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Origin and Source Appointment of Sedimentary Organic Matter in Marine Fish Cage Farms Using Carbon
and Nitrogen Stable Isotopes. Young-Shin Go (0000-0002-8565-7567), Dae-In Lee (0000-0002-4786-8201), Chung
Sook Kim (0000-0002-0575-3218), Bo-Ram Sim' (0000-0001-6085-177X), Hyung Chul Kim? (0000-0002-0791-9437), Won-
Chan Lee (0000-0002-1479-5700) and Dong-Hun Lee* (0000-0001-6270-1011) (National Institute of Fisheries Science,
Marine Environment Research Division, Busan 46083, Republic of Korea; 'Fisheries Resources and Environment Division,
West Sea Fisheries Research Institute, National Institute of Fisheries Science, Incheon 22383, Republic of Korea;
2National Institute of Fisheries Science, Research and Development Planning Division, Busan 46083, Republic of Korea)

Abstract  We investigated physicochemical properties and isotopic compositions of organic matter (8" Croc
and §"°Nrv) in the old fish farming (OFF) site after the cessation of aquaculture farming. Based on this approach,
our objective is to determine the organic matter origin and their relative contributions preserved at sediments
of fish farming. Temporal and spatial distribution of particulate and sinking organic matter (OFF sites: 2.0 to 3.3
mg L' for particulate matter concentration, 18.8 to 246.6 g m™> day™' for sinking organic matter rate, control
sites: 2.0 to 3.5 mg L' for particulate matter concentration, 25.5 to 129.4 g m™ day™' for sinking organic
matter rate) between both sites showed significant difference along seasonal precipitations. In contrast to varia-
tions of 8"°Croc and 8'°Nty values at water columns, these isotopic compositions (OFF sites: —21.5%o to
—20.4%o for " Croc, 6.0%o to 7.6%o for 8N, control sites: —21.6%o to —21.0%o for 8" Croc, 6.6%0 to 8.0%¢
for 8"’ Nr) investigated at sediments have distinctive isotopic patterns (p <0.05) for seawater-derived nitrogen
sources, indicating the increased input of aquaculture-derived sources (e.g., fish fecal). With respect to past
fish farming activities, representative sources (e.g., fish fecal and algae) between both sites showed significant
difference (p <0.05), confirming predominant contribution (55.9 +4.6%) of fish fecal within OFF sites. Thus,
our results may determine specific controlling factor for sustainable use of fish farming sites by estimating the
discriminative contributions of organic matter between both sites.
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H)& o]&3 %"’P(KMI 2018). o|= I3ff
7 °"é- —E— = °kél°17é}3_ SGStHA A
., HAA Y &3], p4kek
&)t %%71% E}7 }i%ﬂ% frdell o3 2 T
t}(Mazzola et al., 2000: Crawford et al., 2003). <
7o DR ofF 7HFE FAF W o =
T LYEEY WS T, 25 HE
718 SHE 9 AAYHA #ster 22 o
o] A<l Y= E =o]ir Yt} (Dahlbick and
Gunnarsson, 1981; Chamberlain et al., 2001; Zhou et al.,
2006; Mayor et al., 2017). TetA X< 71538 2 AF] 9
S FaAE Pl BAUsE AR Anl
of gHoR BT 4 Ut W AN Basit)
vl WU AR HABA o $712 3982 §
G4, A 70 A1) W 3710k 2L TR B
4o o) HItE 4= Qlth(Carroll et al., 2003; Kaehler et
al., 2006; Mayor et al., 2010). o]&} #A3}o] FAA Y E
A Ao gt dado] aFEI Jlon, FARF
oA 711" f71E9 A Tohs Hsl ot SH I
Azt 3l 7S AAste] BUEPstL sk ¢l
T (Ervik et al., 1997; Yokoyama and Ishihi, 2003; Challouf
et al., 2017). FA& 3 2 dE HA HES Au]&, A
FAor A QI B F stue ¢RI &
ARES FAE Aol9] o2 Bo) AAYIIEo] o
# AED oAIIHE FEsHE AolTHKMI, 2018). o]
2 919 o3 el 47 49T & de Fo A2
HA QA Z A F 57|84 (total organic carbon, TOC), 3
3}4=4: (hydrogen sulfide), AF3EH¢
tion potential, ORP) 2 & A]-5& *] 4> (benthic health index,
BHI) o] chabeh 424 S4ol wet 488 v 9)
o} (Ervik et al., 1997; Yokoyama, 2003; Choi et al., 2013;
Challouf et al., 2017; Sim et al., 2020). ©]& EU =,
FAEF 79T F71EY AsS aHoes A
5t7] Q1% diokA HT Ao mA A EHAE 4 A
= U oh¥4 (multi elements) 9H5 9194 7]HH 9] A 8o
k3] &85 Qloh(Kutti ef al., 2007; Wai et al., 2011;
Callier er al., 2013). ©]<} &3t FAA EHE o g
o A4 A EL YA 1 (613C S]SN)“‘ OFA1Z 3} SA) 7]
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A 4718 wet 2pEFQ] HYE B et A= o
2 #7] 3399 Ed7I9E e vt glrh(Yokoyama
et al., 2006; Wai et al., 2011). ]33 st4 2 AL kY%
A& vl ohoFet A 719 f1EEC] BsHA &
T FAG EHTH A FEH FHEL HES F
3 47182 719 2 7|9 =E gotsls o B8 QA
o 7|17 AWE Fao] o] FojA] o FFA o] Ao
2 £ g& 2 FAA A A AAHE o] F (A A))
7} 3ELAS Frlste f REYA FHLS e
AT v ge Aol

mebd, & AFoAE B8 Y §7189 719 ¢
719% B7HE A AR (sol) 7HRE FAF ] olFH
T % 4 HAE | E/EetE AEY Wkl @
T ALLE B9 EAL AR o]é vlegro 2 37
T HHE U 528 f7189 ASE FAHLE 3
ofgto2H ATtE<Ql AT AE L 7Y ¢ P T Lt
S Aotz skt

1. 997 Xig) W AIZ M

2 2017¢9] §&Z22 150m oA
o} o &Y A Yl 7HF
7 (old fish farm: OFF)I} FH F2] 79
£ oF 500m Bol T2 A (contrololA] HHAHURE
Z (suspended particle matter), 374572 (sinking particles)
4 B & (sediment) A]E (2019 12¢, 2020 3¥, 6¥
0 o) AskAct Fig. 1. AR PAH HHE ) #
7|8ha FEE 8.19~12.06 mg g 'o]H, 0] 59 BEE 60
m o|W 50%7tA Fa" AFE e S gl
SFATH(Kwon er al., 2005). °|& T3 & AFolA 2%
3t control FHL 7+ %F ]72}01]/\1 71Q1% f71EES
= A 7ho] u]
o'] = LH E“j’]
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size: 0.7 um)E I3t Th AAER AEE YA}
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Fig. 1. Sampling locations of seawater, sinking particle and sediment from study site (old fish farming (n=3) and control (n = 3)), Hadong,

South Korea.
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Fig. 2. Vertical profiles of physico-chemical properties (salinity and temperature) and bulk elements (total organic carbon; TOC and total

nitrogen; TN) at (A) old fish farming and (B) control site.

Absto] Axto] o] gatgth §°Ce 5N EAlo ALgE]
£ EZE7FA(CO; gas: 99.999%, N, gas: 99.999%)2] 2 E}
®) e 2HS Y3 EEEZ JAEA-CH-3: —24.7%0 L
IAEA-N-1: 0.4%0)°] AFgEgom, §%C & §°N 24 A
Lr = ZH2F £0.2%0 ©)5t2 S = it

4, Hjo|A|2t BIAl BH! (Bayesian mixing model)

A7EA W E3E 6°C & 5N FE o183t /718
o] 719=5 B o]& 3, RS 083 bayesian
mixing model (R package: mixSIAR, 3.1.12 version)& Ak
&t 771=9 7]dE £45 Al HH=A &4
H 8°C 2 5N #& AMgEtEen, 71og 7S $3)
FHgE o] tE gl (Source data)S AATFHATH(A: Cs 4]
£, 7 719 A R7IER, o7 W, AEEFIE).
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1.+5 &3
OFF A4 Y & 9 JHL 99~25.1°C(12¢€: 10.1+

0.1°C, 39: 10.7£0.2°C, 6¥: 23.4+1.2°C, 10¥: 22.3+
0.1°C) ¥ 30.6~33.8 psu (12¢¥: 31.9+0.1 psu, 3¥: 33.0%
0.1 psu, 6¥: 32.3+0.9 psu, 10¥: 30.6+0.1 psu)2]
912 R ¢rh(Fig. 2). Control 3 W 4 ¥ gre
10.0~25.2°C (12€¥€: 10.5+0.2°C, 39¥: 10.9+0.2°C, 6¥:
24.2+1.1°C, 10€: 22.5+0.2°C) ¥ 30.6~33.5 psu (12¥:
31.9£0.2 psu, 3¥: 33.0£0.1 psu, 62: 32.0£0.7 psu, 10¥:
30.6+£0.1psu)e] HHE Bt (Fig. 2).
EAAUAEE U & 47194 9 4= OFF A3 U
1.9~28mg L™ & 02~04mg L™ HYS 2t E3L,
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control 3 Y & §7|ek4s @ AAL 19~29mgL™' ¥
02~04mg L™ WS Bk AZEZ W & f71ex
2 A4 AAEL OFF A4 Y 1.11~5.61 g m™* day™'
2 0.17~0.75gm > day ' (3€: 1.11gm > day ™', 0.17g m™
day™', 69:3.54+0.30g m > day”', 0.55+£0.04 g m™ day ',
109: 5.61+0.02g m™> day”', 0.75+0.01 gm™ day™") ¢
£ 2 t}(Table 1). E3L, control A W 0|59 IA7}&2
0.75~3.03g m > day”' ¥ 0.11~0.47 mg m > day™' (12€:
0.82+0.38gm > day",0.12+0.01 gm > day ', 39: 0.75+
0.01 g m™? day™, 0.11£0.01 g m™* day™', 69: 3.03£0.02
gm?day”’, 0.4740.01 g m™ day™', 10%: 3.01+0.87 mg

concentrations in sinking particle matters and surface sediments of (A) old fish farming and (B)

m™ day_l 0.41£0.12g m* day™") YIS 2 ¢ ch(Table 1).

SR BA Y BAH §3C o] SISN“ OFF A%
U —20.9~—24.9%o (69: —21.340.5%0, 10¥: —24.0+
1.2%0) & 3.3~5.1%0 (69: 42+1.3%0)2 HYS 2aTt
(Fig. 4). Control A3 W §"°C @ §"°N& —20.6~ —22.7%0
(69: —20.7+0.2%0, 109: —22.1+0.9%0) D 5.0~7.7%0
(64¥: 6.4+1.9%0)% WS EAth(Fig. 4. IF=4 Y
245 5°C 9 §'°NE OFF A4 W —21.3~—21.7%,
7.3~7.5%.2 HYS Edt}(mg 4). Control A4 4 8"C
2 §PNE —202~—21.8%0 D 5.2~7.9%02] HLE B
t} (Fig. 4).

2. E|xg A
HHE U F #7894 9 AAE OFF 349 Y 13.9~

205mg g ¥ 1.5~28mg g HYS Hch(Fig. 3). E
3}, control - U £ 4784 W AAE 12.6~17.1mg
g 9 14~23mg g7 HYE EHTH(Fig. 3). B3 38
7 Y SODX OFF A W 83.2~68.9 mmol m™ day 0]
™, control A7 W 28.7~151.6 mmol m~* day”' ¢S B
StH(Table 1). A& W 244 §°C 2 5'°N& OFF 34
W =204~ —21.5%0 D 6.0~7.6%.2] WS BT} (Fig.
3). Control 73 W 3"°C ¥ §"NE& —21.0~—22.0%0 L
6.6~8.0%02] MY S ®gIrh(Fig. 3).

3. 7712 7IH= 24

FAH HAE Y Y€ —t—ﬁk&?‘&%l*l°4
9 ZEZf (end member) L 2E (8 —20.8+1.1%0, 8"°N:
10.2+0.8%0), C3 A& (8°C: —26.8i0.3%o, SPN: 7.4+
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2.0%0), SA71¢ AAAAS71EA (5°C: —25.8+0.8%o,
8°N: 5.1£0.8%0)°18 EAFE o] A3 h(Kim e
al., 2014; Derrien et al., 2018; Kang et al., 2019). 5 H}j
B9 7L, WS 53 A5H AR (HE 8.1gL A
2 EQHE AHgstg e, 5°C € 58NS —23.3+0.4%,
6.6+0.6% HAE Bt A =d B4 A3 OFF A3
EHE U ofF HidE, 27 GAE, SA7IY 9 &
7|82 Z}7} 55.9%, 38.3%, 1.5%, 4.4% =% e o,
control 373 EAE W 2z} 37.2%, 56.9%, 1.5%, 4.5% %
Urebst T

ZAZIZE 4 S E-ASY #2683 1080 &
I 1283 3] W2 AP 2o AR £x B4
HATH(Fig. 2). o2t & 649 %, 74 W 71
A A (2441355 mm) 2 2 Qs =35 W AL
2 g& A7k A yEhgten A ol F 109 ¢ E

o A AFoR 32 g 225 Bt (Fig. 2).

1
1=}
oot WA, +% THAYABAY F 47194 L F A

2 %% BEXE OFF 33 (22+04mg L™ 2 0.3+0.1 mg
L™} control 3 (2.1+0.1mg L™ @ 0.3+0.1 mg L™

ol AR 9IS Eio(Fig. 2). b ez A% o
AA Y 5N §71%49] F3 $E F7H4mg L
o7t et glom, o] Sl AT R 13
op7|E e FAME A 2 di4 559 I3 & AR
&4 A @itk (Kaehler et al., 2006; Fan et al., 2009; Koh et
al., 2013; Liu et al., 2016). ©]¢} vl @w3te] 2 AFLAHH
248 £5 E548 dAEE W F 71EA 2 FaY
FEE R WG Gmg LT olsh, £ FHEAT
AEZFIE iAol Witsls A N ot =

2 9 g (M =Wal, d2)of HlsiA T3] B2 5
B2 E B th(Bodineau et al., 1998). W&tA =& &
PAEE W S48t & f719s 9 A4 5 W3
A Zpo|Hths 1A e St mE AEA o
o] § A Yehes Ao BIHTh H&o] 5 B
A EAEE W F f718a 9 A9 bl 43~9.
o] HYE Holw, AT H 7t Ho|Hri= AZHOZ 3
At 64l 7HE =1 (9.0+1.4) 1290] 7P 3 B H
(5.1£0.5) Bzt Uepytch gRby o2 Fjokr| o] ga
o} A4 % H|(C/N ratio)= 6.630]3L, $A47| e C/N
ratio7} 14 o]A} 7H& H QIth(Redfied, 1958; Prahl et al.,

ik
=

=
)

b
o

Jo ok rlr ox HI off

9}

1994). 34L& ZH-9-Fo] Wil (8.2+£8.5mm), 3 ZolE ¢
& Zpo|7t YepA] ghEof weh(33.0+0.1 psu) S7HE C/
N Hl= 371 {712 REEH3E, gt goh 571 2
F71E W dagEe] 4R 2l g g I
Aol 9l& Aoz WET) (Thornton et al., 1994). ©]=
27 699 A, ol F7HE L (24.4+35.5mm) F
S dold F&9 #0](32.3£0.9psu)S EYol| wh 4
7Y g2 fY FAE FAF R BIT Aol wdt
E o} (Prahl et al., 1994; Cloern et al., 2002).

AT A 2442 B 2 YR EHS A E
2 OFF o)A 96.8+105g m™* day™', control A& ]
A 61.1£49g m™ day o] WS HPov], AH 7+ 54
2§93 &l (p>0.1005 HolA| 3ttt (Fig. 3). 23]
ATEE W 10€9] A9, ARt oE JEo| ¥ £
o] Eopof wtet ZlojH E3tFo| WFE G %ol =
> W dAELY M =2 AAES EYTHOFF B4:
246.6 g m > day ™', control A: 129.4g m > day ™). & @
T Aol A FrIeAet A9 F& vl oF 7.57F UE
ol wet =3 W 7Y K71 AHE (detritus) ] 7
o] 3715 Z o2 HohETH(Thornton et al., 1994). W¥A1&
ol & AP== Y (F%F, o, Sx)olA B7HE
AAER ] AL 61.1~109.0g m ™ day Q] HY=Z U}
ERtar glom (Park er al., 2012), 53] o|F 75| A%
oA A Yetde IA3FE FARESY Fol Al ¥
Hi A 7g ol oFt S wrYsts AR Bt (Tovar er
al., 2000; Park ef al., 2012). H] 2 B AR oA 422 ¢
A=A AAFT= AR A E Bolu, @A o/ &
AgEo] FHE AS 1HFS W 3 W dAEES F
st 7718 242 diHE 25 (phytoplankton) @ S
7149 (terrestrial C; plants) f7]€°] £A= o] I} A
oz} I dutFor 3 W {7ES AS HA
o B A5 &E24A a9 F2 AR FEHA w3t
£ op7|ste] EAE 4t gS S7HAXITH (Hargrave
et al., 1993; Kim et al., 2011). & AFAGol|x ZHH ¥
A& A4 Q32 (OFF AA: 87.0+32 mmol O, m™ day™’
9 control B4: 72.6+ 54 mmolO, m™> day ) A 7+ 2}
ol Htt= AFEH BT ol EHtH(Fig. 3). Bt H4
A 3t At HAE Hd HAHE ALQTHFLS 16+
6 mmolO, m™ day”'2 LA 1o, ojF 7HEE] ¥4
o] gt APHE= HAEAE Hh 142 mmolO; m™
day™'o] ® 912 Rtk (Lee ef al., 2012; Park er al., 2012;
Choi et al., 2020). & ATLZHNA SHE EH= 4t 2
FFe 2 A%A Y (31~225 mmol m™ day ) FALS}
AU & FE EoH (Park er al,, 2012), 75 W 4T
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o] §71%0] HAsol A& Bt AAHYS A
olgt TR ME ATHY HAE Aolo] FATFo
g3 of/| s FAH 9712 Bl Al A @
A7 ) ek 27149l A7vt WastAw, & o
TAG Y A AR o7 HEY FABF A
Sulda A gl B ATAR TF FANE WA
2o theF 24 U SAalol 3] B3 HAE W ¥4
$71%0] Qs ZASE Aoz BerET S8, A
5 Q0179) B F oF 2¥o] AL ojds| Lt
AYHD G Ao WHED, o] FAF o4 F 5
H@7o] AAF 0 ANHLET BrlolE ojei o] 9
£ Ao gotEth thebd, 487 2@ g A
o Ak YA E FAH 4718 719 D 7)o o}
o] W4Aoln), o|F B3 HHAQ ofgeA Teluto]
ANE Bzt e Ao BoE,

2. 97IEA W A obMEQRIA By

OFF A ojA B49 §°Ce ReAUAEZ,

A 9 HHENAN —22.7+1.8%0, —21.3+0.1%0, —21.1
+0.4%0% HYS HFon, §°NE 4.2+1.3%, 7.5+
0.2%0, 1.2%£0.5%02] HHAE E It (Fig. 4). Control F3A
oA 24 §CE RHUAER, IAERL € HHE
A —21.4%1.0 %o, —21.0£0.8%0, —21.3+0.3%02] HY
£ 2¥on, §¥NE 6.4%1.9%0, 6.8+ 1.4%0, 7.4£0.5%0
o] WS ATk (Fig. 4). kg oz §°CE firE C
o} Bcol ez 245 Adgd U W HE =
Bt} (Craig, 1957; Fry, 1988). A2 E2] 79 7] & o]
APl o83t FIA 7% Apol2 Q3 C Al A
& (Calvin cycle: —35%o~ —20%0)Z} Cs A8 2]& (Hatch-
Slack: —18%c~ —7%0)& A2 ThE §°C Aol & 7MAL
T} (Smith and Epstein, 1971; Heckathorn et al., 1999). 3}
FREL A2, §°CTF —30%0~ — 18%c2 THstn], 19
Zof YATFE 72 ZhE 7HATHRau er al., 1982).
7, 3"NE g 2E "Nt PNo| Fej2 ZA 3 (Mariotti.
1983). 7] % 3"N& 0%.0]1, 21 &0 2|3t Q&2 2
4 114 (biological N; fixation) I3 59 ¢4 £
2 )% &oba] §PN7F 0%l 74T (Fry, 1988). B%
o] $A71¢Y {71E "NE HY7Y F71 R 7y
L & 7FA W (Peters et al., 1978; Ehleringer and Rundel,
1989; Hedges et al., 1997; Cloern et al., 2002), 7}= &

oA AT drYol IYERE TS0 FA HEE=
20%0~30%02] FAL 3°NZ Ueh 1 itk (Costanzo et
al., 2005). @EhA, 2 AFFZANA FRALYA=EE, A%

RN

Meojoiel - A= - HEE - Y

. 213 Xt

At -

2

.O|

rio

o

=5l
22 4 §°C ¢ 3"N g2 satetA vlE §de ALt
277193 S4719 /7189 £9E 7|oE B9
P Aolzt BrArt

BoAQAEA, 752 4 HHE 4 2449 s°C
o] G AR ot =], 5PN e HAYAER €
AE Atolof] fogt FHUA g o] (p<0.05F BT
gutd o g BRYYREATL vwste], EE §71E W
8N g2 Az ez 244 veiud EHE 4 EHHE
£ BFAA =5 RELY A"y Efagat A
o] Qlth(Yokoyama et al., 2006). FA|A E| XS 2 F4
AEZHE 7|3t sjdEo] it &= Q3 &2 F
A& g Holr, o|2 Q3 EHE W 7 471E &
s|7F &35 A= 4 Stk (Navarro and Tompson, 1997;
Callier et al., 2006). B|2-0] FAXE-o] ujd J3FL k4]
Y 3 2gs dovle FH 8902 1EY, of
2 sl olF 7HFE] FAF HHE W AArd, -, 91§
ARt Ay 39 (718~2022 nmol cm ™ day ')©]
71 A SAE I Qs AA o]tk (Choi et al., 2020). O]
£ 1YL o, & d7AY HHE Y AdFHeE 7Y
A vehd §°N g2 3714 @704 F2 AJPHE Y
RS (o gAaAsh By EYgs 23 FHE Y oF
719 {7159 o= fdol FH f<log Bt &
3] E™E W FANEY id FFE gl e,
A o 7HFE FAEE7IZE Bt AHEE wiEALE W
A EUAGRC @ §PN)9 MYE ZHF —22.840.2%0,
6.4+0.0%:2 Bt} o] 7|hto g AY vjoks 53 %
]9 thAtRg Fot e HAEAES ZHTE £ 9%le
o, 0] 59| §°C & "N Z+z} —23.3+£0.4%0, 5.8£0.5%0
o] HE yehich Autzo g §C Halets g wjAd
E U "N g2 Az ez 7he e Yehth o
7o AR FRste] wigAE W ohFst AR
F ANH o2 7182 8PN g (1.0~3.8%) 7 &
< 9FE = glon, o] HAEL AY afHoR
2] ¢k vjAE S Aolet WETH(Hall ef al., 1992;
Yokoyama et al., 2006). W2tA], BFA & (A YAE
A, AZER, HHE) 9 vjlAE Alolof A=<l §°C ¢
3UN 7 Eelstglon, o]8 Egi2 d3A Y HYE
AEHR] R71E 71l da] 2oy Hddt Qv Wadh
Holgt BeEh

LK

O

ool ox
4z o

3. WA LA E

12

= U 772 22 848

HHE ) 4E0] Yt 47189 V=g UAmy
(mixSIAR)S E3] setsto], HHE | 4712 7o 54
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Fig. 5. Relative contribution of various organic sources (A: fish fecal, B; phytoplankton, C: C3 plant and D: river-derived particle organic
matter, n = 12) in surface sediments of both study sites (old fish farming and control site).

< wotetazl ekt (Fig. 5). & A+ 3A HAE A
olo] o]F HiHE % 2FO FRI {7IEY 7d= X
o] (p<0.05)7} Ut on, 3tA off 7HRg FAEFe
2 Q3 OFF AA U olF WidEY $£HZ 7|4& &<l
g AR AF s EY Ay B HHE Y ok
AP et o1 g P Y CA s Bl S R 2 Y R B SR
, S AL, F33E)Y B ¥SE Fol HUbEL e
(Choi et al., 2013; Sim et al., 2020), 1% 3359 5=
37N ol 50%7F HaEH F s 2 F e
14719 5 oF 25~40% Z4E Ao 2 gotegith(Sim
et al., 2020). FAFT 0]F(2017¢) & AFAHH FHAE
o] & f71EA FFL 20mg g oJUIE RALE o] FAH3H
I EES AL ot ARE AT A FH YA B
A A3} o7 M EY] 7= A5 AHHoR 2 A
° 2 gord o]g dates FAFY T & A+AY
EHE Y §71E9 2324 (SOD: 87.0+32.7 mmol m™
day ")o| AFdWs}o] wha} s WPHo|=E B8,
A 5718 U ofF EEY st A8 w2 52
2 got Atk AL YuE 5= itk AAR o] d A+ A
o] 2 o] F FAA EFHEGem W) Wi I Hol
AREY AREYE= WAEY] FH0] A YEhda 9l
on, o]59] Bl 1270Y ojAo] APZo= A3 &

Al

3
2T
£

e e &

A=A G 2AFS & 4= 9lth(McGhie e al., 2000). T
o] ZFEHE Yol EEAst= FA71d f71E 28t
2 o9 FUFETGE AASEH YREL AFE
3hof wat 22kd 4= th(Ding and Sun, 2005). 53]
F A=Y A olF A7 9) W EAst= A E0]
A EHEHOEZN FH o2 A Edlj7Hs 3t (labile)
f7180] 270 WA 237} FA2(~100 mmol m™
day™), 717t W& F9| Atav} AREY BF FAAZR
A W oF WA= 23l =5 A= 2HE o]
%ttt} (Piedecausa et al., 2012). Watx] B A AnE 3
AR 3 5 HrIE YA AHEEE v SR REL
FAlold Al7lof whet ApEAQ A-go] Fasirta Yzt
=, HY AL LT|RE 7] = Brhs SV A oS
3B7HE Y8l F85tA &82 Aozt BdHth 23 o]
£ EAE, o33 59 AAH AES $8f %A
EHE WY WA= ST T3 At FrHEeR
283 Aolgt wtd

x
1

)

2 AT E oF FAF B #7129 719 % 719
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olitt= AAA e Mo weh Ady R2E B
o AR HAE Y 249 §ON 2 #5719 A4
Aib= {3t Aolg ByoH, A Rr|ee {7
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