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- The Summer Distribution of Picophytoplankton
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Abstract — The effect of environmental forcing on picophytoplankton distribution pattern was
investigated in the tropical and subtropical western Pacific (TSWP) and the East Sea in
September, 2002, and the continental shelf of the East China Sea (C-ECS) in August, 2003. The
abundance of picophytoplankton populations, Syrnechococcus, Prochlorococcus and picoeukaryotes
were determined by flow cytometry analyses. Picophytoplankton vertical profiles and integrated
abundance (0 ~ 100 m) were compared with these three physiochemically different regions.
Variation patterns of integrated cell abundance of Synechococcus and Prochlorococcus in these
three regions showed contrasting results. Synechococcus showed average abundance of 84.5 x 101
cells m~2, in the TSWP, 305.6 X 10" cells m~2 in the C-ECS, and 125.4 X 10'° cells m~2 in the East
Sea where increasing cell concentrations were observed in the region with abundant nutrient. On
the other hand, Prochlorococcus showed average abundance of 504.5 X 101° cells m~2 in the
TSWP, 33.2 X 10'° cells m~2 in the C-ECS, and 130.2 X 10'° cells m~2 in the East Sea exhibiting a
distinctive pattern of increasing cell abundance in oligotrophic warm water. Although
picoeukaryotes showed a similar pattern to Synechococcus, the abundance was 1/10 of
Synechococcus. Synechococcus and picoeukaryotes showed ubiquitous distribution whereas
Prochlorococcus generally did not appear in the C-ECS and the East Sea with low salinity
environment. The average depth profiles for Synechococcus and Prochlorococcus displayed
uniform abundance in the surface mixed layer with a rapid decrease below the surface mixed
layer. For Prochlorococcus, a similar rapid decreasing trend was not observed below the surface
mixed layer of the TSWP, but Prochlorococcus continued to show high cell abundance even down
to 100 m depth. Picoeukaryotes showed uniform abundance along 0~ 100 m depth in the C-ECS,
and abundance maximum layer appeared in the East Sea at 20~ 30 m depth.

Key words : Pico-phytoplankton, flow cytometry, abundance, vertical profiles, western Pacific

* Corresponding author: Jae Hoon Noh, Tel. 031-400-6213,
Fax. 031-408-5934, E-mail. jhnoh@kordi.re.kr

—67 —



68 Jae Hoon Noh, Sinjae Yoo and Sung-Ho Kang

N8

AZA70) 2~3pum olgjel A 2ela AEEFa
E2 JAM 7ol &3l Synechococcus2} Prochlorococcus

4 8|3 cheFgt BB o] 43k picoeukaryotes®] 31

Fo2 oRold ot o5 zva AEEFLES T
P 879 RPN S FEE o), B3] Avls)

obde sepl A AR A EEFSE AAG &
2 7]dE = EAL vehith (Partensky et al. 1999a;
Agawin et al. 2000).

NGl 201 A EEGZES] BAR o] % obnson
and Sieburth 1979; Waterbury et al. 1979) o] 59| Bz E
AL 9s)7] 93k 2o 37t AWHEY Synechococcus
8} Prochlorococcus?} A A F-A W9l QA ¥4
A Mz Rxe zpe]lZ vehdo] w8 F v} (Partensky er
al. 1999a, b and references there in). Synechococcus= =
Aozye U AR A AA wE Ao Bz
sht Qidos gepglel Frw el g Ay
A =& WA S ehdw b Prochlorococcus=
YA A o2 40°N~40°S2] 9 mAtolof At oz B
3w, oyt ot ul ofF BN ¥ WAFE
elw §3d) AR o ot ehde ol F
M2 Synechococcus®} Prochlorococcus®] ¥ B-F-ZLO
2 o]FeolA glom Z7[e} M4 x| AR HE &
A& Hol flow cytometerE o]-43 BHZH A1} vl
£ go)3}A o]Fe)R 1 gl}t. vbA picoeukaryotes:= T}
i} gRres zAge] Uow Yot Axg olf
g BR7b Sol3kA] el ¥Rvd Fx dye HE
Fol BAMEYY wpel =y 3L AR w
¢l o1} (Moon-van der Staay et al. 2000; Not et al. 2002;
Romari and Vaulot 2004), A X 73 F12e] BEgz2y 5
zadlE Aepblel dask 32 Aol

HEA e oFoll AT B A7l oekat 340
Gehdeh ¢l ¥ waRsl 523 o714 S19E
AAATY F2AeE HUErdy datEe o
gt s2v Brtet e B 4 dEAdoz wy
vh7bet (Nitani 1972). 553 s §AMHA F2A)| 02
—‘?—Ei FAE depd R EFe A AA e

FUHT ARATE AFE ABsles fd
‘:} wetr] F2A o8} dubdFe FEFs 2 Fslel
45t 92 TFo ABE PN FeT Folvd
(Lie and cho 1994), @djsi g3 $-ehie} Fds|e] 4
< A7 9E8E 1 A 5F5FE 539 5
e sl Mz 92 $AEAHE Jehdoh 5339

v

HEE A sa-e AuEe -?—" £ & spte
BrpoznEs Saaelh BRonyE FUHs
Fee 16 930x10°mPe s °]—5* 70~80%T_- 7~10
4 Apolell AFH o (Zhang 1996). mHebr] 3HAjel| = 21‘%3
57t 5270 WA $Ean ok e S o
9 frdel Aeom dupdfel Aoz FE ol Bl
3 Aoz 39874 YebAoh(Kim et al. 1999). o]
sp o] QoA £z o)od ) vehit chepg B
7 ~FE ubgEte] zvu|a ERAE 7 ERLE
559 ¥z SHE Jebds qle] xols 4EEGa
9 AHEAE A7)0 g oA A Aoz I

¢

f

w cytometerE o] £
42 5] BLE olF
o] 2] 2 glv} (Jiao et al. 2002, 2005; Noh et al. 2005; Pan et
al. 2005). Tal 9] A4 E5EAE FAoR T A
¥ aods) 2 9 24 aea BYmEs Feus
A7} w32 it} (Kang et al. 2004).
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(TSWP. Troplcal and Subtroplcal Western Paciflc)J—]- =3
42od (ES: East Sea)dl| A} 43¢} 20039 8Yol= =
223 952 49 (C-ECS: Continental shelf of East
China Sea)e] 4| SHZ sk 7] ZAUQ o]o]£F of
4 AlgAF el dARZo] o]Folxvt(Fig. ). TSWP =
A FEFE S F2AL T e AR 24 A
(P4, P5)3} g ‘H"Jf?}%’gl 378 AA (P1, P2, P3)ell A
o] Folzlch F8l A SEEAE =T T G
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East Sea Cruise, Sept. 2002
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Fig. 1. Study area and sampling stations.

Table 1. Water depths of sampling stations
TSWP East China Sea
Stations Depth (m)

East Sea

Stations Depth(m)  Stations Depth (m)

Pl 2670 Cl1 41 El 84

P2 4327 C2 52 E2 135

P3 5432 C3 91 E3 1663

P4 187 C4 107 E4 120

P5 145 Cs 121 ES5 2021
Co6 47 E6 1949
Cc7 81 E7 134
C8 105 E8 2206
Co 104 E9 1636
Cl0 136 E10 1613
Cll 89 Ell 2499
Ci2 30

B 2ode] 1) Aol 23 shodch $35 a3
o Zabe AR AR e BE AAE 59
3 olubdfee) GEe e oof sode] zE

1270 AN e = sl
AW 4L Table 13 Z2th TSWP A} AAH S
2,670~5432me] $A19] ok st AHA P5T
4] 145me] FF=s dF% Dol A 5
8 AFEL 24 41~136m Alo]9] HF5 £ 9
Aska glew AF= FAE dupdi el 9

At dEAHES 100m o]4k2) $41E vehldw. Fa)
HAHE Z El,E2, B4, E7& 4@, 100m W2l o] R A
o] g &y, R HHEL 1,613~2499m $=412] 2)
D ICE LT

2. AEAA

x0)4 NEELIZE $AE A Az AL SBE
911 CTD7} A+2% Rosette sampling systemol] 101 £-8F
o) niskin botde B2 $3s}e] o) FelAieh A4r 7
29 mF $41(1, 10, 20, 30, 50, 75, 100, 150 m)ol|A] 3}
4o} Flow cytometerd o] -£-3t Zv|4 Z83E EAM&
Y& 248 =4 3mlE cryogenic F-Ho| ¥ 10% para-
formaldehyde$} 0.5% glutaraldehyde®] &% 0.3 ml A
A F Aisiae] Yol WE uekRleMaric er al.
2000). F7]d g7 BAE 8 A sE Fak10%
HC) A =2]® Za}2~=Ed (60 ml, HDPE)e)| @o} Y= 1
Pahalet,

20 AZHAaELY A4 UV (225mW)el 488 nm (1
& o] ;q 7} A&AE flow cytometer
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Fig. 2. Flow cytometric analysis of a picophytoplankton sample.
Each group of picoplankton signatures was discriminated
using orange and red fluorescence settings.

(Beckman-Coulter Altra)S o] 23} ). dAleA )
i Algs AgAE A4 gaoA X< F At
}EE 25337 98 Aartd RreEEAS A7)
Ao R2EEAL 05ume 1um H73¢] yellow-
green beadsE E§3le] A3} ). Synechococcus 9t
Prochlorococcus 18] 11 picoeukaryotes 9} 7o} F31A1-&
3t zu|4A ZYIEL2 7} 2§29 forward light scat-
tering (FLS), 9S40 43 A3, phycoerythrine]]
213 A 33} EA 5 flow cytometer Aol A] o] &
HEe 5AES o8 ¥ A4t (Fig. 2). Flow cyto-
meterol 4] AFE % 8= FlowJo (Star, Inc., www.
flowjo.com) Z2 T3-& o| &3t FA3}H

A4 (nitrate+nitrite) ¥+ Parsons et al. (1984)2]
el et ofoksd AHEEA7] (Alliance)E AHS-3}ed
FA A

5

1. &g 384

24 AAE) ANY 533 % A BARA
e FaAes o2yE ¥AW dubdias e
2 peoh AR TN 79T ALAARY T2
At WRERAA Al e s=20 =)
AP B Y2 PE;ALen AN Fig. 3). 5
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Fig. 3. Schematic of the current system in the East China Sea from
Nitani (1972).
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Fig. 4. Sea surface temperature image in the East China Sea and
the East Sea derived from a monthly (September 2002)
composite data taken from MODIS.
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Qo] A veht Aok (Fig. 4). F2A 2 EH49S) 1
732 dubdfol o 8o AR = 597
He] 9ot $eiviel & £ duhdiel 949
dFo] ek Wi glon Fa|ERede A
o2 A £ Ao Wl 4 A= AuE 9
AapAle] Yehd $epxz el 2 dx)shed 20024 9
of At ®E 5o Aejgcke] dv) 2 ofdus o
(TSWP)o] Eaflo] H)s] Addoz A etz gligt
(Fig. 5). $39] A A4 2 FIIF 24U 922
E39} E5 Aol Aoz ¥ $237& Helm
El0e] A8 £E% BAZE 592 AL e et
W} 20039 8o HAME FE5eY 238 A
ol weh 258~294°Ce) WSl2A mhtFel o
uhe 9joke) AHE (A C4, C5, C9, ClO)AIAM A
o8 & 52 Byxg ehid.
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Fig. 5. Sea surface temperature distribution of each station.
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Fig. 6. Sea surface salinity distribution of each station.
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oI AFE FER 4ol 98 ZYBL dujd
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Fig. 7. Vertical profiles of temperature in each station of TSWP
(A), C-ECS (B) and the East Sea.
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F=alel 53] EYEANS AN B
% Bolx glch
A 9 A 20 $£2]F2E Fig 70 et
Wk TSWP 4292 A 52 30~50m 7 o] 74| 421
3 A2 21 E¢So] velwth vk $EFE AL
AAHEL 20m o] o[lle] B EF3o] el of
3t Aol FAT 27t art e 20530 7}
A dgsts BAS 2o 89 AAHEL 10~40
ol¢] my & veptth 71} W = &3
lo]& ehd A E102 A 25k 20~40m Z o)
2 EggZo| veh} TSWP 93 C-ECS9 7t
EAL vepla. A AA F @8 A8 AA
El3} E2ellA] 40m Z)o)o] mw Eg o) Jehydw E4
o} ES% 30m ool A $op3o] vfepde) B} HE2
20m77}11 TYE 2E Holt} o]3) Ao Wt
E gof2o] eyt

ol

=

by B

o 1o o 3

2. 9% ¥

C-ECS¢} =&l m:2429] AAFY (nitrate+nitrite) %=
* 2] 3AEAS 2 Jebix glvt(Fig. 8). C-
ECS AA &9 == AAY (nitrate+nitrite) ==
028~121uMe] W9 E wch AHYF = 073
UMRA] A7t oz REe] FFog Qs udt AAk
o A4S Jdehloh B8l 0.11~041uMe] #H3jek A
A AF 0.19uMY] =58 Beo TFIHc) ul ojof
Ae)gle Bk TSWP £a2 ojokqd 24 2187} ¢
ot dd 9 ofdd) JF4e] F I ul dok A
e ®de 2 d8A glo} (Carpenter and Capone
1983). mebA & zAMe Adf djoFe] S8 Wl ook g

o

1.5+
1.24 [‘
= | -
=
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z
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Fig. 8. Surface nitrate +nitrite concentrations of each station.

3. Zv& AEEYAEY £ Fx W3

Flow cytometerE ©]8- Synechococcus, Prochloroco-
ccus, picoeukaryotes®] 37 8oz Ha] A4d xu
A AEEYFEL] 3 F25 100m 470 223
Z+-& Table 2o VebA o} Synechococcus F=2] 2A 4
day A7k =387} 305.6 X 100cells m2e.2 7}
A} =9k3 TSWP 429 o] 84.5% 10 cells m—22. 7}AF o
Xtk TSWP =98] AAHE F ok 913 P1, P2, P3
AARE2 35%100~54x100cells m28] @} Tz E
Uehont SEEae] sl SIS 44 Pash PS
olA]= 189.4% 10 cells m™2¢} 219.0 x 10'° cells m 22

Table 2. Depth (0~ 100 m) integrated cell abundance for each
group of pico-phytoplankton for each sampling station

Integrated cell abundance
(x 10'0cells m™2)

Area Station Synecho-  Prochloro-  Picoeukar-

coccus coceus yotes

Pl 5.4 666.8 2.9

P2 5.3 611.5 0.7

P3 35 418.5 1.0

TSwp P4 189.4 314.0 8.7
P5 219.0 511.5 249

Mean 84.5 504.5 7.6

Cl 350.1 n.d. 9.7

C2 240.0 n.d. 16.0

C3 809.3 n.d. 23.1

Cc4 231.2 165.0 53.0

C5 204.7 70.5 27.8

C6 156.0 n.d. 13.0

East China Sea C7 161.3 n.d. 224
C8 447.5 9.3 30.8

c9 268.0 26.0 61.5

C10 268.3 113.2 - 56.7

Cl11 152.7 14.7 18.2

Cl2 180.3 n.d. 30.2

Mean 305.6 33.2 27.8

El 48.3 n.d. 55

E2 39.7 n.d. 8.9

E3 139.5 306.1 6.8

E4 43.7 n.d. 54

ES 143.1 331.6 9.5

East Sea E6 164.0 494.5 11.1
E7 154.4 107.9 10.2

E8 100.9 121.4 16.7

E9 91.1 n.d. 35.1

ElO0 3448 n.d. 25.6

Ell 109.3 71.0 14.8

Mean 125.4 130.2 13.6
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2713kl C-ECSol 913t 127) =4} AAPEL 1527
x100~809.3x 10" cells m2 2] ¥ FTxF Mo,
TSWPe] 9 AAANA @2 F=F Boln =3
Wy sodold T Frbshe $ELEYel Tl
el Z89) AA-ASL 39.7x1019~344.8 x 1010 cells
m2W$e £x2 X TWSP Beh Fov} C-ECSel| H]s)
A Fe 38 B9 Prochlorococcus®] 4298 F
X B2 Synechococcus®}y By efAlo 2 TSWP 4= o]
504.5x 10Wcells m22] =& AHA IHF 7ke ¥l vk
C-ECSel| A1 33.2x 1010 cells m2¢] & zke el
TSWP2] P1, P2, P3 AAEL 418.5% 1010~666.84 x 100
cells m2 Y] =& Prochlorococcus E53 VJeER) O
w] o] Synechococcus®] FE=o] v]sl] 100w o)A} =2
Zhelot. C-ECSE 127 =4} AA & dupdF4o] I3
< 7 e 4 e el HAR o AW
Prochlorococcus7V 2831t} o] & AAA Y T
9.3x 1019~ 165.0 X 100 cells m=22] wW&|olm] 2)oke]| ¢
A3k C4, C5, C10 BAANA A A2 52 3h& B
ok Y AT EFEE 130.2x 100 cells m22 A
TSWP A5t yov} C-ECSof ®is| A Jehgoh
9 117 2AF A F 670 =AF AARE Prochloro-
coccus7t ER3AH. FME FFo AT AA El,
E2, E49)} A4 7o) Vel E10 AAANA Prochio-
rococcus7t @A Astet. E£5EA o A3 AL
AN -3ttt Prochlorococcus7t 283 AL
71.0x 10'0~494.5x 100 cells m22] Fx WS Ko
™ A4 E3, E5 E6 A Axoz & x5 e
o}

Picoeukaryotes 9% AAHF Fx= C-ECS7} 27.8
x 10'%¢ells m22 7} &3 TSWPe] 7.6 x 100 cells m2
2 71 Pyt oy BE 882 Synechococcus®t 7r
Koy FEE V10 FF2 Jehld= TSWP 99 Pl,
P2, P3 AAL 0.7%101°~29x 109 cells m22] ¥ F
= B3 FEFel 1A P4s} P A A F7b
H F=E deidloh 5536 455 99 AHES
9.7x10'°~61.5%x100¢ells m2 Y] ==& ngvh
AAFF TxE 27.8x100cells m22 Z3]o] w3 <F
29 TSWP eefe] Wls) <F 4v) & 4F e wolth 5
9 AFEL 55x1010~35.1 x 100 cells m™28] F=4]
1% Hylew UE fole] AT YUBo] He
23 =8 nin

Synechococcus (cells mL™")
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Fig. 9. Vertical profiles of Synechococcus cell abundance in each
station of TSWP (A), C-ECS (B) and the East Sea.

& Yellol (Fig. 9A-C). TSWP2] A& 50~
18t eAlellA FAT F=7ra7) el o) g}

T2t v 2 2439 2 G 2
| 93] 2P} (Fig. 7A). TSWPo| $128 =]
TEFM HAT HHEe] FFS] HHERG
Fx5 vehdo} (Fig. 9A). AA P5¢] =W &g
2 343%10°~33.5x 105cells ml~'¢] $ASF =& 1
qem olapadelr Zastrh HH Pas EZoA
30m 441742 ¢F 21.0x 103 cells ml-'®] ExE Ho|o}
50m Sl A 43.9x 10%cells ml-' 2 2718t & 7}as)
Aok 9] kel $1X7 P1, P2, P3 AHEL 3o
A 16X 102~82x 10%cells mI~'9] Y& Tx = el
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o 47 P19) 50m 4415 P39 75m AlelH =
Yo vhehp 12x 10%cells mi-! o 3}e] & ol
o} TSWP AH L2 Synechococcus $3 I A2 o
2 2 FFFAR AR EE Beln 29 E3FS
Bl ol $AldlA F=ZVPL vERd ¥ o)iolA 7
&8s F2E5 YERvh C-ECSE] AAFEL 9 54
W2 2 210 §99) $AELE JehychFig 9B).
updfaol ZHT - C4,C5,C9, Cl0= EZof H]
3 20~30m AN F=7F Sk F2E JER
o 9 At AAHEL Z3eA 10~20m 4
AR A E2g wolch olAlelM ashe F2E
et o)9} e FARITE 529 SExel Y
A% BAE wolm glem dAMes wd EYS T
e =9 ER29 vkl ol 42714 ¥ Fxg o
ehich A4 78 A9 HAS) =2 Frb 38
10°~203.1x 103cells ml~!8] 4=Fo 2 TSWPd| v =
A Vel 8 AHEY] 23 T2 7.6x10°~68.9
x 103 cells ml-12] WH$ =2 A C-ECSeo] uls] For}
TSWPe] HAE R} ¥ $5& veplo 482
+ E6 AAH 50meM Fx= HYE& Jelbd A El
AN 2SHE] 50m FAZHR] FARE £52& Ho
o 75m pAlellA ofzE ZRAde §F A A9, o
2 AA-el 20~30m £AZA] fAKEE F2E el
o]3} FAlolA F A4 F2E R (Fig. 90).
Synechococcus F22] $AEZE= iAoz ook
o] A3} HAHT AAF e

Prochlorococcus E5.2] $AEE GA] B2y 3§29
Zol P pokx iy YA WAE RS (Fig
10A-C). TSWP2] AA F 50 m ojAlellA F3 & 29
Zo] YA A & AA P29} P3%: Prochlorococcus?)
F=7F 100m $A7HA] $AHE £8E& Holn 1S0m 4
oM spzrel Zash vhebskeh (Fig. 10A). Wl
50~100m §=3l ol A] 4=~22F30] vJeld PI, P4, P5 A
A S0m A7 FAE £E0] F2E Holo o4
oA Zaste FEHE BYd 2FFEE 327x10°
~76.8x10°cells ml™'2] He2A AFd W= =4
otttk C-ECSS AA F dAdaddd A% 67 AA
oA Prochlorococcus7} E33}A] ¢grern dupd .o
el e dF F AFEANA EXE Yeld
(Fig. 10B). Prochlorococcus?} 28 A== A= o
E SAREEE vellch AA C49F C5= 747 20ms)
30m o|4ellM F= v} vebgen C1034 Cll A A
2 EZ v]a] 20~30m Ao ¥ F=E Helx
SJANA ashe F2E vebdeh C9 AL S0m o]
Aol A ko] F=7havh vehden, A4 C8L 30m

#4229} Prochlorococcus7t 28 39k 229 Ere=
1.3x103~97.9%x 105cells ml-1¢] HL = A TSWPe| H]
3 @2 2FE Yelldh 599 AAE F 67 Ao
A Prochlorococcus7} 288193, £AEEE A& o
= =W BPEN S FEE Holg ollelA i
3= Yel e vehllc} (Fig. 100). 9 &332 Zelx
HEEe 10~50m& ehdn AW B33 BoelAl E=
HFo| oFsiA e £329 ExE 417X
10°~97.9x 105 cells ml1¢8] $Fo2 g HAHINL
W e TSWP 943} a1 58 w3

TSWP 4~ 9] picoeukaryotes®] $ZE|EELE Synecho-
coccus®} §-AFSE $-8)-& vpehl o} (Figs. 11A-C). A3 P5
T S0m FAAR FARE 59 FEE Holrt o[y
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Fig. 10. Vertical profiles of Prochlorococcus cell abundance in
each station of TSWP (A), C-ECS (B) and the East Sea.
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A A3 AH P4dA 50m FAAM Fx FH T S0]
vebd & olAlolA Ztasigul (Fig. 11A). FF ook
of $1X& P1, P2, P3 AR B FEE W$ F& 5
& nglen £ wet AR Fokske e
vehdot A4 P1-E 100m $A7HA] Fx71 ozb 27}
g F oA zasgdt a2V Fx HUEL 04
x 105 cells ml19] whe 2z epidl A P29} P3
L 100~150m $:A171 2] E57} Azp 271aked.ont 0.3
x 105 cells ml-! o]8}2] & =Folr] W3S el
C-ECSY AHEL A o2 F=W3r) 32X 9ok
o} (Fig. 11B). 29} Fx3= 1.2x10°~5.6x 105 cells
ml-'e] W2 TSWPS} Fao] vld] 2 $5&

ehdel. Felold -l wel BAst 39 AR

Picoeukaryotes (cells mL~")

le+1 le+2 le+3 te+4 le+5

L1l Lo 1l Ll Ll

] A

Il

W
<

T T I T I I |

Depth (m)

--P1
= P2
- P3
-o-P4
-2-P5

100

150

le+1 le+2 le+3 le+4 le+S5

L) L1l L1yl Lol

B

-»-Cl
- C2
- C3
- C4
- C5
©-C6
= C7
-~ C8
- C9
-o-Cl10
= Cl11
-4 C12

Depth (m)
(9,1
S
]

100

le+1 le+2 le+3 le+4 le+5S

L] L1l bl L] L1l

C

- El
-a E2
-+ E3
-+ E4
-e-E5
-0~ E6
-o- E7
-2— E8
- E9
-o-EI10
-#-El1

Depth (m)
W
1=
[

100 -

Fig. 11. Vertical profiles of picoeukaryotes cell abundance in each
stations of TSWP (A), C-ECS (B) and East Sea.

7k el (Fig. 11C). =91 E¢50] A vebd A4
El, E2, E4ol A 408 F=wish) ol Aot e A4
2 30~50m AR w2 FEE Holw oAl
74g R2Ev, E6, E7, E8, E9 A EL 20~50m 44
AN F= HulFol Jehuth 239 F=& 06X
103~4.3x 105 cells mI"'¢] #W$]= C-ECSHE w3
TSWP £9¢] vl3] 2 &8 B3t

E 9

1. 9% FE ¥x

ZAMES | A Synechococcus®}: Prochlorococcus®] %
= BEE M2 AUSE 54¢ tehich 100m 24
742 A E-E Synechococcus®] FxE C-ECSIAM H1
TSWPo A & W, Prochlorococcus®] Ex+= TSWP
oAA 3 C-ECSA w7 Jelydrt o)A Lz 24
oy B4 W3l oo WHEsl: SynechococcusSt
Prochlorococcus®} Q€] - 23 z}ole 25 ehte=
oz Fhgloh TSWPA] ®el 23} Zro] s} of
g o] feF AN Prochiorococcus7} =& AAFS
Holx ZA-& 2 UdA FAlo|t} (Partensky et al. 1999a).
1980} 34} flow cytometerE ©]-8-8} Prochlorococcus
9] A 47} 715 R o) wa} (Chisholm er al. 1988; Li and
Wood 1988), Zn|4 E#3E] B¥ 77} i3] A
L) 2 A3} JFAFQ Synechococcus$t Proch-
lorococcus®} A A FRAH} QA EX5AX] o] ©ol
B3 ol F EFY £X el weiA sk
Solg AL, 9 Hopel IT U 9% BAAA Pro-
chlorococcus®] Fx7} Z7}8l= Ao} Prochloroco-
ccus’= Wl JURANM F=r} Zulsle] Synechoco-
ccus F=2] 1008 o}, AAFo 2= 20u] o]AF& v}
elic} (Landry et al. 1996; Partensky er al. 1999a; Noh et
al. 2004). ¥V Synechococcus’= AuPA o2 ook o]
FRg AN w2 F=o A o] F71E BTt
olgjgt AefH FA L ol A= A Jehix 9]
o}, Synechococcus®] FEx= TSWP 4 = 231 ul o
% g Y Aoz AZEL A PI~P3 SedolA
3.5x101~5.4x 100cells m22] & Ex& Mol %
Z2se) 938 WA Pas) PSelA] oF 200.0x 10 cells
m?2 $FEo2 FATYL Fx F7HE vehld 3 g
7 (meso trophic)& ¥4l 53 WFE FYdM=
o] Z7}sle] 305.6 % 100cells m2¢] A HF T
vepdlel. oj¢} Z& Synechococcus®] FE BIE:
ddje] S ul P oz RNE F JF Y F

e oy
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3 4
5 el wls] vl dek AL eblo (Fig. 8). 5
&) 2] Synechococcus 3A Ha FE=E 1254 % 100 cells
2A TSWP 8 uv} 3 C-ECSo)| v3] @& £F&
Holxd o|8jdt T $FE UG A oS ¥
= 7oz pdE.

Prochlorococcus= ——,'15,7} ¥l ofok B o] dAHE
TSWP o)A 3 o
w7l =L C-ECS°1]/‘1 3o vz Byct =3 C-
BCSS) @a® 9% AReIAE U g B
o dr HAx Prochlorococcus7]— Z&3)x] 9o}
AANA oz C-ECSEY 2 FX& vehlo A A
FE2EAS 1 gk %7§°1 4= AAH PI~P3 9
& wel 53 st P

FAR 2o F9Y A
A5} g ok vl
epdeh w1 odek RSl EaelU FEFANG ¥
= F28 Urhde olelT $T Yol 2741 5o

Jorg el WeE Holy
A b 55305 £ Lo eds) 2
o cdoped A% AR
Prochlorococcus«] E—Ol 3t B 9kAMS Prochlorococcus
9] 9}A (Chisholm et al. 1988, 1992)¢] & zu]|4h Z=
£ 7oA WA 9 A Tulee 23e) shich
Prochlorococcus®] 7 & A% gz A1 &

2,
X
¥
L
m{n ‘
o)
0%
o
[o3

¢

= S
3 A EZA7)7} 0.6~0.8umel] B3t o] zu|A AEE
gm0 23 ul ofok AL Rel= A AA A}
ol sl F=r}t FIbsle Soldt ¥4 A&
He E3] A AMA e obdd sokS Aulst gl

2.0 ¥ Ao} (Chisholm et al. 1988; Vaulot et al. 1990;
Olson et al. 1990a; Campbell et al. 1993; Goericke and
Welschmeyer 1993; Shimada ef al. 1993). ]9} 72 oj<F
o 3AF AAE Prochlorococcus®] BE BAlE o}
3}—-‘:‘3] Moore et al. (2002)2] AL AuAojn u)-p
AAgk #4GE AlFsta glok HH%*E]J— glE 2 strain
2] ProchlorococcusZ o|4-3le] AP A3} o] 52 A
24 ofokdFE NHyt 9} uread o]-g-3le] AAsht NOs-
Z o] &3} AANE mo)x] ¢kelt} Moore er al. (2002) o]
AA) As=2 ZwslH Prochlorococcuss AALY =
Zol FAGle] BS A 3 F= NHat 9} urea
ol4gto e B2 AAFE AT 5 Ux Aoz
T, ol T A S ol TP Sk
2l Gof 2ol R AEEFIED ol e 7

(LN

chlorococcus®) ZF=s % = flow cyto-
meter& ©] 43 Zv|4 £} 7} A ztE Ry
Aoz X3 glo) Jiao et al. 2002 2005; Noh et al.
2005; Pan et al. 2005). F-2590|A1 Prochlorococcus
Hx9]| oFare] AA Wyl ZA vehdisd, A 27
A 5ETA AFLNA FRAA LT 420 ¥
2AL 9% FAoz ZIpYol A %9]
& WA s A7 Ml oG] 2 o
S| A Prochlorococcus= &3 o] Ag=EHE 3

%Oﬂ/\-],—“_‘— Prochlorococcus?}y Z831A okodcth AA =
A A m2AA 100m 54 Aoy wol:
o %J;:'ql E=E vehldl 2382 Prochlorococcus B-327}

5 343 A3 #AVE dLS Melxn = (Fig
12) C-ECS9] AA & Prochlorococcus7} &8 s}A] ¢
< 67 AR AN GRS 334psu o]FE HYT, &
3 67 AL 343 psu o] vEbleh G837
w2 Prochlorococcus®] B3 P& AAQ 33U 4
g0, Jiao er al. (2005)2) A5} 7to] oFal7} 3|4
2" FF4o0 vlRUs o 9T 9 2% 9
o} w)@A wl edoF AL B Zdo)Al C-ECSHTh
> FEF BEyot 28y g8 AAENME Proch-
lorococcus 28 A3 Abo] vely) A A oz FH)
Aot 349 ofske Wk 4 Q& El E2, E49} 72 A
LA Prochlorococcus7t Z&&sHA] koot 218y
A E28) E42] QR =2 oF 345psue] mg3A
& ne} drhdRel G Ve Aoz ey
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Fig. 12. Diagram representing relationship between salinity

maximum of 0~ 100 m depth and 0~ 100 m depth inte-
grated cell abundance.
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o
. g

cous?) E5H7) g A AN FoIht Ule
457 %3 Aeh 553 Y 445t 99 Pro-
chlorococcus 2= G370 o|59 RzgAL 4
£ AT B B hehle T QeAa
e AReclel g¢ Aoz Bekgn, ool U ols
= Seide e Bolie A AH F Prock-
lorococcus B FA} F)ete]] =80] B Aoz FuizEld)
Picoeukaryotes®] =W F w3l Synechococcust
AR FAHE B.9io} (Table 2). Picoeukaryotes®] 4=¢3
W IHF FE= Synechococcus®] 1/10 $Fo)g] ot C-
ECS> %3] >TSWP +9] Z=W3lE= Synechococcus$
7okt o218k -2 = picoeuakryotes®= ¢3¢Fs] A o)
oje} Exsl W 2 9lee m]ath Noh ef al. (2005)
9] olo]x FEHV]|R] $9F Al A picoeukaryotes7} 4]
BEYIE A3l 2A b ke AN
elfict. o] picoeukaryotes FEWH 7L o F7

A 4 S ongict

274 BYIEY $ARE Yois 29 - oA 2
VE (L, 7Y A= W, GY, P FUF 48
B4 2dE (YAE A ARE $87 )l

3 Aoz WA gIeh mety 20
8 AEEehs A4Ae) AR
dehde BE 2R AW - A 54 ekl

A7 Fo2F A8z o4d $ Sl 2AHA

>,
by
o
i
d
Lo
4 rir

o} (Fig. 13). .
TSWP el A Synechococcuss= FEZ|A] 50 m 44
A Be FEE wolT olAlolN AL 4T BY
o 50m AN He T Fo) veldded oj9) 2
o] obs RN Ex HujZo] Yehit e
oo} otdeie] Wl JF FHelA W) AT gl
t} (Olson et al. 1990b; Campbell et al. 1993). o]} 7+&
FaE U el md TR 4l Anw
I, A F52RH el THFEHE 2% BZolA
7k Yepds F&xolvh C-ECS |58 4
2 B25~20m $£AA7HA] & F2E JEh T 30m
ARE FAT Gt e ol Re S0 W
Aol ok} 7}E|MS4m0) ofsfoz w20 YWxr} o}

Az} o)

3‘~'—l>4&

A} e ool wae| ke FHoA BN o
2 ®ZAA kAo RE FFEE YA 9F
22 & FEE Bl 20m oliXE FA43] F=7}
HAage 28y 5553 A58 9 F debdRd
Qg e £9L pookiel 2014 e} Fu 7
A% 30much 22 464 Ueldeh (Fig. 9B). 54
A &2 F9 Zlolrt ZAoiAel whel &F~30m 4
5—3— Holo o]AREH F= vt Zvt
F3ae) dehd SHex Fre
Egh3o] oJoFy] ZhH o] Synecho-

coccus®] QA A ARSE 27 ohd Aoz
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Fig. 13. Average depth profiles of Synechococcus, Prochloro-
coccus and picoeukaryotes cell abundance in the three
different regions.
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weEe

TSWP 9] Prochlorococcus 42 J4 F5 %
~50m7HA] Azl 2= 2= _110]1:}- 75 m <=Alel)
A opzt Zradbdet 2Eu F= e =ZA del 100
m $AdA = 26.9x 103 cells ml~ 'S ey} o)==
3 P2¢} P3|A] 100m $A471A] §-A18F £ 28 Ho
et Fxoltk oleld 44 FaE it obdelel w
Ak FAAA E3] B & U FEEA EIAM F#
o) Zeo)7pA} 1.0X 105~3.0% 10° cells ml~! H$]2]
43 F2g vepln oldNe e FA8 Vet
1}#] ok} (Partensky ef al. 1999a,b). o] Prochloroco-
caus7h 4FUe] HAHE o el AL 4 3
SR LR EEIEE P ERSSER DL E
I} FANA B wleksl ProchlorococcusEd ZAFsH
23} divinyl chl. b (chl. b2)2} divinyl chl. a (chl. a2)8] =
ol o 2744 AehYo] vebdek. ol 52 et ol
2% (S chl. bolas) AN H 2 ok Bo) HEH(EE
chl. by/ax)yel3 o2 Ee] = (Partensky er al. 1993;
Moore et al. 1995, 1998; Moore and Chisholm 1999), A4
obdesh A} EAAM 2o Bl ML Prock-
lorococcus?h A% $elol $45w Ezam slgol
w-&] A o} (Goerike and Repeta 1993; Moore et al. 1998;
West er al. 2001). e]248t A - A2)H TefAd-2 o] &)
FZA7AA w2 NALE FAANIE

o

=

Z=D E—] )J_,_

=TT
93 2ol 3 FAl kA TP FHE AE
Fg=mEcz WAY 4 A 95del I3 Aok =3

Prochlorococcus’s 2 A A] A$3 ¥+ NH, 79}
ureas o]8-8to 2 A wl deF FA I = =& AA
Ze fAEF £ e AEA EAL zZh3 3ld (Moore
et al. 2002). ©)2 8t Prochlorococcus®] Ae) - A&)A &
A TSWP 99| ¥xol $2lBxE AAG oz
¥Heeh C-ECSS] AR EE 23 ~30m 5747 #
Ng g woldh oldeld Zasich ol Syne
chococcus?) 30 m $=Al|lA] FA3]) 7F4s8 Az zleo]l&
Rol= Fzxo|t) o]gdt FTRXE Prochlorococcus?t 7}
2 Aol Hed e YA EAnds F5E
o|Ae] &3 oA} W] Ho|x T2z Hddoh £F
oA Prochlorococcus’= & E3Zo] Z-E 9%

% Aol Fdsln 2l EFFo] T AL
A 2¥ekA ol 99k 2L £AEzE B o=

A=) Jiao ef al. (2002)] 3§14 2= %H ZAM =
Prochlorococcus’= ®23F L9228 Ro|x| ok}
SRS B2 Wm 22 AT FEE ol

o] Aol A 2kAsled Synechococcust FARSE A F25
Bk TSWP 3t o] 589 gl =

=
Z& navh uleb due) ARAR o] M2

2ol AALT ¥ A= Aoz ¥
%

A5l AN Prochlorococcus7} 437 4= 9)
ol YAHA ool HEE FHUZo WA
ez il
$99] picoeukaryotesyE EZ~50 m7tA] FA}
Bolt} ofile| A ZHAxsloiet. vbH FF=d)
< ®2F~100m7HA] Fx2) W} %i?irlr
20me} 30mell M Fx HeFo] vepd ¥ o
Jol| A Ztastglet. el2dt 9 £ BEAE ]33]
71= HAEA 8% Ao “}17]—. Picoeukaryotesol| = ©}
Fo wFzol TS, olBL Az A3 )
4 =50 FA gob Lhel A1) 2 b
A2 ¥ 4B Py T 2izd A7 4
7] A7A 3um 7Z7] o3t e °4§H_7ﬁ-rer‘; picoeu-
karyotes Zgell EgH] A7V} o]Feolx it oy
A3 ool AMegcke] TSWP 49 (Shimada er al.
1993)7} E=FZ38)] o) F-E (Jiao ef al. 2002, 2005; Noh et
al. 2005; Pan et al. 2005) 2] 2 %3] (Kang et al. 2004)))
A w99 7129 d7e 2R FElel picoeu-
karyotesﬂ] EEFA A "’211/} picoeukaryotes: &3 4=
9 A7)l wheh e EFTo] $HT 4 alow, o
2 A - ARz A‘]E_ o EAS ¥y 4 9o
17 ohe e - 42A BAE 2 picoeukaryotes
o Ul EEA olslvt Qlolt B B
Sl el A AnE 9 4 g Aol
Noh et al. (2005)2] ZApoll 9]51H picoeukaryotes7} %
239 2ole ABESIE AT 3 005 ¥ A5
£2 Holn ¢t} o]|& picoeukaryotes7} F-EZ3 ol A]
Z2% YA ATE T Ase Anveh I
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o3 328 ZARY M2 24 ATEEY 4
F2, 100m $47H2] AE" F=25 vlasidoh 24
A3} Synechococcus$}y Prochlorococcus®] AR% 7|A
e 330 ZARYCM M2 AEE A9 Ryuh
Synechococcus= TSWPolA AAHEF 84.5x 10" cells
m-22] FxE C-ECSe|A] 305.6 %10 cells m2& =3|
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323 Aol Fxrt F718Hs AEE By o]e b
3l Prochlorococcus= %) <3k 718l TSWPol|A] 504.5
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7o) F53 CECSIM & FEE Rolt S5
Bz okAS Vel o} Plcoeukaryotes—‘,f Synechococcus2;
AR A Mg ngle} Fe: ok /0HxE
yvebd}. Synechococcus®} picoeukaryotes= %
oA &8 Wkd Prochlorococcuss 4_}4_1 C-
ECSSt Bae] Mo BANA S G Syne-
chococcus®} Prochlorococcus®) 2¥ s E£xo 4
Apze 9 2R2N FAT 22 woldt oA
AA FAT ZHAag Jeldch a8y TSWPA F=
o AR e ehbA T 10m 2H7 F
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