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Abstract — The cell abundance and marker pigment distribution patterns of picophytoplankton
in the Chuuk Lagoon, tropical South Pacific, were analyzed flow cytometry and HPLC. Also,
respective contribution of Synechococcus, Prochlorococcus and picoeukaryotes on estimated
carbon biomass was evaluated. Synechococcus and Prochlorococcus showed contrasting distri-
butional patterns in the waters of Chuuk Lagoon. Relatively high concentration of Synechococcus
was observed near Weno Island but the concentration decreased toward the Northeast Passage.
However, Prochlorococcus showed an opposite distributional pattern. Picoeukaryotes did not
show any significant variable difference. The range of divinyl chlorophyll a (Chl. a2) concentra-
tion, marker pigment of Prochlorococcus, was 1.2~ 180.3 ng L-! and higher concentrations were
observed at the stations near the Northeast Passage than stations near Weno Island. This pigment
pattern was similar to cell abundance pattern indicating that chl. @2 may be a useful biomass
indicator. On the other hand, the range of zeaxanthin concentrations was 61.4~135.8 ng L~!
showing comparatively less significant variation indicating zeaxanthin influence derived from
Prochlorococcus. Estimated carbon biomass of Synechococcus contributed 68% of total pico-
phytoplankton biomass. Prochlorococcus and picoeukaryotes respectively contributed 17.1% and

14.9% of total picophytoplankton biomass.
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32 AHAAAAE YA H = Synechococcus’} EE=
W AAFAN SAsHe Aol Lpehdeh (Charpy and
Blanchot 1998, 1999).
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Table 1. Water depths and bottom water sampling depths for each
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station
Station Depth (m) Bottom sampling depth (m)
B 26 20
C 35 30
D 20 18
E 4?2 30
A 45 30
Al 40 35
A2 45 40
A3 52 40
A4 310 75
N ST.B #» &
ST.C
[ 4
[ ]
ST.D

Fig. 1. Sampling stations in the Chuuk Lagoon.
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Zula A|EEFIESY ASE UV (225 mW)s} 488
nm (1 W)g] o}=3 o]2 #o]x7} A& %l flow cytometer
(Beckman-Coulter Altra)E ol-&3lgdv}. A A YF
23E s AR A i 39 F Aty
Yae 2P 99 Ascht WrEzEde B2
it HEEFEAS 05ums} 1 um 27 ¢] yellow-
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Prochlorococcus “L2] 31 picoeukaryotes@} 7+o] IdHA) &
e 204 EHIELS ZF 59 forward light scat-
tering (FLS), 9240 <8t A A35)3}, phycoerythrindl]
23 cdxA §F EA E flow cytometer Aol A] o]
45y EAES o8 #8 ASsdd (Fig. 2). Flow
cytometersl| A AFEF A8 FlowJo T2 138 o] 23}
of ¥4 st
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Prochlorococcus 2}  Synechococcus= Charphy and
Blanchot (1998)0] 23]3F el EA |4 53 fgC cell '}
191 fgC cell '-& #-£-3}e] gt4z2e 1314} Picoeuka-
ryotes:= Blanchot er al. 2001)¢] A}£8F 1,361 fgC cell™!
£ Aa ehhgs :,Lz‘;}gi\:}
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Fig. 2. Flow cytometric analysis of a pico-phytoplankton sample.
Each group of picoplankton signatures was discriminated
using orange and red fluorescence settings.
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2280 W AEELIENG A 2AEE A
Askdeh A4 peake] WHL 7] Pa) Aod 2
I mLell %<4 (milie-Q water) 400 UL ¥ %, &3
A& 200 uL& HPLC system (Shimadzu LC-10A system
(dual LC-10AD pumps, SIL-10AD autoinjector, SCL-10A
system controller, SPD-M10A photodiode array detector,
RF -10A spectroflorometric detector)el] F$13lgion] A
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= 3le43V|E o]& 25°CE §-A8}¢dt}. Chromato-
gram®] 297 (peak)el i ZA-L ZF A4 (DHI
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7} (retention time)¥} v]w3le] ARAslgH o, 5= =
S8 292) WAL ol gted Tak
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el weh oy AEEA7) (Allince) & AL}
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Fig. 3. Variation of surface and bottom water temperature.
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Fig. 4. Variation of surface and bottom water salinity.

Table 2. Inorganic nutrients concentrations for each station

Inorganic nutrient concentration (UM)

Stations  Depth (m)

NO;+NOs;  HPO, Si(OH)4
B 0 0.07 0.04 18.49
20 0.08 0.06 17.33
C 0 0.05 0.03 18.56
30 0.14 0.10 19.65
D 0 0.07 0.03 19.16
18 0.12 0.04 18.15
E 0 0.07 0.04 19.18
30 0.14 0.04 18.23
A 0 0.09 0.03 20.58
30 0.12 0.09 17.09
Al 0 0.03 0.02 25.82
35 0.16 0.04 21.88
A2 0 0.05 0.06 21.61
40 0.19 0.13 22.48
A3 0 0.09 0.02 22.39
40 0.30 0.10 21.02
A4 0 0.14 0.02 19.11
75 2.05 0.14 21.97

AN ®2Z345-e3 Aolg Bylort Bl APEL 237 &
ARt g el £20 JE-S 33.94~33.99 psu
o W9z AAE Wt s Zsie (Fig. 4). 4152
e 33.97~3446psusA e AHEL w23
FAE e Byt HErEel AT A A3 A4
A EZol HlE TS vehinh

2. 439 37

A4 (NO,+NO3)9| 22 $=% 0.03~0.14 M9}
Wz AAFF 0.07uME el (Table 2). A )
1& 0.08~2.05uMe] #H$ B 037uMe| FF FE==
A mZol] B3 s=rb Eoheh ARE WA =259

Az A HEA A= 22 = B W4, 5
Fone] upgel 913 AW Ade) A TSmM F
7He s5E BT A A3Y A FM = 03uME 2
Z ol 9Ag YA wlH ¥ F=E vehych

QA s QA $AE A Wske ugth =
=2 0.02~0.06uM2] Hel 0.03uMe] HF =S
Btk AL 0.04~0.14uMe] HYS ng=y AA
A49] T5m 3N MY B e FE Yk A3
e 008uMEA EFRT ¥ e 2ot
A3} ol7tgoe] Yo =x 2 Wald Hld] FALS
FEE ¥ BEE 2T Y R S30 o W
sb =4 stk £33 AZlA 747t 2054 pM}
1976 UM 2] FF5%=2 By

L lo

dofe] A EEFFAEC] A AAL=2A monovinyl
chlorophyll a (chl. a1)& Z+=H 8Hl| Prochlorococcus=
divinyl chlorophyll a (chl. a2)& z+&=t} (Moore et al.
1995). Prochlorococcus®] F=7} ¥4 Jeples & =
29 QAL sots)lr] 98] chl. a= chl. al3} chl. a2
9 =% ¥ o= Jepld 259 chla FEe
AWz 109.5~271.0ng L'¢] W3}E ¥glch(Table 3).
Axd FH) A wd) ARZH e P
Al~ad AN Aoz dster] ¥F4z 9%
o ¢xaF AA A42] mEA 109.5ng L2 7}AH
L =x2 Bwyu} Prochlorococcus?7} Z+= chl. a29] 5
TX 54~600ng L-'2] A WHils vgrt ASSA
Aol ARENA A FHe AHGE vls] A
o2 ¥ =/t vells dddige] 2vi4 AES
GAE A A Synechococcus®] XA HMAZ o] L-FH =
zeaxanthin®] % ZZoA] 61.4~1358ng L1 %

Mg 2 2 ooff wh

rl

O.l.:

Table 3. Concentration distribution of pico-phytoplankton marker

pigments
Concentration ng L~!
Stations
Chl.al Chl.a2 Chl a(Chl al+a2) Zeaxanthin
B 255.3 15.7 271.0 101.0
C 153.6 54 158.9 91.5
D 189.9 9.1 199.0 106.9
E 130.8 9.7 140.5 94.5
A 203.1 40.7 243.9 135.8
Al 135.4 27.2 162.6 103.9
A2 91.6 36.7 128.4 96.1
A3 116.8 60.0 176.9 88.9
A4 63.2 46.2 109.5 614
Mean 148.9 279 176.7 97.8

Chl. al: monovinyl chlorophyll a
Chl. a2: divinyl chlorophyll a
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Fig. 5. Synechococcus, Prochlorococcus and picoeukaryote cell
abundance distributions in the surface and bottom water.

T Hphee WelAw gashe 498 Fee 93
A wlwd Foe) ek (Fig. 5) 459 Frw 44
D 43e weom AHY WIS T3H FA) 1}
et} Prochlorococcus®] Fx= ZTE2Ppola] 1.2x10°
~525x 103 cells mL~'2] WS WP (Fig. 5). AA4E
B 2= Synechococcus2t Wb FAFE Jepl ¢gxi F
W AHEANA E5b 2T R5hne deiAy 27}
ook 49 AZIN FrE B3 FAT 8
E vehldo} Picoeukaryotes®] % Fx¥ Synechoco-
ccus\y Prochlorococcusoll Bl&] 2 &9 0.3x10°
~1.5x10%cells mL-'2] ¢ & B} HZeA2) F=
£ 223} A £ES Rolt 498 W3E Yeh
o} 9 W3l= Synechococcus\t Prochlorococcus$t
o] T F EAL HolA o3 A C9 AdellA A
qH oz ¥ AASE el

E71% HellM HEE zuji ABEFIESY FEo
S SE He 7 ERY dawe Feigd
(Table 4). 40 Z2 A A4 BZA T5m7HA]
AEshglon g2 2E AAHLE uig Zo|7kA] AR
dot. Synechococcus®] A A g2 Aol ket 139.5
~349.7 mgC m2¢} # e} 2285mgC m29] IFHFZHe
oot AA 2 ABEFIEY AAF F Syne-
chococcus7b AR 3P v €2 A4 we} 30.5~90.4%
o] H3lE wolen HF 68.0%F vyelieh Prochlo-
rococcus?] BtAAIA S AAHHE=E 1.2~180.3 mgC m™?
o) WIsk 57.3meC m2e) BFGe vech A zo]
A NEEGaES] MAF F Prochlorococcus?t XA
3 v &2 A de) 0.6~474%2 WIS ngle
o FHF 17.1%= el Picoeukaryotes?] &FAA)A|

D

Table 4. Comparison of estimated carbon biomass of Synechoco-
ccus, Prochlorococcus, and picoeukaryotes based on
depth integrated cell abundance, and surface to 75 m
depth integrated chlorophyll-a concentrations for less
than 3 um picoplankton fraction (- : no data)

Carbon biomass (mgC m~2) Chl-a
Stations Synecho-  Prochloro- Picoeu- (<3 P-T_I;)
coccus coccus karyotes (mg m~%)
B 154.9(67.4) 15.6(6.8) 59.5(25.9) 535
C 257.1(90.4) 5.3(1.9) 22.2(7.8) -
D 163.4(86.5) 1.2(0.6) 24.4(12.9) 60.4
E 204.8(82.5) 4.1(1.7) 39.3(15.8) 64.4
A 292.0(81.2) 13.8(3.8) 54.0(15.0) -
Al 349.7(73.5) 66.2(13.9) 60.2(12.6) 82.4
A2 302.2(61.6) 117.9(24.0) 70.6(14.4) -
A3 193.0(30.5) 111.6(30.5) 61.4(30.5) 65.9
A4 139.5(36.7) 180.3(47.4) 60.7(16.0) —
Mean  228.5(68.0) 57.3(17.1) 50.3(14.9) 65.3

* numbers in the parenthesis indicate percentage.
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7} Az AhEE B2 8 ¥.91A olu}. Synechococcuss
A FH AHAM ¥ F=E BT I
o] AAx B542 Foz Wi Tt Fay]
). Prochlorococcus®] 73§ o|¢} ubfjo] Rz EAS
Gehleh & olE 7 AR 2Aedes vepts
st g A2 o2 S ol oz g
=}, kel Al Prochlorococcus®) ¥7 (Chisholm et al.
1988) o] & &%l @ AFLL o]5 F JAFeo] A
A7A 72 223 A 72 BEAA Aol7t o)
2 W3l g} (Partensky er al. 1999a and references
there in; Agawin ef al. 2000). Synechococcus’= ¥l % o>
Aol vls] g TFo] 4T HANA ¥ FTEE
ol ¥l Prochlorococcus= Gt $} o}dche] ul
of ZANAM B2 T2 vehit) Synechococcuss
AA SRR &l Rzl Prochlorococcus=
AR o2 40°N~40°Se] $j=Atolol] A3 <l %z
vebde}. =8 Prochlorococcus’s A A= &
o] AH = FEE Bo|3 e} (Jiao er al. 2002, 2005)
AR DA BTN A G 29D 20
4 AEEY2E 2o b 5339 dohen
2ol = Prochlorococcus7} B-E3h} FRp7r4o] o3k
e - 38R 9t (Noh er al. 2005). o
F2 o] Algle] @EF7 W3] 93t AR
4 Al B A AT ok
1A eksket. a8y} & w29 Prochlorococcus -
E oo 4T P4 ARE YehT ek A
FHAHET] BF 25 U AHE Aboldl
Fr19ckd ot G Z Aol & o] grth o
Prochlorococcus7} A 7ANA Z283A ¢V
=7} Zashe AL ol Frledekg el obd o
240 9 4 2A&E Bol Aolth Heby FF
gl e z2ux HEE AFE= Proch-
lorococcus7}- _‘il_°]“ A AFH BEATE oHEg $
%

Synechococcus$}  Prochlorococcus
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ﬁ afl fo. ro 4
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A e Fxg nolx AU F4o % vehd @
oot FA1GPARY BEE F AolE ol Ak
o1} chl.al® ¥5E g FHINN & 255 B
o, Re FAGPEF 4udel HF 4% AU
G A Jehd 4 A ol 2 BE B Helale
el T AR e Tl AdHes ¥E 4
AeE 9w, Synechococcus E=7F A vehte=
4ee] 9 4 ¢ Aew 49 doba Feo W
St ok Sxe) Wbl 2 BAGMG 2ol (Li
and Wood 1998; Noh ez al. 2005; Pan et al. 2005) & 4~
9 F= W} vehdA] ket Picoeukaryotes®] ¥
=X Pl vE @} Fo 2 (Fig 5), S A
A W wolA gt

20| A ABEZYAEL A} AL m23) 2] ZoA]
FE W) glo) HA1 22 & ehich 97 254
2 9130 9% 24 TSmelA] A4S Ang AAT A
B Adeld ohis) Wsg B3I Sn 3 53 e
gl JE3 Ajo]lE He] £ o2 YX|3lT
HHehl Fgs 3,4, e zaxa F 22 g
B woln B AL e 4

= S wEa A2e £l 50 AN ALE A
S5 2 Aolg mold] B 9ok ol SFIA
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—i) m
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% 74—1 °1313} -%E]%
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Prochlorococcus A| 3% chl. al (monovinyl chlorophyll
a)& ©lAlsted chl. a2 (divinyl chlorophyll a)& WZaho
24 BE ABEI2ES FAT AolE vehin
(Goericke and Repeta 1992). whebA| chl. a2-& Prochloro-
coccus®] AABERA o5 AAF Aol ol o
253 9)c} (Jeffrey and Vesk 1997; Higgins and Mackey
2000; Wright and van den Enden 2000; Veldhuis and
Kraay 2004). A} AH 59 FZo|A 54~60.0ngL-19]
chl. a2 =57} 71&5 9} (Table 3). AAYH Ex = ¢ x
A FHARBIN 2T A B2 AHBIN B
o}, o]# 8 B-EX= Prochlorococcus®] F=} FAFSE B
E2A] chl. @27} Prochlorococcus®} B2 2+ vepd
4 9l A A|MAYS Holx gt} Zeaxanthing Syne-
chococcusol| Al VR E R XA &0} Prochlorococcus
9 dB =z F A= ehde} (Jeffrey and Vesk 1997).
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Zeaxanthin-2- Syrechococcus€] carotenoids & 75% o)A}
& AR EE F2 22 A (Kana ef al. 1988), ¥i<kg Al
F A 243} zeaxanthin®] ¥ =X straindl] w=l 1.1
~33fgcell”'e] WHE Boln F=of o} W= 2}
Al vFelde) (Kana et al. 1988; Six et al. 2004). Prochloro-
coccus®) M ET} zeaxanthin T2 1.0fg cell”' oz
Synechococcus®} W48} 2F & $£F ot} (Moore
et al. 1995). wpebr] B z=A 53}t zro] Synechococcus
2} Prochlorococcus7} EAE o] velhts IAGAE=
Synechococcus®] R A2 o) L& W Prochlorococcus
A E¥ s zEE wAop gt =AM A ES
zeaxanthin 32 BS 526 A9 AX Adefjr oF
g 328 B A& A AE A =
A ekgkr} ol= A FHAANM SynechococcusE
58 22" zeaxanthin =7} -2 vl&], ARSAA
8 AAEAN ProchlorococcusZ2HE] Be]¥ zeaxan-
thin 3=7} o3| Yepd v= 22z gddn.
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Z 429 YAYAAZA 20|48 AEEGIES o
Fol Whe ¥ E 5 UL uld 202 FFaER
Synechococcus®] A2 AR F 228.5mgC m 22 A
WA Zols AEELIE AT 63.0%F Jehdeh
AW ¥EE Ryezel 4T AUIA 20l AR
Eg2E AAF F 30.5%9 36.7%F Veh Hpgol
woltort B} AHENME 60% oA &2 ke By
t}. Prochlorococcus®] A7 B FA tihake 573
mgC m22A4 AHA v HEEFFIE YAFY
17.1%E Veldoh A4 H5E2 0.6~474%24 &
T2 Wekez vrldaAM ¥A e Picoeuka-
ryotes9) g4 A AA FF 50.3mgCm22A] A
A zua AEEFIE YAFY 149%F Jehdo
% ohzeld Bl BREE AAFE B¥ o
Tuamotu 23 §AHg A5E Wo]x ¢} (Charpy and
Blanchot 1998). ol k2] 27e] Skt 2ol g 1
olv] 94 RFLo| Prochlorococcuso| Al Synechococcus

= Wge dehlz A

S| 2

Ao ekl $1R8 & gZolA flow cytometry
%} HPLCE °l4 274 ANEELFIE 2AME 3
Synechococcus, Prochlorococcus Z12) 1L picoeukaryotes 2]
FT=oh AR A 2 S BAsa $AE =
AA g Mo 7]odg& FASAG. G Sl Synecho-
coccus®t Prochlorococcus’= & oA Hv|E = 2%
EAL By} Synechococcus’= A FH A Aol A
S FTEE XU, FE5R Zor oA ¥
7} ZFAslgn}. Prochlorococcuss ol ¢h Wit Bz E
A4 el on, picoeukaryolest: SAH Sl
32 Wolx] ekl Prochlorococcus?] A A|AMAQ) di-
vinyl chlorophyll a (Chl. a2) 1.2~180.3ng L°12] »x
WAE nger] dxal F9 PYERT FErzdl
At AAEAM A el o] Prochlorococcus
o FEsh AR RE2A, chl a7} AARE] 2L 7
E3& vepdc) v zeaxanthing 61.4~135.8 ng L
o sx WAL APY WS Fuase v e
ERS HyExd ol Prochlorococcus2RE] S
zeaxanthin®| °J&ko 2 A Synechococcus®] F4
H A ARG AA 24 ARSI E QA s
68%2 A 8H T} Prochlorococcus®) picoeukaryotest
ZH2E 17.1%9}F 14.9%2] A= vehd ok
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2 Q7e B2ATY Sl deiner o
deof AR A4 Ae N A7 dFE AL
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