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WE  REEEERCES 18 £ KU E (Ulvaprolifera) st #, 2k & 7 vh k& 78 £ 8 T W B %
NI EEAKFBEHRAREAIIR. B, T EMEFE LA P BUR A L8k (particulate organic
carbon, POC) ., #tr A #L & (particulate organic nitrogen, PON) & % Jik F 4% A 4y 1= AL ] 89 AH 52 #F 75 3R
BT, A RBBERE AL, RE2 MEMTE1 gL, Sg/L), %K 90d it fE § #y POC Fu
PON & £ . POC : PON i & 4 3 JE 6 & (WARAE, SFE R ME M+ £ 5 POC, PON & R A H 1ty
MxxFH, HFET, 90 d FMLAEFT POC KE[L g/l 5 5 /L 4L H HIE(E 25 4(90.17+24.77) 70
(219.994+45.11) pmol/L] ,PON K E[1 g/L 5 5 g/L 40 3 41 A8 77| %7(16.15+0.71)#1(23.20+7.16) pmol/L]
4B F ., POC, PON i J& b 5] B (L LA [E . 87 60d, POC 2 PON R JE ¥ & F & TH; #
60~90 X, POC i E 4 T 54 49%, T PON iR JE 4 430%. % [ #4138 POC : PON 77,
KM A BRI E TH; MG, POC: PON T, 54 4t &0y E = DL RCE B R H 3
HKRo. WMAEMFES POC, PON KE B F A X, KUV AEN TS KHELE+ POC, PON B L
HEZER., BAETEXPOC, PONKEARBZEH ", 5g/L AFELA POC, PON KE A K 1 g/L 4
UMW 231, ASg/LABEAKXFEEMERERK, KAFREFT HL BHELEF POC, PON
W B EAE, A T AN EEZIYE POC, PON 4 B R —# WAL X4, WENKRHFE
P& f# 3 A2 o & A XF POC, PON B By P £ 4L %1 LA & POC., PON & fEAL&I4R B8 T #F % 4t .
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20 fH4g 70 ALK, SR R T B AR S
% (Smetacek et al, 2013), H 2007 42, FRIE W
O %Lk 18 R LMK E, HEAMBIEX,
FRLEI G . RE M T SR S (AR, 2018),
#F & (Ulva prolifera) /& 2 & 2% i 1Y 48 25 3% Fl (Zhao
etal, 2013), LKW, WrE YRR 8E T
lifi(Liu et al, 2015; Zhang et al, 2019), /INHF4MiF & B
FTHHR A (E SR, 2018), 1 KA HF 2 W 7E 2% 1)
AT IE B2 53 A o W5 O 43 fifk B 2 o) Vg Y PR
ORI . AL B B I0E (Zhou et al, 2015), M
0 X6 7K AR B 0 R ) A B 7 A o Y ) (9K e 52 4
2022; XNWEAE, 2024), WF & B F M TORR DX o5 1 [
I (& RS, 2020), HoA AR 5K (36~36.5° N,
122~124° E) /& H 3 % PO K 65 58 (Geng et al, 2019;
Zhao et al, 2022), 1 HABEEEGIRE AN, I, W
HULREA Y B EA R BRSO mER

Wik A HLEK (particulate organic carbon, POC)J2&
A B e Y E B A R A3, B DR B . 01k
07 AT VTR A L . R A PLEK (dissolved
organic carbon, DOC) Fl % fi# JC #L Bk (dissolved
inorganic carbon, DIC), 7Ef FEMRAG IR L & SCHEVE
(Meng et al, 2021; Zhang et al, 2023), POC 5 ki A
ML % (particulate organic nitrogen, PON)FJ H{H 2 Xt ifs
—5 CO, 8w FIE I T AR SR 7 A S P R
(Oschlies et al, 2008; Schneider et al, 2004), F Kk
R I 43%LL POC 1 DOC FYTE 2k 4 22408
JT 15 (Filbee-Dexter et al, 2014; Krause-Jensen et al,
2016). I A K B, Wr 5 2 W R oK AR TR ) DOC
W AR R R WY 1.3~1.9 £%5(Zhang et al, 2017), WF
BT, &5 REEZ POC W L&,
POC 5 PON R HCA B HYBL T 5 0 (. (155 54,
2018; SKEESE, 2011), LY MMM LB, &
WikE Mt #2 P DOC., WA HLA . POC IRIEH R
T E R B Y (KRS ¥, 2020; Xiong et al,
2023), KAREYI Y 53 fifad FE 1T BB 3Z 1) 4E ) i (Debusk
et al, 1984; Wu et al, 2017a). % 4=4)(Shi et al, 2017)
VI R A2z oy 5 IR S 4549 (Gessner, 2000; JE & R4,
2022)%F IR MM . AR BE MR A1, (KRR A
% BEALFRAL DOC B RE A ) 5 2, 78 R i R 0 B
TG PE DOC FHXT (MR i, 2020). 5 A RFFRE AR I,
PR AEAE SRR T, WF 8 A ok 2 v A (B i A LT
FIRE AT BT d i (Zhang et al, 2017). %L, LIFERY
T 5% =5 0 T AR W 35 W A 1o A v I A A WL %) R ik
2, JERIAEMR THFE POC RO, (HeTF
B fitid # P POC 5 PON Y[Rl AEBF 8 AR AR A .

AWV A R B 35 B2 (1 g/L L 5 g/L)IF B
ffScs, WEoE 3 S HBEfgid fEH POC. PON k& &
HHAEM AR, IS5 Y3 B A7 A0 e 4 o W
FE 25 BT Ay T W DU A f e I i AE S R G R
i) L B 25 81 3 BRAR HERL 224K 3 o

1 #MR57EE
1.1 SEIesH#

ARSIH P RS T 2022 4F 6 H R A H IR,
R 2R BE T 5 AR W RE VRS ok BRI 5 BT i
HuelE AR AR gt rEisREnER, G
ATk, JE K EE K MRE 3 R ZBRm B A B
() UKL (Zhang et al, 2017) . SARBLEET WIHE & AR
A, FRAE RN BT E A T80 C AR VKA £ 1]
(Garcia-Robledo et al, 2008), F-7E 32596 4 w8 FH &
= KA e BN T K W & AT SRS 1 9% 72 h
LT o —80 °C LR AF AT LR B 1A 200 i 45+ RN ) e 1)
R M, IR W A R B, B LR R
T oAb 349 1R] A Ak AR 0 2 BCHOR - W B 4 3
.

SC 5 e K R B 5 O R 1 3 (36.08° N,
120.46° E). HJcH 20 pm FL4& E KB i 48 g 7K 2F
ATt i, P 3 pm LR 0 R AR PR R A T 8, DA
bR EEA Y . TR ) DL S8 R ) R (Rochelle-
Newall et al, 2004; Tessarolli et al, 2018; Kragh et al,
2018), A UE 5 A HEK b OR B BT TR M R R, AT
U ASEAEL Y SR A v R A et R

1.2 IRt

BRI 50 g 250 g WFE T % B IR S M (FR
VEJE A Milli-Q 7K R WIPE 3 ), #im 50 L it i
JE WK, B ERRAR RN 1 g/L . S g/L HYRRAR S
RS, BN E B . AR R Ak B AR 3 7K R it B4
B FRABEE 3 AT 2 R ik 255 AR B 47 00
M RAMUAEMII R E . AR, SRRt
S B RORTIAL) | g/LAFESHIERELL 0.1 mit)
(XIER, 2014), DMEMENARISIR A, WFE s
Tt R S g/L BRAR 2 B A5 F T 0RE A 0K B 40 31 Ky
0.5 g/L F10.05 g/L FRAME LS54 T 1 4.5 581 13.9 £i%,
5 /L B A5 1T AT LI 2 0k A7 L A B
AL HRAE, 2020) L, ARAFFEE 1g/L.5 g/L
PRI A 2 BE AT 508G, Hop, 1 g/L ACBRA T
GBS S, 5 o/L AN T B0
% POC. PON S4B b, DU SE5 & Ak
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Frh POC. PON S50 AR bR o AR oL 00 40 72
o A A AR A B 55, DA IE 5 RS 422 il (Chen
et al, 2020),

X Q02D RM, WE AR AR, L
fit P AR K], 5 o/ AbFRALHFE AT TR e e
WL 80d i, K, AWBFITSEE E W R R
90d, LIS E MBS, T4 0. 4. 6. 8.
14, 28, 60, 90 KUK, HUFEHTFE /455 M 2% R
WG BOKEE 1.8 mL, MIA R R [ 8 (e &R
H0.5%), WARTRTE, EJafEAT-80 CE LK
., HTFAPrdEY F 5 . B 100 mL KAE, H GF/F
(5% T 450 °C mild K94% S hyid iE s fififF T-20 C,
T4+ Hr POC F1 PON,,

1.3 #Hmath

{8 I 240 i { (BD FACS Aria I1)%HsE 4 3
B JEAT A (Marie et al, 1999), 4 B T 37 CHRIZKIE
By R, w990 pL AEF UM 10 pL JGEE 100
SYBR Green I )4kl 7E5 IR T RRSHE YL 15 min,
FEVIRERT, INABRHEDS /NI NN S . A+
R AT

AP =1 0005 NX Vo) (VXX Viampie)

o, NCAHLIEERI MR, V A I I B 3
4, t AT ], Viampie AFESARTR, Vigw AR LA
RO b2 oy . T 00 L A0 R A ) AR

{81 15T Z 43 M1 X (Thermo Flash EA 2000)%} POC .
PON & it i1 . - FHT POC. PON Z3#r (1) 8
BT, I 6 mol/L HC1 R eHLER, 55 CHET
Ja B RE LB U 4T 2E (Komada et al, 2008;
Sharp, 1974), POC #il PON F4 il 52 FI| F 25 (RS . Aife
B N SRR AT BT S, 0 R A ) Ry

+0.02% (Wt%, n = 6)F1+£0.002% (Wt%, n= 6), PITEX}
T (Saccharina japonica) it S B 25 [ filt fF 5% %
B, X REZH 7K POC Y BE AN Ay it e it A R ZH 1 4%
fiAr HAR AL A B i (Feng et al, 2022), AHFSE &
B fiid P POC F1 PON RYZZAL BB, X% B 40
POC F1 PON ¥ L K POC : PON HYZSAL A8

1.4 RS

FIFHZME LA 5 B A B ff L R b POC MR
PON #kJ&Z . POC : PON S5{UEYFEEMAHICE R,
Sy G 5 o ik BT T XoF I AR R DG PR S T e ST 50
g 0~14 d(IZ H BB . 21~90 d(fd: PR i BE) 2 41
(Zhang et al, 2017), 43l %} 2 4 52 56 5504 647 ek ol
VAGMHIT o [RIRE Sk 560 48 fife 235 B O R2 ), 433 %F 1 /L
5 g/L AbFRZE (9 SEIGE B i A T 2Pk 1] ) 43 o

e [ A e 18] 73 175 20 A B (8 4 AR A IER 43
A, PR A R v 307 R R UK R 307 K 56 (K ruskal-Wallis
test) 7 M BEAF IS )X POC ¥ JE . PON ¢ . POC : PON
DA FE R, T 1 /L. 5 g/L B4R
B R IESS 0, 252 U K% (Mann-
Whitney U test) 7 AT Wi 2 4T POC & . PON ¥
J£ . POC : PON LKAz 9 = BE (A2 0] o

ARG A 448 ] IBM SPSS 26 HAF kAT A
5T BT GEi T A iR 38 35 e K P < 0.05.

2 HR

21 WEMRMIIES POCRENTL

WS Rt B, POC ¥ 2 XoF o gt sk 0] 5 3% i 2%
JE (AR YA B R Y (P<0.017) (3% 1), W& &R
A, POC W SRR BTHE PR EHE(E 1),
HRME, 1 g/L AP POC WEEE 0 K)H

R 1 BEfERHEFEEZEEIT POCKRE. PONRE., POC : PON RAEMFE M IES LT

Tab.1 Nonparametric tests on the effects of degradation time and degradation density on the
concentrations of POC and PON, POC:PON and microbial abundance
Ff# A Degradation time M f# % ¥ Degradation density
S Giit it H b i Geit i Z {1 bl
Parameter Kruskal-Wallis test P-value Mann-Whitney U P-value
statistics H-value vaid test statistics Z-value v
WORLA HLBR M Concentration of POC/(umol/L) 18.630 0.017" 4.905 <0.001""
Wik HLA MK Concentration of PON/(umol/L) 26.253 0.0017" 3.953 <0.001""
WURLAT HLBK - WURLATHLA POC : PON 26.336 0.0017" 0.691 0.490
WA FEBE Microbial abundance/(10° cells/mL) 20.575 0.008"" 3.832 <0.001""

e MUREREE, P<.0SRUR); *MURZERMEE, P<0.01(WE).
Note: * indicates significant difference, P<0.05 (two-tailed); ** indicates highly significant difference, P<0.01 (two-tailed).



%2 R A W R A AR T BURLA BILBR . BRI BAR SR W AR T B R AL BT 67
3300'@) e lgL ~ 407 (b) e lgL
S g sf
X3 200f ?g 5
KA e
B 1501 =« 207
Tea 8
22 100 £f
R ®ET
8 sor g
S ol S or
0 30 60 90 0 30 60 90
i8] Time/d I} 8] Time/d
201 () e 1gL 201 ) —e— lgL
ﬁ 15 ﬁ 16 -
@z . 2z
BE 1o} ! B I
- e 12k L
Q B I
£¢ =2
5 2 Y
=3 =
0 -
L L L L 4 L 1 L
0 30 60 90 0 30 60
Fi[) Time/d fist &) Time/d
Bl 1 90d W& AR POC ¥ (a). PON ¥ (b). POC : PON(c)
1 60 d RS ] P POC © PON(d) Y AS (L CF- 3 (bR i 2)
Fig.1 Concentrations of particulate organic carbon (POC) (a) and particulate organic nitrogen (PON) (b),

and the ratio of particulate organic carbon to particulate organic nitrogen (POC : PON)
during 90-day degradation (c) and 60-day degradation (d) (Mean+SD)

HETF POC : PON BEML#AH, # K ¢ P BAHER 2 HEATHOR, WK d Fis.

In order to view the change trend of POC: PON, the dotted line box in panel ¢ is enlarged, as shown in panel d.

(40.02+10.26) pmol/L CE-IELPRUEE), 2 14 KiFik
FIEAE[(90.17+24.77) pmol/L], FfJ5IFIA T, 5 g/L
AEFRZH BT 4f POC ¥R 4(82.76+4.88) umol/L, 4 28 K
K F I [(219.99+45.11) pmol/L]o ¥ 2 A ib FHZH X .
AL, 5 /L ARBRALAY POC W SR H T 1 g/L,
Al 3 A, 55 g/L AHZHAILE, 1 /L AbH
POC ¥ i 3k B W (5 P B () B, AR AR TR - 2%

B MEfRILE P PON REMEL

WFE M e, PON I J8E XoF e fige 1o 171 5 &g e
B FE A A A B A R (P<0.001)(F6 1), FEEEA
Fefiad R, PON ¥R 2 XU AR fhika 3, RPP: 58 0~
60 K, e ETHE I, 25 60~90 K3 H EFH#&HW(A 1b),
HAARL, 1 g/L AFAPILE PON HKEGE 0 K)N
(3.5120.91) umol/L , 45 14 K | 7}%(8.39+1.82) umol/L,
ZIRE TGS, 8 60 KT MERMME3.30+
0.41) pmol/L], %% 90 K, PON Wk & ¥ I T 2%
i {H(16.15+0.71) pmol/L, 5 g/L AbFEZH 4] 4H PON
e i (8.64+0.47) umol/L, %5 28 K FTFE(22.02+

2.2

2.59) umol/L, FH/ETFIR TR, 5 60 X PON VK H
(6.18+5.96) umol/L, 45 90 X PON W ¥ T+ & i
[(23.20+7.16) pmol/L], X Ht 2 A~Aab 34l vl DL & 3E,
5 g/L AbFRALR) PON WREHE T 1 g/L (Rt 2 £
F)o 55 gL ALBRAIAALL, 1 g/L ZbPEZH PON ¥ i 1k
B PR R, AT 2%

23 HhERKBTES POC : PON T4

W B B A B e, POC + PON X [ fige i ] f4 725 A,
A I 20 [ (P=0.001) , 17 X6 [ il 2% B 1) 722 Ak G Sl 35 i)
Ni(FE 1) TERAREfE R, KK POC : PON Gk
B AR TR SE((E 1), POC : PON ¥R E 5
A 11.435+0.437(1 g/L AbFRZH)FN 9.576+0.079 (5 /L 4b
FHLH), 2 0~6 K, POC : PON & ETHE#, 4 6 Kl
ik 12.675+£1.327 (1 g/L AbFRZH)FI 11.461+1.949 (5 g/L Ab
FHLH), %5 6~60 K, POC : PON 2L AR, 45 90 Kt
POC : PON B Z= e fIRH[1.29120.150 (1 g/L AL BE4H)
H13.024+£1.020(5 g/L 4bHRZH)], BRmIE, 2 40
ZHHY POC : PON HUEAMZEA K.
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24 HEBRBIBPREVFENTN

W B B A 2 R v A 2R Y 3 B T 88 i B[] 5 % i
B AR ALY B B R N (P<<0.008)( 1), 49
FHEEBARRSE LT TR EE 2). 1 /L AP
WA R R(5.21£1.31)x10° cells/mL, 2 14 K
IRFIIEAE(9.81+3.81)x10° cells/mL, BlJEHAEY) IR
TR, 5590 KigA = }(2.76£0.16)x10° cells/mL.
5L b B ) UG LR W0 3 O (5.17£1.25)x10°
cells/mL, %% 28 Kik F|IE{H, H(26.24+6.98)x10°
cells/mL, BlJGHUZEF I TR, 55 60 K FREE
e ARAE[(4.38+2.30)x10° cells/mL], %5 90 KigA:4+
FESH 60 K. XFH 2 NMEFIA T LR EL, 5 g/L
SR RUE R SRS T 1 o/L (A 2 A5
) 51 g/LAbHAMEL, 5 o/L AP G4 FERE
K B W (R BT 55 A st ) B4 ok A 2L e A 0 =F B S B
ORRE, 2869046 32 B (2.46+0.18)x10° cells/mL [%
3 S A o Y (0.3540.13) %107 cells/mL,
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Fig.2 Variation of microbial abundance during 90-day
degradation (Mean+SD)

25 WEMFEELE POC iRE. PON iKE. POC :
PON Hy#H K247

BT, WS Bt 2 P i e B 5 POC
Al PON ¥k M W F IEM (A 3a, b), M5
POC : PON TG . A (18 3¢, #E— o hrk W],
B A [R5 e A8 A= W) 2 5 POC kB . PON ¥
J& . POC : PON Z [ A R, (H AR my 2k Bl )5
TTREIRPR  0~14 d TUZEY F S POC Hl PON M
L 1 0H 5 FEA#2(10.13 . 0.88) K T 21~90 d w4k
YIF 5 POC., PON ¥ U2 (a1 13 5 R RHR (7,61
0.62) (& 3a. b), FHH24 POC. PON ¥k J& 2= fk A [F] i)
{H,0~14 d A F AR b i KT 21~90 d A AR b i
A A SR AE Y F S POC #EE. POC :
PON Z[HAHE R (K 4a. o), EXTMEYFES
PON ¥R FE 2 [B] I AH OGO R A w2 (K] 4b), B 1 /L 4k
PR A Y S PON IR LW EMHI KR, 5 g/L
ACFRLA A Y EE S PON MR BEA WEM L LR,

3 it
31 MWEMMIIEDR POC, PON KEE UL

AWK, W& BEf#S S POC, PON #k
¥ de FIHE PGS, H 3 5 F R Z 0
PIfAAE o HOCHE(E 1a, b, B 3a. b). [AIRE, BEHM
FQOITFFE LI, AMWEATERFMT, KEMEY)
F14) ok ik o P8 DR, R BT 40 AT A /K A A 0 o it ol R Y
R WFEERSA FE WKk EY . EaR
DL R A AL S E B AR, 2011 2R 5E,
2019), HJEJE 53 fifk i ) 2K A BT8R HLBT (Chen et al,
2020; Xiong et al, 2023; Zhang et al, 2021), 4= ¥7E
RBEREfigp ok A rh R ¥ FEAE ], S I T R 5

Q Q
% 300} @ 10134384 ) , S 40} (b) =0.88x+0.29 ® 20}©
" 3250 | (P<0.001, adj. P=0.779) - g " i (P<0.001,adj.r—0.727)’ - =
= . < .l .- T
® 8 200+ o . 3=161x+1490 ® % 30 $=0.62x+6.22 / &z 15 -l
KA (P<0.001, adj. ”=0.806) & & (P=0.004, adj. P=0.373) 2 2 er et
g e Dot osy G |-
=} = .001, adj. *=0.
s 100 ek gt ) 19 L 5
4@} 'g °, Degradation stage j‘% 5 10t D« ﬁﬁ:‘lﬁ rﬁ]m E 2 St Deﬁﬁ?ﬂlﬂn’ge
B 5 50[ o P 1=8.10x+15.64 . 0-14d 3 = < eg‘.agil‘;“ds 8¢ & c0-14d
§ oV ‘e (P<0.001,adj. ”=0.781) «21~90d E Nt 2190 d § ol 2150 d
3 0 10 20 30 40 3 0 10 20 30 40 0 10 20 30 40
WA FE MY FE WA FE
Microbial abundance/(10° cells/mL) Microbial abundance/(10° cells/mL) Microbial abundance/(10° cells/mL)

&l 3

S () A S Ik ) B A A= M 2 18 5 POC ¥ (a) . PON & J (b)F1 POC : PON(c)IIAI KK FR

Fig.3 The correlations between microbial abundance and particulate organic carbon (POC) concentration (a), particulate organic
nitrogen (PON) concentration (b), and POC : PON (c) at different degradation stages

[l £ R e PRI A 2 3 AHSG, 0 B3 MG R M2k, R IA].

Regression lines represent significant correlations. The same below.
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Fig.4 The correlations between microbial abundance and particulate organic carbon (POC) concentration (a), particulate

organic nitrogen (PON) concentration (b), and POC : PON (c) under different degradation density

T ATV KR S TR AN VS (Qu et al, 2020),
VIR GT 201, Wr 5 e ik S VR LIS 5 40 P A+ B
TERIR L AR, BHIL, AR BER B — e g L
i Y 5 AR Y A 7 (R, 2020)

AR EI, W& BT POC. PON #
AR AT B AR BErE . B e, R EREEAT 14 d
POC. PON VXA By (B 1a. b). ZZE R K,
BT 2 JE S R AL B 2R R A R 56 1 B Be—— 1= i
BB, B B R S AT T E AT SR ]
LG YR 5% i 72 (Andersen et al, 1984), Feng
L (2022) TE MGl B ff L B R B, POC FERT 5 d ik
B2 SWA L, AR R, W e AR R
PR R &K, HEM Kl Feng %5(2022) A f FH 4 2
TR, ASHIF S 6 A 2 e B 1 A . 9 36
BH , Wi 2 1R 385 0 T 2 n s a R AU B B
i #(Harrison et al, 1975; Sosik et al, 2013), #5241
B IR HORSF 3/, IR G iR s [R] 3206 . POC 5 PON
P R U Y T B AR AR T I i — S A
THE 2) BXIE1ESF(2020)7EHF 5 30 d REfid i b s
MR A ERE IS X TS A
HU B BN A PRt T R E =Y, ST
YR A K

HWk, W e AR 2 8IS (3 14~90 X)), POC, PON
W FRR(E 1a, b). ZZEHREM, WRHFE R
e AR 2 M Be—— A IR AR B B, IR B R R
SE VAR 0 T el 2 0 DA R A e )V R o i Y ek
F#(Krumhansl et al, 2012). iZ B Be/K IR POC ¥ B 748
TR, X SRR OC, SR B soR A LT,
WEIAE FTINEL, FBOKAR pH (AT FECR &R B .
Li 55(2023)il i Wi & 1 J R 52 e A 8, POC R BEAY
TEWT 4 d Fhis, B R, 1 DOC 5 DIC e EHEL:
Tt WEM POC Btk Mk 4L DOC 5 DIC, 4
W92, PON HJELESS 14~60 KRR, H7E5 90 K4

JiF B F, 3R BE 5 A B A MUK AR S 2R T A2 A 5 3
A& 76 X (Lee et al, 1980; Rieper-Kirchner, 1989),
R, WFE b T 25 68 113 K, JHmAE
%R T B-Z8IE I 4 (Betaproteobacteria) ¥ {11 5a [K &
(Burkholderiaceae) Fil J& T V7 % 4 24 (Planctomycetacia)
i 7% %5 B (Planctomycetaceae) ] X = & 4% = (Chen,
2020), X 2 FiA 4 EA [ A D 6E(Delmont et al,
2018; FkFT K& 2021), AJAES:SE0 PON MY I
Tt ARBEFEH, 5 90 K POC 1 PON Ak AT 78748
b, BRI, 5 SRR 2% JE T W & B a) 9 e i
ARG DG B K IR POC, PON AR {L
FEAE .

WAL, AHFIE R IR, Rk st ) R SRS S U AR i A
YEJE 5 POC., PON ¥ Jz POC : PON [ IEAH &
#, [HEAFEREBMAEYEES POC, PON MK
PR MIE T BT BTR A (K 3a. b). BB BLCH
0~14 FK)FAA LR 113 J7 RR ARk 3K T2k W e A
Be(55 21~90 X), R POC, PON ¥ AR fbAH A (1A,
2 B B A A 1 = B A A R T R W A Y B
Chen %5 (2020)ff 58 &, 7E0F & FEfpL RE, 2HTR A1
T RURR B AH LA 2 5 S0 B R T 4 R ) YR
FEAR I T e 0 B AE o 4R PT LA R ¢ SR 3 K
L S T R SR R X Y N o N -
W, e R HTEE A AL, M K SRS E
A 5 5002 1 A K HOR | BRI AR KR B R B 0%
Hhy A A A= W0 0% A HL BT (Andrews et al, 1986;
Teeling et al, 2012), 7E#= BB, W& BEOR GG PR
A HLIT, A0 TR ) v R I PR ISR I A BLR
HEeMASAKEME ., ARKEEN, Hit, ZpE
S0 A AR R R R, R IR AR B, B TR
BUT ST TR, ¢ SRS B SO T, KAk
T P R A LT R, IR A T R %
K RME TR, T KRB B R A I HLAE KR
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g, nIAE T ECE AR A A ML, R
B A 4 A S A A v T i LR e ik B B

3.2 [EEEZEX POC, PON REZHIRIN

AWFFREM, FEMEEXT POC, PON #EBHA
R, B R A R AL PR B = 1Y POC
PON W2 (K] 1a. b), ARG 2 B2 AL BRZE Y 2~3 1%,
[FAE, Wu SE(2017a)t &, 773 (Typha orientalis C.
Presl) [ fiff X 7K J5t ) 5% W i 52 ol 2 49 i ) 338 o i 344
e U, AHESE A IRRE g 5 B AL FEZH POC. PON
WRERAE, THE T E LAY EN2ZS . 2 POC,
PON ¢ 3 il V2 figk 225 J3 186 o 5 A 7 A5 42 B EL A 38
Al RS K 2 i & B R N R L, W0 pHL,
WA . IR B IR R R BE S5 . PR I el AR 25 5 | ke
HAb R Z W ocAs, I, 5800 MR 1 A 2 20 ()
POC . PON ¥ & o 1k I G Re fiff 5 BE b B 1) 5 A% I
LW 5T T i — B 55 A 2 PR 3R SR 0 IR AR
7% POC. PON ¥k AL R 2 .

7N, 55 g/L AL, 1 g/L AREE4] POC,
PON ¥ J& 2| iR W (E Ir fs i () B 4 (] 1a. b). %45
R, BRI, A VLT AR R R ) [
Ko [FIFE, XUHET 20210058 LB, ASRA: 4 i ()F
HHA A B ot 1], A= 8 dnm i Ab PR TR
BRI . Wu 25 (2017b)iF 5 2, Bl A4
YRR, B . WA BN TR RO E R A B
R, X R RE SR i R A IR B ] T A LA
T3k, BE A R B T, R A LT
T YW WA R RDARE EUMR, Sk AR B4R . PRIE B
LN, XWX R R = A — e

33 #EMKMEITIEF POC : PON K LEFIE

AWFFE R, W B2 S BUKE POC @ PON
BRI B FREGE 30 K FEY 6%~16%; % 90 KT
K52 68%~88%) (Il 1c), 5 LIMEMBIFELE R —8. #i
w, Hill Z Q00085 & B, 30 d ML dmt, W3
(Hypnea spicifera) B it i) POC : PON F[% 17%/ 47,
A1 4E3%(Gelidium pristoides) B ) POC : PON %
1%/ A7 o WFE A 45 590 d)if POC : PON R &R
JET K, T RESE O R A Tl g4, R0 T
By POC 1 PON B #4958 4 5 i

HARKIR POC : PON EAR TR, HETE
% 0~6 K, POC : PON £ FTHEF(ETHY) 1%~
20%)( 1c). 7E4S 0~6 K, POC, PON IREEH4E I
F(# 1a. b), F£I PON MR 5 T POC, AHXT T
A, IRIBERCE Y, S80I BEAR4141 POC : PON

AW RECR &R 8HE), X 5HT AR 45 R —2
w, WAL 44 d BEARTS , T 4140 POC : PON H
12 F = 2 UL F (Norderhaug et al, 2007). 471 2 (Ulva
lactuca)Z: it 70 d FIRERE , BEARL1Z1 POC : PON T %
18% (Kristensen, 1994). & Y 5 B ol GE & H A Bl
RN BIEA . S Y 25 53 L) 45 2530 o 4 e wfe
SITRE R, 55 6~90 K, POC : PON 1#4L F %,
A% POC : PON TR AIAE , AT LKAk 2 A
B BE (56 6~28 KAIZE 28~90 K). % 6~28 K, POC,
PON ¥k fE R [Tb#ash, #Eil POC : PON T2 H
POC Bl %5 4% - PON BRIl H A4 i T RTE,
55 28~90 X POC &% T %, PON WEWMANT FFE, (H
TESE 90 KA frlal T, Kk, POC : PON T4 90 KT
R B R AAE . ol 5ot 220 A% [ 5 R R R A 9 BBk
Al REJE F 3 POC : PON T [ [ il [H (Pagioro et al,
1999; Thornton et al, 1994),
ARG b Es, MAEMFEES POC :
PON 22 [8] JC g A0 e (& 3¢). A 5 HfiE R AE
AR , ANRE R IR AICE DI VE 54 . U
RN . EH . W, LIANE B, AN REE R R
AR AT LA A3 Sk JSURE B 7 200 B TR R (3~20  pom) R 40
PR AE(0.2~3 um). AFFTRIA, FURE B TR 78 P A
G BCUR R4 5 RS ffe R A ALy 3 i v ke G B
FH IR A i TR R A 8 Ao A b Y 2 A
FIH RIS FE A A ML, X W At 3t P2 A 52 Wi S
[ (Voros et al, 2003; Yan et al, 2019; 3KIEZ34E 2004).
B I 4F 55 (2023) ifF 5% & BE, 7E J 40 2 (Gracilaria
lemaneiformis)Re fif i B, KRN B B B 2 T R,
(AR | EE R B 4 P Eh o B AR A, X ] RE
WMAYFEEYS POC : PON JCHAEMEXLRIMER
%4k, Mille-Lindblom %£(2003)#F5% &3, fE/K M
WRvE Y i D, A S MR AR PUER, O
HACh XA S PR F A 4 5 i R A K i Y
M PR 2 PR, fCE e e & B A R P A E 40

o, RSB FRARE MY S POC : PON
2R
4 g

ARG LW & 90 d ARSI HRIT T A 25 i
X} POC, PON k¥ K H b (EAR L g2 m, DA KAt
YEELS POC. PON ¥ R L E A AH G, 2
HLLUFE58

()HF & FEftFed, POC. PON IR EA B
R BEE . AHUR AR BB, K& POC. PON



552 KT A T R R R OB AT LA . BB B AT ST A W R o B AR AT S 71

We B LTt A IR g B B, POC MBS T R%, PON
WBE Tt 3 1T e A P 1R R G o R i 4% B X POC
PON Ik B HLA @ S5 sy, it o A A 2 58 1 16 T
PON. POC Bl 5e s Z ] 3K, POC. PON
()RR TRtk DA B U 1 =F BE R A PS4

Q)R #, POC : PON 246 FTFE FREM)
##,POC : PON LT+ i Fir & B ff i B b A WL
PR AR Tk, 1717 624 0 0 174 1 7 LA R P 8 17
WHAERR AT BB POC : PON FREMIE . W F
5 POC : PON Z[AIJC i E A, (HAER i,
A YE B E A, Jo SR o8 75 BLAS B 3 DR ) 45
TRt — R R A Y 5 POC : PON ZKFR

ARG B X B B AR AR POC. PON 1Y
BRI T TS, Rk THE S POC.,
PON I J& I HH B P AR DG M o Tl W e B A ad R P
FEARVE R B 2, B, 20 B B V% 25 44 1 i F
i H P R 2 WORL A AL AL AR AL, DL ORI
R A HUR ik L, RO ER S &
o i 2o A v Al A 0 B 5 OB AT BIL S AE EAE A T
HJF R IR A RS, & G0 B UR AT B3R ik &%
AL

it P EHAFRELAMRRS LM
IR A RAT R N A 5 B3k it Ao 3038 2 AT 5 @ 324
MW, BRRPEEERFMM, KEH. &FiF
Je RAE BT AR B, MR A EA R A TR
B ORG
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Abstract
China from 2007 to 2023 and are characterized by a huge biomass, long duration, and extensive influence

Green tides, dominated by Ulva prolifera, have occurred each summer in the Yellow Sea of

areas. During the post-bloom period, millions of tons of U. prolifera settle to the sea floor and release
carbon, nitrogen, and phosphorus into the surrounding waters, notably impacting coastal environments.
Organic matter released from macroalgae are important contributors to biogeochemical cycles in marine
ecosystems. Particulate organic carbon (POC) is an important fraction of the marine organic carbon pool
and is crucial in the marine carbon cycle by regulating dissolved organic carbon (DOC); sediment organic
carbon; and inorganic carbon via deposition, degradation, and mineralization. Additionally, the ratio of
POC and particulate organic nitrogen (PON) affects the sea-air CO, flux and the efficiency of carbon
sequestration. Till date, POC and PON released during the degradation of U. prolifera remain poorly
quantified and microbial regulations of POC and PON release remain unclear. We investigated the
changes in POC and PON concentrations and their molar ratios, and microbial abundance under different
degradation densities (1 g/L and 5 g/L) during a 90-d laboratory degradation of U. prolifera. Under dark
conditions, 50 g and 250 g (fresh weight) of U. prolifera were added to polyethylene carboys containing
50 L filtered seawater to conduct 1 g/L and 5 g/L degradation experiments. Triplicate replicates were
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performed for each treatment. Samples for analyzing POC, PON, and microbial abundance were collected
on days 0, 4, 6, 8, 14, 21, 28, 60, and 90. The results showed that the degradation period of U. prolifera
was divided into the leaching stage (0—14 d), during which soluble materials were lost, and the microbial
degradation stage (14-90 d), during which the debris was digested by bacterial or fungal extracellular
enzymes. The POC, the maximal values: (90.17+24.77) pmol/L and (219.99+45.11) umol/L under 1 g/L
and 5 g/L, respectively, and PON, the maximal values: (16.15+£0.71) umol/L and (23.20+7.16) umol/L
under 1 g/L and 5 g/L, respectively, concentrations changed significantly during degradation, however,
showed different trends. Specifically, the POC and PON concentrations first increased and then decreased
during days 0-60; however, POC continued to decrease (approximately 49%) and PON increased
(approximately 430%) during days 60-90. The decrease in POC concentrations can be explained by the
conversion of POC to DOC by macroalgae-associated microbes and subsequently, DOC was mineralized
into dissolved inorganic carbon. The enrichment of nitrogen due to bacterial colonization of particle
surfaces may largely explain the increase in PON concentrations. POC:PON first increased and then
decreased, indicating that PON showed a lagged release compared to POC when U. prolifera began to
degrade, and the subsequent decline of POC:PON can be attributed to nitrogen fixation by microbial and
carbon consumption via respiration. Microbial abundance increased during days 0-28, the maximal values:
(9.81+3.81)x10° and (26.24+6.98)x10° cells/mL under 1 g/L and 5 g/L, respectively, indicating that the
released organic matter was utilized and transformed into microbial biomass. The microbial abundance
then decreased during days 28-90. This change may be explained by the decrease in organic matter
contents and bioavailability, and the contents of organic matter were deficient for microbial growth,
leading to the decrease in microbial abundance. Microbial abundance showed significant correlations with
the POC and PON concentrations, indicating the critical roles of microbes in the release of POC and PON
during the degradation of U. prolifera. No significant correlations were observed between the microbial
abundance and POC:PON. Microbial regulations of POC and PON release during the degradation of
U. prolifera are complex and further studies on microbial community structure may help to explore the
role of microbes in the release of POC and PON. Degradation density significantly impacted POC and
PON concentrations. At the high degradation-density treatment, we observed slow changes in POC and
PON concentrations and 2—-3 times higher maximal concentrations of the two compared to those at lower
degradation-density conditions. We observed that the higher the degradation density, the longer the
leaching phase of organic matter. However, POC and PON concentrations did not change proportionally
with degradation density. This result may be attributed to the changes in other factors such as pH,
dissolved oxygen, and initial nutrient concentrations. The changes in POC and PON concentrations at the
end of degradation suggested that more extensive studies are necessary to elucidate the long-term
relationship between U. prolifera degradation and microbial communities. Our study provides an
important basis for clarifying the changes in POC and PON and their correlations with microbial
abundance during the degradation of U. prolifera. This helps to generate a better understanding of the
regulation and mechanisms of microbes on U. prolifera degradation.
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