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Radiocarbon is a powerful tool for studies of carbon cycling in the ocean. Development of measurement tech-

nology of accelerator mass spectrometry has enabled researchers to measure radiocarbon even in specific com-
pounds. In this paper, a brief introduction on radiocarbon measurement and reporting of radiocarbon data is
provided. Researches that used radiocarbon measurements on bulk organic matter, organic compound classes,
and specific organic compounds are reviewed. Examples include works to understand the cycling of particulate
and dissolved organic matter, biochemical composition of particulate organic matter, post-depositional transport
of sedimentary organic matter, selective incorporation of fresh organic matter by benthic organisms, chemoau-

totrophy by archaea, and sources of halogenated chemical compounds found in marine mammals.
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AalellA] oF -524%0°] kS Hof C-14 Yol Z Fhlshd 247} of
40003914 6000 Y7} FCKDruffel ef al., 1992; Fig. 1). &
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o] 2 o]3lETt. Al DOC %t HulAdelA SeEg 74
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Slof] P 3k AJZHeF 1500 @ A=, Williams and Druffel, 1987)
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Fig. 1. A"C values of various carbon pools in the North Central
Pacific (redrawn from Druffel ef al., 1992).
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Fig. 2. Correlation between normalized A'C values of sinking POC
and aluminum contents in sinking particles (redrawn from Hwang et
al., 2010).
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Y HAE Y] 2= & FalEA s f71ES ) o]
gkl st Jre= AXYEAE olslishe dl, B % AYH
At A AYENAI ] AARYE olslishe dl Fsitt. dlFEhdel
Al 27 POCet B3 B4 7159 AMC a2 Al T HEE
AYC= o] Al ok d Al FHAE AHE 4 it
Purinton et al.(2008) ‘F=3l12] FEHIE A& APHA H £
o] B5 HHEAA FHFFEE2 24, Akl dAEA Ul
&=, W POC, 5 HAH7|=, 3 DIC A“C @& vl
3 A} x5 HAEAA7F 37 POCoA 7198 AAS fU)E
S Aagoz HAghs dhglnh, ek AulE ) e Fol
e} AeA AFHeh e 2shEstE s 5 itk ek
o wolgelln f7]& 559 F42 sPCot §°NF o] 8}
ARE Hol =2 AMC #lo] AA AFEE = S0 AtCE ©
250 FAAE AR 5 9t} 3 o2 F|UgEL ol
Tk ol FAFEEY EarlEe] VIFAERFE tEEE ZdelA
A F71EY S8 HEE T olu S o8I AE
F 7122 AMC Bl oF 100% A= xFo)7F U= A1S o] 83
o] gkgl A7} 9ltk(Ishikawa et al., 2010). T3 3|4 L5 oA
20 58 AUCE o]83lo] F23F A5 (Pearson et al., 2005)
54 f71858E2 C-14 7 ddolld 25 o Asisich

F

rr

RIIE222 C-14 BAM

F71ET) C-14 42 ZA stk slea] S e -
T SERVIES] AR 7)ol mE e U AR o
= T Uth

POCSY A G718 f715S dxdd 2 Y Astet
2 2FEE, oAl 'pshE, Ate R FEEA] e AEE-
d FE)CE o] C-148 S5 S A Ellen
Druffel, Stuart Wakeham, Cindy Lee 5ol &3lo] 7= Sl
Wang et al.(1996, 1998)°] A& 22 AHE HSISITE WA] Al
oM 7718l (Dichloromethane: Methanol Z3ro)& A|Hlg- 3=
3 & F2 ARE HHOE Uro] opidl 2 SIS AR
© QRO RZ(6NOA 19 AR, Bk 332 913 Alaes it
O Z(72%CM1A 2 AIZE F 0.6 MollA 3 AIZE) 7RSS o)
Ak A H3ke wERE Fol nEkR] AElS o] g3to] i
st BpelES AskE mA] o B R ofo]2 3} Jol2 wEk
TFAE £ 29SS A st 2eE e 4
£ 25 AAS F C-14 A4S t] A7 B5-2 =
dgt o Axe] st Ao} sjjQte|A oF 220 km 8
o]

¢

AC)

A Qe Bk A M(34°50'N, 123°00'W)ell A 2153t
SYAE, 37 POC, A8 &5 (detrital aggregates), B A&
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Fig. 3. A'C and 8"C values of TOC (total organic carbon) and the
corresponding organic compound fractions (lipids, amino acid-like
material, carbohydrate-like material, and acid insoluble fraction) at
Station M in the Northeast Pacific (redrawn from Wang et al., 1996,
1998. Note that y-axis is not in scale).

A2l 7 E(sediment floc), ET-E A= AlEE A A=
W ARV 1ES] AMC gro] obniatelyt eslEe] gt
‘golsto] o] F shhEwrel AXglsrd Yol AME Tt
HoJFQth(Wang ef al., 1996, 1998; Fig. 3).
Hwang and Druffel (2003)> 7} f7]3}8t&2] AMC gk}
31C k& o] &3te] 7 POCY 50% ol g AHAehe A8
719 A3ets 2A4e fFsiinh. BEEE e 45 MelA]
A 7 POCAA F7187A12] AMC Fho] ool wet A
8RS vlEe] Tk AHEEdR71ES] AMC w4 §PC
#hol 2] 3k fAksithe AMES o183 (Fig. 30X % & 7
) AHEEA 7Bl AEAow FAE, AWy AR 24
d 7FsdS AT Asle] 27 poce] AskErA 24 7
29 &S AAR sh= BAWH o RE 20-30% F%E Hholl %
Ardwre ¢ glom YR 9] Ae o] F4ls] we|AA| ¢k
SltH(Wakeham et al., 1997; Lee et al., 2004). ©] Ad&o] 115
A 252 -f71% (moleculary uncharacterized fraction)?] “d#-= B13]7]
H3le] FEol o&=8kA] %= 1Al C NMR(Nuclear Magnetic
Resonance; %15 5% Hedges et al., 2001; Hwang et al., 2006b;
Liu ef al., 2009), pyrolysis-GC(¢1& S Peulv ef al., 1996; Hwang
et al., 2006b), 553+ X-ray 7]%(scanning transmission X-ray
microscopy and carbon X-ray absorption near edge structure
spectroscopy; Brandes et al., 2004) 52 #4Ho] A|=H 11 §lct
(Lee et al., 2004). T Roland et al.(2008)S 22| EL]o} 2gre]
Santa Barbara ¥4, ThA%E2] Cariaco ¥4, FthAkelA E53
A7 POC NE9] f71sitET2 AMC #h& 243kl A8
7152 2737 7o) 7t &fj¢e] ddel wet depivtkar AAet
ek, s AT 1= ABsketd 224, 53] Ak 18 7]
A} A IS Tkt A7V S o] 83to] Bislol & <ot
DOCY #718F: DOCE= DICO H8k] Hw7} wobd S
AAS L 78 7= FEshs Alo] A gtk AMC 570
L 22; o] A4S flste] 9 AASHL DOCE s5HA7 )=
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Fig. 4. A"C values of POM (particulate organic matter), COM;,
(DOC>10 kDa), COM,_;y (1<DOC<10 kDa), UOM (DOC<I kDa)
in the surface and deep water in the Middle Atlantic Bight (redrawn
from Guo et al., 1996).

o 2= IMGA] T FEAE olgste] Y A=EntE I
3 (Solid Phase Extraction)® #2|8k= W5 (Druffel et al., 1992;
Benner et al., 2004)3} g1 Z29- 112] 9] oJ3KGuo and Santschi,
1996y} 2Ath. XAD 2, 4, 83 & dFAIE= 4] (Humic) =
AL Fe)g &= Ql=d|(Druffel ef al., 1992) 3= PPL (Styrene
divinyl benzene polymer, 3= F7]1=150A)& S2A|Z o835}
¥55 DOCY 60% ©1, A5 DOC2] 40% o)de 3|78 4=
A = 2 cHDittmar et al., 2008). DOCE FEA O 7 0.7 um
(GF/F) & 0.2 um(Z FE]) 3= =719 FEE T8k /7]
=2 AYsHANE vt JEIE ARgSte] Al whet o AREE
Atk AHgEHE 1 FEje]] whe} A1) 10 kDa, 1 kDa ©173<]
1= o#E 5 o=t o]gA] o3 F3H-5 HMW DOC(high
molecular weight dissolved organic carbon)2}il “g2sit}, o]R )
22 wAS M fU1ES AP 8 Adeleta J st
HMW DOCE 3] DOCe] HJsted AMC Fhe] =obA (Aluwihare
et al., 2002; Guo et al., 1996) 3l%Follx] DOCS] A5+ Akl 4
AXHA A Al BAo| wallE Al wAleo] 22 B A
04 7]o%7t Z7ksl= Ao A ETh 53] Guo ef al.(1996)
2 vl 4 d¢ke] Middle Atlantic Bight®] ¥35=°14 POC,
10 kDa®.t} & DOC, 1 kDa#} 10 kDa A}©]2] DOC, 1 kDa X
o} 22 DOCS] AMC FES Blwskal YAke] 3717} C-14 Yol
o} AIATE S BAIth(Fig. 4). 18v 74 2600 me] 4
Z A= 2318 10 kDaX th & DOCS| AMC %k(-709%0)°] 1
kDa Rt} 2k DOCY] 3h(-452%0)H.tHE o Yol ¥z Ez5
H #3538 DOC7t FZ01= 2] DOCH F7 7]odsh= Zoz
FE2ATHGuo et al., 1996).

DOCE] Yo7} 434 dof o]2& o]f-9} DOC =82 o3}
7] 93+ Loh et al.(2004)& HMW DOCE 7|3} Ero =
skl AUCE 57818t HMW DOC FollA] Ae- vf¢- 2+
2 F0.3% ©l5he AAEAIRE AMC 3 TR 35HEArol H)
sto] R wke Ao v ATt o= HEPE Y] 1800 m 54
ol A -881%018] C-14 o] 2= <F 17000 do] Hrt. AHE-82d




71 40-57%% A=t A HMW DOCe] Hlsto]
2 AMC g BN o iAtolu) BrslE T Al s
7}A]=(amino acid-like material and carbohydrate-like material)
SRS AR o g TP =8 AMC g BSiTh

EAFRE(BC): BC= A5 A (biomass)e] EeHs A
A% AAE A (soot)0|Lt £ (char)S 2Jv|st} BC= T84t
A3} Ao 7 Al sh= 318HA Q1 B (Masiello and Druffel,
1998) 5= 375 °C2 A 7kate] Ebgatar oFsh(labile) 7155
A ASH= W (Gustafsson ef al., 1997)°. 2 12| 3t} Masiello
and Druffel(1998)> A7 AR o]F2] BCY w8k AMC 3t
= olg3ato] AsiSitt. thselA 9 km o) "ol + A
oA BC] AMC #hol HAR71=2] gkt stobd BC7F EA ¥
7] Fell o]n] DOCY §742] Bkt 22 v vha A3 arelA]
LW AIZFS BATh= A& 2wt} Dickens ef al. (2004 At
A oldel EA R s A=A ok 7 EafE7] o
HE {7182 591 BCE FELAA, 7153138, daksks AA
WEstal AMCE S5l ol5e] YA ewRE I3k 5A BC
A& HIATH S BCE T AEET AtelA HAE {1
28] A% S AAEHIT o] Aik= C-147F 112E
BC 59] 4 o] shAIgela] 7]9sh Zlo] ofue} 9bAl €]
3ol 71913 21 4= QoM R 3] BCO AMC g ol &
3lo] SIATE] Sebd Aol 71gst BCY &S YT A
ol grol AeE7E = UFE KHojw Aotk

2o BCY s o me] fE A dAelMe 2
BCY 719 B4 AR Aisl AAEA AAE sk
gl A"C Fk& o]83I5It). Flores-Cervantes et al. (2009 V= =
] ARIskE Ao e e t7]1E Eete] ¥EEE BCY 9
S dohrr] 918le] Maine TH] F-FdAF 5 BCS] F=9} AMC
e SIS BAE Akl 7Pk 3 EelAE BC AMC
Frol -800%cHTH: WAl S+ o] s ge] 7I1% BOL &
o F o Qo Hojd= SRS 7] F HA 15%
2 FoEe A BTt o]9f AR AT E C-14F ol %
slo Hoprlotel AQEqellN A& AEEL] of|o} £Z (Atmospheric
Brown Cloudpl| 22815 BC] 719 9181 A7} AUCh(Gustafsson et
al., 2009).

=AeEL| £ |fYIEREL] C-14 2
o]2 GCU HPLCE ulA H2)7} 713t slshEe] 744
F BAE Febd 227t 7k Bl AR Y- C-14 S
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Fig. 5. Schematics of a PCGC (Preparative Capillary Gas Chro-
matograph) system with a fraction collector.

2 G5 5 QReAsk I nelElolok @
W el 7Fsd SHES Table 190 Hl3
ulas B3] e

O 8 2 = olnk. A FS8telA o]
718 EEE vloleveta FEEd vlo] ewA gl C-145
et A7) tpeksiAl s it

PCGC?| 739 23 AxntETdduz Jat FAs Al5s T4
shedl 180 S ARl FYUE F e AERE =
s} s}, S B Al59] 10% ©l8RE AE7]|2 RuUX| 1
Yo = 23 A2 2 B2 thFig. 5; Eglinton ef al., 1996,
1997). 15 A= BE 679 Efo] FatEe] Sl dahs
sigtEo] Sl ARE F)E 2R1A| Y 3 80] 54 Efjo
2 Fples: AFHE MR g Aslo] £ S AlRE 9
Zo] Aoln] o FU AE/AE ARE A% 7938l Fo
oF A9 100 pgC A=E 9+ A% Qlrh Al5go] F=3hd
7Hd g ARE Holo] X IMEES 7] BoE A9A
A Akt AR LS 7 E e itEEs shel E
Hell & % gtk HPLCE ©]&-38t F2%= fAlsE #g oz o]
Folritt. Ao sh A et sitES 7] flslo 2 7 S
A& 4 it} o & 59 PAHs(polycyclic aromatic hydrocarbons)

o TS AR Aast A ZtoE FEsH] sk C-
145 AREEE = Q)&= o] v PAHs®= ZH] I2vnlE v 2 o

Table 1. Examples of organic compounds that are being used for C-14 measurements (Ingalls and Pearson, 2005)

Purified by Bulk Separation Techniques Purified by Preparative Capillary GC Purified by HPLC
Biomarker Primary Source Biomarker Primary Source Biomarker Primary Source
Alkenones Coccolithophorids n-alkanes Higher Plants Ether-linked Isoprenoids Archaea
DNA Ubiquitous n-alkanols Zooplankton, Higher Plants Amino Acids Ubiquitous
Collagen Animals C:40 isoprenoids Archaea Sugars Ubiquitous
Cellulose Higher Plants Sterols Eukaryotes Nucleic Acids Ubiquitous
Lignin Higher Plants Hopanoids Bacteria Pigments Plants, Algae
Black carbon  Fossil Fuel, Biomass Burning Lignin phenols Higher Plants Sterols Eukaryotes
PAHs, PCBs Combustion, Industry phospholipids Ubiquitous
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gAQl #2 §& HPLCE ©]&38to] w2 &% E(unresolved
complex mixture)s 712 A A5l A0 2 PCGCE 7IE
F718sHER F2lshd ®th(Reddy et al., 2002).

ofd §71slHEES a7kl e 71715 ol 8akA] ¥arL 38t
A WS Fate] Feld = gl gAl=e] o] Aol e
A, A= BAT) 36, 37, 387 AR ] 9lom B
W o) SATE 2-0) A AES AT YA BARF
o] 714 PCGCE #elal7] FEARE ERX o]FAF o= Qg
ARGz, o)lFdTe] EA T 54E ol g3ste] sk who
2 1 & ok (Ohkouchi ef al., 2005). 7Fs] A8ahd WA
SR FE3 S QY]] TlElst & A9 SHEE
& HINES o] fsto] A FEHOE FESE ATt
A 724 AEefE g E 4 IFPEE T AEY FARE 34
< 7H BAES wEdith oy SR fdlor A% A Al A
Aol &AM F320 sHEEC] 3l e
Z9| AES Fejgh o]z Hakeow

EA 2
He olgst] B3} shteee welehd et Ales ¢

< 7 drk

574 f713H=0] C-14 AR 9] ajkATole] &8 o= POC
0Ce €3 A7, H4ES 4 ols 54, H4=9] A
, 714 f71E As olE, vAE f71ES V1Y 23
, SRS f7159] 719 F4 TOo% vrolA 7Sl

POCY 719 4F: POCEHE 54 F7]3daS 25k
A"CE F4S ATE dIFE 5 Al5EE 7] 8ol B4
9] Al AFEo] Tt 53] PCGCE vlwa 4A &2 7t
53 E3XHAY p-alkane, n-alkanol 5] £7]%2] 7] 5]
= AT F2 AREEO] 2t} Pearson er al. (2001 2] E Y
o} 19| Santa Monica YF} Santa Barbara T+ E|&&EolA /7]
=9 719E Wa7] Agte] AEEHAE, TEEYIE, vHE
of, TAHRE, SATSAE, sH71d 71858 Ystes A9
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Fig. 6. A'C values of lipid biomarkers in the Santa Monica Basin
(redrawn from Pearson et al., 2001). Postbomb samples are from 0-
2.5 cm horizons (solid symbols) and prebomb samples are from 2.5-
7.5 cm horizons (open symbols).

¥ X HHF p-alkane, n-alcohol, sterol, hopanol, diol, ILAl3*2]
isoprenoid A% sFHEC] AMCE FH3BISTHFig. 6). 1 A¥
FAES thEshs 3380 AMC 32 ¥35< DICY @ & o
28191 o1}, Blele]o}S thEER= hopanol] 735 4l&elA AMC
#ol EZF DICHTL Wobx Fox DICE o83 Aol &
g o|Fo|X|= Ao 7 wE Rt} 53] n-alkane®] 7% 3} 71
o] &g} SIS AE 719 gt Aloddle RoE e
Th 14139 isoprenoids®] AMC gk olF°] SIS T B
o=t} Drenzek et al.(2007)2 E3FA|WAE n-alkane®] 55
w9 AMC FhE o]83te] H=3l Beaufort dellA EHAH71E
9] 719E &A=, APE, H4gelN F3E fUIERE U
I A7) 71 2g oA A aag Feto] sl

DOC £& d7: DOC?| 7% 54 ddis Tefsto] A'CE

5738t A5 ¥5 DOCY wHd(glucose, galactose, mannose,
L=

xylose, rhamnose, fucose, arabinose)52] A"C @] %35 DIC
o] 7 T3ty o]Fo] AlFA BAMEIL S-S BHoFATh
(Aluwihare et al., 2002; Repeta and Aluwihare, 2006). ©] 23}
E59 DOC7F Aol 7 A8 Al & FallEA o=
22 2ol AE AT f71E ) oE TAE it
=3k 714 (Williams and Druffel, 1987)0] 2Jm)7} 9l&-& &
FUHAluwihare et al., 2002; Repeta and Aluwihare, 2006). %
4= DOC?| g5 A AMC Fho] DIC #HETH= 25 o
HMW DOCE] #HUt= #A obA o]Fo] Frela ke
T AT 8ol gsto] Asliz olFd Zle] ok} poCe] A
7t & vlaA wE gl gt} ol sH AGE HoFith &
sk AsllellA DICS] @@ AR AMC 32 olF W5t Aslell
Al DICEHH NS 7= gAleith.

WA= o143 HHE olF AT A= a1 BFolA
24 8] W] T (coccolithophores)oll 2510 AYAkE| B2 (S 4=of|A]
T AT E SN ElR IS RS Qe sEEelth
w3k ME OE e ol dde 7 YAl #as ALk
FA9] o] &% JRE 7EX| 3L 9104 (Prahl and Wakeham,
1987) AMC A5} 7 o]gahd sfkfrlEe] AAkd 5 HEF
Aow FALHZHA F= Bl gt olslE =Y 7 Uk F
2 o7} dlkRTIEe] AAkE 3telA Fu km HolRl H7kA] o]
58 % ¥49 4 93-S B9l Ohkouchi e al.(2002)8] $17-9]
t}. Bermuda STl A 23000 @ 59 B4 571 12-160
em/kyr v wEbA] wEdEe] skt AlRE de T AUE
XOo 2 W |t A7) o]Foizl Jro|th(e & Sachs and
Lehman, 1999). Z1&{1} o]3te] A= f7]Eo] A2z o=
THE B ellx AL £ o]gE o] EAE Zlojehd R 1k
7o) o] &l9o] opd T 3Y <] FY F JoerE FHAHE] A
24 71eE dgs] gelshs A2 g F28k Adojt}. Ohkouchi
et al 2002y Y A& Fo AT 352 C-14 Yol
Hlwsl 2 Ay A= Yo7k et 4000 1 ol T Wrks A
= TEsIGlTE e Rl 4R A7) ke s elM 37
sto] EAEY s F7F SolabAl ek @ 3 thE s o o]
FE7] oJHrt. mebr] AT FEF vel zlelel digk 71
= e A=C R dREHE fY]EC] T s A
b 5 e Aol AR EAE a9 71A] o] FEo] githke A

ox H



oJt}. o] =72 A= o] AA|eA A
ZHE FE9 227 347 10001 St *%1 7°C 7}%} (e
§F ZIA§ Hole o7t AAl & Aol 791§k Flo] ozt
dAl=0] 8 52| Lorentian FanollA] AAkd T o]5Eo] ¢t
7] WiEolekar 31453t Lorentian Fan 31932 733+ A5t
F+(Deep Western Boundary Current)’} A|L7l= 302 713 &
ol 38°] HHES AF-FAIPIVIE st J—O]E}(Hollister and
Nowell, 1991). o]ZA] AF-F2 dxE0] A7 EfaL Ha)
Sl £ Northern Recirculation Gyrel} Worthington GyreE E}IL
Bermuda S| E ol 5= & 7Fs/de] A HIAT LAl=E
o] &3t Bl A& o]zl #3st R} B2 Y H = Mollenhauer et
al (2005)S arsly] vl
HHE AvhZAol o]4: Pearson er al.(2000) Santa Monica
Aofx] ~HIES] AMC gto] 3155 DICY #hs # WHsith=
2 Bl v} gt ool ZAS] =S A5l 54
131HE2] AMC Fho] o] &= % it} 53] dathiEAbAY &
| 7o) wobA f-u5o] AAsh] ofjlal, yol7} thE §437]
A f7lEel 1 f7lE A E2E 7 e A
7]%X4?4H C-14 A5E o§8 29 eapt #AE = gl=d] o]
oo B4 97)818H20] Arj=Ao] 8438k 2= 9T}, Ohkouchi
et al.(2003}c Ross 3l tiFAFHES] W] AN 5-C y~n-Cogyo
S AMC ZES ZAEH 1ok HA R0 A=A e o]
%ﬂoi S A= AMC H]ﬂ_st Bttt F0] 3%
0-2 cm TollA] 53] B ARE Hol7t & n-Ciy0®t n-Cigyp
A 0]%3(1960 W ©]F)2] 33 DICE A“C % st
Ao} AEEAF71ES AMC e olBT} frejulakA| sHA v
ERttt. o] A= p-Cpy®t n-Cie0l AMC Fh0] HAE Ai5H
o] f-&3tA AR 71aAdS AT ROt #-Cig7t AFEEA
F71=8] AMC gk ol&sto] AE B4 £ 242 7.5 emlyr
9} 15 em/yr= T AolE Hol f7]1ES o83t Aulsd 9 4
L5 AR A FE7F Q3RS BTt} o] #> AE o]
o] AL d| ol vlawA F5-8H EASHEE AMC

m{n
%
iy
r
Mo
[xs

[SERN

rio ofje

SAoll TS ARZFE @710l vl golsir= 7%760] At
Z3A AN} tEo] AEE0|L isoprenoid alkenes GIA] AlE-E
FAEe] gJsto] PR e AEL] A5l o] 8d

ioo

J+ 7Fs/do] Sitk(Pearson and Eglinton, 2000).

" FEL Hold F3: n|YE2] Yol FH o AL 57
Aol B3k ANC FHE o83 5 Tk B3] A E s
zof A% 3E, AZA T ov] C-147F BF 149 {705

2 AMC 0] -1000%0 o]o1A] WA ol AdE frIsksE
S A ) wehA] o5 Holg oz = v|AES] uf
o]QmA (& S0 77} Bl EIA AL = 1A U A

WSS C-145 H“O}‘i’i w| A Eo] ]%a‘ ol o7 k=
A st 4= gk, Egk Adellx] mAlre] 3e S shEA
OJFE Aredeke] - w0 7]¢le] Ei= DICY] AMC #F F
S A5 Holdo] Hi= POCY AMC glo] &3] xlo]7
UE R OAA vlo] eulA Y C-14 #4915 Fsko] #lg 4= itk
27438k 2 (end member) 3t ARESHA F+ ¢ A
x%o 7] 11:.2_ %z}_al /‘_._ h:].
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=9 A5 R L o] 83t §}-§§j}\ = 79 ouxgdew &
= 497F 9tk Guaymas w4]2] Ag Bolsi =2 HAER

sto] A A =] AFE E’i%‘rﬂ% Stoltt. o] gA e A

B 4 olstel Ara g Bojel LEsA B
B4t 0 S5 e e St S A

FEHE ARE AFlskeA Helejoke] bt
o] emrRl ZHA7F &Rl FPAPRARS] AMC #hE T 71 =4
#a v ogs ¢ 4= QItt. Pearson et al.(2005) HlE|E]o ]—

7} A5 AFER= 212 anteiso-Cis02] AMC 3 S48 vt

313 o) g/l AR F71E0] 9] F4FPAE 23tol ol &
he A% ASVLE 2HE] AC Gt SAse] ol

aeF EF0] WIES o vHHlgloh AlsAIRE AlelE 7}
AA aAEe] %OHOI AH AR HKarner et al., 2001). ©]&
aAlte] s o R f7)ES AskEA] obW POCE 415
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