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Comparative Study on Microphytobenthic Pigments and Total Microbial
Biomass by ATP in Intertidal Sediments
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Abstact : Biomass and community composition of microphytobentos in tidal flats were studied by HPLC
analysis and also investigated to examine the relationship between microphytobenthic pigments and
Adenosine-5' triphosphate (ATP) as an index of total microbial biomass in intertidal environments (muddy
and sandy sediment) of Gyeonggi Bay, west coast of Korea. Microphytobenthic pigments and ATP
concentration in muddy sediment were the highest at the surface while the biomass of microphytobenthos in
sandy sediment was the highest at the sub-surface (0.75 cm sediment depth). The detected pigments of
microphytobenthos were chlorophyll a, b (euglenophytes), cs, peridinin (dinoflagellates), fucoxanthin
(diatom or chrysophytes), diadinoxanthin, alloxanthin (cryptophytes), diatoxanthin, zeaxanthin (cyanobacteria),
[-carotein, and pheophytin a (the degraded product of chlorophyll a). Among the pigments which were
detected, the concentration of fucoxanthin was the highest, indicating that diatoms dominated in the
microphytobenthic community of the tidal flats. There was little significant correlation between OC
(Organic Carbon) and ATP in both sediments. However, a positive correlation between chlorophyll a
concentration and ATP concentration was found in sandy sediment, suggesting that microbial biomass could
be affected by labile OC derived from microphytobenthos. These results provide information that may help
us understand the relationship between microphytobenthos and microbial biomass in different intertidal
sediment environments.
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7o Al ol Wk olZH(Connor and
Edgar 1982; Hughes and Sherr 1983), A|&-f+% o] -
AAANAE 85 Holgo] Erh(Baillie and Welsh
1980). F=3F AF-FrE AAMwAlRo] AT ke o]
T W AeEFAERY =7 Uehdte A= At
(Varela and Penas 1985; Lukatelich and McComb 1986;

de Jonge and van Beusekom 1995). Ydyt8 oz 7 9]

A=
HE A
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staz 7 AJefAlo A Fa8 ehayad 938 oA |
THSullivan and Moncreiff 1988). 8] 5 2] EZ A=
HE2 ALH vf§- 92 w25 Hole REd, AA{n]A|
ZRE AgH =2 S HAH(Colijn and de
Jonge 1984; de Jonge and Colijn 1994). A FINZF=
S sl flal HAE el B T34 s &
% °F 2~4 mm FTHolA F2 A28 (Colijin 1982;
Maclntyre and Cullen 1995), 52 7} epipelic
algae®] &3 F4 {9} A FFF ZF
(hydrodynamic forces), Z28]3 AEWZ Fof Jsir =
A& 7o) 10 cm ©]&ke] Zlo]ol| M MM /2] EA)
7} 8R1= 2 )tk (Cadée and Hegeman 1974; Montani et
al. 2003; Méléder et al. 2005).
ZFo HEA A (Pigments)= FHAHS & 2
© A7F GFEe] 7RI o, B Forate] A
sl 7% Bl digk e 9L she 715S
Ath(Jeffrey et al. 1997). B3k, M= Fof] wpe} 5o
d (taxonomic specificityy 71213 7] wjiZell A== 3%
24 -85k o] 8L lth(Jeffrey et al. 1997). HPLC
£ o] &3 MR B BYe 2R AAF ®
% ofzt 7 olAlR 7o) FHEAS TjleRer)
23 ABE A|F3TH(Lee et al. 2009). T=3F chlorophyll
HallaHEe] E48 Fate] 2R/ A Aduiet A2t
of ot HAAEE 9ot +% Uh(Bidigare et al.
1986; Burkill et al. 1987).
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ko

[e=]

2 AR EE fHE 7189 &8, 94
o2 9 AV 24 T 22 AXAEA U A
At = S8k 98g Tdsth(Fenchel
et al. 1998; Hyun et al. 2002). w2t #Ae) A W ol
UAEE 2 B3 2 IEE olslisty] fIal
A HAE QA S7g0] FFHoR HeE|ofof gt
(Hyun et al. 2002). U] A &Fe] ot 913k o3 W
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W AL ol B4 BAshe AR B Baomry
el AAFE FAeke AsteAQ) W so] A9
=9 o™ (White et al. 1979; Dobbs et al. 1993; Karl
1993; Hyun et al. 2002), 53] As}eH4<1 W F ATP2
AE BE AEA ol EAlstH, AEH o2 fA #
3| =] X TH(Azam and Hodson 1977; Hodson et al. 1981),
stetx o= SHA e JHE o Fol(Hulett 1970) = 2
EAjo] golaitt. waba FHA A §HAI7E Yol At
goldet 4 2 AEAE E3et oy s g3 elA
T vAlE 2R AT S8 F AR Aol de] AR
F)o] %tH(Holm-Hansen and Booth 1966; Karl 1978;
LaRock et al. 1979; Haberstroh and Karl 1989; Hyun et
al. 1998, 2002).

S} Aaliet 2ol o) AMEIHER AT A
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77 X1 A 23 H%E(Oh and Koh 1995), H4
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Me HaE W AX vAl R 2HF2E Hedwa
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Ealo] AMAERS B PR 4T BAE A 1
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Fig. 1. Sampling site of island of Seonjae and Youngheung at Hwaseong peninsula

Fig. 2. Photograph of muddy and sandy intertidal sediments
in YH-1 and SJ-1
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O 7 o] 3k £ Y 53 we} B4
HAE W frleadS 985S 54 dx & 1xd
o

HAE APFS IN GAL ol gste] TrIaAE A
Stk FBLEE AAT F ZFFE ol g3l G
15 olgsle] RS AR
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stk Axd HHE A 2
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W f71es s S 8k5T)

HAE | AAuET BReaLs 34

/4% HA AZwkE 12 3] (High-Performance Liquid
Chromatography; HPLC)E ©]-&-3F A v M| =/ 33
g A FAE Zlol MR AE HHE AREE 2 1
Z A2 o %S SAsIh 28aL H3 &S 50ml
tubedl] H-2 F, 100 ple] WFEFE4 canthaxanthin
(internal standard)S 713k & 100% o= 10 mIE ¥

Z4¥ M= Syringe filter (PTFE 0.2 um Hydrophobic)S
o]-gate] o3} & 1 mkE F g & Water packing (300 ul
32 SR £)sted #Askith. High-Performance
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Liquid Chromatography (HPLC)E ©]-83}>] Zapata et al.
(2000)2] il wle}l -4 STl Waters Symmetry C8
(150 x 4.6 mm, 3.5 um) A7} o]F4 81 A (Methanol:
50%, Acetonitrile: 25%, Aqueous pyridine solution: 25%)
9} o]F4 &uj B(Methanol: 20%, Acetonitrile: 60%,
Acetone: 20%)E ©]-&3te] A8 om, o] F &njo
Z7& B4 A7k weEk(time in min, %B): 0 min, 0%;
20 min, 40%; 26 min, 95%; 38 min, 95%; 40 min, 0%
Z}z} T2 gradients FITh 7] 2748 w57 Q&) &
A 1087 AR 28 FeH, 29 1 mle] o]
81 355 3L, 100 s FHstd B Z2te]
EZE-2 440 nm (wavelength range: 250-750 nm, 1.2 nm
spectal resolution)ol| 4] =38}t Chromatogram®] 5-%-
2] (peak)el] 3t T2 ¥FA A (DHI water & Environ-
ment, Horsholm, Denmark.)2] ™5& A|7H(retention time)
4} Bl A7tk B2 A0 s Jeffrey o3 Lo
7 E3A 5 (Jeffrey et al. 1997)2 o|-&3lo] A4kt
Standard response factor(RF) #t2 ET=29] peak HE
S AL, o] HASE REEEe] T U] ALt

st

A E W ATP ¥4 Y

HHE W ATP £4-2 Hyun et al. (2002)2] WS ©
g3}o] AN ST F ATP A152] AR E e =1
AR E HAHE A5 (2.5cm ZOAR)E 05M 1 &
10 mlol W3l 4°ColA] 1587 ATPE F&3 &, 94
2171(3,500 rpmoll A 10%-7HE AME-sl] ATPS} A&

—

to Hr &

Concentraion (mg m)

Depth (cm)

SJ-1

12

23T 22 E ATP 558 5 mlol| o] &4

4 o] 2o ofg wgttA @35 WA S17] 138l phosphate
buffer (60 mM)Z = 0.048 M Na-EDTA €< 1 mlS
Hgk ¥, 1 N NaOH &< A1g3le] pHE 742 95
ATh FEX=S. 2 phosphate buffers AlE-3te] & A&
o] FIE 11 ml2 5 & AFAAA 4 wj71A] -20°C
oA W% BASIITHKarl 1993). A& AoA ATP o)
luminomater (Turner designs model 20e)E 3|4 ATP
standard (ATP disodium salt hydrate (Sigma #FLAAS))=

A9 AFHS AHgstel ek,

==
] 2 S

%!

fr71ekas Shegst ATP, 279] A 4eb ATP 74| a3
AE Lot 7] 98 FAIEA]S SPSS(Version 18.0)5 ©|
L3 T 37184 S Fale] AGAFRY)S TFIkeH,
T AR Ao Zole TestE: Sdlo] FoAS A%
stnh. w3 nE Aagke RIS} IAske] BAIEt
ATh

% 3179 w}2 pigment 23}

SR W 7 AL 87 Zlolo] WhE chl a®] X F
e FFONAM =L Zolo wmEt HAp FHashe AEE ¢
A BFoA Hol3 UthkFig. 3). A= W ™ SI-1
o] chl a9] Zo] ¥ EXE FZolA 0.92(+0.25) mgm™
s 1ol F EZ Zlo] 2 cmollA A 0.28(+0.1) mg
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Fig. 3. Depth profiles of chlorophyll a and fucoxnathin concentration (ug/g (dry wt.) for muddy and sandy intertidal
sediments of the Sunjae Do (SJ-1) and Younghyng Do (YH-1) estuary. Bars indicate standard deviation (n =3)
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m™? Ho|3 9t} Chl a ¥EE EZoIM 2em7HA] i FolA 7P B2 ghe 29 & HHE Zo] 1cem o|F
sithrt 54 Zlol7t ¥ ZlojA4E 08y FUHs A4S H W OE A IS TEE Ho|A 9113}(1:1:% 3)
Holw 9lth ey I3 % W A YH-12 AR o] A SI-19] fucoxanthin®] Zo] ¥ & EX= ¥39
o7l O ZA] chl a2l Auigko] Aol vlal] F 2v] A 7P w3 BF Zol7t Zlojol| wl Holx= e
ol =2 FEE Ho|Z At A YH-19014 chl a9l S Ho|i o} 28y YH-19] fucoxanthin®] $Fa2
FEE E3AA 1.62(209) mg m2S UERdon, A& ¥3E HHEA H7 Zo] 6 cmZHA 1.22(+0.87) - 3.26
e 0.15(£0.07) mg m22Z Zo] 10 ecmollA YERYZ  (£2.95)mg m #HE Hel F HZ Zo] 10 cmolA HA
Atk A YH-12 BF HHEA Hoighs 20 $ 5 g 0.2(£0.22) mg m2 32 BAth(Fig. 3). A% YH-19]
2 Zlolof| we} Hadle 548 Holal Utk(Fig. 3). fucoxanthin ZJo|'¥ a2 SJ-19} g1s] th Zlod &

gl F AR BEF HAE U A" RERNA T XSS Holw Utk @, tE l‘iz&.‘—’-\—gl 735
ﬁlcoxanthmol M FEHAA & sEE 2ol Utk fucoxanthinol] Y] AUz S| e ghe Holal 9l
(Fig. 3). A4 SJ-19] 4%, fucoxanthin®] &2 EHZ= ATt fucoxanthind} chl a®] Zlo] ¥ ek H3X 3} ]
EZolA chl a2] T Ho} =& 2.9510.89) mg m22]  &EHA AAH oz Zolo wel Ahdhs AES Tl
7S Ho]3 Qlt}. Fucoxanthin $HFe] Zlo] ¥ ¥ =% A Ho|i 3t}
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Fig. 4. Relative abundance (%) of each pigment at Sunjae Do (SJ-1) and Younghyng Do (YH-1) estuary. (Each
pigment was expressed the relative ratio to chlorophyll a)
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Fig. 5. Depth profiles of Organic Carbon content (%) for muddy and sandy intertidal sediments of the Sunjae Do
(SJ-1) and Younghyng Do (YH-1) estuary. Bars indicate standard deviation (n=3)
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Fig. 6. Depth profiles of ATP concentration (ng/g (dry wt.) for muddy and sandy intertidal sediments of the Sunjae
Do (SJ-1) and Younghyng Do (YH-1) estuary. Bars indicate standard deviation (n=3)
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RS SlTh(Fig. 5). L2t Bl SI-19] #7194 gho]
YH-120F =& 3S Ho|a o, & X gur) A
8] W2 f7] B FHES 2 AT A YollA] Holi dtt
(Hyun et al. 2002; Cartaxana et al. 2006).

A g7 a& ATP 2%

Z n|AE AYA|K(total microbial biomass)E 7HH o
2 243 ATPS] Zold ¥xe= A4 SJ-13 YH-1 25
5 HAEAAM 7P =2 3 Hol ok Yd H4
B0l SI-1(77.2(£20.79) ng/ cm’ sedi.)e] ¥ HZE )
EAste F vAE AT A HHEQ] YH-1(65.98
(#9.18) ng/em® sedi.)H T}t AF o7 £ 7S Ho|w
AUTHFig. 6). 12t F A BT A Zlo]7} ZlojRlo|
i} F AE A G FoEe AFE Hola
47 SI-19] 739 ATP $Hg2 H4: 9.06(+0.43) ng/em’
sedi. ¥t HERAL 2lem, A4 YH-19] HAg2 131
(£2.05) ng/em’® sedi. &S YER R HAgoME YH-
1o] Aoz §J-18Th =& ke Hola ) FA
SI-19] 735 £3 HA B F4sH ATP gHgo] 1A
" &, 54 Zo] 0.5 emolA 3 em7lA] Bl E2A] 2
F3l Y v - YH-1S B3 HZE(0.25 cm)oll

A 3 em7HA] 8 BEXE Hold thkFig. 6).
4.2 #

52 g7 a}E pigment ¥-X I Zo] ¥ Bx F}
B Ao A HHE W chl a2 BE e 54 37
of et M=z o2 S Kol thFig. 3). 53] AH
HH= W chl a 2 U2 HA= W chl a Fegol Hla)
=8 wnt olg} F2Fe AA] A4 fucoxanthing] BF
2k w3k =7 JeR}ar Utk Cahoon and Safi (2002)<]
2o w2 Manukau Harbour®] 73-$- 2}zhe] E4 &
A= Aol wet EAE U] chl a9l 7 0] M2 T
=27 Yehta gom, 1 9] o shreelE 1o
EH B A EAE B} YRS chl a2 TS 2S)
t} (Cahoon et al. 1999; Miles and Sundbick 2000). Y&
A= Ul chl a §o] W2 o= EHAE W Al 37t
(interstitial space volumes), G A &2 2 (nutrient fluxes),
TP o Wl Faje) 78 9159 g AriF oz A& A
AR Rl AARS BRItk B astar 9lvk(Cahoon
and Safi 2002; Cartaxana et al. 2006). =3+ UZ EHZE
el AA mAlRFe 23] Fxe A FHEE W A4
Al 27 2 728 o ¢ =T (Round 1971), ©]¢F
o] ¥4 Ao wEt M & bE AMuAER 23S
Hole e ¥4 &4 W AMvAxR{ 43E
HE3(standing crop)o] TFE7] wiiolH, Yolr §F 3k

tlo

Y

f

W 39l Z2A ) o3 AlA e A Al o
Fog ME g2 3 122 BY % vk(Cahoon
and Safi 2002). A= H&= 2443 AX wAzF A
7re] A 2 AY B0 whE g a]lel A4 2
H& Ao2 Als ¥t Cahoon and Safi 2002).
AT A9 YA 535 HHEL, FUFHLE @2
kS Holw glom, 938 & fucoxanthin &+
= HA = Boli UTth(Fig. 3). ¥ty o=
chl a $HF2 2/ ohes} 22 =814 d|A|e] 9&=
ol W= Zog dHiA USm(de Jonge 1992; de
Jonge and van Beusekom 1995), A&tz o] /7t
A3 Z1o]7t e HAHES HAETL F5 Alo]e] 7
Egto] EkstAl dojut HAE wrto] sl HAE
chl a $FaFo] Yolxitt B 135k th(de Jonge 1992;
Lee et al. 2009). =3+ -2} thE Ao HlsiA %
5 HAENA A oRE W2 chl a TS VYERN L
TH(Yoo and Choi 2005; Lee et al. 2009). ¥& HZ &
gk olle}l HAE U] W& chl a §HS 2 sk 2%
221 AHA FE 23t & 424 5| (Bayne et
al. 1987; Hawkins and Bayne 1992), 53] ¥ I 2]9&
HER| gt o} 4o A ThE QRIETE AA FE9 42 &F
o] A& W chl a S B sk T3 29 F 5t
U= Alg k. =3 AM wAl R olujsl Rl T8
Holgdow, AMuA 27 BAFS oA 7o =2
2] Ao o) AdtE= Aoz LA tH(Bayne et
al. 1987; Hawkins and Bayne 1992). ¥ 13- x]2J2 u}x]
2 o], F Al AR v AU A
H2E2 F4 YH-1-> 615(x106)/H3]/m* ol ]z VA
948 4 SI19) v AN UEE ARF 91(24)
A M2 48] W MAES Ho|a k. wpgha] 2
A A= v JRAIel] ofsl AA mAl Rl A
Fol A= A Bop W2 AXuA R A ] ogt
vpR gt Hollo] AghA Fell o3l Hix|ge] A2 dx
7t 2-EE v A3E Kol 9tk Egt £ A A
o T AK EHEASANA Mske viA ] A Ht H]
RHEE 0.48(£0.10) 22 Y A A A2 st= bt
218H0.46£0.12)0] H]5k] =7 YR TH(not published).
o|¢} 7+ A= UZ HE SR AHE HA S olA
A Vb AAM A 270 A Fe] upRIete] Aol
Freldt 20 Agske JoR ALRHE.
HPLCE o] &3t £ E HxAie] #x+= YA
A HAE Y dEske 2F 3o AARS Fds
71 oA, 7 Bl HHE TR dHAgle
fucoxanthin, diadinoxanthin, diatoxanthin, Z2]3. B-
carotene®] AEH = A0 8 Fx7F7 @3 = AS
& 4= ATH(Fig. 4). T3+ Zeaxanthino] HHE Wl 7
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FHoRA ANMARR 7Y H2Rt ERES S g X

% 910, chlorophyll b HA] H& FolAT AEHE A 3 o] -’

o7 F HH 25| green algae AIGL] ZF/7} EA|SIAL = o 1Y

R & DAL AT § e E A 4 2% o ) .

X A% 1A A9 F27) AAN2Q fucoxanthin S oa

o) F 50% ol A% 4 ol 15eme] o= W 8 : o °

W, A HH2e] A4S fucoxanthin®] W22 o) e S o o o

AEQ w7} ohe Mzl ls) oF 50% o)<l ZolE € o2 N

Ud H48 uo e Temdl o2 AL A FEA L] o e

CHFig 4) e QWA ol el vle) e s
o 0.0 T T T T

AH BA=9] A AXTFRRF Zold XU dES
e AL st o83 A= AXMFER{e T4
o]l &g 4 X WS Ueille 2o Alsd
ok AN FERFe 77 olFd HAE drAr]o| wet A
33k FAI7F JHDu et al. 2010). AXFZF7}F ol5T
T U= Y= Alol9] FHE EAEO] dxA7|eF 2]
Az Ads] E@h% #AE 7 7] wiZolth
(Flemming and Delafonatione 2000). =3+ B8 &2 £4
& AMTFERFY ool S PAE Fa% 8RloR

s 7 B3 E || AR e Y
o ‘?_]7&'5}57— W ¢ glom, HlwA W gk s
3l gA olsE 4 27] o] th(Du et al. 2010
A AT A3 AR B3 E W AX TR /‘"ﬁ\—
L];d EliUy_E} 1:1 710 Q;@ 710]7]};(] Ji_s}
A& & T 3Urk(Fig. 4).

}\1 ELoh:

Lv
i"\] HE

r{r flo

A 376l wpE ATP X8} AA AT 7 A
AT A9 AR b HAHEW ATP e &
A A 2] v Ee] £F 3em oWl X
Aoz Ve M——U:](Flg 6), F71ekA shkal ATP7RO] A
ZAA A= Hyun et al. (2002)2] Ao} o] A =
o= FodS HolA] e dth(Fig. 7). 3 & A
Ao A E ATPY] ¥ P2 AdzT o=
75kl e Aol Hle] ”ﬂ%’“ﬁi e ke Holx
UOT (Table 1), ¥ A 2|2 {7184 FHFst ATP 7F
o] felgk FAaATE glol ATP o] 7t vlsf
7|ea greFo] A s UrEP*D}(Flg 7a). :Lﬂiur 44
YH-1¢] AP HA &2 7% AXPAZF chl a &
ATP 5% Atolel fre] gt *JJ&J&AIE T 01915}
(Fig. 6b). WEtA 2 AFAY T AH A =o] $AIF
YH-1 AollX e AMrAER 719 f7180] v #71
= I EEY B AdfE 3—)01] Hlaf 7]e47F =
H, B2= W vdE 2o AMnAlER 719 f71El
AjF oz o]FZQl Ao 7 ALFETHFig. 7). Danovaro et
al. (1994)e] Bi70o) o|3ld, vhe|g]o} A & chl a T
I s BT FAE Hola St BHEEoke} AAjn|
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Fig. 7. Relationship between (a) organic carbon and
ATP, (b) chlorophyll a concentration and ATP
according to sediment type at Hwasung estuary

AzFe F71998E ol&stetl HIse s Kol
2™ (Kirchman et al. 1989), ©| 31’3\} Qﬂt HLEﬂ‘ﬂo}oﬂ
218} A3 3}(remineralization)d %§UHS A v|AZ
7} o] &-317] wjFolgly Asiy 9\)\‘:}(Danovaro et al
1994). 28y EHE ] A4 E&)2H22 pheophytin a
rFe] chl a el Tt Ao A1 vleh ATP &t H]aL
& ) AFE HHE(YH-1)el 99 AAAAZ Yehfol,
AAE A 2 A BakEo] pheophytin a sleko] Ab
o3 Oi FARAFE 0| E ABA T—'J:(EE‘—— g—zﬁc)h 7+ 3}
= %S EATHFig. 8). A4 w8l A=<l pheophytin
lablle HEEdae = ANAEA AME o Sle
Aoz dEA 2l om(Stephens et al. 1997), Be|z]o} A
A FFS specific labile compounds(A| 2, E<3lE, 183
chl ol 2l gt AR DA S Holx| Ferha UE A
2AtHAlongi 1990 Danovaro et al. 1994). wWehA 2 EZ
= 71 7129 w8l )43 AA18k= pheophytin

3 velzlole] AT 1 e Bajol elziol
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Table 1. Distributions of ATP concentration (ng cm™) in various marine sediments (From Hyun et al. 2002)

ATP, ng cm™ References
Costal sediment Spaleo Island, GA
(0-1 cm) April 1000
July 3570 .
Oct 2040 Christian et al. 1975
Dec 2720
Feb 935
Newport River Estuary, NC
(0-1 cm) Winter 640 Ferguson and Murdoch 1975
summer 1180
Youngjong tidal flat (June)
(0-1 cm) Clayey silt 2554 Hyun et al. 2002
Sandy silt 1751
Hwasung tidal flat (Nov.)
(0-1 cm) Muddy 276-390 This study
sandy 429-486
Deep-Sea sedimnet Nares abyssal plain (6011 m depth) 2.4 Karl et al. 1980
(0-1 cm)
East Pacific Ocean (5300 m depth) 2.3-5.8%
Hyun et al. 1998
(0-1 cm)
East Pacific Ocean (5000 m depth) 4.9-7.2
(0-1 cm)
Hyun et al. 2002
Ayu trough (3900 m depth) 30.1-64.0
(0.1 cm)
Hydrothermal vent East Pacific Rise 98? Karl et al. 1984
Guaymas Basin 68-1005 Haberstroh and Karl 1989

#Values were recalculated from ng ATP per g dry sediment
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Fig. 8. Relationship between pheophytin a to chl a ratio

100

and ATP according to sediment type at Hwaseong

estuary

A TS LAY F7lE Bk AMEAERRFE chl a %
of o 2 JS5S HHALE AT AUt
2 AT A, 75 2 AMvAZRR 7Y {1t
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HAE U nAE A Aol =& AR S 9 &
T AUATHFig. 7). 2HY YF HEHEo] A% SI-1 A
Aol A% F71eka %, chl a g3l th3l pheophytin a
o] Hlel ATP 7+ a7 25§94 YERAA
23l ATh(Fig. 79t 8). A MM =/ 719 7' art
n| A= A el vX e ¥ U HH =9
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=9 7|7 iAo R & AR Bl
o] 7147t YA EHAZolAM i oE 52
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o] A3 A= A (SI-1)0142] chl alorg. C 7+ ¥
7+ 0.0009(0.0005) pg chl a/ugCog AMnAzF 719
7129 Fwo] e IE= FH(YH-1)9 < 0.005
(£0.002) ug chl a/ugC BT} & 7k8 Hojx 9}, uje}
A2 ARG YA HAES A HHE BlE A
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AIZE Bal7F K| AERTIES] A 798k Ao
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