 08 i 3G B
SR

O e AT I 2 25 K, “igraph” 15 1T U
e R SRR AR AR S R RS
FAMEAR, DU A 248 AR 25 R MO E R . X,
W 2% 2% WAt 5t o graphml 4% 53X, i 4T Gephi #E477]
4k (Bastian et al, 2009).

R RE S DR I 4% ELA DGR D e A RO R, S8
it Zi-Pi 437, A TSR A A R TN S
S0 BB P 3 T 1V (Z4) AR R ) il (P JE T Zi
HIPi Y B AR AR 1 (Zi22.5, Pi=0.62), #5725 45 5 % 2
N4 FOSTR] Y A2 285 A 40 B L (Module hubs, Zi>
2.5, Pi<0.62)7E it J@ M bk Py oy 3 34 422, AR AR Rp i A
FE 1) Uy BE ;85 BE B 2 4% (Connectors, Zi<2.5, Pi>
0.62) £ AN [RI BB He (8] & 57 )32 38 32, 42 iF 2 R A [ By
[[]; ™ 2% 4% .0 X 2] (Network hubs, Zi>2.5, Pi>0.62)1E
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FEARN 2% B RGP 75 FLATT s R S5 R A
HAY &b 5 05 (Peripherals, Zi<2.5, Pi<0.62)(Cumbo
etal,2014),

2 #®R

2.1 ERWHEMBESH
i UPGMA R8T, & OTUs g R, %
K S S AN B B AZ U MR EIE S5 e R A 7

a IAOTUs

(ANOSIM: R=0.576 3, P=0.001), #8433k {37 #% ¥4 7K
AT AR AN R A SR 100, SMERG 57 HO4A/B 5 HO2B
5 O B9 FRE iR A (- 2a~2b), FE T OTUs
Y45 R, R BV K TN 5 A B8 A e v 2 v B R o
(ANOSIM: R=0.524 2, P=0.001), [A] B 1A i B8 2 45
—Ff; BETHAT OTUs HYRISEER, YooK A 5 4M 6
B 5E 403 IT, (BB 73 S T (ANOSIM: R=
0.503 3, P=0.001).

b =AOTUs
R=0.576 3, P=0.001

PEHER

N IN

o 8 8
BEHS

N TN

o 8 8

R=0.524 2, P=0.001

30T Us #B0TUs
HO04B H10B
HO4A H10A
H24B H12B
H24A H26A
BO7B H12A
H02B HO7A
H15B HO9B
H12A HO9A
B23A H24B
B28B F H24A
B28A H26B
Faa P
———H15A H15A
H12B B23B
HO09B B23A
HO9A B28B
H10A B28A
H26B L BO7B
H26A BO7A
H07B H02B
HO7A HO2A
H10B HO04B
B43B HO4A
B43A B41B
B35A B41A
B41B B43B
B41A B43A
B35B H28B
H30B H28A
H30A H30B
H28B H30A
H28A L B35B
HO2A B35A
£#A0TUs MBO0TUs

R=0.503 3, P=0.001

EOEHER
) I
8 8

o
T

&
&

S
% & &

& b R

% SAII 4

2 KT E OTUs. i3 OTUs FiFifs OTUs A UPGMA B2553H7(a) Ll K2 ANOSIM 43 #7(b)
Fig.2 UPGMA clustering analysis (a) and ANOSIM results (b) based on total OTUs, abundant OTUs, and rare OTUs
TE: W5 G2 BV K A N T, 18 (02 B K AT AN

22 ERMEY o« BHMN

BV 7K A N 2 3 AR A W b o R A,
DL M #5155 1) Shannon 48 £ {H (3% 1), i &3 Mann-
Whitney U A:56 % PR, #5714 /K H B (YSCWM) 5 4h
#B(OYSCWM) UL ALY i B S A= W B 7% 19 Shannon

ZREPERE B (P i %k 4.65 vs. 4.44; U=31.0, P=0.733).
YFh £ m B Ch A 1529 vs. 1 672; U=50.5,
P=0.143) & Pielou ¥J 2] £ ("h A7 %1 0.44 vs. 0.42; U=
28.0, P=0.526) I NFAEGe i 2F B B2 22 5(P>0.05)
(& 1, Kl 3a),
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F=1 FEHAKE(YSCWM) A ERSIME(OYSCWM) B Z #E M E # (B EREE) R A L 32 A) Mann-Whitney U #3625 R
Tab.l Diversity indices (presented as mean + SD) were compared between the Yellow Sea Cold Water Mass (YSCWM) and the area outside

the YSCWM (OYSCWM) using the Mann-Whitney U test
ZFEMETE 5L BIKAIN_YSCWM BIKASN OYSCWM U Gttt P
Shannon F§%¢ 4.57+0.48 4.55+0.48 31.0 0.733
Richness (£ & &) 1 488+198 1 639+231 50.5 0.143
Pielou Y57 i 0.43+0.04 0.43+0.04 28.0 0.526
a
° 0.48 - °
1700 >or | |
I 0.44 F E “
5 S $ 5 [ R KB
Eﬁ% 1500 - Y % 0.40 | O RKESNE
i KD 40l ‘ X |
1300 | 0.36 |
3.5+
I * b4 L hd !
RKAAZ RKEIMND RAKAAZ RKEINB RKBAARZ RKEINB
b c d
BRI FEE OTUs% [[] S#E&I] Dinoflagellata
100 {7 /1 17 71 7 I 1 1 100 10y 1 1 11 0 7 T | EeEa Metazoa
|| [ ﬂ [ H 1 44 2d[7] Cercozoa
I L | . — — : Gyrista
m 6000 | | =0 Cilophora
0 B || SUAI] Bigyra
75 75 H | L || =& Fungi
= miN= o - M — | | 827 Chiorophyta
nb ] E — ] TREII"] Apicomplexa
33 B - ] 33 I L[| & 40000 1] WRVEAZE &) Perkinsea
o 50 H B i soH . 3 1 Apusomonada
g 8 j 1L L ] || '6 || Centroplasthelida
@ | | 5 mil ] — L Holozoa (Ichthyophonae)
H || ; - = = [G¥ESEY) Opisthokonta
I — =10 || 2000 H | M#ERI] Telonemia
iy ] i | 25 = ; = ] WEYRI") Radiolaria
|| ] - ] = ] =N Discosea
=|=[=|= il — I i SERIEY) Streptophyta
= Tubulinea
0 i!iis L T 1 0 = 0 = REHEE Stramenopiles
9@@} @b (&ﬁ\é‘s"&(\\ée 1\ F N N R B | 1\ 1 1\ | R T B | 1\ L Unassigned
CEE Ff Lalans® ¢ S &S NS e S @S DS
RSO G SN P TS € SN N TS @
_é,f\: N .@odf-’o S _{95‘;‘;9 (fs‘ t S *&i; S
e SAOTUs E0TUs #wB0TUs NEFELJOTUs
1667 3124 1495 10 118 7 909 417 824 44 392 102
(26.52%) (49.70%) (23.78%) (7.41%) (87.41%) (5.18%) (42.28%) (19.40%) (38.32%) (8.18%) (72.86%) (18.96%)
RKERB  RKEIND RKERB  RKEINB RKERB  RAKEINB RKARB  RKBIND
FETMIOTUs 24 2HB0TUs Gyrista OTUs FERITIOTUs
281 215 282 339 1108 475 109 216 73 151 179 108
(36.12%) (27.63%) (36.25%) (17.68%) (57.54%) (24.78%) (27.39%) (54.27%) (18.34%) (34.47%) (40.87%) (24.66%)
RKEAB  RKEINB RXARB  RAKEAINB RAKARE  RKBIND RKBAB  RXBINB
K3 B KA NER(Y SCWM) 5 AME(OYSCWM)IY a ZHE1E(a) . ANRITTHYFSIECH 43 Hb(b) . OTUs A 43 Hb(c)Fil OTUs %L

(d) LA B E e v p AT A OTUSs 434 (e)
Fig.3 a-diversity (a), the percentage of sequence counts at the phylum level (b), percentage of OTU counts (c), number of OTUs (d),
and the distribution of unique and shared OTUs within the microbial communities (e) between YSCWM and OYSCWM
1 b~d BEARAR R, Total: SfA& OTUs; YSCWM: B4 K R OYSCWM: # i 7K 14N YSCWM_shared: 547K A4 OTUS;
OYSCWM._shared: B2 /KA SMBILA OTUs; YSCWM._only: B2 /K EINF4FA OTUs; OYSCWM._only: #iF12 7K BISMEHRA OTUSs;
Abundant: fL#+ OTUs; Rare: 5 OTUs
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2.3 ERMEYRETEARK

X ] (Dinoflagellata) A7 %F F & % &
(37.45%), J A XA HAEHE I H: 31 (Metazoa) iR Z,
di tb 28.31%; Fifi J5 MK Wk A 22 J& HL [] (Cercozoa,
10.62%). Gyrista (9.26%) ) £F & H{ [ (Ciliophora,
6.40%); LB (Fungi)H 6 FEEEA, 1R 1.01%, HA4x
M F AR 1% XF Heie K A 355 4056 1)
I 2 22 7 A, P A A A AR I 00
¥ K AT PR ATS DA SCHE T BT A bR
(41.88%), Hk M5 2E 5h¥0(19.46%), Bl G IR 22 &
H177(12.28%). Gyrista (8.98%) Fl1 £ & 4117 (8.86%),
FLIR AR XS R 1.2%, AR ZBE &7 /N T 2%; i
¥ K AT A ) LS A B W Sk A SR, L ik
40.93%, XUHEE B[] R K AL (31.14%), Ja 2R IR
Gyrista (9.65%). %2 /& H 7] (8.27%) 1 4 & H |]
(2.89%), FLEAAHXT AN 0.75%, HAZEHE S L
A 1% (K 3b).

A FEED R BT 5 oy R F, 22 T
1 55 (30.67%), Ho 5 MKk N 5 A= 35 (12.38%) . AU
EHIT(8.56%) . £FEHI1(6.97%) M Gyrista (6.33%),
BRI AR E 2 BRI, AR 1.93%, i —
AR L ¥ K A RS AR R R 2 4y L 22 S5 AT
UL, WA AR AR S LOAs Jm B — 2k, (BAF
TE 40050 5 Ve oK A R A DL 22 /& BT o b o
(31.57%), U 0I5 A 81 #1(10.35%), Bl Je A oy BLHE
EHIT(9.10%) . £FEHI1(6.89%) 1 Gyrista (6.78%),
FLIR N 2.09%; & 7K T AMBIERE L2212 d0] A H
1 (34.17%), Ja A2 sk 2Z2.(10.76%), Ji SEHIR H 3L
B W (10.70%) . £F & H ] (6.21%) A1 Gyrista
(6.26%), E 1 (5 H R 1.88%, [FIREYIFhANE 5 FERAIG
(K 3c¢),

dE— 2 BT ¥ KA N AN SRR OTUs L,
R AR b R K A A ) OTUs i L
(26.52%) (= T¥2 K B AMERIRAT (4 15 11 (23.78%) 0 AN
[ A= WKk &, Gyrista (398 > OTUs)F& 7K 1 9
AT ) OTUSs 5 H(27.29%) &5 T M5 (18.34%); 27 &
H 17438 4~ OTUs) [ BHE R B IN BRI AT OTUs (5t
(34.47%) 5 TN (24.66%) . 5 Z A, BUHE B HLT)
(538 1> OTUs) ¥ /K AT &8I A OTUs i Fb(8.18%)
IR F AR (18.96%); 22 & HLT(1 927 4~ OTUs) . 2 #i
INHERAA OTUs 5 H(17.68%) 1% T 4P 3K (24.78%) i #4
P F (778 A OTUs) A /K A1 P 38 45 40 3
£ OTUs (& #3238, 73 5 36.12% 5 36.25%

(K 3d~3e).
24 ERMEYSHSHEBEBNXR

Xof VR 7K AT PR R A A T B R I A AT, R
IR BTG V4 7K VAT PN S AT Vi it o B 5 3, BE %
[F1] B AR RLPE o B =22 98/ (R=0.105 7, P<0.001)., T4
XF S BE A TS A B B S o b, Wos 22 T (R=
0.462 1, P<0.001) Fl Gyrista (R=0.234 9, P<0.001)ff
25 0 IR R R B, BUHE B BT (R=0.044 7, P=
0.001 97)FlJ5 £ 59 (R=0.022 9, P=0.020 78)47 % ik
IO HE B I B, £F B TT(R=0.012 2, P=0.069 1)
AT B B B s (B 4a).

BTV 7K A NS A P 38 S s B ) B U O
Fo WG KA SNSRI, A7 I 0 B e ik
4 #(R=0.448 7, P<0.001), & T @i 1 28 4 2K B
OTUs 11115 B3 3080 5 B, 24947 7 W Jnb 35 1) 285 o il
#(R=0.150 0~0.399 8, P<0.001).

25 ERMEVBEEHNEBISRSHRERFHEXE
T

it BNTI 43 B A& I8 B V% 7K AT R (75.56%) AT
A FE(71.42%) P 41 #4 J& 5 % £ (heterogeneous
selection) (5 5, Ho i ¥ /K A N300 & B 48 Ah R g
T TR ) (dispersal limitation) A7 A% (drift) 1
oA/, Hod v Kk AR (14.29%) Y T AR 3o 72 4 HE v
TN (8.89%) (&l 4a).

il Mantel #5073 B FLAZ A ) 5 5% R - A
KM, R IEEAR I B A W BE 8 2 5 TR B 25 A
F:(R=0.271 2, 0.001<P<0.01), £ J¥ (R=0.345 7, 0.01<
P<0.05). ¥ B (R=0.335 0, 0.01<P<0.05) 11 £k £ (R=
0.264 0, 0.01<P<0.05)IK Z; FAIFE B HEVS K TN AR Y
A A, WERIRE S 2 35 4 56 (R=0.539 9, P=
0.001), 1Mij 28 & (R=0.388 9, 0.01<P<0.05) 5 h & (R=
0.320 1, 0.01<P<0.05)% i} 3 A 56, PAIE H A /K 4]
HhEB B A% A WS 4 B (R=0.856 4, 0.001<P<
0.01) i FHSC(ER 2),

Wit VPA 28T, BEA K A L D TS S50
FEZ B YA R (L6 B IR RRLAR Hh (E) 5 iR
(13.47%), HUZAL P FK (pH, 2.67%); ¥ /K AR
BE VR 27 B0 W 3R 1Y 52 (R BE R
13.47%), HUOUZAb 2= R G EMAA, 6.93%). XLt
PRZH K B, ¥ 7K AL AR A L v K T 3 T 25 5 % 31 )
PR R AL R A2 (E 4)

2.6 EZMEYMHLRME
i 3t B VAR LA AR W TR 0 2% B 45 L R VA UK
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Fig.4 Community assembly processes (SNTI) for YSCWM and OYSCWM (a), and variance partitioning analysis (VPA) of
microeukaryotic communities in YSCWM and OYSCWM (b)

#Fz2 ET 2 OTUs 5IFERETH) Mantel 1836

Tab.2 Mantel test analysis of the relationship between total OTUs
and environmental factors

R T MOCHREC  WEM HCHRE  WEHEAKT
R (P) Ik I3
£y 0.345 7 0.014 0.2~0.6 0.01~0.05
“h iy 0.144 2 0.084 <0.2 20.05
)3 0.2712 0.008 0.2~0.6 <0.01
pizt)3 0.3350 0.017 0.2~0.6 0.01~0.05
b 0.264 0 0.018 0.2~0.6 0.01~0.05
nagtE g 0.005 9 0.432 <0.2 >0.05
pH -0.106 6 0.764 <0.2 20.05
P RELRE(E] -0.001 4 0.46 <0.2 >0.05
B 0.056 7 0.319 <0.2 20.05
EH LT 0.099 9 0.201 <0.2 >0.05

PRI P 2% S22 TR 1 B i 1 2 e ke, G 5 58003 3y
4062 55 485, ML T AME ML 3 138 F&i1 5 484 4~
I (] Sa). S IEIRIEE, 2 A4 45 24 DL IE A
K Ry 32T, T KA PR I A S Y L5 (67.82%)
I 3 R T AR (58.32%) (K 3). AN 1, ¥
KA . A BT HER B AR R, (H AR = B
Sy AR R 22 5 (] sby. BRI, A 7K I PR LA
XUHEE ] R me R AIERE, o SR LY 50.59%, &
HETYIRZ, 8 12.51%; AR KA MR, BUHEE 2]

AT JE B AL, HARD B (39.08%) AMIL T K, 15 A=
S Ee I 2 S T N (36.40%)

N SR AR, KA N DL 22 2 ] 5 L
% 51 (36.39%), WUHEE TR Z (16.81%); ¥ 7K A1 4h
BB, RCHEE HLU1 9 5 Hd K (33.09%), 22 2 Ha i T
WA (25.95%) (LIS I R 02, R4S 5 A8 s #e A X
FEE b AR LA, LR PN 2% 7 RURE o L
38 3 O AR (1 5b)o i — 2 AT J5 AR s ) 5 A S
) SERNE, FEV K T RN 2 v, Je AR shi 5 22 2 il
I T A MR 3 (32.37%), HLLATEAR 56 A 35 Hak
i AL 1(19.38%) 0 AESNT M 45, I A sl S5
XUHE R ] DGR B R 5 U1)(31.66%), {H 57 AH G [ 5 45
15 22 R T OCIMEIR 2.(26.64%) (] 5¢)0

W Zi-Pi 2B R ) I 4% v B G AR 2R, 45 AR
TNTEVR K AT PN 2 B I 245 v, SRS LSO L]
JE, BTk Z(E 5d). HH, Module hubs 2
1.20%, 45 BUHEE R TH A H X (2 OTUs), 222
TR A ES 26 44 (1 OTU)LL K Sagenista (2 OTUs);
Connectors 25 M| /5 30.10%, f3 H§ XC#F E d 7] (42
OTUs). #EH[71(35 OTUs). Gyrista (22 OTUs). J&
A (16 OTUs) K £F £ H[](6 OTUs). TMi#E¥% /KA
AR ) AR SR LAXUHEE TN 1, Gyrista
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Fig.5 Microeukaryotic co-occurrence network inferred from environmental DNA (eDNA); network visualization of the co-occurrence

patterns (a); community composition within the co-occurrence network (b); proportion of connections between Metazoa and other
taxonomic groups in the network (c); and Zi-Pi plot analysis of network nodes (d)
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Tab.3 Basic topological parameters of the environmental DNA (eDNA) - microeukaryotic co-occurrence network

Group RE g2} PR B kiRl THIRIER L BRI IEMG GIES
YSCWM 485 4062 16.751 0.035 1.018 0.399 3.408 67.82%  32.18%
OYSCWM 484 3138 12.967 0.027 2.782 0.468 4.392 58.32%  41.68%

W2, Hr, Module hubs (i 1.00%, 135 XUHEE H 1]
i A 5 2R T 20 45 1 ) OTU; Connectors 281X
07 7.40%, £ & BUHE B HUT (12 OTUs), 22 2 (8
OTUs)., Gyrista (6 OTUs), Jad:sh¥)(4 OTUs) K- &
#1771 OTU),

3 e

AHFFEIE T EE DNA RG 0T 1 803 7K A K
Ji 320 BT URR ) v A AR A T 1 22 R 28 W R Ao ]
KFR, o HAEE s A . M) A R S H R BT
IREHAILH . BFIE L AR R TR K BN S B E
TR AR ) 3 25 5 U SOR S I B AR IS i e R i 7
YEH .

% DNA FAR, 57 AP EE RNA X [R] — i 35k
CREERFE . AT 5 B A58 — B0 A 95 45 I i 0
#ho ARBFIESE R R I KA NI EREY o 24

PR 35 5] J (Pielou) A1 75 4k 45 %X (Shannon) 3 UG I 3% 2%
5, X 4518 5 R —2(Huang ef al, 2020), {HREEE
PSR AFAE 2 ), ABI 5% d /s BUHE 6 He T e A
VE RN R BE R, 1T RE DR AR 6 2 5N BROR S AE
TE; AT A ZE T 5T RNA W55 8 7m 0 Rk 3 5 3 S
A7, s W5 DX 3 B A% A 0 A 0 1 I B A s
RK A NFFEA OTUs (5 ik 42.26%, = THTASE T
FREE RNA W55 11 37%. 55 DNA 5¥R5 RNA
By A0 AL A R VR B TS R A - A A
RO FPAALAL 506 BRI, B FEFEIRIR A . 52
K3k WA BE T A W) B i Y 352 4% W) 5T (Epp et al, 2012;
Furlan et al, 2016), 53 H T AT RE 75 b B0 A0 A% )R ;
Je 2 D) 5 A S T R A A 0, G T S TR U S
FRPARZS (Pawlowski e al, 2018)., T A BFFEIIF 52 AU
BHRITHIRAEFRMAY), FEOCEEM S5 H A
AR BE 11 (Jeong et al, 2010, 2017), X FhE 75 R G
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PR AR V8 K 178 5 A0 X A2 B i PR 85 rp 2L 5 S
B, LR A3 P 2 AT A I 61 28 1 X R R 2R 5% (Tang
et al, 2021), TjiX PR HR BEAS T BROIR S 1Y 28 B 7 145
RNA HESERAT IR . #iAiA OTUs 271 &, %453
PE/R PRI DNA TR AR TG BREE | IRHR BA & 20 7
THT P9 A o AURR M, X ISR S o) AR W b By AT A R
HAEZERRE X,

BT BV K AN A T 45 4, TS OTUs
¥ OTUs MIFiA OTUs By ANOSIM 43 #7134 K B4
KA R 5 A1 LA AR AR B v AT AR B 25 S (R=
0.576 3~0.503 3, P=0.001). X — &% 3 5 [y ) % &5 g
R K ERA 5T — 30 %0588 8 R0 Hr f
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TR L, X PR A 3 Ak AR Ve K AL, T B AZ BV K
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BV 7K AT A — N RP R I AR B o 3o 2 B 0
LRI AT UESE 13X NS5 R, BIF9T A B BV 7K AT I 36
I 2% T R 2 2 (LB 4 062 vs. SMER 3 138), IF
AH 5 L 15 B 5 (67.82% vs. AR 58.32%) . R T A4S
2 A7 Fe M e R M Y A% 0 BE 1T T (Yuan e al,
2021), IV K A N EB G AR M A UK T AR
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J& A B B 7E & K P AN R St B 2% 1 R 6 S R
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FEISC AR, fa7n S M 72 . M BE O A iE S
PRIEARSALE . WIF5E 5 BV K AT A AP SR TR E
TEAFTE 35 W 22 53 Vo K AL RE I 36 AU E W R e v
S, BT A H R E iy S B R0 4%, R BTV K AT N TR 2
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MICROEUKARYOTIC GEOGRAPHICAL DISTRIBUTION AND COMMUNITY
ASSEMBLY PROCESSES IN THE SEDIMENTS OF THE YELLOW SEA COLD
WATER MASS AND ITS ADJACENT AREAS

YIN Ting-Ting', ZHAO Feng"?, MENG Zhao-Cui', HUANG Ping-Ping’, XU Kui-Dong'
(1. Laboratory of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,

China; 2. Yellow Sea Marine Observation and Research Station, Chinese Academy of Sciences, Qingdao 266071, China;
3. Institute of Biophysics, Dezhou University, Dezhou 253023, China)

Abstract The Yellow Sea Cold Water Mass (YSCWM), acting as a distinct physical barrier, forms a stable, low-
temperature, high-salinity environment; however, the mechanisms by which it influences the distribution patterns of
benthic microeukaryotes and the associated environmental drivers remain poorly understood. In this study, we
systematically characterized microeukaryotic communities in sediment samples collected from two stations in the Bohai
Sea and fifteen stations located within and surrounding the YSCWM, using environmental DNA (eDNA) sequencing with
the 18S rDNA gene as the molecular marker. The results show that Dinoflagellata constituted the dominant taxonomic
group both within and outside the YSCWM; however, the microeukaryotic community structures of the two regions
differed significantly (ANOSIM: R=0.576 3, P=0.001). Compared with regions outside the YSCWM, communities within
the YSCWM exhibited lower species richness (median: 1 529 vs. 1 672) but displayed a more complex co-occurrence
network structure (4 062 vs. 3 138 edges), suggesting greater potential ecosystem stability. Deterministic processes,
particularly heterogeneous selection, predominantly govern community assembly, in which water depth exerts a stronger
influence on communities outside the OYSCWM communities, whereas temperature and median sediment grain size play
more critical roles in shaping communities within the YSCWM. These findings demonstrate that the YSCWM plays a
critical role in structuring sedimentary microeukaryote communities and highlights environmental DNA (eDNA)
technology as an effective approach for elucidating marine microbial biogeographic patterns and evaluating ecosystem
structure.

Key words Yellow Sea; environmental DNA; amplicon sequencing; microeukaryotic diversity; cold water
mass; 18S rDNA V4 region



