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HE AHLHEREL FROSHKEEESANZ ZAMBA0E. FREABAASEITHRE L SR L
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1 5%

AERAR IR T i N = SRR R 2R
T 51 S, TEAE 35 b SO 36 sk ) S AR . 2013
HSH, EEBRENT WA G, HERR A
R (COIKBEENET L EH XEIE400ppm
(Ippm=1mg/L)(Showstack, 2013). KFCOIX—¥ &K
ST e A LR P 5 B R 340754 L 150077 F LB
F&3400 /7 9 LUK 1) 5% =1 1E (Beerling MRoyer, 2011; Bij-
ma%%, 2013; Brigham-Grette%¥, 2013). i #rt-45Hrth:

T IR, RARAEY, WEF ALY, F 4B E, DSMP, 23L&, BAHRE, BFRL

B ELE(PETM) I I BB R 21 91.1Pg Ca™', T
fE & 1T 25660077 4 LISk Hh 5 rb ) B v R SR BRORE TR
(Zeebe®:, 2016), {HZ, X477 N NBBEBEE (L)
10Pg C a~ ") JL T PETMB R R (1065, N AP 21
R CO, & HHE 3 B s A R R BE . ARARAR
FRAK PR AE =i B, X PR & O & e Bk S M
AR IR B T (Bijmas, 2013). HuiA KEXTA
NCO, 51 AR AL KA BRI I 7T, SR1M0, FRCO,
PAAR,  HoAdi = G e (CH ) A — %L —Z(N,0)
238 i 4= BRAE % (Dickinson fllCicerone, 1986; Ra-
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vishankara%s, 2009; Dlugokencky4¥, 2011; Montzka%s,
2011; CarpenterZs, 2012). fEZHJLAMEZL, CHY
NLOFIHE Rt 2R3 I, X 32 22 AN 835 3l i ik
ff(Forster%s, 2007; BakkerZs, 2014). REH —RKFA]
A Al R A COHEBUR 4], (B AhR =S
P A BRAR R RNATY AR 25 T B4 BR KR4 TR (Solomon
4 2010; Montzka%s, 2011). A4 ERAS Ak I8 22 1 L T
TS H A 0 [R] I 2 BE T A B A

CH 2 AN IR T CO, 1Y 5 B Jal b (1l =5 S04k, AR
TRl DALY, 4 RTCH, 4R A48 5 58 08 19 0 o ik %
FEI20%(Wuebbles FlHayhoe, 2002; MontzkaZs, 2011;
Kirschke%#, 2013). HAAKSHCH, K (£1.83ppm)iz
KT COLRFE(Z1400ppm), 1H N At B () CH dia 5 ioe
219 N iE B CO 48 5 55838 (1) 1/4~1/3(Etminan s,
2016; RuppelfiKessler, 2017). HTid & A NHEK, K
ASH ) CHL R B B4 LLZ2% (1 368 52 3 3 (Rasmussen 1
Khalil, 1981). 417, K H ICH,IRE 2 /b it 2:8077
LSRR, H Ty Lok C 28N 1 2.5,
I H 3 E i A\ 35353 i& i (Wuebbles fllHayhoe, 2002;
Loulergue®¥, 2008; Dlugokencky%s, 2011). #HLLZ T,
6] KA COL IR FE 8 IE AN /£ 50%. (R, B 5T
FRIF, CHEAERSFARRR SR R IE 7 E 2R H
(RuppelfilKessler, 2017), CH,54ERARRE 2 8] 1) 1E %
TGP B i T i — A IE(MacDougal IFIK nutti,
2016). AERCH,HEK & A 11419500~600Tg a~'(Con-
rad, 2009; GhoshZ%, 2015; Tsuruta$, 2017). fE4xER4%
BEIGSZM T, FilihCH, ) B AR A N HE R 2 4k 45
I (Montzka%%, 2011; Hamdanf1Wickland, 2016), iX
I SReN St A BRI BE 1 b T P AR T ORI

TR KA TT 10, CH B RIE 73R4 HEE
YER. TEXHRZH, CH 5 H H3E(OHe) &L, 1X—
AR R T RS B (MontzkaZs, 2011; Pratherfll
Holmes, 2017). CH,MAMIEH BT FREKES
(H O R, X2 5 B A BRARRE 1) — Al = <44
(Isaksen®%, 2011). B 7 /E R ARCHICZ A, 2
B R AR LA IR R = SR S AL S R
LSRR IR IR T T B R 35 56 2 ZEE F (Montzka %,
2011). tbAh, FEHHERBEAMRET EEN =
FAALBIR(SO,), TE RO BRI A — 2 B iR AF A i
R Th A (Montzkas, 2011). B, @it iE K AKS
CH, ¥ 75 fiy A e AR it 2 vp HoAth R = SR 3, H
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2 ARV CH X FR 28 5 H JE (17 FE A 1T REXT 4 Bk AR R
EH 1E R miE H (Isaksen®®, 2011; Montzka%%, 2011).
CO,&CH, A=), CH,H LR &3 | KA
CO, [k E (IsaksenZ%, 2011). #h4b, EIfECH, 1IN J9HE
JATRAZE L, HEM RS AEm RAYELA L, CH AT
R Tk AR T R 82 R A R T T A R e e
73 B IA(>2004) H Z 5200 (Zickfeld5, 2017; Son-
nemannfliGrygalashvyly, 2014). SIS, CH,AIRES
TE A SR [0 b 3K A=A AN R 58 28 G Hh R 4 b R il B 22 11
1EH.

PL1OOAEHATE, CH,M ARG I 5 (GWP)Z&CO,
1202 £5. SRTM0, N T IEA AR RO )RS T
ABRARRE AT B R, L2004 HITE 1) CH, A BRI i
BN EEEERE, HECO,M70% % (Wuebbles I
Hayhoe, 2002; Karthikeyans, 2015). B ARTE 55 RS (8] A
BT EEBRER, (ER 78 G e H el 2 R4
KR, ARG FHCREAT ), DL 4k
AR 7 SR ) f& B (Hansen2%, 2007; MacCracken, 2008).
AASEH, UETR NGB BT 5 R BRI ] fE 2
ANAIERL ), AR BRATTAS R R T R HUAT B EAS
AP RBHIE S A A b, A AT RE 51 R 2 K AL
N, R ER K A O 5P AN E R R AS (Frondel 55,
2002; Solomon%%, 2009; HansenZ%, 2013; Schleuning
4, 2016). BT KA CH,MFRSHariciz i T CO,M
FadSFidm, DRIk CH (VA B HAth 0 73 i Ui 2 A4 1)
HEBUS % RE 66 A R Is b 2% i < 0% A5 fK.(Montzka
%, 2011; Karol%%, 2013). FEBR RS 4 (CH, M H A%
F i i = AR LR BR CO, AT DLE e 1 98 /b 58 5 5k e
(Zickfeld%s, 2017). EARIL LA SE 2 Fh H SRR A T H
B HEHCR (BT, AR — L8 1 L i B K
CH, 1) 5T Wik 1 A 1S 2 WA B i 25, 3 vh A e 3 ot
(Kirschke%¥, 2013; Hamdanf1Wickland, 2016). X—1%
BLEZIA T X CH, 5 S 1) A BRARBE RN WL R 2R &
P P TR B LA ok 22 <A A5 4 H () .

2 TR S HE R

— I 5, TR = A CO,. FEAS T,
E Mk PASR K 2940% 1 N N HETRC O 8 7 BT
K (Sabine4s, 2004; McKinley%s, 2016; DeVries%¥,
2017). SR, W & g R KA CH, MR, RE £
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B 1 23kEEHER IR
HdEk H Conrad(2009) K1 AronsonZ(2013)

A R B H O R I A = (Bange%, 1994; Mat-
thews, 1994; Kriiger:, 2005; CarpenterZs, 2012). #i
2 RS MICH AR A2 91.3~13Tg a”' (Ruppel il
Kessler, 2017). #R1f1, WIHRRIAETEFE A, HT5k
Z NG SRR T 55 SR RN A BRIV VR I K B TR) e 0
{8, M E PSR Z A E N, H H e TeEm 21
VECH, HE FI B 25 5 45 (Bange, 2006; FischerZs, 2013;
Hamdanf1Wickland, 2016). - CH i B & IR
358 P C5C T R AR B KRS B ) AR Ak, i L CHL i i
KRR 5 6 723 A8 Ak BT 1) 05 AR 56 45 15 B #F BT (Bates 5%,
1996; Ortiz-Llorentefll Alvarez-Cobelas, 2012; Wilson
&5, 2017). LEX ORI ARG Bl N Bk = FAA 2 05 I R A
23 [ oy 2R K I B BELAS T A BRI VR CHL 2L
ARG, MM JE i) A BRIV 1) CH HE R 047 1
Ak 5.

S b, 4 BRIE R CH, HERCE K IR
(Bridgham?%, 2013). i — W AWM E R, M
2000~20074F, 4Bk A 198 1P 3 CH AR E
(177.2+49.7)Tg CH, a~'(ZhangZs, 2017). {F Kl 5
T, VR X 3 R K B CH B IR 4 T B KR
. BT KEAIWFRAEFRE . MRS A%
TSN, R R A R R A S B, X3
rh kAL 4% CH, R AR i (VizzaZs, 2017; Xiao L2, 2017).
ER AR VIR 1 (1 38 0 I /K IR AN R o 6m ) ¥ K (X 45K
(Navid, 1989){X (5 4BRIGFE RGN —/Nsr, (HHE=
A PRI CH, AT BEAG % 7 413 Vo] 1 RT3 ¥ 38 CH, HE T
T EORYE(Wang%:, 2016).

TEWGVEH, VR 2200 LRI 52 /K 3802 CH, B HE R R
RUREE, X8 H 2 5 Z B DR AT AR IR BN DA
TREAFN A T IR AR Y B = F AR F 51 1)
(ZhangZ, 2004, 2008; Bange, 2006; ZhouZf, 2009;
Borges%%, 2016; Upstill-Goddardf1Barnes, 2016; Farias
25 2017; Sela-Adler®%, 2017; Tseng®%, 2017). (& 1 H#
FEREIRCH, AL, AR LIS S s E ALY
FrgFRER, SR OS5 MBE H 2 M AY
AR RIS BN, I AR SR R (B0 2= 71T 1k A
FERTEKM(NaqviZs, 2010; DangflJiao, 2014). Ik
A, AT 5 I KA E S A R AR ) BT R,
AJ BELERURL A P A AL SR AN TG A R B, BRI T IR
A AE AR IS FE (Brookss%, 1981; Wright%,
2012; DangfllJiao, 2014; DangflLovell, 2016). J#E/K
(R SR PR AN S5 B T PR U™ HR e o T 1 = R e
F F B2 CH, I - S OB L (Offre s, 2013; WenZ%, 2017).
JRUER V500 R S AR — /N, (B
T CH HE R 7T B8 5 i CH, S HE IR 1 75% /2 4
(Bange%%, 1994; Reeburgh, 2007).

W B TR BN K2 K CH, i B3R JE K, B
S CH, KR (Bangess, 1998; CapelleflTortell,
2016; Chronopoulous, 2017). Itt4h, EFHREFEME
HE KA E IR ERFE I, RO IEFIED A
PR SRR R AR, R AR K CH IR AR
RAE BT 75 10 B SR E S R B (Sansone %, 2001,
Wright%%, 2012; Bakun, 2017; Shepherd%s, 2017).
I, & R IX BEE L EKE B Z B & CH,
AR AR IO S, AR AL T BRI i B, 4
TRTE B A HLIX (SydemanZs, 2014; WangZ, 2015),
X Fh 728 A0 0T R 23 ™ B 5 0 3T v AR S R AL ) 45 H A L)
fe, CLHE I 98 1) CH AN, O S8 i 2 UM [ A2 B % AR,
HETH.

VURRA) 2 7K CH, [ £ Z K P (Oreuttds, 2013;
Chronopoulou®s, 2017; Tseng®s, 2017; Xiao K Q%,
2017). YURPH s A SR AR aE 1 1 = R R S5 IR AR
WAEARIHE F (Ferry FlLessner, 2008; Sela-Adlerss,
2017). WGUIRMBENRKEVAIY), FETRE
PIIRCH, A B(Wen%E, 2017). HFEFEVT 20400
DU ELHL & A bt K &Y (WA N RIR K ED),
DRI HC AR A R 1 B AR B v FE U, RAR ARG
KA HCH,(Conrad, 2009). HLAR MIRFEERIR K
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EWHEE RS I CH, i 5 8 H AT R N &6Tga™',
i FE2~9Tg a~")(Ruppel flKessler, 2017), H RIS AKE
DA AT B A5 A T AR R B 8] PR TBCHE K B I CH U4,
[R] 1 HC TT B ) B AR Of 4% BR A5 AR AL 1) I 2 £ (Archer
&%, 2009; Carpenterss, 2012).

3 RBZUKEWR SeH O AR AL AL
LIS

TESH RRZUKEMITIRYI T, CHHERE
a] gEdEH A\ (BoetiusfllWenzhofer, 2013; Rakowski
&5, 2015). B, VGRS IIX I, KA HiR)E BT
FICH, i1 il 7A400m = & (DangZ, 2010). “EXE A
CH, 5 # Rl CH, 11 A2 i #2 # mT DA i3 CH 72 ¥ v
UURRY) A B AR B (Archer, 2007; Reeburgh, 2007; Hester
FiBrewer, 2009). TEAIEMSMARL KR EESE
KMEF, WEFETURY TR TR B e K A ) (Ruppel £
Kessler, 2017). #fliil, HWERRSKEDH RS
A K EMICH,, 43RG FE A 1.5 5 41700~4100000Gt C
(Kvenvolden, 1988). s it H. 22 BH, 3 H /K G401
1R AT REAL T B A THE R AIC, £9°91100~2000Gt C
(Archer%, 2009; Boswell FliCollett, 2011; Kretschmer%%,
2015; RuppelflKessler, 2017). BT RIRSKE
Vi 2 (] o AT AR TP AN A 2], I HOl R B = 423K
PR R, BB RINFOKEW T IRIEAT
WERA AL 598 5 B (Marin-MorenoZ%, 2016), 1 H.X >k
J5 T AR B R AR SR G W1 CH, HE 808 & AT Al
SR AH 2 R HE () (Matthews, 1994).

R RFEHR 2 R E [ CH, UM IR R AR K
SV RE R, H2 R A ERGEE H RN
SKEVICH, LB E Rl et AR, 3 i — Al 4,
IKEWICH, i KA CH, S 1 BB T BEAN 2% 76 4+
(Matthews, 1994; Conrad, 2009; Hamdan#1Wickland,
2016; RuppelflKessler, 2017). PR48 5 178 g F e
A (0, 355 4 B R 0 TR ) T T ORI K RO
R B CH,, AT A8 B R BRAIR 1 4 BRIV 1) KA
FR 5 R 3G B (Kriiger®%:, 2005; Reeburgh, 2007; Knit-
telf1Boetius, 2009; DiSpirito%, 2016; James%, 2016).
1R 22 1 W Be i A Pt iy [l 0B A0 g, i A= P T 4
{2 CH, AR (Auman%s, 2001; Dedysh%%, 2004;
Pernthaler?s, 2008; DangZ%, 2009; DekasZ, 2009;
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Khadem4¥, 2010; Fernandez-Carrera%¥, 2016). iXFfist
FEFNAEALTE N SRR R B, MR A e S5 'S
B CH PRI SR AE R g 5 vp 58 Bl L3k 4 k.

BT AR, KEPDICH,HERO 4 Bk AR B
AF7E 5 B N0 28 O 521 (Biastoch %, 2011; Kretschmer
4%, 2015; Mestdagh%%, 2017). & RARSKEW IR
ST T BUR K 2 CH AR A 2 S 8o ek st -
AL g s A R ) — AN R EERR R, X
Horb i B AEPETM S A S B bR 155 BR UK ST 1) 26 45 55
(DickensZ§, 1995, 1997; Kennett?, 2003; Maslin%%,
2004; SvensenZf, 2004; KennedyZ%, 2008; Dickens,
2011). RHUBLTE e MW R IR SR B W) 53 At B
HMeMECH, HE I 7] B T 80 T KO 4 A4 1 K A (Katz
2%, 1999; NorrisfIRSh1, 1999; HesselboZ%, 2000). K&
“H] BRUK IS B 1t 52 2] 7 53 &% (Higgins Al Schrag, 2006;
Sowers, 2006; Gutjahrs, 2017), {HAEX 5 4 1) R
b BRI KRR IR I PR R AR SR B o3 A B HE T L
() CH 4 T B AT 28 Xof b BR A 7 A 3L (1) 52 Wi (Archer
25, 2009), Leifer®:(2006) I 7t K IR B, IR AR S
IKEWTER B R R R CH, SRR, RIS
CH &M HmAAmi Ak, vl gl x4k, thah,
IKE D53 fERE T I CHLE AL I R T AE 1 0,97
HECO,, FEFHEEMER I (Biastoch%¥, 2011; Bou-
dreau¥, 2015).

FARFIKE YRS ZS R PR 2 B HO R B AN )
SARBUR, DU SR /K G TT e 32 2 K HR &
BT & 4E 43 iR (Reagan fIMoridis, 2007; Hunter
2 2013; RuppelfKessler, 2017). 45 HHEMN, %5 4 FR
A PR L R, RIRSKE o il 7= A ) CH, HE
TR BE 2 A2 5 B | 50 (Kvenvolden, 1988). A ilEHE%& M,
A BRAR IR O A 1 N BRI B R (MasudaSE,
2010; Mora%%, 2013; LevinfllLe Bris, 2015). BT 7T
R, FERFEL BRI M T, W R R SKEY
(ICH, AR & TS, R b ok i 2l ik
7K g ok S5 BUBCER B A G R i b (Reagan Ml Moridis,
2007; Shakhova%§, 2010; IsaksenZ, 2011; Marin-
MorenoZ%, 2013; ThatcherZs, 2013; JamesZs, 2016).
OV IOV SRR N 25 SR SR, el B 4= Bk AR IR, CH,
2 MR SKE Wb 4 58 2 HURE T B K S (Archer,
2007; Thatcher&s, 2013; Stranne%¥, 2017). ifj H., 4=Bk4F
AR — RS, Sefr B ek R4 L H A
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I3 ARSIt AR AN TR AL AR A (MeNeall 5, 2011). X
PRI, g SN SR IE R AR BN T RE S
B BN (B AN AT 1 5% (1) A8 K (MeNeall%§, 2011).
filtn, ¥F 2 AR RS o R TTRYICH B A
W R I ) & PE S (Stranne &, 2017). BR 4 ERAZAE
S AR IR B G B Ak, IS A AE
fibn AT B 23 5 M DU R AR SRS W e PE AN CH FE )
IEFEANAIZR. AR AR P] RE 2 SO P S
FOMIBE LR R s, i, S5 78 BRI 2K iR
FE AR A ] B 2238 BT A AU SE 1 Sl 1) o8 ) A 7 1)
IR RAR SR B PP 2k £ 48 € 1 (Phrampus fTHorn-
bach, 2012). 15K I ARSI S K G PIZ A He
JRFEAETA I AFAE T A — R X, 00 i K L 5 Rk o]
e SRR R SR E W o R KB CH AUk
(SvensenZs, 2004), B AHhER K% $(£180%) K 1iE
BRAEAEHE RIS, KRN 76 K AT e
PE(Embley%s, 2006). K HIAG I 3 2 — Fh = E
JRRE, AI5URERE R EEER . HE. kil XA
RIRSIKE W 53 5522 5| R ST B % 35 (Masson®E:,
2006; GeisslerZs, 2016; HandwergerZs, 2017), ik X
2 PECE R RN SR GV o fdiG 5,  FERETRH
CH,. MRl o HE P EORIE ™ R SRR AKE
Y4y, InJECH,5 YR (Tsunogai%s, 2012; FischerZ%,
2013; Obzhirov, 2013; Geersenss, 2016). 4=ERATHEA]
Reex 5 IR — iy i 5T o T A PR AR AR L, )
W, IR KARIE F] Be 2318 R IR K G R L FaE
P, BETT AT RE 2 1RSI R R R AR, TRt — 25
RAKEVICH MBI, XS OLTT Re 22 K AEAE AL UK
A — 23R X I, EMS B = AR IR, P REICAFALE
H AL, fEX L, SRR FEUK S E, JF
T8I Hh e A TR R 3 B8O s e R IR OB ST .
KR I T B AT BE S R S R AR UK BRI RS 2
PE, AN BRI 35 F0 AR SR G4 40 fi S A1
KA (Maslin®s, 2010). #bAb, i EAMARRUKE
YIRE ML IT R A AT e 22 51 R RIRTIKE W53 il 3R T
H{CH,(Glasby, 2003; Zhang#f1Zhai, 2015; Fernandez-
Carrera®s, 2016). /K & YICH B UG 4 ERAS % 2= A ) 1F
SN AR 25 T 51 R R A TR M1 R AR SK S
CH B TR e e ARAE, ARG T 22 AR FE0 K
RIRIK B W0 4 3R A A A v A B 22 5 1) 1) S
(ReaganfIMoridis, 2008; ArcherZs, 2009; Carpenterss,

2012; RuppelfKessler, 2017).

4 R B & onT AR

VFZAED) = A = SR, IR A BRAR R 8, 451
i, PSS, P R S NSRS S O IR F e Rk
B KIL60%(JablonskiZE, 2015). 829\ N kAN A
OB A sk el s
M FBE K ) R B G R A (Baleh 3, 1979;
Garcia%s, 2000; LiufIWhitman, 2008). it K 1 —
S B TR FE b B IS EE,  WMethanoflorenta-
ceaeBt(FE T F I E ). Methanocellales H Al
Methanomassiliicoccales H (73 %l 52 J& T FH bt 7 b4 44 A1
AJFARZN), LA MethanofastidiosaZ¥ fllMethanonatro-
narchaeiaZ¥(Sakai%s, 2008; lino%%, 2013; Mondavs,
2014; Nobu%%, 2016; SorokinZs, 2017). 4k, ¥ ¥k &
LTRSS TR B e B R, SRR TR
(Bathyarchaeota) 8% =5 14 1 [ | J(Verstraetearchaeota)
(Evans%, 2015; Vanwonterghem%s, 2016).

FEP= et B R I e T DY AN [F] 77 FE b
AR (1) RIAHME8 BT AR IR CO, AAE K
CH, A E B A%, (2) KRHBEIR EAE A RN
JERAREAT PR A AR B LR R B = R IR AR (3) K
FHH AL — AL S Pl FE L FE ORT HR A ) g S
JEAEAT FR R B AR I F RS SR A AR I AR (4)
K FH R AL — B Ak & P E D OB A 5 AHL A ()
TR 54 W A AR ol PR o 1) PR RSO Ji = R b s AR
(Kallistova%s, 2017). ##HEFEM(CoM) A EEF 0002 = H ¢
W DR, LA ML 5 2 — RO AR
KR A, FECHA MR G — 2 K¥EAEH(Balch
£ 1979; Friedrich, 2005; KrishnakumarZs, 2008;
Purwantini%s, 2014; Dziewit%, 2015; Greening%¥,
2016). IR BT = R GE R L R AR B AR A A 12
REGIAEYD, R BB QR S A TR P A g 7K 5 Bk
SEFREE P g (Valentine, 2011; Offre2%, 2013; Welte
HIDeppenmeier, 2014). &4 (1) B b id #2 = A AR
WaE 2 A% D H(Schink, 1997; SchiferZs, 1999), 1E1F
A HAD A A E AT R A, P
FERETE T L TR ME R B I 1) 35 4 3 (Sela-Adler %%,
2017; Wen%%, 2017). SR1, & NHFIZ, M T KA
MICH R, ABRiEE IR 23R 2 ik R 2 & Kk
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FICH AN I AN, 31X —4 N SRR I R RR it
P18 (Reeburgh, 2007; Karl%%, 2008). K EiFHE
FW, XA ) CH AR AT BE A2 72 SR AL K A4 o = A
0, FERRT MRS B HE (Lamontagne s, 1971;
ScrantonflBrewer, 1977). #afli%, ERARHEHEA KRS
flICH, B & 7 G649 3.6 Tg a~ ' (Lambert Schmidt,
1993; Bange®%, 1994), T Hfth — L 57 U] 55 B S PR i@
B(£40.4Tg a” ) AT Bk — D BB L (Bates™, 1996;
Rhee®%, 2009). E AT K3 [\ KA CH B0 &
FhETHELEA R 90 o 22 AR K, (U AR 3 A
KIS 2 [ KSR HE I CHL IR, RIS, %3R85
() FR e 2B AL B AT i AR 2 H— B A T3 4
1 (Reeburgh, 2007; Karl&, 2008; Conrad, 2009;
Rakowski%¥, 2015; Tseng®%, 2017).

VR URL ) R T S ) Y TE A B SR S A B T
REAFAE TG BRI 7= W ke o B, ok T 2 K AR SR A 1)
CH,E AT B (Oremland, 1979; Brooks%%, 1981; Cy-
narfllYayanos, 1991; de AngelisfllLee, 1994; Karl#fll
Tilbrook, 1994; Tilbrookf1Karl, 1995; Marty%%, 1997;
Holmes%%, 2000; Reeburgh, 2007; Sasakawa%, 2008;
Ditchfield®%, 2012; DangflLovell, 2016). — &8 Fl 5
o AT e AR S MR Z AR IR R T AR A
IERL filtn, —er= L n] e A% T A7
W, JF ARG R K 2 77 CH, % 1 (Zehnder AT
Wuhrmann, 1977; Jarrell, 1985; SieburthZs, 1993;
Tholen%%, 2007; Poehlein®s, 2017). BT H [AIEZHHEY)
PP A0 AR R AR RE A I I, i ER )2
IK T RE 2= 4 I S 2 N B R AE B A2 Ak (Dang Ml Lovell,
2016). TERIE], HFERIUR A AN AR M) P B 55 T R 4
PR IEMIAEE, Mgt~ HeEH. M H, —2
IR A 73 B 15 21 0 7= FR o B R A5 T 22 PR B 228 8
1, A )T 58 B RO ) A A 5 5 P (- D 30
AR A/BH L IE) (Dangf1Lovell, 2016; PoehleinZs,
2017). feilt, fEFR BRI T —Fog AL = B e
HEE, BE LRI P42 1H(Candidatus Methano-
thrix paradoxum), FL7E 338 [ JEHOR ) R SAOA 358
AT HEHT R R e (Angle®, 2017). % A
BB T HARK QIR ER A T B s A A 58 4
MERISRE ), (EA EA 8 B & oA ™ F b oy B T A
B AEBAESMMSE. EEARKAKLE, K 8
My I ORI, R I i AR S0 e 22
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B 16S rRNAZE K 751 & FEAR AL o B 7 51l (Angle 5%,
2017), HHEA—L Pk B T 5l S A KM R
A WIHETE (VojvodaZs, 2014). %55 2 7= F b i B A A B
LB, SRR BB AT LA RO R I R R,
/DT B G AR AR U 2 G itk

To R 1 & 7K A CH,AE B (Bogard 4,
2014), I HIELSHF 50 RN, FRIEANPIR KR CH, 1)
A I TTHRIR N (Schmale®%, 2018). i T 3756, 5 1E
S DA E DA 18— S A T A0 AT Y R IR TR s 2
Bl YICH,, 1X— K — Dol iRt g i
$EtF 18 (KarlZ:, 2008; DyhrmanZ%, 2009; Beversdorf2%,
2010; MartinezZ%, 2013; Carini%%, 2014; del Vallefll
Karl, 2014; Repeta%s, 2016; HorsmanflZechel, 2017;
Sosa%%, 2017; Teikari%, 2018). thah, EH W 7R A
LURL YY) & HY 19 T8 1 2 A A C HL 2E BRCFK) 344 55 (del
ValleflKarl, 2014). 7@ 12E N E . B4/
LAt — 9 AR W) e 08 AR ORI R R R TR IR
(Dyhrman%, 2009; Metcalfs5, 2012; Van Mooy4s,
2015; Dangf1Chen, 2017). BREIEE 2 4b, R T —L8
B B A AT DA - R () B R, AR TR
1 R R R R I 55 S B 7= A CHy(Hove-Jensen 5,
2014). =5 R R IR I8 A= B AN 8 B0 A B A AE
(Dang%%, 2013), KpAE MR L BE = R, T RE
SERBRIGFERZ KT RERCH,, FEXE-<H
Jot 1RO 7 AR 3 DUR.

R 5 BRI I AR ) A 552 AH 56 1 R e A=
BB AEE N BT e R L, (R R 50 i
Sl FU At A e R AR R A R AT 2R /K P CHL Y
A2 AE ISR R N £5(DMSP) A H o8] g
Pt — F LR (DMS) . 6 B (Me SH) A 7 55 747 1R
5 (MMPA) [ 5 A= ) AR i A% v mT B 22 7= 42 CH,,
(Welsh, 2000; Damm%%, 2008, 2010; Florez-Leiva%s,
2013; Weller%s, 2013; Zindler%s, 2013). JEubp= Hifz i
BT LAA R BRI i il M R A A il LAt Ry
A EEM P LR B, R BRI S (WDMS |
MeSH. MMPAZ)E N e B JEE ) 4 i CH,(Tallant F1
Krzycki, 1997; TallantZ%, 2001; FufliMetcalf, 2015). ¥
Z P e B D g B AL ok, FRIE B LT AR
F R AL ER AL S kAT A RS 7R 2 7= AR F (Kiene
%%, 1986; Oremland%s, 1989; Finsterds, 1992; van der
MaarelfllHansen, 1997; LomansZ%, 1999; LyimoZs,
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2000; Cha%s, 2013; FufliMetcalf, 2015). 4R1f, FiAE X
S B R AR A AE SRR S N A e AECH,. A G AR
AT AL S A ) FH 2L PR AR R R R 2 7 W e o R 15 DA
AR AE 1 3R JE AR S A T 0T 48 B A X — ]
W, H AT R 13 2R . Bl B B SE IR 4 43 M o
T G A R A 2 e, R TS R e ]
RE LG T 287 Wt vy 1A B BB I B4 S A 58 (Lyu M L,
2018). BbAk, A ANfgH, FLb T A 405 v | FHDSMPAE
NERIR,  FEAEA A K PR AR CHAE AR &I =)
(Damm?%%, 2010). HIEALEL S Y0 LI CH A L
1l AT B KA B T M-S CH I B S I R R BRI BA R 1)
LR, DMSPE—Fi=FE & [ IF A 1A 354 44
W, TERP ARG ZBE R A E s 1557
23] 7 524 (Bullock®s, 2017). CH, & 30E =
S A& (BogardE, 2014), T — FIEAT I 2 H AR A b i
B A PR SR A HVS AR (Carind, 2016). FRIREIK €
F& 4 TR AT U U S T TR N P T R IR R S AR S i)
(Dang#1Jiao, 2014; DangHlLovell, 2016; Dang#Chen,
2017). B N Nsemm it g, o i i & s % dh Ak
TR, FEIREY) K S0 AR BE A ATz,
FEI] VR B0 H (Jiao%E, 2014). X TR#, %%
T I AE YA 2B A 22 (1T DMSP AR X REVE & & 774K
1% (DangflLovell, 2016). fEXFEHL T, FATAT LA
AR, R DMSEAL NCH, T RE 2t —
S T 1 b 3R FAT 887 0 Tk A0 3 55 4 3R AR 12 2R (Flor-
ez-Leiva®%, 2013).

Bk T 26T AR K R R AR BV T A i R A
BUHRIE FR =A EEARBLAL, FEARFESEH T HAh—
Y. FEA MY A& CHL ) — A 3 E R (Conrad,
2009). fiL I, W QR A % (Emiliania huxleyi)
A E B CH,, HAZRE R 7 7 F e oy B A= H e 4
3 5 (Lenhart®%, 2016). i I8 7 £ b 2 A
AR, SRl v =2 B f o A ALV AR Y, BRI R
FIF T & 4 5 AR A (KrumhardtZE, 2017). 7 58 4 5
TEA R R 27K CH B A B o - CH Gl 2 1 51
BREAHRN . RV, DammZ5(2015) i 1
I T LR R 8 JBh 38 1) PR o CHL 7 AR LR 7R 57—
B, 2 A T R 200 A AR 30 328 12 ] R 7 A R 4
M P ) PREESR A, A BT S K T A R L A 1)
DMSPKHAICH, /4 i(Damm%%, 2015). F2 A
PR3 ATt — 25 S FF 1 IX — W A (DammZE, 2015).

FKTWFER TR, LRI KSR KT
CH, A R 22 B e il AR AL W] RE AT A& A 2K .
EATTT REAE AR OB AN (BB %A T RAEM. 2
1M, H AT ANT R X 8 72 3 B PR B sl A Pk s ]
RILTE AT AL ENE B X TR CH WSS
CH,HETBIE I AN AE, RIS X T P AN AR A 4
HE B R AT AL SR 2 R R, AR
PR MIREVE AN A BRARAL HO T FEAT R B, fELIR] I (1
NARRMIRL 2 RAAR AL T HLIE.

5 MR RSB RT R

T ARG B A BRAE A 2 AR E AR
2, FAAE S AR (AH LA FIAL A AN IE S B 808, {45 4Bk
AR AE IS B G2 CHL AR i 80 &= SR EHES) &
BRI T 77 R 35 EEAE . 2R, 5 CHLIX AN &%
T8] LA L3 T FH S IR AR P L ER A 22 08 BA b K i 2
FIALER B8 Z RET R AR B k. @I EEUTRRI R
SRR IKE W) o fR T BRI CH & KA CH, 1 — AN
Ui, — e il (SR B, DAIX M7 ORI I CH 6
ARSI = T BARA B g2 Lok B, W7 BL IR
B 5 g i S CH, S T2 AR 1 B RS R K S
FrREFIER IR IZK, MR SR 166 [ E 2L
[i(Pohlman®s, 2017). &L i—IUF 53R B, 7RI 21
WS, BRI R A ECH, KEH N &
(Borges%¥, 2016). HIRCH,BEREA A i oK T,
AEAZ T /R E AR R0 L A S ABL ) B A CHL A O () 5
ARG EEAREE, AR 1 iR = A AE 0,
AT DX 3 A BR AU 7= A T B Ui 2% (Pohlman %,
2017).

NECE M TR ZH0), Kz —(#
SIS FEE LR VIR R EE IR, R TR
T AR R YECH AP TE G W 2 A T AR i R 2R
G, FRATN CH P M PR G A A0 A 3k S A8 4k
TR - FGR CE e iR, B, TRrEf
A K AR R S S AR LB A A, L
T BB HAEIES 2 5 (Reeburgh, 2007). A=Y K
BT AR AN PR IE NSRS 1 2 A HARAES R
G AR DR SR A R A, X R R A R
FEREE I CH, 2 2E.

TERFEL BRI FE IR AL ) e R, SR
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AL RE AT BE S R AR, A ERAREE AT REXT A BRI AR
W= CH, P2 AR BRI, B E R B ZE P 7 CH iR, B
Ak (R BB AT S5 8 2 B IR A AT ' 45 A P o i
%l (Yvon-DurocherZs, 2014). FEEEFHIRE &, B A
NN CH 2B BORTHE TS 38 i 8 it CO,(Yvon-
Durocher%s, 2014). AJSiE 3 138 5 AN AR N
JRIK 22 50T 11 30 2 3 B OR3P B e /N s PR SR 1S
(Gruber, 2011; Gilly%%, 2013; Dang#fllJiao, 2014; Dang
FlLovell, 2016; Dang#1Chen, 2017). — K5 /KA AT
REox AR U EZ 0 X, TR BETUAE 07 CH,. 7E 423K
SRR R, FEAEIREIX N b TR A 2 i
(SydemanZ, 2014; WangZ%, 2015), X[ fge2E ik
AR Z R IA KM, MR H bt /e H (Bakun,
2017). b T P 1 5 2 T D R A 7K A PR B
(Kudela%s, 2010), @il HIDMSP /I & A =i
UKL P T B2 1 CHL B 2B BB (Damm 25, 2008;
Damm%%, 2010; Florez-Leiva®s, 2013; Wellerds, 2013;
DangflLovell, 2016). AN, R AR FH 119 58 1] LA
WARIEE R RS E ), XEFAEZHIHRA S

AR, kT B A K AN TR A b = SR T B R R
WA R S AL R (Bemanss, 2011; BraeckmanZ¥,
2014; Dang#lChen, 2017). H R 4N 2 X 4] 5200
AT B (T AR 2 A AN TR ) R I IR I 1) A= 7 S AH
RICH BIA =, BeAh, 7= B Ge ik A P A0 HE e 8 A e
W35 CH = A= A AE, T 428 ) JLAE W i PR 55
HFEERZA. FEREIGERWICo. Cu. FefliNi)
Fe S SR B A RN B e R T I R IR I )
B K7 (Glass f1Orphan, 2012; DiSpirito%, 2016;
PauloZ%, 2017; SemrauZs, 2018), X SbiiiE G R AEHF
e AR R R R T REAE 9 B CHL A BORD T FE FO R
Vg PR EEER. B — 5, BEEE TR iE
R AE P67 F e i A R FR e R T A AR
AEFE A A, AR . RIL. B, &
B IR AN e ] RE S IR B P A E T R AR
AIR A, 520 48 I E F (Dang fIChen, 2017).
TR IS ) 5 ¥ TE AL TG 3 RS Jed) 2 (] R R B 1
XoF A SRS NV P 58 A8 A 1) IO A 45 B o &2 2% R [
M, FEIENM Y. FHERAEME R AR RSN
SR AR 3k B 7T A B AR PECH, B A R AR
W) KIS AR RIS T 32HL(Lloyd, 2015). Hf2H 5>
Sy AT 5 SR AT I I A A A T DU R B R R B
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