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Abstract

This study investigated the spatial and temporal distribution of unicellular

nitrogen-fixing organisms (diazotrophs) in the northern South China Sea (SCS). The

diazotrophs contain  nitrogenase that can be detected by whole-cell

immunocytochemical method using the antibody of nitrogenase, and distinguished and

counted readily under a microscope. From present study, the unicellular diazotrophs

were classified to four categories according to their sizes and shapes, coccoid cells with

diameters of 1-2 um (1-2 pm C), coccoid with diameters of >2 um (>2 pm C), rod shape

with diameters of 1-2 um (1-2 um R), and rod shape with diameters of >2 um (>2 um

R). All of the field work were conducted between May and December of 2010 during

three cruises, including CR1455 (spring), CR1487 (summer) and CR950 (winter). The

summer cruise was carried out one week after the passage of a typhoon, which could be

different from summer cruise without typhoon event. Sampling stations were located

between 21°-22°N and 116.5°-122.5°E covering the shelf, slope and basin of the

northern South China Sea. One station was in the upstream Kuroshio. In addition to the

field data, some nutrient enrichment experiments were conducted on board the ship,

including one on the shelf and one on the basin stations during the summer cruise, and

one on the slope station during the winter cruise. Surface water from each station were

enriched with including phosphate, iron, phosphate and iron simultaneously,



respectively and were compared with unamended control. All trearments were incubated
on deck for 48 hours.

The cell densities of the unicellular diazotrophs on surface water (20.4-23.8x10*
cells L) were somewnhat higher in spring and summer than in winter. Water column
(0-100 m) integrated abundances (14.8-16.7x10° cells m?) were slightly higher in
summer and winter than spring. However, their seasonal differences were not significant
after statistical tests. Among the four categories, 1-2 um C was the most abundant group,
occupying 47% and 49% of total unicellular diazotrophs in the surface water and the
whole water column, respectively. The second abundant group was >2 um C (39% and
33%), and the least abundant groups were 1-2 um R (6% and 8%) and >2 um R (8% and
9%). The surface cell density of 1-2 um C (9.7-11.5x10% cells L™, 1-2 um R
(0.8-1.8x10" cells L") and >2 pm R (1.3-2.4x10" cells L) were all highest in summer.
The surface density of >2 um C (7.0-11.1x10* cells L™) was however highest in spring.
Statistical test, however, showed an unsignificant seasonal differences, except that 1-2
um R which was significantly (p<0.05) higher in summer than winter and spring. The
cell density of >2 um C was negatively correlated to both surface nitrate concentration
and the N/P ratio, and pasitively correlated to stratification of water column. Cell
densities of two coccoid diazotrophs (1-2 um C and >2 um C) both were positively

correlated to the dust influx. This suggested that high abundance of >2 um C occurred at

Vi



low nitrate concentration and/or high phosphate/iron concentratio. The results of the

nutrient enrichment experiments farther support these biological features. As contrast to

unamended control, the abundances of >2 um C and >2 um R were enriched when

phosphate and iron were added simultaneously in summer. Similarly, iron enrichment

also stimulated the growth of 1-2 um R.

Vertical distribution of the four diazotrophic groups were relatively different. The

cell density of the coccoid diazotrophs (1-2 um C and >2 um C) decreased with depth,

with ratios of their densities in the surface (0-50 m): middle (50-100 m): bottom layers

(100-150 or 200 m) vertical density profile being 1.4:1:0.7 and 1.6:1:0.7, respectively.

High densities in the surface water column might associate with the low nitrate

concentration. By contrast, the vertical distribution of 1-2 uym R was relatively

homogenous with a vertical cell density profile of 1.2:1:0.9. Among the diazotrophs, >2

um R showed a highest ratio in the bottom layer, as their vertical cell density profile

being of 1.4:1:1.0. The phenomenon implicated that >2 pm R, compared with other

diazotrophic groups, probably requires lower illumination and/or higher abundances of

phosphate and iron.

Keyword: unicellular nitrogen-fixing organisms (diazotrophs), South China Sea (SCS),

whole-cell immunocytochemical method, nitrogenase, nutrients.
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¢ FR(12.7°N, 119.1°E) ) 4 i pF 4+ % o4 jF (Cold eddy) » @ < 4 -kif & (16.5C)
v B Eleni< 0.5-1.5°C 5 Chu et al. (1997)4 47 # /% & #7122 % 2. MOODS (Master
Observational Oceanographic Data Set) F#l# 3 » 5 F P 1Tt /5 ¥ $7(9°-25°N,
109°-120°E) % 5 = iff (Warm eddy) -

RO TER Gy 5 3 kA F kg & B (McGillicuddy et al. 1998, 2003) » * 4 ¥

GRS end F e ig 2 B o b4 Bibby et al. (2008) A T X
(19.5°-20.3°N, 157.5°-156.8°W) % s.craf *g i » 2 p 30 Chl a Jk & £ 7h 38 2-4
B A+ d % (30.1°-33.3°N, 62.3°-66.5°W) 7% 3577 Mode-water eddy » p $% 7 Chl a
JE B Z_vh3Ren 1-7 & - Vaillancourt et al. (2003) &4 = T %(18.5°-21°N, 156°-158°W)
BRI ehg SR on 0 i i 38 A i 254 4+ (4 Prochlorococcus ~ Synechococcus)

‘f‘-"ﬁ 15£<3 um f‘r’El E’f 4 Pt /ﬁ?ﬁ L 4 2 /ﬁﬂ'/n P~ /h}iﬁ’* | &3 /ﬁ?-P\
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4 thik B § £ % % Rhizosolenia - Hemiaulus i 7 g 3 305 3 4 4 chig &
(Chla k& 0.3-0.4 mg m™) > Lin et al. (2010)4% i#] £_+ -] 700x500 km =1 E 2| & F ¥
/;'ﬁﬁ ’ %ﬁi'ﬁ o8 ek {g,rﬁm %ﬁ‘frz?—/f’fﬁ *”jﬁ]:"#ﬁ@%]“'l @ R AL IRy

®)oe

Wb &S Rh4 o RS oRMA S Al chEE R A TEH NAT R 0 @

B A ARBS 4 EEG 4 %4 A& 4 (Primary production) + £ - 2000 # ¢ B &k
KAI-TAK L i & % /% 3% p5 o 4 ) cnfs 238 & (0-1.4ms™)E 4+ 20-40 ms™enp 4 o
FARERIFR S AR A RTRE B 0 ARET R 9T
E3xpiig i kChlajkg 51308 372 24 % § 2#EF74 &2 4 12-4% (Lin
et al. 2003) - “ff 1R & iT%* 2 ¢t > Zheng and Tang (2007)% 3 ¥ b DAMREY 5 iE
5% > &-kChlaER BB Q9mgm3)z > ¥ p % £42i6 300 mm > -k ®
R 5T A% 47 (suspended sediment > 4k 2 )fein 2123 %4 (dissolved organic matter)
PORES 4v o BEor E A Ae FReR R DR SRR BRRS T REAEA IF R
EoBh s RERBHRAYEBEF KPR FE FREFY A 2 HFEap 0 o
2007 & e o EAe & WA T4 T 0 Beh Pabuk ~ Wutip - Sepat i i 2. F ik
#(22°N, 121-123°E) t5 » & b 14 c% -k @ & (33.1-33.8 PSU)t & I % (33.8-34.4 PSU)
% 1< > Chen et al. (2009)z% % H_k p B B Lk -Kii » 2 » & (F 20 hi K
AR RERR S 108 - ARBEFEEFRANL30mM @ 5454 24 %2 3

B~ ppe B qeaT4 A 4 (Nitrate-uptake-based new production)= £ 6 #& ~ Chl a Jk

N

B #® 25 AEFESOES R IR FRIFEIARE DI G
@ FF 2 4 4 Trichodesmium spp. s Richelia intracellularis fo+ i 5 ¥ ‘m® H§ 2
% (2 /£ 2.5-5 um ~ 5-10 pm)ndc & > 7 2-5 i (Chen et al. 2009) « & /4 % 3 & ©
25 14 BERbEE LY JLRTHTIRLANIGARE e B35 44 5

20-30% ¥ @b 2 & > HE A4 F¥F 2 7 Lok (Linetal 2003) -
7



iii. P s (Internal Wave)

GRS SR S S S S M E R A AT
BPp IR ARLE A F K 1 i@ (Stratification) o & 1 oo X B F A 2 b X
e EF A G e BB o S R AT INA S > EALL P (R E 2010) -
Hsu et al. (2000) % % SAR (Synthetic Aperture Radar)#* i » % 3 s 4 A IRenp g 5
fd L a @yE o (Internal tide)fe 244 # (Nonlinear wave packets) £74 3¢
e E A 2Bk B3R E it £ (St Laurentetal. 2011) o & & ehp gt Botgik < o0 H
WA, T 170 my B ARTImM St L B R R EBIF S it
(Klymak et al. 2006; Simmons et al. 2011) o p jf 5 B430 § 3 e 4 & 4 g 2 o
BN AL EREE BT R Chl aw F3s2 > # & -k Chl a kA& 3 +c(da Silva et al.
2002) ; + Fhd LER{vi- KA R R 0 RFPFELY 2 & (Sangraet al. 2001; da
Silva et al. 2002; Wang et al. 2007) o & /& #“ 3% » 5 p LWL F O D TR >
(20.9°-21.9°N, 116.3°-117.3°E) » £ % & % %4k | «h SEATS £ (SouthEast Asian
Time-series Study)4p #.2. T > -k 45 0-50 m en-T 328 & % K 2°C > T Iop p Bk B 3

4 6uM > @ ® T35 ChlajkA % 0.2mgm? (Panetal. 2012)

v. 28~ &

2 i (Kuroshio)ik p »+ 4% # ig &7 (North Equatorial Current) & 11°-14.5°N a4
£ (55 2004) > F1*E A& L~ F g B AR @ A5 s R (Cannon 1966) - 2 ek B4
B AP AR RRE o BRL RB(M 2001) -k enE SR Ea Bk £

kAR AR BfeChla kR » 38 A FR WL 5 @R {ok - A RAEA 2
FOREER MEIZ P G AIF 2P e s NP (0 15) 48 0 16 0 BT
B F b 5452 % 1 enis 2 (Chen et al. 2008) -

2R EEERBNR O Eas o £AH AT A FREF MNP 4k F (Metzger

and Hurlburt 1996; Qu et al. 2000) > » &gt i< 3 & 5 = f83] i (Caruso et al. 2006) -
8
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Beff(- ) 2R ARSI E RAWEE > IMA LA A EREE S wand SR B2 7 AR
EoRAs Bk 2 € FliE 1205°E 1 d o Bgi(2 ) 21.3°N s i » & s 2 18
givz 8 - FFE A 27 L i (South China Sea Branch of the Kuroshio) » #p &
BRI F PR B o A~ 5 A A8 F R R (Loop) 2 1 W F T
B s (= )i dt B RAB M R F R R R eis* (Eddy shedding)?) = bz i
Fogsadfmin e g RIS - ARIEH RIS 5 % 2 8 0 BAZ(Z )AL FoRA G
AT LSBT A FOGNRI o N BB AVEE PR A L F R B R
(wind stress curls)4p & (Wu et al. 2005) » 4~ 1997-1998 # * % g2 5] e &4 Jn >
B i5(= ) » 2002-2003 & B & B2 (=) (Caruso et al. 2006) -

2P~ ke AR b REIER S 0 B4 e A A B - Chen et al.

(2007) = 4-5 * g% 3| 4 5 (20.3°N, 120.5°E) - "ﬁz P AR e B RL R R (-1

C)> 2 kAERAER AL FRILPME 108 A-kChlalkR® 347 >

<k

AR A AERR R d A 2 S AR SRR AR AA RS 2R 0¥

%

AR ALFEN AL ERIC2 P9 3-35 B > HF 4 $ Trichodesmium spp.fe
Richelia intracellularis 2 4 & ¥riZ 5 3 4c = ¥ ¢t » % 18°21°N ~ 117°-120°E # ]

pEEIAREREChlakR2ZBFERFPM A2 2 ZThChlakR x# 1 2.0
mgm?> e b bR~ indEac % 45 Pefiaflor etal. (2007)3 % 4 £ 2 kB

BHRERip e bdod > A2 pI21E A a1 & o

V. % "} (Aerosol) ~ 5 iz A-(Dust)
F R E < F ¢ PRI EFCFRBTEIAEY > R R BEsX

Shd M TR Aed F T AR B ABMAT LB BB 52

A4 (Paerl 1997) > @ *« § FA-ic 57 KA FH K2 B3 AR BERT > Re

-~

SR S % A aui(Wuetal 2001) » o702+ F 5 A ghie e 2 0 H2F £ R ol k
oo GBSt A K4GE B end 4o (Jickells et al. 2005) 0 » FIF i flg R E A

e § (€% (Capone et al. 1997) e a2 F zeng M kihe a3 Bk~ X p P BL

©



FRe= AL~ j\E ﬁrh/”l/llzf:f‘ﬁ ﬁ'“’ Vh’j»ﬁ,g‘rkf‘ﬁié”ﬁﬁ\‘.fg B ennd ’Fﬁ’«’l"%ﬂ'u«g A

FEAL4 ) AR AL FE A AR L R R 3 AN L (69 )

-

i s E R o M RS S VT EE ~ Sk 5 20 S NHT S Beng W KR

o
4

EFE R IUBE T A F 28 nd B iR 2 48 3008 B(Lin et al. 2007) o

SEIER AT AR F I FE e A RE DY R RAL KNP
s Rk B 50 M LR R R RS R I DA 7 -

i B> 7% (M 2001; Gong et al. 1995) > 5 4% £ § % i/ 1* (Chen et al. 2008) > 2% @
B A APHE AT B E FRIE DG 428 2 pM 0 N* (Nitrate anomaly) > # £ 0% & &
FHIPE25uM> B+ kKM aH§ (5% 4p % pLg (Wong et al. 2002) » ,
B inaed (nHF 24 4 Trichodesmium spp.fe Richelia intracellularis e 4 £ 4p §
i (0-20 trichomes L™, Chen 2005) » %« # % % p& Trichodesmium # # £ (0.9x10°
trichomes m?)1t & % p¥(4.9x10° trichomes m?)- 3 5 & (Chen et al. 2008)> @ Chou et

al. (2006)417p] 1-10 um ¥ ‘% B § EH T 8 LAY £ ehs ¢ T - HE R hf

et $ ¢ ¥ B §  (Diazotroph) £ e & F§ % % (Nitrogenase) it i& {7 H § it

* (Biological nitrogen fixation) » #-% 5 (N2)®® & = % § (NHz) > ¥ B840
N,+8H"+8e +16ATP + 16H,0 — 2NH3+ H,+ 16 ADP + 16Pi

1§ fx% 4 nif & F)(Nitrogen-fixation gene)iz#1 4 4 > B R 5 RévenF§ i3
¥ 4p ¥ ¥ A% % (Mo-nitrogenase, nifHDK) » d & =t 3=¢ 2= » # - % nifH & 74
#1 & 4 4 30 (Fe protein, NifH) > ¥ — 5 nifD 22 nifK & Fl& 4] & 4 2 4p 48 30
(Mo-Fe protein, NifDK) o ¢t &% 5 H & fa%F F % f% % (Mo-independent nitrogenase)
T dod 4B 1R 4p g § % Z (V-nitrogenase, vnfHDK) - &% d 48 B~ X 4p el 7
% f% % (Fe-nitrogenase, anfHDK) (Eady 1996) - #] nifH A 7| & 5 48 % & chik< |+

(Ruvkun and Ausubel 1980; Falkowski 1997; Foster et al. 2007) > Chien and Zinder
10



(1996) 4+ 4F nifH 22 16S rRNA z_ & 7 ¥t % » #-F§ 2 & = v B & #¥(Clusters
I-1V) : Cluster | s72 #4835 nifH A 7] > 4o &% % ¢ proteobacteria ; Cluster Il e
A&+ F(Archaea) & 7 anfH A 517 1 2 2 5 F § f¥ % 5 nifH & 15 72 Cluster |
P22 k¥ fF(Strict anaerobes) ~ #g = Cluster 1l ; & 5 #g iz nif & fljﬁ(nif-like
sequences) B Cluster IV (Zehr et al. 2003, 2006) -
A O ESEY ZALOHE 25 “$ T ARIREE P EE S Y HE A
4 BOE R 2 SR % & Trichodesmium 2_ #F > & 3 % A <10 um HH ‘wme F§
45 B X uH wie F§ E % % (Unicellular No-fixing cyanobacteria, UCYN) » #
4 REHG FH PV a4 # Trichodesmium ~ Richelia % % L sk HE F g
(Zehr et al. 2001; Montoya et al. 2004; Church et al. 2009) » = H ~ # #F { &
(Moisander et al. 2010) o 1 * & 3 2 = FpFigiplenE X Ao > XY H§ 2 %
HEI3E 7 Bt E % %2 F§ 4 # (Non-cyanobacterial diazotrophs) (Zehr et
al. 1998)- & 3 nifH & %Jﬁ " % & ~0-22 y-proteobacteria 3 + 7 (Zehr et al. 2000) >
PR AP WESE S T ¢ § proteobacteria 2 R F

(Church et al. 2005b) -

3. HwmreHg 242 4

i, v E§ E%EUCYN)

[

LFREE ﬁy’:tx\w“ Cluster | p s UCYN» A8 B £ F A8 2R ¥ &
{53050k B F % % (Zehr 2011) - & nifH £ %15 7|7 4 = UCYN-A (UCYN
group A) ~ UCYN-B (UCYN group B)£2 UCYN-C (UCYN group C) » H ¢ & 5 432
% P %3 hH we HE F% kI UCYN-B ¢« Crocosphaera Watsonii
(Waterbury and Rippka 1989)- # =t £_J§>* UCYN-C 2 Cyanothece (Reddy et al. 1993) -
34 UCYN-A# &Fs%zas® o aisd 4(UCYN-A - UCYN-C)& UCYN-B 2

nifH A& F]4p 12 & i 80-909% (Foster et al. 2007) -

11



(a) UCYN-B
B 1988 £ @ 5 2 H N F %K F Y A2 UCYN-B ze45 2.4 Waterbury and

Rippka (1989)p ~ & #Fja -k A~ g d ¥ % 2 Crocosphaera Watsonii WH8501
(Synechocystis sp. WH8501) » & ® j& 2-3 um Fl135%m%% » H nifH X %] 5 71 & 2% ¢
UCYN-B & F1 5 71 4p i1 & i 93-1009 (Zehr et al. 2001; Farnelid et al. 2011)- # if &
4R 28R FF R 26-34C (Webbetal. 2009) » ¢ % &7k & (7% » F| k8t 4 (7
) €% (Zehe et al. 2001, 2007a) - HF fx 5 * < 6 X "5 {2 > LT s g £ 37
£ & (Tuit et al. 2004; Saito et al. 2011) - Zehr et al. (2007b)i&— # # & & & > e
Crocosphaera - 2 A F 5k ieit > 2 Fag s dgdidmee 1 LR 5
r @ Falcon et al. (2005) p ~ & FE gl A-25> 255 25 um> kp = T Eem
P-3(E /& 3 pm)fe P-7(E 4= 7 um) - Webb et al. (2009)~ 3 77 I & $k(Strian) 2. ¥ o
‘mre § A3 B ¥ £ B (1-way ANOVA, P<0.0001) » i & B /& % 4 % - 48 3] (2-4 um)
2 X 4 A)(5-6 um) o H v > Zehretal. (2001)4 it 8 43 3-10 um > 77 F E4FE T
% '35 2 um (Tuit et al. 2004) ~ 3-5 um (Goebel et al. 2008) % 3-8 um (Moisander et al.
2010) > % p ¥¥ ¢} g2 2e 4745 10 Crocosphaera ﬁ (C. Watsonii-like cells)z. ‘m*s & j< 5
3-7 um (Montoya et al. 2004) ~ 2.5-7 um (Falcon et al. 2004) ~ >2 um (Campbell et al.
2005) ~ 3-8 pum (Goebel et al. 2008) ~ 2-5 um (Hewson et al. 2009)% 2.5-3.2 um (Le
Moal et al. 2011) - # F= %8 %] & Crocosphaera it 53 £ 73 7l — ¥ ¢ 7k 3% (Falcon et al.
2005) > @ P REA L BV N ERweHF G RAF 0 A A e € S RpERE e

= erfg ¢k 4= 5T (extracellular material) » &7 2 F1 52 FE T pLA R (FAE A AL L A
e Fa g 2 T RE FRE WA wie R g AR MR T
TR gt § B E TR % e A R4 (Webb et al. 2009) - Foster et al.
(2006a, 2006b) % i #L = & (Histioneis sp.):rr girdle + 3 s.chx 2 UCYN » 7 iy E 5%

iz Crocosphaera 'g (Thompson et al. 2012) -

(b) UCYN-C
12



Cyanothece sp. ATCC51142 # 4 % p & & # /- 5 (Reddy et al. 1993) -
UCYN-C 7 52 2 4 969 4p iiz(Langlois et al. 2005) - #3 & UCYN-C s fdss %
¢ 3% Cyanothece sp.~Gloeocapsa sp.f- Gloeothece sp. (Taniuchi et al. 2011; Le Moal et
al. 2011) > ¥ &k p 5 A F® 0 H ¢H A L ¥FRIA) w72 o Cyanothece 2. fm?e £ & /i 3t 4-8
pm (Reddy et al. 1993) ~ 2-10 um (Church et al. 2005b) ~ 2-8 um (Bothe et al. 2010) &
3-10 um (Zehr et al. 2001; Sherman et al. 2010) > % & 4-5 um (Reddy et al. 1993) ~
1.9-4.4 um (Sherman et al. 2010) » >t & &7 H§ i£* > 38°C % /&~ doubling time
¥ % 20 ] p# (Reddy et al. 1993; Taniuchi and Ohki 2007); Gloeocapsa f= Gloeothece
1% o] 5 2-6x2-35 um (£ xF) o AN P BN EFHE EY > iR I AR
i& {7 (Ohki et al. 2008; Stal 2009 ) - Taniuchi and Ohki (2007)~ % 3 % 12 -] p %/12
| pFag 2o P o Gloeothece sp. 86DGA ciF § i3 - £ 3 ¥ > m 2 Tk 5 HF
fE% o s - TBEHF TF £ 23348 4 4 Taniuchi etal. (2011)/€ 2 5k 4~ 4
M e TW3 P wvri— Kk p < ¥ f8 UCYN-C (Luoetal. 2012) > i & # £ 2. F
qfffvl%]" 28-34°C » “H LA % F fFRliwre > e £ 4-6pum -~ B 253 um > R HF
X E_p B 1500 & -TW3 35 7] £ Cyanothece sp. ATCC51142 §= Gloeocapsa sp.
3 98%#p i B - ¥ ¥ Cyanothece sp. ATCC51142 = ik 4% #cAp 02 » #2 #k i 5 sheath »

- Tmtwe— &2 5= o sgg WA ST p (Taniuchi etal. 2011) » 1 * 2w

F_‘-

2o g 1Y 8 4 ¢ & (Whole-cell immunocytochemical detection) i ] 2¥ #F & &
UCYN > >3 pm sfFflam?2 4235 5 ¥ &v » TW3 (Taniuchi et al. 2011) - @ Le Moal et
al. (2011) 2 TSA-FISH (Tyramide Signal Amplification-Fluorescent In Situ
Hybridization) % ¢ & % - 82 K P! me *h LS F12) 2 #FR1A 0 H 3 112 42 2.5-3.2 um

2 tm*% 4 ¥ i by UCYN-C »

(c) UCYN-A
#.% - Zehr et al. (1998, 2001)/E4 ~ T & ALOHA 2 5 & ¢ ] 4y

UCYN-A nifH & 7] » # #2 Cyanothece sp. ATCC51142 = nifH & 7|4p in & 829%
13



(Churchetal. 2005a) » Fl& ¥ S 232 % > B fEH > > 2B 5 {130 pico % FH§ %
i (picocyanodiazotrophs) » £ 33 p %8 3% & (Moisander et al. 2010) » Zehr et al. (2008)
#7 Goebel et al. (2008)#-2~p ALOHA - 15 m £2 45 m ek & > L SN w2 1R
A3 e o £ 41 real-time quantitative PCR i i8] nifH & 71 12 38¢ 4 3. UCYN-A
anifH & 7] > #&3u s UCYN-A shfwfe 2 j2 9<lum & lpum = + > & * TSA-FISH
24 T ke UCYN zeé %l;‘] ol LS pum ﬂﬁ % UCYN-A (Biegala and
Raimbault 2008; Bonnet et al. 2009; Le Moal et al. 2011) o 3 %|** - g% &% -
UCYN-A 4 % % (Goebel et al. 2008) » » 4+ £ it 53 41 % A e &% I A e B e 7
(Trippetal. 2010) - - & p B2 {7 HF iT* DFESRLF L L 5 £ @ (heterocysts)
& H¥ wre(diazocytes) » UCYN-A Rl E Fla#k Z A4 § 5 2k £ 0% kLl ahd
P A AL FF B¥ A AR Bk (Zehretal. 2008) - x F] & 4% £+ 5% 3k (Calvin cycle)
#7 % s (RUBIsCO) @ & /2 i 7 Bp 7% » & 44 2 ¥ — 1 g /2 50 < i 7k (Krebs
cycle ~ tricarboxylic acid (TCA) cycle) » UCYN-A A jFaf 5 2 fosk & 8% ruler g
¥ 7 VR E A & ok & & F(Photoheterotroph, Tripp eat al. 2010; Zehr 2011) - #] &
B ¥ s UCYN-A e IR &8 ¥ % B 7k 3 (Moisander et al. 2010) > 4% & ¥
4 16 PSU ~ 3§ & i3+ 12°C e 7% o (Short and Zehr 2007) » @ & & * 30 PSU g
+ i - % % (Rees et al. 2009) - # = &% /= (Church et al. 2009) » #* *F s = T ¥4
oAk EARERFHPFEIEF UCYN-AR RS A B s P LH VB M
4 P e pEE 115 88K & (Moisander et al. 2010) - 3 & &t #&P~ 4 % @ UCYN-A
K,éft 7 free-living 2 jE 2 N2 fh o 0 T BRI Rk 4 R iR AR R
(Bonnet et al. 2008; Le Moal and Biegala 2009) » ¥ & £ 4 4 ¥ ‘wre ehE ¥ %40
(Prymnesiophytes) » 7 e 3% &7 2 fm?2 p 95%ceng ko iBd A e B (F 1-17%
oot R A MG FABRLP AR ARAES D PR L S E AP

UCYN-A (Thompson et al. 2012) -

i
i

ii. 2% %2 F§ 24 4 (non-cyanobacterial diazotrophs)
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AEF ES R HG THEpRZ T 25 HEMEE B F o Bdos
BEPT REONHAEARE? 5 80%kp LHF FW M oAE AR g
¥ 36% (Riemann et al. 2010)- ] % 2 # 12 Clusters I-11l 5 3 (Zehr et al. 2006) > Cluster
| ¢ 288 E%2 FF 2454 & nifH A% > >3ns 243 vnfH 2L %] 5 Cluster Il & %
7 anfH A Flir 448 F ¥ fEf e v F 0 &P U403 3R(Zehr etal. 2003) 0 A B
AR T AGE Bk T A o R P RE Y anfH A F](Hewson et al. 2007; Moisander
et al. 2008; Farnelid et al. 2010); Cluster 11l 2_ jk ¥ f)~#:fik % B & f#(5-proteobacteria)
cnifH & 722 Cluster | 4p 12(Zehr et al. 2003) » & L3t @ v &0 AL A< X8 S8
7.(Riemann et al. 2010) ; Cluster IV =#g nif 75 %14 7>+ f#(Zehr et al. 2006)

iF s eh% % L (Axial volcano) st B B 7f v it # IRE A F1A 7](Mehta et al. 2003)

5 % 7 =2 = F(Methanogens, Mehta et al. 2005; Riemann et al. 2010) -

(@) Cluster 1

¥
;‘"
T
’ﬁt“

*t Cluster | i 22 E % %2 F§ 4 #;ﬁ & Z o-~f-fr y-proteobacteria -

A% AHFF > £ R 05-5Sum - HAR<LSpum-o 822X FdcE G L AlhnifH A5

/

A3 EATEEER2ZAF AP FRFLT 2 F B § %% (Zehretal 2003, 2006) - Cluster
|5 & % 24 &“H§ fix% «hy-proteobacteria » &#]4c4+ § 1 genus Azotobacter &_% -

BAFEM L5 4F§ 5 E 248 7§ f% % (Bishop et al. 1985) > A. chroococcum £ 7 4~
% %% (Eady 1996) » 3 #27] 1.5umx0.7 um 5[] fw #2 (Carpa and Barbu-Tudoran.

2011) > A.vinelandii = P¥ 5 3 4p ~ 4~~ 45 = A F § f% % (Eady 1996) > “} 25 4F[F] - 18
£ 2-5 pm (Pefia et al. 2002) - # 3 H v & y-proteobacteria % . f;5 & ¥ (Zehr et al.
2003) > &4 v’%,’ fi& =7 genus Acidithiobacillus > & #1275 ~ -] 2.0 umx0.4 pm (Kelly
and Wood 2000) » # *z % i F)(Methanotrophs)4 © < genus Methylobacter » ‘7z ¢}

A5 % {12 84 % menfefl A5 0 ML 430 1.2-3.0 pm 0 %% 0.8-1.5 um (Bowman et al.
1993) » y-proteobacteria & 3% % 3% 7 (Vibrio) #] 4 Vibrio diazotrophicus sp. nov. »

23] 1.5-2.0 umx0.5 pm > “F LK 7] A5 ~ S A5 2 4 3k 22 (Guerinot et al. 1982) »
15



V. cincinnatiensi £_+ -] % 2.0 umx0.7 um 5[] ' *z (Brayton et al. 1986) » # v ¢
y-proteobacteria i 7 Pseudomonads > #83] 1.5-4.0 ymx0.5-1.0 ym > ¢ 7 £ 5 § % ¢

% % 1 genus Pseudomonas ¥ 7 E F & &1 genus Burkholderia - i —"Ff EY

pB-proteobacteria (Madigan and Martinko 2005) > /& ** p-proteobacteria 77:% 3

Pseudacidovorax intermedius - frj¥ s /& & & i fE = ¢ 4 g4y k +h Pseudacidovorax
intermedius NH-1> ‘f‘}fi A 487) 1.5-2.0 umx0.5 pm ‘& HF[R] o e (Kampfer et al. 2008 ;

Zhang and Chen 2012) - {2 % f{ (Rhizibia) - genus Bradyrhizobium ¢ 3

B-proteobacteria » 3 o-proteobacteria > 4 3|& ] #F[ > 4 ¥ 1.2-3.0 pmx0.5-0.9 pm
(Jordan 1982) - = #& % 12§ < genus Sinorhizobium ¢t g.f= Bradyrhizobium 4p f
(Chen et al. 1988) » #r &>+ a-proteobacteria » ¥ ¢t genus Mesorhizobium £_#5[F] 2 4

. 1.2-3.0 umx0.4-0.9 pm 0¥z (Brenner et al. 2005) » %4 ® J= § it FE
o-proteobacteria- |4+t gL i 5% B <53 genus Methylosinus > 48 3] 1.5-3.0 umx0.5-1.0 um
genus Methylocystis » & i 3 % F O H#F R 3] %2 » < -] 0.5-1.5 pmx0.3-0.5 pum
(Bowman et al. 1993) -

FleAF FF ZRGPEENRE 0 FPRE Y T A WA g L2t
TS EFF 23 nFF 7% (Zehr and Capone 1996) - Church et al. (2005b)# %
y-proteobacteria s nifH A F1 & R > F IR G Messenp FFFH M > 6 X nifH AF 2 R
BE O BRRPLREPLIORZP AR LAY AP AL ] BT M
(Zehr and Paerl 2008) » 7 1§ # &7 #4 4 A4 = L F 4 I a-fr y-proteobacteria > fv =
geat b #Rg ae 7 onifH & Flehdg -(Falcon et al. 2004; Riemann et al. 2010) -
y-proteobacteria i % A% R A kR LN F & B 03k 5 (Bird et al. 2005; Farnelid
et al. 2009) » = 4 Moisander et al. (2008) & 4% & *} ;% 4 7 & y-proteobacteria
(24774A11) nifH A %] > B LA F g & I #5512 (Bird et al. 2005; Church et al.
2005a; Hamersley et al. 2011) » P &0 Z 2k & & AF S A D % 3 H B R
(Hamersley et al. 2011) - @ a-f- B-proteobacteria 4 # § B4 A i£(Riemann et al.

2010) -
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Farnelid et al. (2010) b B 38 & &1 & 3 MR ELL Je £ 2 0137 B nifH & 7@ >
» B-fr vy-proteobacteria it 68% > 8% Uk ¥ [’ {r anfH ip B & ik 5% - 2%
p-proteobacteria ;& i ¢ #p § 4> (Barberan and Casamayor 2010) - iz & X § £ iff 8L

£ F £ 4 > e Gyrodinium instriatum (Alverca et al. 2002) -

(b) Cluster 111

A BB DL E R EanifH B 7% & Cluster IN111 ¢ IV (Chien and Zinder
1996; Farnelid et al. 2011) » 3] 5 ,;}Li v e § 5 R R<S um PFFF] & 025 o
% A& <l um ° Cluster Il # % >% 3-proteobacteria T:{w&r Desulfovibrio aespoeensis (%2 |
1.7-2.5 umx0.5 um 25 7 » Motamedi and Pedersen 1998) ~ D. magneticus (3-5 pmx1
um 12 9% 7 » Sakaguchi et al. 2002) £ 5%} ¢7 Desulfonema limicola # 7k % :& 77 5
peH g & R F e Clostridium papyrosolvens (%2 %] 2-5 umx0.5-0.8 um =[] w*e o
Madden et al. 1982) ~ sk & %z 7 Chlorobium ferroxidans (¢t gL& -] #7F] 4 ** 1.0-1.5

R

T4

umx0.5 um > Heising et al. 1999) 1L & B 43 > # =X T X q jag 3 g
(Moisander et al. 2008; Kong et al. 2011)2_ #} » # {& % 7 Baffin Bay ~ #* ~ T X § =
Lipiacda s TEZHN e > TEFP ;A FES E ES 2 Azores(38.4°N,
28.8°W)~ 3r3 s>+ Cluster Il shnifH 7 7] (Farnelid et al. 2011) - & ™ *= ¥ 1 f
2_ Phylum Verrucomicrobia 5 71|« A4 3.3t 74 ;% (Barberan and Casamayor 2010;
Kong et al. 2011) - Op den Camp (2009)4p 1 B ## ¢ Fweistrain 3 SolV (%3] 0.8-2.0
umx0.4-0.6 pm) ~ V4 (1-4 pmx0.3-0.5 pum)#? Kaml (0.8-1.0 umx0.45-0.65 pm) °
Bombar et al. (2011):% & & /% & = %A% s A2 A7 5 & 3 o Cluster 11l o i
proteobacterium 2 3= & % #rix 3 P A F iv* 5 3u i Cluster 2 5 # 5 .4
FORBRAFRGEARARLOFF R R EFTG .

W4 e & e Cluster I & £ 4 & k¥ F)(Zehretal. 2003) » 42 &2 § %+
iv F B AEMED P N RER Y dham & TR 8 (Braun et al. 1999) o 4c + Cluster Il # & 7]

BB R %8 (Zehretal. 2003) - F]4+ Church et al. (2005b)£2 Farnelid et al. (2009) %
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A% IR free-living 2% i& *q 3kt e Cluster 111 £ 5t <(Riemann et al. 2010) - y*
GO EAPRAFASFNTIHFILRGE-F a2 V- FEd AR - FA L

(Farnelid et al. 2010) -

(c) Cluster IV

Cluster IV £ £_Raymond et al. (2004) i 7 i & Cluster V-V > B ek B4 g
MRT M EF LB AG DB Gl nif AFRE A E e % F LM PR E
% % & J fi= (protochlorophyllide reductases) 5 7 (Zehr et al. 2006) » @ ® P @ & &

3 0 P R endE (Raymond et al. 2004) -

4 B F§ A pind BH B G LA AT

p o e frr";,‘#?ﬂ%i*—’};li*}% HwmeBAF 2G5 HAEy 38 127 4
P8 2.5-7 pm PF]AG B iR 4 & k2 'wz (Zehr et al. 2001; Falcon et al. 2004)
2 (5N),"" 4v 1§ 3p)<10 pm -k $: 2. B § = (Zehr et al. 2001; Montoya et al.
2004)> % #c~ )]% i o3 4 e Eo R nifH & F]2_ #ic# (Church et al. 2005a; Zehr et
al. 2007a; Foster et al. 2007) » 2« £_id ;¢ nifH & F12_ % 3. & (Hewson et al. 2007; Zehr
et al. 2007a; Needoba et al. 2007)> 7* 5 #& * TSA-FISH % ¢ /% (Biegala and Raimbault
2008; Le Moal and Biegala 2009)#-:c ¥ w2 H§ E% > prfFmy P @ % ch e
w8 % % (Taniuchi et al. 2008a) ] #4535 5 FF fEf 2 e o g @)';Jei%

FREA R AT 0 Hwre B SR EY B R &4

I. = T Z(Pacific Ocean)
Aok TG R FF FRE F<IOum 0FF 2 50 2 AF 5 5 50-119 pmol N
m2d* > E_ik % -k # (whole water) #] § & ¢ 65-95% (Church et al. 2009) - ¥ im#s 7]

FESFEehaF R a2 > Church et al. (2008)% 3% % /> fiw i
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23.3°-33.5°N 2 & » -k41. 0-100 m 7% 3+ UCYN-A # = € # [l 5 0.002-3.8x10° copies

?>UCYN-B 2 4 £ % 0.2-4.3x10" copies m?» f % 3n s MR RRIEARS ¥ §
EBEP L3 EweHE FEELE o Church et al. (2009)2- 7 7 » 325 R
ReERFH e B FH s+ > 2 & ALOHA #(22.8°N, 158°W):# & 7
2004-2007 # & » -k 0-100m Rt enH wmre B g 2 &£ %1 > IR UCYN-A A%
F4ck £ 4 5 F 5 B (6.5-6.8x10" copies m?) > UCYN-B Rl E 5 £4 % &5 3
(2.0x10™ copies m?) s »# UCYN-A 4 3 £ % UCYN-B - ¥ ‘m? F g4 3 &
B ks RS 5 out X R Zehretal (2007a)rt fi* - (ALOHA #£)22 § =8 % g #
% v A~(Kane’ohe Bay, 21.4°N, 157.8°W)en¥ fm?e H§ E5% & » UCYN-A 1275 gLip)
=4 3 B (2.2x10% copies L)% »+ 4 %9 #:(0.7x10* copies L™) » UCYN-B 484 4n
F oo B & iRl sk (4.3%10° copies L) F *ti ALl zk & (1.7x10% copies L) o

¥ Aok i=® ¥ B A& 1 (Sea Surface Height Anomalies, SSHA) » # ic 3 2 4 i 2
P <10 pm K2 FF F € H 4 > UCYN-B 2 4 &+ ¢ 3 - Churchetal. (2009)%
B.F SSHA 4 0 cm BF > <10 pm B § (141 pmol N m? d™') 4 SHHA 423% 0 cm
—‘F%mZ 2o Hwe R S EOFE R 3 F > UCYN-A 2 & & SSHA 3t 0cm
% *> SSHA 4z 0 cm % (2.5-3.1x10" copies m?)» UCYN-B ¢4 4 £ & SSHA i
*+ 0 cm (1.6x10° copies m?)p  SSHA 4z i 0 cm % (5.7x10° copies m?)£h13 75
F g oy ol e BF 2 21 4pF ~ - Fong et al. (2008)%F ALOHA

s34 hE F ORI AL BT o o p S UCYN-A -k 4.0-100 m R4 4 B
5 1.3-7.4x10° copies m™» UCYN-B % % 0.06-2.8x10° copies m™ » proteobacterium
% % 4.3-120.0x10° copies m?> = ¥ g § 4 £ @B A 5 £ A S4p £ 546 &

p
A aifmp it 3 ko BT

Ik

PR X FAGEEE Hwe HFF

34\“3»

S 24 E T UCYN-A 2 B0 Fin g ls 5 564 & > @ UCYN-B
A5 R RIS G WS 2 B dp e Trichodesmium s 4 8 2 5 P A
T 1% (1.7-1.8x10% copies m™) -

i A g = T X (Equatorial Pacific, 0°-5°S, 140°W-145°E)ip| 7 <10 pm -k $k 2. ¥ &
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ik EF & 60 74-83% (Bonnet et al. 2009) » £ & r2 TSA-FISH = 2 g i 8 tm e
HE TR BFmE P 08%E wre H§ 447~m§g§]?0715um,$w7 o

e 28 TR fg ALiRl 2k (4.8°S, 145°W) = Bt Bk B 4 30 nM - B Bk B 150

sl

nM > 8 e B § F %2 4 £ (1.3x10% cells L) ** % % % % (0.8x10% cells L) ;
BAEFRREEY R A AR BB (2.0-4.0 pM)2 sk 4 $ B £ 14(0.2x10% cells
LY A 2 <10 pm B F 5% @ nmol LT dhenw 2 » Hppe @k A <3t 30 nM >

PAFEB R R 5 250NM » Bt iEFH Rz AR hEE 2 F T R L DR AR

ii. * @ /¥ (Atlantic Ocean)

G EAER  Hwe Ay FHRLIEPHF 245 > £ UCYN-A L F &
BB ~ A §5FlE R L - Benavides et al. (2011) & & A < & i¥(28°-42°N, 8°-20°W)
BF<10 pm B F F T35% 0.07-0.25 nmol N L d™ > % *>10 um #§ % (0.01-0.05
nmol NL*d™")» @ » Trichodesmium # # £ <+ 0.5 trichomes L™ » & 2§ % Acs
Fes 2 hES% s o Turketal. (2011) & & A & % (15°-30°N, 20°-25°E) » 34 4 iF
A % (36.65 PSU) ~ & A % (36.81 PSU)¢ + % % (37.12 PSU):hE § 2 4 (UCYN-A,
UCYN-B, Trichodesmium, Richelia-Rhizosolenia, Richelia-Hemiaulus, vy- 4=
a-proteobacterium) = nifH & ¥4 € > # ¢ UCYN-A 2z nifH % 3£ (0.5-13.0x10*
copies L) &= % % ¢ 48 1P| k40 BF 2 47 4934-79% > UCYN-B ¥ i &
A E 4o 3 F 1) F)(0.1-0.2x10% copies L) » & 10-25% - y-proteobacterium
(y-2477TALL)F F t+ X% % R H 4 B (0.7-0.9x10" copies L™ » # ik vt & 5 32% o
Bulchd > 4L ot (01:55)4 & ot & ¢ o ) 3] UCYN-A chnifH & 74 1
£ % 12.0x10* copies L™ > #2F UCYN-A a7 7 123 7 B § (7% o

G AN BT e A ESREAFE S BN ST ET E AR o 4o Goebel
et al. (2010) & A ~ & @ (0°-18°N, 23°-68°W) 4= 3 % 3 > 12 UCYN-A 5 3
(4.9+13.0x10°® copies m?) » # % % UCYN-C (0.5+1.2x10° copies m?) » UCYN-B 4 %

£ £ 14(0.042£0.1x10° copies m™)- Needoba et al. (2007) 747 5 et % T %% 5 (34°N,
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129°W) » 7= 22 UCYN-A % % (0.02-3.1x10* copies L™) » # @ 12 UCYN-B % # =
(0.01-0.8x10* copies L™) » @ UCYN-C % > (0.3-0.4x10* copies L™) -

AA R g2 > <l0um FF F € 5 4c - Benavides et al. (2011)% 3R & K 8 #&
Koy K gt 2 F oo R FI<IOpm FF X5 % 7 £ 098nmolNLd s ®
F_EBEHE F e 70-92% - #g (2 e > Subramaniam et al. (2013) &+ & i (4°N-6°S,
5°E-23°W);if 2 % 1 B T chE § (134455 pmol N m?2 dY) & 2458 4 % eh2-7 12 > &
P<l0pm kR FEF S oo aF A R AR RREE F048% 0 B F R T 2y
%P et 5)(23%, p=0.01); <10 pm FF 4 4 HEF Tt S g4 o g Mo
A% 3 (0°-5°E) 8 2 ¢ 4 apF Y 8-13 % wo<I0pum B F ZF #rikt 5 5 19-41% o
0¥ & Rl 5 (10°W) 7T = 4 2 k(3 % ) <10 pm FF F 47k v B F (67%)
FTHREZAA T RE DRF FEBIRATH B RN ARP A RDBIER A
0.8nM> & 12 Luoetal. (2008) =5 4a 5 & A8 2 F > & X B D KRR a3 B4R
(Soluble iron » % Fe(ll) » E 5752 i B 4575 jx | A~ F 48 0 E f£<0.02 um)k &
231 nM- B Emy i Bt Rp A RHF FELRBERLFIREF M

(r*=0.82, p<0.001) » 1§ ip|=1 UCYN-A # # £ >10° copies L™ (Sohm et al. 2011) -

iii. # ¢ /& (Mediterranean Sea)

#¥ A gkl L L4 i %04 - Bonnet and Moutin (2011) % AT RlehE
Y% @4 2R FHF X5 10-67 umol Nm? d™ s H ¢ <3 um F§F & 167 45-75% o
Le Moal et al. (2011) @ @] nifH 2 Feris % &0 58 8 A H§F 2 4 1 UCYN-A ~
o-proteobacterium % 3 > ® 25 R F] UCYN-B &£-C> @ 2 TSA-FISH = ;4B & &
55 0732 um el e FF EH G b 2RI 194 %R 5 0.4x10% cells L
e Sk B F E S & Trichodesmium 2 # & 5 €3 4 trichomes L!> & Richelia
intracellularis # 4~ & # & & ®]i 2 % 6 p 3] 4 $# £ % 20 trichomes L™ (Le Moal et

al. 2011) -

BOOAGANEEO0T-1S5um Y AR nE wme AF 25022 R iKY
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AR fFS s 2 e 55 05x10%cells L™ 4 4 £ B 5 pr # 4 2 10°-10° cells L™
(Le Moal and Biegala 2009) - f%ﬁ ™ TSA-FISH = ;Y% ¢ 55 B8 SOMLIT -
(Service d’Observation en Milieu Littoral, 43.2°N, 5.3°E) » # 2006-2007 & ¥ ¥ ‘w2
HE E%E2 86484 > % 1 F 3 5 8L F(Dinoglagellates) ¥ + ~ & f& %
0.7-1.5 pm h¥ e B § EFFEME A L4224 H 253 (1.1x10% cells LY » =
B2 3-10um ¥ A4 R F Ao 2 pFend 5 0 (120 cells LYo km bz 5E 2
B4 07-1.5um s wmre B § FHE2006& 5 £4 5§ Tio5 24x10%cells L7
§ 2007 # % 5 4 $ £ 1480 & > rf%‘f;&i T2E - BEFIrE a8 Bk
BFFE RS oMol @k R (M 700M) > B ¥ F R & (27.2°C 0 v T

P10 EEAESN64C) BFEDBBEBERG>TONM) 4o b 2 5 F 43413

@
&

i 2y %F e €FF o %t a g5 - Man-Aharonovich et al. (2007)**
2006 & FF > 23 & ¥ ¢ & L 307% 35 (30.0°-32.9°N, 34.5°-34.9%E) g AL - dp Algr + ¥
ZBA %A -RanifH A T3 Za B8 anH § 4 % % &2 proteobacterium
540 29 k2 nifH & FE UCYN-A (nifH 2 Fl4p i & 4238 96%) > 02 5
R P E> UCYN-BenifH A Fl e 7 25T AR L EHF A5 S R
Foor R SRR THIERALL FRRARP R RERE CERIELES
PERMRED AR IR BB RF S B o5 R I AR R

éﬁ?ﬂii#ﬁm;’fiﬁrﬁ%«gﬁ,"/i?pﬁ_ %r“iﬁ]’ﬁﬂfxi

=hg
G
@
Jis
&
=
Joh

B E A RG] > HF A FEAEa &2 Cluster | 54 > &% F a2 Cluster 11 ik %
B0 F1E 4 EPEAEE LY R0k R R RIF(L00 m) o 4 -k F # % >t Cluster NI

EE A T A Rk kR Rk~

iv.® /% (South China Sea)
oo B EEEba 2382073153 c 55 (2 " )hasd ailss

Moisander et al. (2008)*+ 2006 # 3 £ & 27 i@ © I 4% 3 ;5% (9°-12°N, 106°-111°E):
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i B UCYN-A # $ & % 3.5-4.0x10" copies L*> @ UCYN-B # 4 & % 0.3x10* copies

L™ ; Bombar et al. (2011)** 2007 & 3 % F — % #(9°-10.5°N, 106°-107.5°E) » £~ if ;p]
7 3] UCYN-A this &> ¥ 7 £ § &8 R 4246 33.6 PSU gk » #ip| 3] UCYN-B
#-C> # nifH £ %12 % 0.05-0.54x10* copies L™ 2 0.04-0.13x10* copies L™ » nifH £
¥4 LE A w4 3.7x10° copies L™ 27 4.7x10% copies L' o % 2 5 a4 3RiE E L
2% % 0 Zhang et al. (2011) &= SEATS #:(18°N, 106°E)s#= 3 » *iX 3 R3]

UCYN-A £ -B snifH & F1 7 & 2% @ Kong et al. (2011) &3k /L v %17 7% 3 (18°-22°N

’

114°-118°E) » # #|¥] UCYN-A £2-B ch2 8 . % 4 %] 5 1.3x10° copies L™ 4= 10*
copies LT e 5 B 8 A A B2 Ewme HE A S H A FARR B & T

feoo fat s TE ALOHA = > UCYN-A 12 2 F4v5 54 5 & % > UCYN-B R &

2% %4 4 £ 5% (Churchetal. 2009) » @ Kongetal. (2011)%7 5 % % &om » if &
FR#EAAUCYN-A LR Zad #3245 @ k43 UCYN-B &%
A REL A4S 0 4 F40k2 5 F 5 0.6x10% copies L -
RAFRLEFHweHF FSER  » L AFSR2E 9 HF 2550
% H 11 g-proteobacterium 2_ £-8 & # ;£ & &% - Moisander et al. (2008) %= 7 #
y-proteobacterium 24774A11 ¢hd % 4 3 £ 4 >+ 0.5-0.6x10% copies L™ » 1 & » % &
40 m r23¥ vk K+ a-proteobacterium 24809A06 k. 4 4 £ % 6x10” copies L™
#p % y-proteobacterium - a-proteobacterium 4 # JF & §= Fl§iF > iF & 400 m 2
$ & 4 7x10% copies L™» & & 1700 m -k &% i3 7 i jp| 3| nifH & F% & Bombar et
al. (2010) %% % & /& % (4&21F 33.6 PSU):p| (¥ <1 y-proteobacterium z_ nifH A %] & 3
0.04-0.13x10° copies L™ » nifH # %1% 3£ §# 5 0.5-8.8x10" copies L™ » & ¥ m*
T E ES A0 B A 14.3-33.4 PSU aa F ¥ R 2 3| H nifH A% 5 &
Zhang et al. (2011)+ #s 4 A 2% SEATS 17 2 423 j5 A4a B4 JF » CEL (14.3°N,
111.3°E)4= CE2 (12°N, 111°E) - % % ¥ 3R y-proteobacterium f- a-proteobacterium 2
4 % ;Eif;'i 2 SEATS k3% *t CE1l » CE2 e14 # & & 14 » y-proteobacterium ** SEATS

shihd B Az 10* copies LT 1 7 4 400 m rEehi A ¢ |5 4 £ 4246 100
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copies L™ 5 it i % 2 4 & 1% 1000 copies L™ %2 B A 200 m r23¥ sk & o
a-proteobacterium # SEATS =t # $ £ % & i& 7x10° copies L™ > &2 » % FEIFE
K 1000 m- @ % CELA % M 22 A% {7 F& 1500m 2 # + & 3 ** 100 copies

Lt

5. B H wme HF 4 ot 2B T
I #%

v # Redfield Ratio (106:16:1)22 < 9 g ~ § ~ &gl & 5)(1017:15:1) »
F P& Liebig’s Law of Minimum> i575 4 4+ 72 £ € £ 3| 3 £ i 2 F & B eofr )] o
YR BFHE v anHg 2503 o {7 W HEAE  cBREFTHRZE
i FRIBHRBAEARSFE w2 H§ 45 E#F - Knapp et al. (2012)#%-
Crocosphaera (&> UCYN-B)32 % A pl ik @ 22 pi e 7 b ER T ae B EJR e
0.0:0.5 2 5 v 0.0 uM A iz B {r 0.5 pM Frpi#-5:1 2 5 5.0 uM A L B {e 1.0 pM
i > 80525 SO UM A A A - 0.5 uM BApE @ > 16:1 = 5 16.0 uM # it B e
1.0 uM 7% % > ¥ 38 Crocosphaera few 22 B 4 £ % & d$t 5 16:1 &2>5:1 =

>8:0.5 £>0:05 % » A4 £ A BRIk AR S 1M 161 ket 511 ko2 B2

3
ok
i

LR XY EE R BER 0.5 M 18:05 2 0:05 & @ ¢ 161 ki

L E§ (23.3+11.0 pmol N pg C* h™)# *+ 8:0.5 2(11.6+1.0 pmol N pg C™*

=
=
=
e

h)» e daipl £ 75 161 w2 4 4 § 0 8:05 moiig & o

¥z B F AP0 peang £ € siwre ) 2 EUF B ehif 4o @ 3 4o o Faleon
et al. (2005)+* % E /= % 2.5 pm (£ % A-2.5) ~ 3 pm (P-3)fr 7 um (P-7)= #4873 e5
Crocosphaera > geng F > F B R 3NFE R QIC) » %38 22 A-2.5 i
Z &8 4.80nM > P-3 35 5170 nM > 884 B X 2. P-7 g3 RE 5 250 nM 5 F
B % ge R 5 26-30C R > A-25 chpk f K8 5 60-90nM > P3—‘§,§60210nM » P-7

S n KB A 28-29C 2 FF > d 200 nM 3 4 3 250 nM -
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IEB o FRT 2EH - ch ¥ o Zehretal. (2007a) 2% £ ALOHA #kig

F_

(B 4o R % (+500 M) e & B 7 » (o B 8k 1 3 P 8 8 2(70 1 205 ) )2
$P8 (L f 7 4omh)? o UCYN-A 2 4 BB (p<0.05) » & Gmlifbe o o
UCYN-A 2 4 & pliz j AE¥ &~ (p>0.05) : j¢ UCYN-B @ 3 > 2’ UCYN-B
444 9x10° copies L ¥ % 1 5x10° copies L™ fgiif 4 e pl L 7x10° copies
L™ % 4c 2 9x10° copies L™ > # 6 /716 2-way ANOVA #p] > &7 I P& 7 B 4o 22
Tz Bend R R E LR (p>0.05) 0 ket 2t B e maDE R 5
(0.14£0.09 nmol N L' h'')+ % »+ 448 2.(0.10£0.05 nmol N L' h'Y) » fe szt v 7 g &g

¥4 2 (p=0.2) » 7 f%jﬁ‘#&iﬁ'@a‘%?ﬂ“ TLELED A OFG 2 FT 2  TE

m'gfg-g’\”“?”ﬁ i}""]—*‘krﬂt bﬂfé%%\ﬁo
. 48

AF A AL AF @A RRFAF Y c HEwE AT FhE0 T AF B
FoO AR HAPB Y b F et e A R L FY TR
+ FF fEE 2 % & 4(Kustka et al. 2003) - @ EF fEE i 5 E BN Rw 24
4 3% 1l 5] > 64e Gloeothece GATCC 271522 (>t UCYN-C) i Fv 2749 3-v
v 2 3 (Reade etal. 1999)> @ Tuit et al. (2004) %+ Crocosphaera it 7 H§ T % pF »
R H e f4BE A S 0144012 fgcell » B 2tie (7 HF (T Brime pABE A 03
© o

B B H wPe HF 2 42 £ o Saito et al. (2011):i& 748 % Crocosphaera 2 &
PR S Bm o BB 4 (SO s &% > Waterbury et al. 1986) ¢ #f /& e (& i
be4iz. SO 8 & i%)¥ » & £ 4c 500 nM DFB (desferrioxamine B » &_ic ¥ e4 5754 4~
CEABZ 1P SR &) % BT DFB i e i€ ot %R B 240 B2 1508 IS
ijh i enine %R D 5, 1x10° cells mI™t = * 5 4.6x10° cells mI™» %4 p 22 % p) 2 4
5.6x10° cells mI™ = *% 5 5.4x10° cells mI™ » 4p $¢5» 32§ i 4 DFB shgfiif 4 o

W wme R R b 24 0 P2 ts s v 2 3 7.3-8.2x10° cells mI™ - Berman-Frank
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et al. (2007):#- Cyanothece (*> UCYN-C) 4 ®|32 % %48k & 0.004 uM ~ 0.04 uM ~
0.1 uM ~ 0.4 uM 22 4 uM 82 % % © (% 75 * 20 M EDTA) - & % % 3 Cyanothece
BBk R IRE Y chd £ Fd 0.23:0.02d7 1 0.31£0.05d7 > 4 £ s
DRRH e m B 36% 0 FF FIL G TR R B 4o B 4o (2 1.6-1.8 mmol M mol

C'h?), e 8 ttpl 4k R 2 T > Cyanothece :h® § =+ Trichodesmium # ! 3.5

e

o P A $3 UCYN-A $H48 7 RenF 3 4 % F £ (Moisander et al. 2010; Zehr et
al. 2008; Saito et al. 2011) -

TOE TR BER € FEE wre B § 4 F 2 F§ 5 (Grabowski et al. 2008) o
fedt = T F ALOHA b8 {7 eg iﬁwfl‘ 2 BEFTHR > BEFRET<I0um ki H
F x5 45“7‘“ 4t (+2 nM){epi4s e f%,* ‘vl (+160NM P 2 2nM Fe) ¢ - % /R e &g
FH 40 (P<0.05)7 86%:22 100% » Ap 4+ 527X 2004-2005 & A e0F § S g2k RY
SRP LR 2. > # %1 484140 7 > B § & 5 14(0.38-0.68 umol N m3 d)en% & 5 % %
e p¥ SRP JE &~ & 2 # & (6-10 nM) » *ﬁ,,l hB AR %ér’&;*—r@an’]‘*‘c G
(+160 NM) B § 582 2% F 0§ o> 2635 1 £ B 3 AT F (P>0.05) » Flu+ fe fiiplak

PR FRAF O B S T EAB AT 0 BELA

iii. § ®
F LR At wme B E%EHEE (T o %L > Taniuchi and Ohki
(2007)#- Gloeothece sp. 68DGA & & . 12 /| P[5k 12 /| p/mg (T 5 R 2 > FIR A
2/ HERPFAFEEIFT T A AHFFAIRE 4 FRLIH > A28
6/ FFisBin~tgT™ "5k LA SR E 9‘4\: ¢ Pri) ek (Glutamine) & = crafr &)
MSX (L-methionine sulfoximine) &« ¥_DON (6-diazo-5-oxo-L-norleucin) » 3 % 2¥ 3L #]
ey ZEMEMA FF TR T ERE 2] TR T mENF 7
AR HE ;ﬁcfj}ag T % o % ¥ Gloeothece sp. 68DGA 1 % % e 4 1 M NaNOs
&R P o FRE A E K 0434005 dT o e (& F W)oha £ & 0.38+0.02 dF

"

#p iz Taniuchi and Ohki (2007) » &g it it 2 § BRB Y > FHF 2 FH# 7 0i&
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i EE T maFd £ oo gtk > Crocosphaera il 3 AR R e AR Y hHF X
(0.14£0.09 fmol N cell™ h™) » B % & **# i @iz 4o )k & 5 8 UM (0.0320.01 fimol N
cell* h') & 16 uM (0.04+0.01 fmol N cell* h') &% % = (Knapp et al. 2012) » * t44
FeBERpEOTRT s RKABRBER TR RE T REBOUAI TR I
BIRB P FliRER P B ER NP WP it ime 2 4 i f hHF
& o
"EE§ ML R 4o o $HEF (T ¥ chdedlsik 4§ H 40 o Dekaezemacker and
Bonnet (2011) 4 j& & R e (75 $R > 54 02-10 M % § SR BIRA 5 7%
s > % Crocosphaera % 48 tk > WH5801 = WHO0003 £ 73 &% » %% ko
WH8501 & % > % v g §FOHEE Fendrdiek b 3-38% i e LA EF K e
F12x% 5 5-24% § 4 F EARE I UM A RBAERRLES M PF > HHF 52
Fralvidk 4R e G A F LR (p<0.05) ; $f WHO003 @ % » e & & $FIF & v
ﬂﬁ%@%@Lm%pqmm,ﬁa@ﬁﬁ&ﬁ%ﬁiﬁﬁwﬁwmdmuaM%ﬁ
A A% FEIRGZ LR R L E we FF E¥ FEE I T Es ity B

Mo

3

PR E BIER ~ Bl hF B 240k o

REHHEF CF 2 BB PR PLE > §FRAL BPAFS 2 ¥

Rl

wie F§ 4 42 F§ (£% o k)4 Bostrom et al. (2007)3 3R y-proteobacteria (BAL281)
g F RR S00uM e % ¢ v €38 (7 FF (% 5 Moran etal. (2007) R 3 >t
a-proteobacterium = Roseobacter = Silicibacter pomeroyi 384 £ 41 % & fs 3 & I &
PR T 3 & %S BT S pomeroyi Fié hA B R Y o 4 FG
EEB AR 2R AL BF Silicibacter sp. strain TM1040 (Miller and

Belas 2004)? é}_i j; 2L R ,Ql’?*f‘g‘ ﬁr‘]} iT® 'F;!Z%FE/?'J_\E'JIL rj;i 4 $ '_"]_ﬁi.

R HTANE R HAF B NERT e HE £ (Moran et al
2007) -
V. ¥ §
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HEpEE A RF f A% @ 2 &2 34 (Postgate 1998) o 3t g2 {7 k& iF
PEF FSEA T 0 SEAKEEF A2 T FAKAF R Flaw i 3
g 4k F1 R > &) 40 Trichodesmium & 7 B § (£ % pr & "5 Lk & (F ¥
(Berman-Frank et al. 2001) ; & E 7 * 12 B 5 A4 F 5 2 % ki Il (HB wre
(Heterocysts) » ™ 7 B FEfgE F§ (£ B2k S iv% » @& & (T% 5 & {7 (Popa et al.
2007) » 384 H 'wme B § EHETHEPORGPENERFTL BRI Y 2 FX
L iT* @ ok b7 E§ (F% (Bergman et al. 1997) 4/ >+ UCYN-C =7 Cyanothece sp.
BAEFRETY EE LR (FL FEF T i £ kAR (Reddy etal. 1993) > &8k
AT e Py i 45F F 0 FMmep i ER A REHAT FEZ OB
(Fay 1992; Schneegurt et al. 1994) - Taniuchi et al. (2008b)EL %32 & >t L T
Gloeothece sp. 68DGA » # Frf e (% vrj fL % kR B PF > BRIFIE T HF 22
11 Gloeothece fm % 1t Gl# B » F1F 5+ RB BT 5 AR DE NN BRE EF S
UCYN-B #r& 8t + &£ {7 H§ i¥* > Crocosphaera # 12 /| p&/k 12 /| PF/a5 82 % T
2 o5 Hp crnifH A F1 4 I v Sk REP B 203-5819 & (Pennebaker et al. 2010) > # § &
2 32 35 pEp A2 10 ) pFiE P B (Shietal 2010) o @ 44 2 A& 4 §
Fokeiwr il Hwme B F5 % arUCYN-Aﬁ‘Aa‘; o XETEE T
(Zehr et al. 2008) -

T HE T 4p 4 420 (Karl and Bjorkman 2002) » % 7 B £ » B § 4 fan
LR FERERM GRS o & > UCYN-B 4--C =1 Crocosphaera ¥ Gloeothecey sp.
PCC6909 » & & * R BF i {7 HF (7% » BH ¥ 2 12 ) pr/k 12 0] PR RE > B %
¥ kAR 0-20%T gk KT oA F FlF S AF ALk F kA /> 5-7.5% (Compaoré
and Stal 2009) > ¥ )k R A2 7.5%R| HF F F4-T " > 5 kR 5 15-20%pF 5 fAH
REE TS E2FE F %2 00 % Crocosphaeram 3 0 3 kR 5 0%PF » &%
PRESEFEFEE F¥ 5 00 a Gloeothece sp. PCC6909 %% kR 5 0%FF > £ @ 14 p
B ¥ § & (753-1028 nmol CoHs cell™)i# % ++ % ¥ B § % (0-2 nmol CyHy cell™) >

Compaoré and Stal (2009):% % Crocosphaera F] 5 % Jk & ~ M & £ & Fef el (T4 » 4%
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< =

¢ &
Z_ At

\F‘b

wLFEF F* 902 5 @ Gloeothece sp. PCC6909 ¥ it ¥ Trichodesmium %t
FAOWAIEE o e AR T EFY EMP RS EY K Li(Stephens et al.

2003) -

V. &
Hiwme Bf Fhgod £ LM R P - Goebel et al. (2008)% M & 842 %

s Crocosphaera 2. 4 £ & % k3 & 20-170 uE m? s p& > 5 & B 5% B 3 4v @ 3 4r 5-6

¥tk PR 3E R A %Y 300-600 EmP st o H A £ A adE Ak 4 8(049dY) -

4%

\

2% XA 30-300 LEm? st T s TW3 (> UCYN-C) » &k BBa A 5 30 uE
m2stprd £ &g (021dh) > 2 44 EXEFLBB AR 4em 2 > KBER L

140 uEm? st pr 4 K i gpas (0.71d ™M) 2 154 £ 4o "> X PR A M 4 3 300

-

WEmM?2stpr, moe 2 L% d HRIF &S > 4 £ FL 5 - L(0.36d7) (Taniuchi
et al. 2011)0"? p2 vho A4 £ 3k R BB m i 48 3] % 1 (Taniuchi et al. 2011) »
R A 30T TWS 2w & & (4.4-4.9 um)F P A e 14> A £ (30 uEm?s™)
£ % & B (240-300 pE m2 s ehimre £ A BEE B >0k 3 & 80-180 uE m? s pF chim e
£ A (1-way ANOVA, p>0.05) - F § B 'm? E4 k2 m® e 8 /5 ¥ p = £ 2 (Mohr
etal. 2009) » & 12 -] pF /12 | e sk BB > Crocosphaera ¥z 8 /S & + 5 2.96

m o R B S et BB ARAE ] 0 R R 6 e e BT 5 A (2.84 pm) ¢

vi. B R

< }I?:}F] UCYN-A if & 4 £ B UCYN-B it o ¢ = ¥ ALOHA =t
(Church et al. 2009)£ & + - ¥4 35 (Moisander et al. 2010)%= 3 % &7 & & #
5 22-30CHM »UCYN-A 4 % E B RERF2 MG d 58 § 18R 473 2224
UCYN-A 2 & ¢ 5TE R 4vd B 4v 0 B RAZHE 26.6C2 {55 @ WL R B 4vd B
o R F FTE YA #F] AR B A3 19-24°C 22 BF UCYN-A 2 3= # #iz 3 (Langlois et al.

2008); " UCYN-BAZ Y B2 FRTREFIPM £ HERRLE2CHL & 5
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% oo BT UCYN-C a7 B IR E st 4 3N F B 421 26 C 2 3t 15 CH B
(Langlois et al. 2008; Foster et al. 2007; Goebel et al. 2010) - Taniuchi et al. (2011)>* 2,
BHER UCYN-Cr A5 EEBRERG 259C »284C2 T4 &8 1M &2
UCYN-A {=-B #p+t » UCYN-C i J&if & §= FlH g L o

2 F Fa 5 UCYN-C i &£/ & # &~ * UCYN-B A i - Compaoré and Stal
(2009)>+ 27-41°C ~ » w| 1d ;g Crocosphaera £2 Gloeothecey sp. PCC6909 2. & § & -
Gloeothecey sp. PCC6909 ** 27-38°C2 FF % F R HF ¥ > * 31 C T HF 553
(10 nmol CHg cell™) ;g & + 2 % 41°CPE#§ & ™ *# 2 0; Crocosphaera i # 27-29
TP ERITIAF F > 2 29CHAF 5 B (524 nmol CoHy cell™) » § 3§ A 426 31T
BHFFZ0-

FHRERZLEFR 2 FHERTHE A LERF R F - Crocosphaera © >
doXTELS G R PR A E AR R L dod 2 T
Ao g enWHO0001 &2 WHO0003 g if # £ B R 5 22-36Com d A % F iE s g
7 WHB501 b if 2 £ iE & § [ 26-34°C (Webb et al. 2009) » # 25°C 12 T & 34°C 12
+ > WHB8501 =4 £ F4%i1 0> m WHO0001 fv WHO0003 74 £ & 5 &~ 4 & K h
= &z - oFalcon et al. (2005) ¢~ & i 4 . e A-2.5 v P-3 ehdeif # & 8 & 26-30
C o P-7Tenkif4 LR 2829C - UCYN-C P » kp xEehTW3 > i 4 £ 8
05 28-34C > R AFPFN AL F 5053054 d0 FiRAT L 25C
3 36T R4 £ &% T n 040-043 d (Taniuchi et al. 2011) ; % p i ALz
Cyanothece sp. ATCC51142 % 38°C ™ 2. 4 £ = {» 4% 0.77 d™* (Reddy at al. 1993) -

BREAAGE P it RARE > e M A4 > B4e D Webb et al. (2009)

L4+ Crocosphaera Watsonii WH8501 & {7 7 R R e & F % F IR EhE 2% 1
P d B A 25CHRET e B 28CRRET LT 0148 g Bk
g &2t 25C 8 8Cchim e 8 L 2 JEd ~ ¥ 2 0.9 pmo @ e § Behg £k
*25C 8 28 Cenim® 2 2 S A FE 1.1 pm » TW3 £ 30C T enT 35w £ & 4.4 um >

25C ~36CH B ™ ehTiaimre £ R H 4 5 5.0 um ~ 5.1 pm (Taniuchi et al. 2011) -
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R L
AT N2 LR PR ZHETaAE L pmE wme H A2 EER
B FER T B 5 21922N -~ 116.521225F 5= & A4 0% 2 3 F 250s 5 (@] 3-1) ;
Bleb kA BB R A4 S w Bk T 0B s AP T (Shelf Bl =k S4~S5) -k ix 302-334
; Bl % (Slope » Bl=E S6 ~ S7) » -k iF 681-1565 m ; /% 2 % (Basin » jB|=k S8 ~ SO ~
S10) » -k % 2698-3649 m » 1 % 2 b 52 2o E (Kuroshio » ifl=b K2) » -k i 4778
MeBABREL2010E% ¢ §5% L 584 52 = BES A w5 1455 sk
(12-17 May, OR3)~1487 4=t (4-10 Sep, OR3)12 % 950 4=k (2-11 Dec, OR1) (% 3-1) -
He 14558 R A E 3P 29 P 2 47 4P >3t SE R E TN AW B 0
Brlend ffrhon] TRy & Tt {s o 1487 St fode s — i > fERE R i
(LIONROCK) (29 Aug-02 Sep)# =t & i @ > it » ko d A = o B 515 v
LA 0 R E BT 2P SRS s 13 (NAMTHEUN) & b 82587 # 6 i
BENR Bh? w3 30p FRERT 31 p AR AMEP(SE-SE ) 2w 0 B
FI3L PR @ MBS > Bh P SR TU MBS 29S8 (B 3209 1
PAER SO (P w izl 205N~ 1194%F » &+ 3 b L5 220 km) » S9 ~ S10
shix g b ISR 0 Z R REPABEG R F s 2 HEEDIRRLES- P
gk d S BB o A A S8 TR § A S T4 RS F (T
Sep) > F 8P T EENMERAEMKSIOEMK P ow izl 210N ~ 120.7F) > #
PEFT Y Apgp S6 xh {7 0 9 p A B2 A iR X i % (MERANTI, 8-10 Sep) » # w1+ %
(20.7N ~ 119.0F > B~ % b EJZ 70KkM) SO b3 * > @ 7T 4 1 70 1S4 #pik P
(1 3-3) 5 ¢ *F 1487 st t SO s fv SB xbit (7 §f % Bif 435 % F % > SO ki B
Tlefe A Hh BB 265X > m SEHAI AR 9% 050 bk me 3 AAE

b oo SBiE Y E B E R -

1ok Fatm e
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ke~ TR R Rk e 7 3 2 CTD (SBEY/11 CTD, SeaBird Electronics Ins.

Washington, USA)zz 4% & (Salinity, PSU)~:§ & (Temperature, C){=-k i7(Depth, m)-
F1#* 7 4= + «PAR Sensor (Photosynthetically Active Radiation Sensor)ip| & & B - #-
05:00% 19:00F % -k BT 325 22 8 41 p BB 53 B (PAR, pE m? s o -k e & ¢ #
42 7% 3%k B 41410 L Niskingk -k ¥(OR3) # 20 L GO-FLO#: -k 7(OR1)  # § % &
REBH > H 5B AF EHP o AU 5 S %R100% (5m > Ak )~ 46% (B-k &) -
13% (D-k /& ) ~ 6% (E-k & )% 0.8% (F-k & ) (Chen et al. 2008) » # 4315 -k & B 7 %_%
kiF100m ~150m ~200m ; i E FIEPFR G kAL B2 EBRARF O PG KR
FRFE*FS5mM~15m -~ 30 m -~ 50 mfr75 meF 2ok F o A EE BE A (Dni, m) 2 5
AL Bk B 100 NM 2ok 7% » % 4 -k (5m) el e Bk B © 425100 nM > A e B EE K
L0meiR & KRR (DM, m)ak 55 B 2 = KER A (sigma-t)dp £.0.1 kg m3
kR A K A2 (SN, kg m™) 2 (100m @ & — £ -k % & )+(100m— % -k iE A& )+ 5 (Chen

et al. 2008) -

2. Hwe By 2 5§

Hwie Hg 252 Fhd WHFFEEE I X EHRERE 2T RB
£ £ #74 = (Tuitetal. 2004 ; Saito etal. 2011) » ¥k & ¥ 5 R B B~{F » & 35 1455 #n=
2. S4~S5~S9~S10~ K2 =k ; 1487 %k 2. S5~ S7~S8~S9 #k ; 2 950 £t 2. S5 »

S6 ~ S8~ S9 ~S10 ~ K2 #p(% 3-1) -

L Hwie HF 2 HA5F2 AT

© wH fmie B 4 P2 %3] 3t 10 um (Montoya et al. 2004; Garcia et al. 2007)
P AR ERZRIRE R A 10 pm gL et (R s H)iEFE 4
o0 3 210 pm 02 4 2 R > g LA KD 550 ml PE J v g E T
25 mm ~ 345 1 um PC jg*-(Whatman #110610, UK) - /& 4 100 mmHg $ # 8 g i<

Bz o 73 w2 PCIR- it 4 P »# 3% 4 /%/B> PFA (Paraformaldehyde,
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3% wt/vol, Sigma #P6148, USA):¢ & A (chromatography paper, Waterman, USA)_* >
Rlmfe HEo AT T4 8o A ~ M 7 2 ml 100% methanol (Fluka

#62290, Switzerland) 2. % F s“ 4o F o 3o F 5 -20C | B4k oiF o

. e it 8 45 4 4 (Whole-cell immunocytochemical detection)

Dimre Lk F A4 E > ikgTaniuchi et al. (2008a) @ * e § fiF & L (T A
A L F R B ¥ Trichodesmium sp. NIBB10672 % th4add » 2 p 4Lk B §F
fi% % 2 48 3-0 274948 3% (NIfHDK) - Taniuchi et al. (2008a) © %+ # ¥ e B § &
% #Gloeothece sp.22Gloeocapsa sp.i& 77 5% > FP % & § B2 B A Y aF
FESR EFIAFRAFHEREFHAY F% - 7 LEBWHme L - Ap
1> Synechocystis sp. 5 2£H§ Hwe E% % > L7 FAFpEE > Hwweflx 27 4%
#d o

(8) #6248 it%

#--73* methanol 2 k% > # 1 p 3 2 ml ethanol (J. B. Baker #J11T04,
Malaysia)z 2 F s 3ps g ¢ > % r L F A RITB@5Kh)p BT 2 ~ 48 ¥4t & PC
R e R A BRI e B 2N o 2 (S3e ¥ BTG A-20T 0 & A
2-3 % N BT ame g il & e h 28 o ARHRAZTIEL LA ZMHF > 2L AF
TEiBARPF - % PLE Tl E(Ar r - BFA 2 - BFU) 2 f e (A A - s

B W4~ - s PuRl)en 4 o

(b) i% i (permeabilization) £z re %7 (blocking)

i@ * 2 4% 25 mm 3336 B (ADVANTEC #311200) » 2 & 45 25 mm ~ 3458
0.45 um =7 Millipore PVDF #*-(polyvinylidene difluoride membrane, Waterman, USA)
#- ethanol ® chmPz A3 5 e 2 % F - PVDF %@ * m ¢ F A * parafilm

(pechiney plastic packaging, IL.60631, USA)#t 84 » BH T A B mir 7 & -
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% » * PBS (phosphate-buffered saline, 5.8x10° M Na-K phosphate, 4.0x10%M NaCl,
8.0x107* M KCI) fF % % » i £ PVDF %} ehim®e o i 2 A 2R > § £
B 1mlPBS is s 38 htr M S iF ~ 0 %k PVDF 3 2 ez 45 & > 4o 4 8R4 PBS
o AP 1mIPBSF » A » Bawme i A2 PBSP - #E 1 o2 3§

WEimA PBS > RS €45 RS 0 3 o ks parafilm & & 3 PVDV WA p
BB IR R A% 4 ~ % 1 ml PBS iz @ = ¢110% DMSO (dimethylsulfoxide, Fluka
#41639, USA){- 10% NGS (normal goat serum, GIBCOTM #16219, NZ)2_ &% & i3 i
Ewkmig kA o BB~ iy K e N o RS ITAET A

B~ AT k1 12-15 /) pF o

DMSO it i sm ¥z 5geid % |4 (permeability)3i 4c > & NGS ¢ pegrztp 3w

el @Al 2 gt PRk b o RO - Bl Y E o L4 i
f2¢ & PVDF W8 3 1 = @ Ry +-dcim®e » PVDF %05 g kM H 7 Flut ¢

WA et methanol # E it R HE G MRM S RERFRFLI 144

() % % & & (immunoreactivity)

BEFTLREF BT KT 0 KER Y BBt T BB p
s itenparafilm > 2% = 1 ml PBS & ki » ik BB i e e 42 5 % % PVDF -
Fendmre gk o0 2 18 gt F ~ 1 mlPBS f % ¢ 0.1% H,0, (Katayama Chemical
#H-0160, Japan)3 i » # 5 5 A 4B HFH T RH BV R M PR H LI HBLF T
FlR O WARPIL B ARF BEd chi % a5 0 X LmIPBS feifikin
5B e 4R P E RF ik Bt 4k PVDF 50¢ e Hp0, 73 5% o & 18 parafilm ¢ §
PVDV ¥ p cnfE Bk Biptr AR & Al 2 irdle g3 mtr @ 4 » 1 mlPBS
fe ¥ e00.2%- &4klia k(7 nifH - nifD - nifK ep 2 88 2 2ul) 7 T o4l
#on e 1oml PBS o gl Bt 2oy S h o B L T B R~ 4T

B A
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(d) & # & & & ¢ (visualization of immunoreactivity)

FHLEF s B0 TR dle & T dle ) BB L2 HA S
parafilm > 12 PBS fiz ¥ 7 0.2% PBS Triton X-100 (t-Octylphenoxypolyethoxyethanol)
B IE R FRR o fedh i ek AR A 4p e > & = P~ 1 ml 0.2% PBS Triton X-100 i3
o s EE 2 S ke a0 Rig parafilm £ i3 B R - &

T pedlie & T g pedlie | @ 5> £4c» 1 ml PBS e & 910.2% HRP (horseradish

peroxidase-conjugated, 2ul, Bio-Rad, Goat Anti-Rabbit 1gG (H+L)-HRP Conjugate
#172-1019, USA)z = % 4rA8id 7 » #gb WA e w B N > S8 H s o o
ERFETRF2)PF

der 2 BFURIA R 20 PFZ2 18 B LI i tr ¥ 83 parafilm s 2 & =B 1ml
0.2% PBS Triton X-100 7 j% 1% & jieik » S@1P b g iede i i e HRP % £ &
e A o PREEFREI P REAr > AR A pd TAF RETN 2 EE KA
e 1%d XM F4er 2 m PBS eflleni ¢ 3% 5¢ 3% 2 1 mg DAB
(3-3’-Diaminobenzidine tetrachloride, Sigama #D5637, USA) ~ 3 ul CoCl; % 0.5 ul
H,0, - # 4 7] % PVDF *ehparafilm » o L3831 A 30E-T 45 ¥ % & 0 PVDF
WP B4 iz d RAY S P AG § ) > PVDF AR *
Ar? REONFETALFOS P28 0 AR IRNEI B TRE
FRr AT > PRAKKF 2HRSRA] AR LRI EHNDBREDP 0 b
» 2ml 0.2% PBS Triton X-100 /3% o d & ¢ * & w ¢ Pt g & J ik & o
PVDF %% » -;;‘Ly‘ﬁa’# BAir® zE - F PVDF s ~ 0.2% PBS Triton X-100 & #-
A B YR AL k52 0.2% PBS Triton X-100 3% - £ 3w ax ¢ @& PVDF
g A7~ 0.2% PBS Triton X-100 /3 % T # ¥ 1 # 48 > R {5 £ =x % PVDF g %
FH ALY > & PVDFs%F %~ 0.2% PBS Triton X-100 ;3% 5 =t -

i&ﬁ@ié@ﬂﬂ%?ﬁ:&ﬁ@FRPM@%#%FEEWQJﬂ%ﬁﬁ
- iR TR - 2L @ s 2 DAB R & 1%}% H,O, ¥ i* DAB # % %

FREES »a Thfmdle, ¥ @t Syl - Bpulld § 8- Spulli s
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4v » CoCly p en1f>t CoCly it 43 4viF DAB eh % & 2% o

(€) Wirg s

B fs % PVDF %74 & 3L % > 35 = 47 0.2% PBS Triton X-100 ;% ;% <1 PVDF #- »
PAGD L kP a PTa NRAFR Y S F YR o F 2R
¥ PVDF %% 6 5 % PVDF %ok i iz 2 Mk > L@k Fob# - dcinlde
LY P AR R fdeE R BITER  FLEFRPEPRAIF T F

o Ad RASR P HAEGFN-20T T A- FRBREIELLES o

() dpxtg

s dngh R & R B (Olympus, CX31, USA) &A™ » ri 4 p &
103 3442100 & chig FRE LR % ¢ oo 4oF]3-BD AAL A 4 4o 3-5E -
PVDF #} chimse e 8 5 » &p i > 5 R SRB 47 0 #RTA 0.L mm(R
e BR) £ AR 0 xiERE £ 1635 mm o MG ff 5 6.54 mm?
§ 4 e R A (210 M2 3.41% ¢ 1k AR 055 L3 E o Aa kot
1713 ml 22k 4k o B i BfF 2 e R RE S50 40T

) ) PR 2 e BB x 210 mm2
e @R (cells LY = A o —— +055L

6.54 mm?

PHcEfEY > R A e AR S 2 45 (1)12um ClEE L R 2 um
[f]2 s 7z (coccoid-shaped, C)(®] 3-4B; C) ; (2)>2 um C : E fZ = ** 2 um 2 [f]?) o2
(B 3-4D; B 3-5A % D);(3)12umR: E & 13 2 um FE]A; 02 (rod-shaped,
R)(F 3-6A) 5 (4)>2 um R : 3 /2 % ** 2 pm 2 1) sm e (] 3-6B; C) = = jr o B+
H % F§ 4 UCYN-A -~ UCYN-B 4= UCYN-C z #84] 2 * 25 chfy it » 30 5
UCYN-A 3 [f]7 %z (Goebel et al. 2008) > & /< -] ** 1.5 um (Biegala and Raimbault
2008; Bonnet et al. 2009; Le Moal et al. 2011) ; UCYN-B & [f12)m%e > H 487 ik pp ¥¥

LR S E 55 % 2 % JRIF 0 457 2-10 um (Zehr et al. 2001; Church et al. 20052;
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Moisander et al. 2010; Campbell et al. 2005; Webb et al. 2009; Hewson et al. 2009;
Dron et al. 2011) ; UCYN-C #t 3, R 5 ##F] > fm%2 B jS 324k 5 /1 >% 2-10 um (Zehr et al.
2001; Church et al. 2005a; Ohki et al. 2008) o 4%+ > 1-2 um C ¥ it > UCYN-A > >2
um C &> UCYN-B > @ >2 ym R & UCYN-C > 1-2 um R 33|+ #i fi >+ Cluster | ~
I ¥ 22&% &2 ¥ m% B § 2 > &4 y-proteobacteria ¥ < Azotobacter.
chroococcum (1.5umx0.7 pm, Carpa and Barbu-Tudoran 2011)4= Acidithiobacillus (2.0
umx0.4 pum, Kelly and Wood 2000) » a-proteobacteria ® =7 Methylocystis (0.5-1.5
umx0.3-0.5 um, Bowman et al. 1993) » & &_Cluster Il > Chlorobium ferroxidans
(1.0-1.5 pmx0.5 pum, Heising et al. 1999)14 2 Verrucomicrobia 2. SolV (0.8-2.0
umx0.4-0.6 um, Op den Camp et al. 2009) % o pt *t »>2 umR » ¥ it ¢ 7 {3 2L 5%
B2 H wre FF 4 F > bl4e A vinelandii (2-5 um, Pefia et al. 2002) ~ Pseudomonads
(1.5-4.0 pmx0.5-1.0 um, Madigan and Martinko 2005) ~ Desulfovibrio magneticus (3-5
umx1 pum, Sakaguchi et al. 2002)# Verrucomicrobia 2. V4 (1-4 umx0.3-0.5 pum, Op
den Camp et al. 2009) - # Methylobacter ch'm?z ¢t 255 [F]2 2% 3 & Hfff] ) > & 4

£ 42+ 1.2-3.0 um (Bowman et al. 1993)> F]p* 1-2umC &>2umC» ¥ v ¢ 7 H &

FpfEA AR PRRER 00 45 LB HMARAD FHE(h - B
B2 = Bddl) 2 fodndlie (R e - Bl o 4 » 2 B o 4 BRI e
Bf Al e HR o p AR 0 F KRS £4(5 B subsamples) s ¢ ¢ 5
P2 tmt @R 5 A B subsamples thT Ein e %R o mie BRI EpE (- )R §
Frdled B4k B)(S) #-5 A8 kA ch B e B F 4 42 me B 4 5(S)
AR RIS

Fdles B¢ me R
[fip#lies B¢ me R+ EHHE2 AT me g R

fatliez &4 H(S) =

()2 3B HmeHF 2 me R BRI eY B me B R f IR

B2 B I H(S)BE 3 E NG
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¥ e E§ A 4wz % R (cells L=

Tl s d wme g (cells L) — D rdlieart me iR (55 2 AL e cells L) xS

7 A BB B # 35k o 1487 4t £ SO sh(iR 2 W) ~ S5 k(1A )&
950 #7k e17S6 (P F) o * 3T F %ﬁiﬁl&*‘ci‘»‘; AR BRAVRER S £ R(B m) o g
WAE VoK B o B ¢ 050 £k e S6 2k * metal free [k Ste-k kA 538 10 um
UEPEL R FEE L WA AR | 4 RIS A R T PC Y
o2t RRE AT G r H A R A 0 AP AR 4 e B 2
¥(n=2 > 2§ P~ subsample) - (1)¥fPe 2 (C)7 i 4c ix 7 ¥ % ®%(C) (2)@*/" 4 2 (+P)
7+t 100 M KoHPOy 5 (3)4hi% *e 2 (+Fe) » 1487 41 7 + 2 M FeCly - 6H,0 > 950
#7775 40 50 M FeCly-6H,0 £ 20 uM ETDA (C1o0H1,N20sNaF - 3H,0 Fe(l11)-EDTA) ;
4k B?; 4v Bh4s ke (+PFe) i 4 kR 5% ZET e ERE AR R R (% 3-2) -
] AR 1T E AP kBT L o I BRNSAKIERS 2 20 &

4] p > B 550 ml sk 4 (PE B v #7) > * PC 7525 mm, 1 um)# # 6% (100
mmHE)fc g fmre > Firnif THwe BF 2 9 E 2 B2, 228 %5 PCR
o WM IRFLIEEEF DR L ELELI ER P TWLE A B

Y 0 A EAFR Y E R PCHE -

4. B oREEA
JAY Y £ B crplph B2 ) pe B (NN, M)~ gk B 0k & (SRP, nM) &2 &
%4 aik A (Chl a, mg m'?’)’?“?friii*iﬁx% 3ol ok R RIS RER Y o WO

2.4 F FR-F AL Bld Toshihiko Takemura (Kyushu University) % i -

I A AL 2 el L B (N+N, nM)

ok R k#1125 ml PESg 2250 mIPCHg £ 2 ~ » il 0 B -20°C B3 o 1R
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SO AE4riR R AR &2 08 § v J 2 (Azo dye colorimetric method) o ck & ¢ Rl L
SiEAE SR R AL R R S AR (S & m fi(Sulphanilamide) £ A £ § g
(Diazonium ion) » £ fr@ Ak 2 ¢ = *=(Naphthyl-ethylenediamine) it * & 2 #s ‘= ¢
%% ZAL(Azo dye) > @ fs 1 * Gde N p B s 47 R (FIA) ik £ 543 nm ™ pl 2 & i
(Strickland and Parsons 1972) - -k # A 54 5 B R RSE TR E S % s LA M BER
(NOp) » Ad® ts Wil % A A B & Al e B 2k B o (NO#+NQg) @ &7 w2 )
WAL 2 R o B % Kot pHE (0.2 uM) » BlgR* 1 & ¥ sk ip| 252 (Garside
1982) 5 pt = P A INMam B AL LA R BAER - RIEIA]* T4(Fe™)irs

BREA O AR A IR RERY A4 g 0 F (NO) » ANOXE R k¥ &
Osk o= e fl > d g 8% 5 AR mnd ey kd LR M ¢ RF LR
B o

ii. #&ps @ (SRP, nM)

K250 mIPCHg g 52 A &% > B-200 %75 o Bl 23 * ‘e ¢#CER R
¢ ;% (Ascorbic acid reduction-colorimetric method)- -k #& # FPO, S e g 2T fo4p
fadeF A2 % ¢ WA & $ (Dodecaphosphomolybdenum complex) @ £ 5 d $o
¥ v ik (Ascorbic acid)® = iF ¢ 2 B4k 4048 & £~ (Molybdenum blue) » 3% =i &
880 nm 1 jp]ex sk & (Strickland and Parsons 1972)- i & %2 % M3t i P& 10,4 UM »
AU kR P 4o » NaOH#-gE1T 21tk £ 4 ~ 10 mI HCHi@ 253 2 5hik 555 30 > &
MAGIC & {572 1@ ;‘E'Jg{b Bl¥ ™1 1-100 nM (Karl and Tien, 1992) - T 5 # 1§ fit

(N/P)2 [N+N]/SRPz* & -

iii. Chl a 4 45 (Chlorophyll a, mg m™®)
Lok 2 k#0550 mIPE B v s %A 5g(n=2) 3 B2k Chla A j2 % s dg
BHEPBRPRIES YR F ~ BUF RER4E2 R (1% wtivol) > @ {8 R4 100

MmHg 4 # @B >t GF/F it o 2 4k A RS 370 1 g R 448 15 35-20C »
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#Fret 7 5% % A+ o 12 Strickland and Parsons (1972) % ;2 5B~ & * 90% [ fif
(Acetone)~ B >~ 4C 2 a5 @ 20 - pFis > 1% ¥ & & sk k& 2+ (Hitachi F-3010)# ] °

A

iv. ~ # % -(Dust, ngm?d™)

< F % B- ¥ ch¥cdi B~ p >t Spectral Radiation-Transport Model for Aerosol
Species (SPRINTARS) > #-11 /& mi 14 % = § jx A= F R B~T 3215 (7 &k (Takamura et al.
2000)° 1245~ k= Fvo s E P il kiR~ L f ¢ 0§ 7§ -(Measures and Vink
1999) > @ jE A-? iz £ 5 1-10% ¢ A 21 A ¢ = L 4 47 % chii(Fung et al.
2000) » 2. # x 5 1-6%-H_14 5z *% (Dry deposition) s~ 3% & » -k 48 > 10-50% R £_1v
B tE en 3% (Wet deposition, Gao et al. 2003) o ~ 77 3 ¢ @B~ 17 1455471 2. AL >
ARG S F DAY B E R R AT R R E e

e 2t E@EE2 Mo

5. Hcih A 41

ZAokKmre L E k41(0-100 m R4 & o

1N

BwmieHg 24 g
d 3t A A 3R kg F R §° ) 5 61-109 m (Chen and Chen 2006) » i & & iF & &%
T w95 mo 4e b Y & BE KRR H100 m (Wong et al. 2007) » FJpt k4L Rt 2
SR B~1100m > -k4(0-100 M) % 3+ 4 4+ £ & £ A 0-100 meim e % A o

L8 A F L k)5 A (0-50 m) ~ ¢ & (50-100 m)£2 T & (100-150 m e 200 m)2 -k
BTomie g R2VE WY e R HAg s A% 2 FFaf o T

[£110 —50m= 5ume 2] | [K4100 — 150 m#200 m* 32m %% § A |

[k450 — 100 m-T 35/ % B A | [k450 — 100 m-¥ 35 % % A |

LWRATRBE TS AE wmr B AR A R R R S22 R)
243 M I3 FE T (G 5145580 ~ | 14874~ F 9504 )AL B o
£ A% B 715 %8 b 47 (L-way ANOVA)& (7Hkip] » £ % 7 ¥ £ B (p<0.058

p<0.01) » £ i& {7 Duncan’s multiple range test® (s g T4 17> ¥ {F N T E T g F £
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Fenw] o gteh oy 4 5§ By FlF 2 Bl A0 4p B % B (Correlation
coefficient, r)fefid ¥ = s w §f (Simple Linear Regression) ~* 17 o *# 3 2. %k ¥]+ @

%B%%}i'}’% J\ay.}ii ﬁ}i /F’Jﬁ’x /}p%}ii E/&ﬁ’x /%f‘i ~ N/P ~ Chl }%)i’,l'li

1“’*“

ARk ER ~REKFER KA RRAEE L § A

%%_ﬁ/fl‘éti% 925 E T HREHEAPTA e BAIL e (C-+P -~ +Fe
fo+PFe)2 %394 4 B (& AJLen=2) L3 § LB - FRH*F HFLE (pO05
P<0.01) » #4 {7 Duncan’s multiple range test¥ {s & T_> - % 1 f23 /% H w®% F§

4 Phimie % B EE L DIEER A AL o
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AFEIPNFZ BIFERATASL L RFERFRFER AN P ¥
MEFABLMELe BAR 2 ZaAKP B~ A2 NZ 2P B3 8 3 (R
3-1): =E &P T A Lk #E % % (CRI455) ~ § % (CR1487)¢r * % (CR950) » # 4 %

SRS AERERTHAIRE S22 LB 45 8 ¥ (p<0.01) > & %(29.1x0.1TC)
F2okEARER B X5 FQ7.7203C) £ kE AR B ME L %(26.1£027C)-H ¢
PELNFRARL Y FEEAIRREE -G A FLHAAFRBE . 2
@Y R BESLEE 2N F{03E FAHEM P GRS ke TR
Hmee B§ 25304k A% o oiiild e B§F 4 H 2 k4(0-100 m) B 2+
AE o2 (5 PELZBEESFTHRES AFEHL B 54 FHBRFI 2D

Bth ks 6943 yhg%?$1$%°

1. % % (CR1455, 12-17 May 2010)

d¢ L F e hFARET 20102 - 3270 > BRE A3/58 TR S
A o S TR S F A2 S4-S5feis 22 S9-S10: 0 81 2
B2 K2:3h(4£ 31t 3P R RSP FFEE P AT E >S4 PP L1 109
o pE S SE EEBep T iE (S 4.9 ] BB RIS FRIEE D R AT A A4

S5 s 4E B TN LB A P LB et h o b TV P T it

=

i ke T
SR fd Az R B (RE APk )R BHA LB Y Lid A

a2 (p<O.01)(# 4-1) - AFT g ¢ v R F EREEIRF 5 1455 B o

S5
=h

TR A PEPE MOE 2 e P (p<0.05) > A F2 R akEF AR -
d T-S & MU & & e e 2 R BT R L Al s % -k (Chen and Huang

1996) » i s e T-S o SUF o R B A4S A% Ak 0 @ 20 K2 sk
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TS MIRITL ARk EeidKfpr > TRERS -~ FA B (B 41A) - 2
Bleb S6~ST 5k d AP B(B 4-DF 7 B X ER T RARIOE FlR=R
N R A S LI Rt A o ST R F BT A KRR K (27.2C) R & KRR
(103 m);% » % -k ¥ e B ok & (13 nM)4r Chl a 7k & (0.16 mg mP)sad % Fliplsb % - F
FF > #29% NLOM (Navy Layered Ocean Model) 1/32° Nowcast #i#t i35 ji = > 2 %k
p HYCOM+NCODA (Hybrid Coordinate Ocean Model and the Navy Coupled Ocean
Data Assimilation) Global 1/12° Analysis etz 2_ ;% -k =% & (SSH, m, ® 4-3) » %
T 2iplk SO zhea prydt plsb ST #p % 30 K = X Ay i -k =% & (0.50-0.55 m)
1L S10 e S6 #:(0.55-0.60 M)A i » b FE i =k S4 ~ S5 #£(0.65-0.70 m) { X > %
B4 i picss i A AR B LR 89 sbend kRN L Bk & (24 nM)t 2 S10 #£:(8 nM)
B oSO s kiR R (28.6°C)fr2ipdnke ot S10 5% 7 0.1 ©

2ok TR B OF R A BB (27.4£02°C ) fr 19 (27.240.1°C ) B ¥ K30 75 2
(28.6+0.1°C )2 2. #1(28.6°C) (p<0.05) ; @ % -k T A T 35 4 bk 4 (34.24+0.03 PSU)fr 14
$1(34.22+0.05 PSU)t j% 2 (33.75£0.02 PSU) % (p<0.05) » +* 2. ;#1(34.54 PSU) < » &7

PciE B R R 2R R M s R o

Aok BRBER b B R MAMFLE 2% 2 (1648 nM)# B »t B (1241
NM)Feri s (9£4 nM)> 2. ¥ 3 2 sk P SO 3behd -k Al Fe Bk & (24 M)+t S103: % -
2ipeis 22 S10 xR APF(BNM) > B 0 ST #: (13 nM) ek KAl pa Bk &+ vt
S6 (5 NM) B © A -k BEfL Bk B g % HE (2826 M)~ B3 (3145 nM)fei% 2 (292
M)z & 2 8 % &1 % » 3088 % 430 29 (76 nM) (p<0.05) = 4 -k N/P F 35t w & % [
EREFALE > FRA03-060 ) BMTamRIPesAi®w > 5505
FeFFE A RV a3 F W o A kChla kR e B R2 B2 F 4R >
12 1 (0.1540.01 mg m3) 4o 4 (0.11£0.03 mg m®)# 8 (% 4-1) o

oA PR B AR R T 2R RN (1583 m) o H = D opas (42213 m)feis 2
(48£2 m) > BE(133 m) (p<0.01) < ;R & K iE A T 30004 2 (2242 myFiy » Myt

(57£46 m) ~ 12 9(65£17 M)fr 2 b FURE(T2 M) B ke R EEELE > LHR
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S7 :(103 m)fcpitr S5 =:(82 M)Sull & K iE A 4 uliE o KARA K ALR 1L h 2

(0.033:0.000 kg m™) % % + (p<0.01) » Ft $9(0.02120.001 kg m™*) = 2 - £

AL

. +0. gm )z 2 5 (0. gmi)Z & BAER B M ¥ g = F2Z B adgF 4
(0.017+0.002 kg m™) 12 2 #(0.014 kg m™)2 A & 42 & & i Gz MENYL

~

PoFE o s AR RKKY ChlalkR BT » 2 LR ERFRITF %
KREGY 22 A A N L TE R PP T F] Rk S5 sk ARGE B K(27.1C)

@A % (34.27PSU) ~ 37 & & iR B (82 m)ix -

i, HmeB§ 4 vtk nt
Aok e FF A 2 M R R 20 (41.3x10%cells L) 4 »v 5 55 T 3o
(23.825.3x10% cells L™) « 7% % 2 f¥ 14 % 7% B 49 (15.0£0.5%10% cells L) 4 i » 5 /4

4 2 (32.624.0x10" cells L™)4- 2. i (41.3x10* cells L™)# & (1-way ANOVA, p=0.056) -

(R) * % ik im® A2 & % ] #4] im %% (1-2 pm C+R) e 434 im % (>2 pm C+R) -

.E

L —

Ymee = % F e B R R 7.6-24.0x10% cells L™ > &2 085 F 405 4 /4
2 4o (p<0.05) » ~ #84] 'm % (7.3-17.8x10% cells LYY Rt s /4 /& 2 vk F &

(p>0.05) (I 4-4): B % 7 b 44 2 4| end fmoe F1F 4 o $IR R EHT i H o o

L H e HF A2 k(0-100m) Rt A F A 4§

KR E e EF A Rt PR > U B R aa R T
2 02 K2 #£(22.4x10° cells m?) &+ 5 % 129 (15.9+4.6x10° cells m™?) » @ = % % 2
2. 89 #:(12.7x10° cells m2)# i o -] %8 2] ¢ (1-2 pm C+R) 2 2. ;7 (12.8x10° cells m™)
S84 P ok 2 fb (6.5-8.2x10% cells m™®) » + 484 fw 7% (6.2-9.5x10° cells m™)
ha a2z s 2 R ApiT(R 4-5) -

KA AP R AL AR 2ZRAE AL s Lo F L B Hwe Hf 2453
- A A kA FEER S e R AR EF E SR A 100 m 2 E(R 4-6) - 3t

A (0-50 m) ~ ¥ & (50-100 m)zz T & (100-150 m £ 200 m)im®s % B 2 s A H i
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B > [k 0-50 m T ¥aimee @ A J/[-k 4L 50-100 m T 3540 % A J/[-k +L 100-150 m
2 200m T3Ewmie Rl U K2l R R G I BREHLE A F 2 gH
IR B EP R LS4 B A e (1-2 pm C+R, 1.2:1:1.3)fr = 2 3] w72 (>2 um
C+R, LBLL3) &t ~ T f chim® %A 4800 ¥ & & (% 4-2) » % 3 S4 #4112 um R
fv>2 um R %120 m 2 ‘w% % B 5 & (B 4-6) o @ fo S5 =pr] 487 i 77 (1.3:1:0.5)
ot #A e (L1104)2 & 4 F Aokt Efed & » T R chimie %R K o AP
0 @k A 2SO e R i K23k A we H g 455 i Rime B R
B (B 4-6) ° L3 & F 1 6]k 5 (% 4-2) > SO k| 47 ¥z (2.9:1:0.9) - + #4
0 (5.2:1:0.9) 0% B 4 Aokt K Bd PAT o 20 K2 #be] R3] a0 (2.0:1:0.8)
o WA wee (14:1:1.0) Et K B REF - n P Efr T EORRAPT - PR
WHwHE A oChlakA e dd B3 &0 &7 K > Chlad < FA #F
5 66-80m s b Kt 5](0.4-0.7)1 ¢ K b o @ T At BT 4 (0.1-0.2) » AEF 100 m 1
menChlak B 2bd G a2 @ ehChlagk < /®AE 5 100m> €2 4 # L 5] 5 0.6:1:0.7
2T A hChladk Ripstig HRILF 5 20 LA IFR Y a5 F(2 5 131112

m > = ;7 9626 m > Chen et al, 2007)#7:¢ = -

iv. & (CR1455 2 S5 =})

1455 &t § B/ 37 20 p 2 40 4 p > SE (LAY 2p 5 &
B PR EERERE TEEIPALEIFEP QLA F2L L LD
Ao N kI PE AR B (IW) PR Y 5%+ PP 18:10-18:350 ik 4 % — =t B (IW1)
& 18:45-18:59 » p ik 14 3.5 ] PFIE 7 ¥ - = 1 R (IW2) f 21:40-22:05 5 p 3 14 4.9
| PFe23:05-23:26 7 i 7 R R 15 BB R (IW3) o

CTD FALEEm » Tk I feeniv £ 4 15 1 20 A 4ap T & » H IV IEp
Fapg = eorpltEmisa kg aipLHR(B 4-7A) - Jein &k iFR(Dm)a 3
BN AP TR (W-IW3)ehe etk > R & R FRAR T395 94+10me p it @ (IW)

Toazprz Dm Z 107 m> ke Dm G 150m e B FAp £ 43 m o AEon kA d
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B iRk TR ON LTS W - (WD) 0 AT 2epEH Dm fgy > 050m s b fepE
Dm A /&> % 65m» B2 2R KA 5 T oo B IWLGR 2 KRR Pk D B R (IW)
XixF OB ke Ee bR o p R ER 45 PR KRB RARG T AH
IR ML 1S B Z S EIW2) 0 R & KRR IWL EUE > T 2%cpE Dm S 84m
m e DmM 5 100m; Ap ks 4.9 ) FFengr R (IW3) > T 2xpF2. Dm #1002 m -
A oF PR DMy T 82m e Pk fs 4-5 ) PE(IW2 22 IW3)erift & K iR B #FAR §

K4 0-150m (P A EFFSB < Dm 5 150 m)enT3mg & - BR gits TR
PAEERE o P R kM T RO o N R EFI P AR DERR PR
26.3-22.8°C » # R % i % 34.22-34.35 PSU 2. fF (B 4-8A) » & ¥ 2 ¢ 4pFr o
mo i ERE(IW) 0 £ R OKATR > TR A 263C 0 LB A 34.22PSU ;5 iz IWL
o MR B BagrRkilie Fow L Tt T39R B IW44C>T32% A% 7 0.17PSU -
MRS A5 pE KRB gk ds o IW2 PFF KB B MB R e T B T2
WA EEE WL s T3ERARE 17C > BREMX0.07 PSU; » IW3-k$E &+
v o g [W2 ' 4 0.8C 0 & 3 4 0.03PSU -

KA 0-150 m T aend & Bk R (B BB L R) (B 4-8B) > 7R i i
WERH e T2 e e 2 BF > HRBEFETORAR - R P HIS
BRNBFABTADE o R WRF(IW) K88 ™ B -K i T dopl pe @k B 5 495 nM >
TIope BmER 85nM o F p A EZ 18 IWL RS Bavk v ih o T3 HE
JE R (5949 NM)#: 8 7 5454 nM > T 3ok fs Wk & (404 nM)+ 3 4e 319 1M o p it 14

JPE(IW2) R B R KB kR e T A Ee s T opl EE @R R T % 3 3785nM -
FERL BT % T 275nM s 2 15 A IWB S ek A e w2 T ol A R R
WOIW2 F 746 nM 0 T rophas Bk B 4 M 4 45nNM o

o Chla JRRTF: #13 FHFEF 2P 223t MALERFI P RSk
0-150 m L35 Chla k& % 1 # [l & 019029mgm v RPN L WERES AR eh
LTERHFR GRS R KM TICE w2 o T ABE Y T 0 B B 4B S 4p

oo 2o % W eng i ABE A K o L ERE(IW)ehT 35Chlajk & % 0.24mgm™ »
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Rk S(WLSEF R 3 4 % B-kaw 2> T3k R T 5 0.19mgmee p s 4-5
JRE(IW2) 0 % B Sy % k4T or e T3 Chlak A H 43 0.29mgm™; & IW3
kA w S pE s Tk B 7% 3 0.24 mgm” () 4-8B) -

B F§ A me a2 6 (B 4-8C)& Chla ki @+ 485 4 S 4p 02 o p
BAED N R H e FF 2 P2 0T 03 B R 5 7.7-18.8x10% cells L™ - d
pOATERE(IW) R T R > PIp LB (IWL) MRS B-kie v [ A
% (1-2 pm C+R) ~ * 4 3] m 7% (>2 um C+R)/m ™ % & foL 32 Chla jk B 457 % 5 it
545 )P KREFF D FRF > IW2E-RREE B TR > T35 Chla ki i 4
01mgm?®> ¥ mee B F 4 J mie % B ¥ B AR A IW3PHKHE R w
A5 Lo ChladkARE AT % 0.05mgm® | 43 e % (8.3-9.7x10" cells L™) ~
84 fm e (8.1-9.1x10% cells LYY en-T 354 4 B ok fie™ *% o

LU H e B F A dhend-B A F (B 4-7C) > Bp i PR L5305 B
Chlajk gz €3 » % (Bl 4-7TB)53 o & il G (IW) k48T B > Chla k& &
Kb oY BT R endd A F 0 5](0.7:12.0) 8 Tk Bd o AR T o o 48
(1-2 pm CH+R)fr+ #87](>2 pm C+R) ¥ ‘m® F§ 2 $o b2 4 % frifng » L2 A
Wil s L1114 40100000 poAkiE S ke A (IWL) - Chla kR TRt K 3
TR (L11:01) 0 e X A E e FF A E A RRAY TR me B A
B g (0.8:1:1.4 4o 0.6:1:1.0) - p kB s 4-5 ] PE(IWR) » k4| tg T R »
Chlajkg &@ 2@ & >+ k& kbR - $°(05:1:04) > 4p$ > = ~ ] 47
Hwme BAF 2R LLi AT RRDY 9 TR e BRI EHR(F LY
5 0.8:1:09); IW3pr-k#iw= »Chlajki at k& ¢ kig %37 k& (0.7:1:.01) > @
Sl e B A 2 AR KE g K o FF T K (13105
1r 1.1:1:04) > 4a4>s Chlaeh£-3 A % + k@393 o

-

PR E R p A EhEaY o KR DN R R T A F

T

BB B EF Bk REM RN o mipkor Chl a kA (41

P2 R)ZREFHA N AHE w22 28 A TR R H TR
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2. % % (CR1487, 04-09 Sep 2010)

L& 3 A P9 (08-09 Sep)#: kP RF e b (30 Aug)ié 9-10 % > pE 3 (08 Sep)
S #h 15 9 % (30Aug) > i 2 (06-07 Sep) 5 Bk (31 Aug-01 Sep) s 5-6 % P 4% o %
Brdh 8 9p FREANVN s Bt AP AR EES Ll
DR E T RT LN a Bk BEISFEREHR 2P T 4 (S4 - S5
)i~ b F (G R 2/ 110-170 km) 0 #ek ¢ (20.7220.9N - 116.42117.0F)
B30 P FREAD 3L pAFR A 2 ke > ¥ s b L /2 (190-200 km) & s R
B (S6~S7 #h)erid 2 p3b(S8 k) > EF 3L PHAR F R 4 P AL B
Bk ¢ BT S8 9 7 1P AR A SO R HEES e, (P
=% 215N ~ 119.4F) (B 3-2) > % b X j& 220-260 km » 7% 2 (S9 ~ S10 )% _31 p
BLRF L 9% 1poef - FEAAHE Ak /AN BRh 290 2P Y Ht(Rr T
BB P & F % B http://www.jma.go.jp/jma/index.html)> e b # FF¥ $ + R i# i 18-25m

S_o

i. k= Fﬁﬁ"

AT HEE 2R3 F 0 2 ¢ F 20 31 s oo miEZ R E(EE
Med R 2)2 B enp B B SiE 1-way ANOVA Bl £ 8 2 58 % » 5 /4 il 2
HArid 29 % (% 4-3) -

= T-S B 7 frs b P kBB A s 5 R s kBB 3]s % ki
FoagHEiamhukh - Fp2F 2 LBEFY BEL A e 5 K(F 4-1B)-
ZAwRY UARZER CBRERKRE A RERATHL:ZAFZIEFRIHEFLE
% 2(29.240.1°C) 8 B  FE19(28.920.2°C)vs (% 4-3) A KRR Tk g 55 2
(33.53+0.02 PSU)4r 4 (33.47£0.03 PSU) & ¥ % ** 1£4(33.3520.01 PSU) > 0 ﬁ e

B4R 7 & ¥ (p<0.01) -
48



ZARZACKAEBRR BHARIRAR TR AN F LR > RIE 2 RE
HABBER T 346NM > BEFE B LR T35 2684 M 2 KA EL Bk B T35
"1REE (23512 NM) 0 e (32417 M) 0 3 ¥ 2 & RBERE BOR R AR § (& 4-3) o %
KNP T3k =2 FAB AT FBA 1319 2 -k Chlajki T34
2(0.24+0.03 mg M) 5 ¥ % ** pesk op£ 9 (p<0.05)> 14 & % 4p I (0.13£0.01 mg m™) =
-3 ®%pM O BIHFAFRRERLBE S > PSS A RAHKRRBER
%2 15nM >S4 k% 48nM s tis 2 en S8 shend K AEFA TR R 5 19nM > & S10 =
% 34nM -

ZARLEABRAREIFR T I5(p>0.05)8 R & & FR T H5(p=0.054) ¢ & &
FAZ R wABF AP o4 120s 2(Dni 5 6024 moDm 5 84412 m)+t pEs (5140 m
42+2 m)A¥ iR o £ (25513 m~ 386 m) iy o ok R A R A2 & B4R 2 (0.013£0.004 kg
m™) -] (p<0.05) » F£4#(0.038£0.001 kg m™)f-ps 1 (0.031£0.002 kg m™)2 @& % & %
BE o

# HYCOM+NCODA Global 1/12° Analysis z_ #7#% 2 Bl =k s -k =8 B % 1L 48

Foid s e PR (B 49 %2 S9S10 #eha k=% & 5 0.75-0.80m - S8

# % 070-0.75m- 3 % 5 0.65-0.70m> 4P % & -k =% R & ™ 5 0.60-0.65m o
",% plzoeh s hia 2 Rt s S E 3 2 (225°N,1199°E) - e AR B R ERE R B

(0.90-0.95 M)+ B9 ¢7 B3 F 3 = (20.5°N, 117.5°E)F — fusivs -k =% B % Bl ik
(0.55-0.60 m) o & &=t jp| =k % Bl s Ji 33 o R P RE(R) 4-9) o B ARG T
%P A AAER > O 7 2 TP e kg A T (B 4-10A) 0 ¥ RRMET SO
2 % B ok R A ARE (R 4-10B) o & 2 = plxb2 AR REER R R R &
B iFR % BAE % 0 35902 S10 = BF 0 S10 (103 m) s it B B & R A vt S9 k(56

m)fr S8 :1(20 M)i% : S10 4% & & iF A 5 109m » S9 #:fr S8+ 4 72m e 71 m -

i, Himie A kR AT

2ok E wmre B A ehidimre R RbEs (27.8x10% cells L) ¢2 px 49 (24.6x 10
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cells LM)4p % » 7% 2 $24(19.2¢4.2x10% cells L™) -] 441 (1-2 pm C+R)‘m*2 % & &
% 10.8-17.2x10% cells L™ » + 8 3)(>2 um C+R)‘m*¢ % A& % 8.4-10.6x10%cells L™ ; &
ol AN A A e AR T o A 22 e BRI ) A e 1y
B (17.2x10% cells L) pe 4 (14.3x10% cells LY % (8] 4-4A) > = 48 7] mve | A pt

$9(10.3x10% cells L™) 7 p # (10.6x10° cells L™ ehim®e % & 4p & (8] 4-4B)

iii. ¥ % B F 4 52 -k4.(0-100 m) & 2t g
kLB A B A a9 (20.8x10° cells m?) g £t s 2 (14.7+1.8x10° cells m?)
1.4 B o R4 R e 48 3]l 77 (1-2 um CHR)fr + #83] fm 8 (>2 pm C+R) » 35812
et § e 2 (R 4-5) 0 o WAlmre ke B34 4 £ R 5 9.6-12.7x10° cells m™ >
X g7 wmre 4 5.1-8.1x10° cells m™
LM H e EF AP AL PR A FARTUCE) 4110 LB A F LB 5
FREBHY R LR TE(R 42 Chl akR kTR ¢ k0104 &
TR PRI o (e B[ 4873 w7 (12 um CHR)fr+ 3] fw e (>2 um CHR)im e %
BT KA B 0407205115 &2 ChlajkRLs»Fipt » Hiwie F§

A4 BT R et GlRE 0 22 S5-S8 shApit SO A G A 0 BT R chimi @A A

F_&

#0722 111 >S540 S8 5T A mre %A E ¢ k10406 22 0.5-06 & o
Pt o okqr P B enChladk R ? kipir o tHwe HF 2 FR A K0P ki
% R A B o fr 1455 Fis Ap it o ptdsc TR 0] ) e oA R dm etk B
IR > 2 R e 1455 St T R A F L Gl ¢ K B & 4pif o ks Chl a
DRt 100m g A ey 5 1k Chladk R 2.9 & ¢00.9-1.2 & » 4t 1455 4

% ¥ Pl#F (& 4-2) 0 1455 4k 2 A Chla ik & £¢ & 90.4-0.7 1 -

3. * £ (CR950, 02-11 Dec 2010)
4 T2 TR AR LAATR P LG R F T REFE

(http://www.cwb.gov.tw/V7/climate/watch/watch.htm)dp 1 » gt s fofew (12 1-3
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PIRAFh 7 3 5aald o At chip|sb e 79 3129 S5 sk sl S6 34078 2 S8~

S9 4 S10 =k 27 2 8 K2 2h(% 3-1)

ik

=

A w AR B AR T LR Y PRGBS
2ok 2 (% 4-4) -

FAROT-S o &4cB 4-1C s AP ford R BT B L Ale 5k
ZiparkBs BIT Rk REA 2 kB A e ok E Rk o PR hAR
LAlgEk o r AR FARTOER - ZHRBYRTHEFLE - 2 RER N
% 2(26.6+0.2°C)#e B o @ HEH (25.740.5°C)frre 19 (25.720.2°C)F (% 4-4) 4k B
BT R0 (3467 PSU)#k 2 7 » 1£49(34.01£0.02 PSU)+ i % - F#(33.91£0.13
PSU){ri% 2 (33.91+0.14 PSU)AR¥fi i o w3 % § @ > /3 2 ek IApPHER B
BRI o

rAERFL L KABRBEBERBERT ST ARFLRA(R 44) A H T L
AP HE (10 M ~ 27 nM) o £ kAR Bk R 1 % A % 2 (189460 nM)fr
(125264 nM)# B >+ F£#2(50£16 nM) > fe 8% 2 eSO k2 £ KA E B X § 73nM >
bS8 (219 NM) ~ S10 (276 NM) K37 % 5 & KA BIER T 354 & 5 % 2 (69+2
NM) ~ B3 (67£12 NM)frped? (6456 NM) AR & o = % % 2o B 4 -k N/P T 35,24 &
¥4 Bo%-k ChlakR T 50 (0.5020.03 mg m™) %8 ¥ 5. % » £+ (0.37+0.00 mg
m3) s 2 (0352002 mg m )2 B aE F LB > 29 (0.16 mg mP) i ¥ & i1
(p<0.01) -

w2 WA BB RR LR A B E 0 e (36116 m)fr 25 (36 m)
FOFE 0 A 2 (12812 m) o s (10£10 M)l o = % HR2 PR 2 K ER T A F L
B pas (14454 M)BFE 0 A P (9125 M)y » Pl ehds 2 ch SO R & K TER
(150 m) 3 2éntdiF o2 % R 2 Bk A K AR Y A FALE 3 HKP

(0.014£0.002 kg m™)s% ~ ** B # (0.008+0.004 kg m™) » ;% 2 (115£18 m)4r 2. i (119 m)
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RERERARE 08 K AvkAEA KRR T 557740 I (0.007 kg m) (% 4-4) -
dYRE AR TAvh R SRR 0 4 TR S 4

BORlEET G A RRR ) 0 PRI BIESAEE - 4 NLOM 1/32° Nowcast
22 HYCOM+NCODA Global 1/12° Analysis fic#t c73 i = w2274 -k =% A& (] 4-12)>
A7t S8-S94rS10 &k 3t F -k 2 F pr4beg i 8 5 0S8 k4 -k =% A& 0.85-0.90 m
SO fr S10 =k4 -k =4 /& 0.80-0.85m » gt 5 2 iplak% 1 & KB RPF ~ BRPK

R R R LD 35 B(F4-13)4 Ao S EMAB 2B wIRkEAT o
ok > S8 sbefIChl a kR 3 A F g X R A (75 m)+ 1+ S9 fr S10 =¥ (% 5 m)
FeoZBA PRI BER CREEFRARM A T RFTERFEE T F
ATIR o ApdFE 0 S5~ S6 HE AT MK i AL L EY 0 £8 36 BT hE R RS
EMAER L S5-S6 23 v N kA AT 2 ABF (R 4-13)S6 =7 it 3L E ¢ < ()
4-12)> p- Pl 2 ok 2% R 5 9TF Bl B (0.55-0.60 m)> 1+ S5 £(0.65-0.70 m)
{r S7 #£(0.70-0.75m) < » % Flj% i B pF4+= % > S6 = & M 4 KR & (25.2°C 0 W
ST k171 1C)» & % kBB (3403 PSU > % 1+ ST =% 1 0.25 PSU) » 2 % ehi -k
¥ % B A pe Bk A (189 nM) 2 gps B K A (79 nM)32# ST = (61 nM ~ 55 nM)f- S5
#(65 nM ~ 58nM)§ « S5 = A i Bk i if (B 4-12) - # £ ki & (25.57C)

(33.99 PSU) 4 S6 - 47 i -

i, H % HF 4 3ok %

FOoKE wmre HF A S 2 B %R 0 fg % T $5(20.428.1x10% cells L) 2
5 (13.0x10% cells L") o /& F 2. @ o> % AB%0 10 & 7% 1 9(50.4x10% cells LY % 8 > #
=% s (24.8x10% cells LY £ # = 4 2 39 (13.0x10% cells L™ » B i€ 4 7% 2
(8.9+1.5x10* cells L) o 7 1455 &=t ~ 1487 we=x 4n b » ) % (C) % > #5114l i
#w(R) 2 FRANHE we HF 2 H s R L7240k > ] 73] 2% (1-2 um
C+R)ehim®e % & 1 5 5.8-23.2x10* cells L™ » rzp2(23.2x10* cells L™)+ pest

(14.1x10% cells LM% > 2.;9(6.4x10% cells L) e 2 i< (B 4-4A) 5 + &8 3] fm e (>2
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um C+R):ds 2 3.1-27.2x10% cells L™ >+ r2per(27.2x10% cells L™)# 5 > st

(10.7x10% cells L™%)vz % ++ 2 #3(6.6x10% cells L) » ;% 2 . 1< (/) 4-4B) o

B B § A Sz k4 (0-100m) Rt s A F 4§

kAP HwRe A 252 8282 fcd ks 4T R > 220
(18.4x10° cells m?)t & ;% T 35(16.0£3.3x10° cells m?) % /% % 2. Wi 4 $» £ 1 3
4 1 2(21.0x10° cells m?)4r 2 #(18.4x10° cells m?)4pit » #at i 2 (13.5£3.8x10°
cellsm?) & - -] 487 w* (1-2 pm C+R) CHP s 2z R Bt AR
¥ (1 8.4-10.7x10° cells m™? §] 4-5A) > + 447 i *¢ (>2 pm C+R> 5§ 5.1-10.5x 10°
cells m2)p] g Al B 25 230 > % 2 & 4 (H) 4-5B) o

BARRPE R AP E A2 B R F LG P RS FARY > @ Ak Rlab2 Bl

EATFLELB(R4-1) e rdi? a4 Hme HF 2 pehdd 270 6l E K3
Pk TR KApiT o AH TG BT K o 4o SOk BH e FHF 4 H2

e o F )5 1.6:1:1.7; v Chl a kR Pl adF T k@it ? (% 4-2) -

Chlhakm et Aerd BapiT "2 fpe? SEpH P B 57 B2 22 B¢ o B
K2 3t % AL EAWMAYE we HF 25 > L3 AH353(4 4-2) +:9 7
Bt bldig o e Chla R RRI A Bt bideg » 2 B H = T E&D o 2 d i dax
ot s gl e 1455 Sk chl i FF A B AF Gl AR E TR L¢Pk
107-17 v 04-1.3 & > o4 A 4 2 oo B R &7 K A F et bl 1487 St K

F 01487 i T K H e FF A 2 mre %R EY K 00508 (4 4-2) -

4, & &I ARS
pAHweHF AP ELTTSRC ARG AR LEBLL Kme R R
A Fk4(0-100 M) F3- 4 o B o szt b £ & 4 B 4 & % (1-way ANOVA, p>0.05) -
WA T Aok %A &% %(23.825.3x10% cells L™1)¢r § % (22.7+2.7x10° cells

L™Y4m 02 > % % *t % %(20.448.1x10% cells L) (B 4-15) - 2 ¢ > 1-2 um C % % A&
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B Efeh Eapd 0 4 i M(FH 9.7-115x10% cells L) 5 >2 yum C 'm %% % & &%
g F4c0 4 48 (7.0-11.1x10% cells L™) 5 1-2 um R (0.8-1.8x10% cells L) m e %
BRAMTL 53 (P<0.05) 4554 F2 me g Ao K2 BT BHFLE
>2 um R (1.3-2.4x10% cells L) &% £t % £ {c % % 3 (B 4-16)- -] 4 3] (1-2 um C+R)
e %R F 5 10.9-13.3x10% cells L™ » £ & B AB%d F 3 M 5 E>%>4 0 < 47
e (>2 pm CHR)% H_r1 % EA K > A% 5 > >% > e 2 A 4+ 9.4-12.6x10°
cells L (Bl 4-15) - Himre B § 2 H2 kPR 84 bR af a2z R alfsi @
() 4-17) > 48% £.% % (16.7+2.3x10° cells m?)>* % (16.0£3.3x10° cells m?)>% %
(14.8+2.9x10% cells m™) » 4 # 5] % [ M4 e 2 3 R 3% 520 % WAl wre & > Flpt
R Skt 3 5 S AN LRI IR R IR R (RS = e i o o o0
7.6-10.6x10° cells m™? » ~ 483w sk 4o B 35 2 4 £ 5 B 26.1-7.2x10° cells m? »
ABE WA FIF 0 B E>E>T (R 417)

AN LEHE mE R AF0E S LR PR JEPHE R TFT R ow 2 A
(B 4-4;45) F-FH&N 3R AR AR o U TRy BAR A% (AP
B ~(C)ir g D)2 » A HvREFFF2 ik TR iR LE we F§
4 Fo2 e B R ik 1(0-100 m) R H mre HE A PR o B ok B2

4 p R REE TR o L0 K2 5(n=1) o B e

(A) x4 (Shelf)
i Bk T S E g

M enp Bop RS 7131455 uEm? st 5 E L TR 4 G o e H o
FAPAME - 2-KEAR - BAR Az BESFINLHFLE(001) > £ KEAE M
RFEF(289C) §F72(272C) + FEABMK@ETC): RARMLF T 5.3
(3422 PSU) » #=t 3 # $(3401 PSU) » T % 4 kP /& 5 14(33.35 PSU) = % F siork
PPN B 0 B4R N B R A o R WKE TR Sk 4 F

BABR AN AER cZRBEEFPLRAERFFEANC-BAZ L EA
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E e

ZoRPEEBIER Lt FG0NM) R F(E2nM)2 F F(12nM) % » & s R R
MEFail o wd oRmp@ st (64 nM)& ¥ & 5 (p<0.05) » & (28 nM){r §
FA7T M) FL B A BEF o £k NP 2% £ (L9 E %> * £(0.8)40% %(0.4)
(p<0.05) » % -k Chl ajk & 2 * £(0.37 mg m¥)AE % %>+ % %£(0.13 mg m )fr% %
(0.11 mg m™®) (p<0.01) -

AEREEER A5 miy s L5025 m)* (36 mMEGE ;s i & KIRR
B % F(91m)rt & F(65m)fr s £ (38 m)iFo kA ke 1§ %(0.038 kg m*)kE ¥
B+ (p<0.01) > H = £.% £(0.021 kg m™) > * £(0.014 kg m*) & |- - % iR £ §
R KA RARRE  REFEBL 0 A LA XL FRE #
Wi LkF2BVEAFSF a5 FPFLF P AR A BHRE kL RET

}}’.HT E’; ﬁ/ﬁkﬁ&ﬁé} ﬁ'&r\( °

i P A kE w2 e R R T ERE

B cnd ok H mre B 4 denimie BAE 0 % B B (50.4x10% cells LYY 5 #
= %% £(24.6x10%cells L) > % % .5 (15.0£0.5x10% cells L) o £ #5 E)§ 4 4+ e
&% AB% 2 (B 4-18A) > 12 um C (6.7-22.2x10* cells L") 4=>2 ym C
(5.8-26.7x10% cells L)z ‘m#e % & > 3804 % F hF > % F £ 45 1-2 ym R (0.9-2.3x10°
cells LY g £33 > 524 £ 5005 >2 um R (0.5-2.2x10% cells L) e % & 484
SERFEFEFRE T Mo A2 um CHR) e 2t Tk TR AR
B (23.2x10% cells L™, 14.3x10% cells L) » 8 % % (7.6x10% cells LN e 3 222 2 12 » %
B3] wre (>2 um CHR)2. 2 A 12 % £ 58 (27.2x10% cells L) » £_3 % (10.3x10* cells

LY 3 i~ 4 %(7.3x10% cells L) 4 12

fi. BEp ok (0-100 M) B2t H e Ff A H B2 EH B

kA E wmree HF A4 R 2 g % (20.8x10° cells m?)gr #
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(21.0x10° cells m?)4p & - % &+t % £(15.9x10° cells m?) o % %5 ¥ woe B § 4 $'F
£ G2 4 p B R 6 AR oB 4-19A5 0 44 £91-2 pm C (7.1-11.0x10° cells m?) 2 1-2
umR (1.0-1.7x10%cellsm?) ¢ 1§ 8 5 » * Tk F s 5 L 3 8 e Hf
A2 FEAESE WA FEF 2 Fo>2um C(6.0-84x10°7 cells m?) &t F ] %

WL Fur x> 5>2 um R (14-21x10% cells mA) F. 4 £4 8 s > 55283 i

Ty
72 o

L3 At a g o Hwme F§ 45 byt 5 FRARRAen B0 2 A8F(R 4-6;
4-11; 4-14) Bl E 2 5 F SA ko TR K RAF o FEA T 0 P AE
e R R B (R 42 HRARE e FF 2 Chla kR chde A #
A F 2B ERB R i (% 4-2) - Chl ajk &g 0+ 3 S5 A bt ent K ik
BB S HB AT BAkg o KSRz Y B04-098 T KPIZE
R3¢ 0102 % - ApE 2 BFEY > Hww HF A2 Rt RAN A
PR R F 0 A B 12-15 1 > 2 T AR P R M s b B L B
Chlafplal TAS? Fen04-13 8 - 315 2T K" ERAFH » 4oF

FSAT RGP RDL3R -

(B) x4 (Slope)
i Bk TR E SR

Bed ehp BBk A (383-1515 pE m2sh) i 4 g ¥ A % (p<0.01) > § 2 o %
Fhit o 2-KER AT F£(293C)MEF R % £(27.4C) (p<0.01) » * %(25.7°C) %
FhoH o Ak @R R E % % (3424 PSU)EE ¥ % >+ 4 % (33.91 PSU) (p<0.05) > M § %
(3347 PSU)Bg F b o T X et plab v A FR R (M -BR{F > B5 3207
*AEER o

e i KA RBERETE S RH2AEE 5+ F(125 nM) B+ T £ (23 nM){r
% %(9 nM) > % KA LR 700 % £ (67 nM)&E % B8 (p<0.05) » # =% % % % (31

NM)frd F(18 nM)2 @B £ B © 2K NP 1 B fcd kA peRtpl > @ 1
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4 F % (18) L F(1.3)fv% £(0.3)# i - £ -k Chla k& 12 * %(0.50 mg m®)% ¥
% % %(0.15mg m®)4r§ %(0.13 mg m?) (p<0.01) -

HERAREFREST SR 2485 > 54 T(10m)ER » L FHF6B1Im) =
ERFRRI A FBIR(144m) L F ¥ (42 m)e kR A K 2R 2 T F(0.03Lkgm)

%+ (p<0.05) » % %(0.017 kg m™)f= # £ (0.008 kg m™)2 FF @ AEHF £ B -

T SENS K- PR R IR I 3 F -3 2

M e w2 P ERE T AL ST Rkt FenS6 A ki A
wme R R F(27.8x107 cells L)+ 4 % (24.8x10% cells L)% = {17 % (1-2 um C
2> um C)2 'm ¥ B A § 4 & £ 12.8-16.2x10* cells L™ 4= 8.0-8.7x10" cells L™ »
MEFEFHAFT MO FQ2mm R ES2Z um R FRE FF 0 Lo §
B # B4 w5 1.0-1.3x10* cells L™ 4 1.9-2.7x10° cells L™ () 4-18B) - | #47] im 2
(1-2 um C+R)fr~ WAl w2 G2 um CHR)Z %R A 2 &7 4p g > w2 TR FF A

| % 14.1-17.2x10% cells L™ 4+ 10.6-10.7x10% cells L™

(C) & 2z (Basin)
A2k TR FE g

2 enp BB R (204-1442 pE mP s % g% £ B (p<0.01) 0 § E 2 s %
FHEFLM A KERLEIETLEHY L $(2920)5 3 (p<001) B2 52 5%
(286C)" % $(266C)5 i 4 kAR LFSFF LB AT HF SR HApH 1 4
%(33.91 PSU) % * % % (33.75 PSU)# § % (33.53 PSU) -

FORAERBER & F(18INM)KE T F(B4nM)E F £(16nM) » F &2 7
% B 7 & % (1-way ANOVA, p=0.053) ; % -k#ipe Bk B 7~ £ % % (69 nM) & ¥ &
% (p<0.01) > 5 F (29 nM)fr % (26 M) & £ £ 7 &% 4 -k N/P % &48% 2 4
£(28)% L £(1.3)2 45 £(06) 4 -k Chlajki &% £(035mgm¥)a ¥ 31 %

(0.24 mgm?) (p<0.01) » 1 % £(0.09mgmM3) % beit o 22 4% Feh¥ £ @& Chla
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ERFRNEE > RIS RLERERE -

AR R hE SARE L % T (12 )R 0 % £ (48 m)r § % (60 m)fiE -
RLKFERID AL EQ2mMBEEEY > TEGIM)Ict F(U5mM)2 FPElE LR
F L FR(P<005)c H2 R FR PR FE L EX T HERS RS F
BARgEw iR o kA K 2R % £(0.033kg m)EF 20 L F(0.018kgm)frt £

(0.007 kg m™) (p<0.01) » {4 F,\F”me‘t«p«géﬂ

i, A2t 2 kEweHF 2w RRLTERE

Hwmw B 252 5w R k2% %5 (326x10% cells L) 3 ¥ 5 3
(p<0.05) » £_% % (19.2x10%cells L2 &2 » # %£(8.9x10%cells LY e 4 2 » § £
FEREREELR 212 um C (p<0.05)fc>2 um C (p<0.01)w® % & A W] 4
4.5-14.2x10% cells L™ ~ 2.0-16.4x10% cells L' » 3o 4 £ 8 ¥ 5.8 » L 58t S22 F
EE ¥ L B (K 4-18C); 1-2 um R % % & (0.5-2.0x10% cells L) €02 § % &3 ¥ &
B0 % Ex2 0 %% 5K(p<0.01) ; >2 um R e % A (1.1-2.7x10% cells L)~ 12 §
TR RFTEFELE A A E (R 4-18C) o -] WA e (1-2 pm CH+R)¥E < §87] fm¥e
G2um CHR)z. B R 5 T FH F(p<005) L & 4 F2 P algF 18 > 1t 48
F212umCH>2umC2 F & F &5 4p k> 55 ""*']i 212 um C ik % #e o

*HAF >2um C G A e

iii. % 2+ k4(0-100 )% 2B fmie F§ 4 B2

KRB PEww HF A S22 0 PR EENESTLE > T 5 (14.7410°
cells m?) ~ * % (13.5x10° cells m?)fr % % (12.7x10% cells m?) 4 4 B 4piT o & 47 eh
kAP EHee A AP R ARFOST S LB (B 4-19B) # 5596485 5 ¢
| K84 fm%g t91-2 um C (5.7-8.1x10° cells m™?) 27 1-2 pm R (0.7-1.5x10° cells m?) > =
FApEWUL FA0t FRF > FFRK 2 um C 2 £ (3.7-5.0x10° cells m?)

% Evk F > >2 um R (1.2-1.4x10° cells m?)p) .= E4p ¥ o 7.%,397’?&' I IR
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A (12um CHR) F F b » < WA w2 (G2 um CHR)E = T4 5 -

PREPRAF AL LI AT T A SR A TR A BRI
A EEERF > ARLLEF SO kR F A RwERR G R38R H B
P hRmrr R Y B 1216 BTk Rme B LY K 06-17 B(% 4-2) -
tFZE 12 um R TAFHEF 2 His L H we H§ 452w R R BB
B4k K (B 4-6) > Mime B A e E AT )5 381095 § E RS §
B9 B2 ABE (B 4-11)> S8 {r SO shenfdimbe p R LB A F vt i 5 1.2:1:0.6 fr
1.6:1:08; * EpFr3 A #3153 F TAEo3 (B 4-14) > * % S8 #:(1.6:1:0.9)¢ S9 =

(L6:L:1.7)ense & F ot GlAg% B2 § 2 b 0 T K dmie B Rk Mo K o

l—ﬁ

m

F R o G ERChla kAR B0 K LEREERRES £ (2
4-2) » ¥ T KL Bt i FEE 0.2-04)4 5 E(02F B -

(D) 2 # (Kuroshio)
i 2ok FRLEE SR

ook K2 - sh(n=l) FIPt @B E AP A4 R ERRFAT %
FELFAS T HERE A LSBT REART L P RAA LG FB14E
m2shF 4 £G4 UEM?sY e 4 K ERIrARDE S RHABRAF > * £(260
T % 5(288C)E R K » = B AR F % %(34.67 PSU) !+ % % (3454 PSU) % -

ZORAEBER EF Z(100M)frs Z(@nM)Ap g © A REERLRIER &5 F (76
M)+ % 227 nM)% © 2K NP % ] 1> 6% 5504 %5% 5014 kChla
ER At £(0.16mgm3)% % £(0.10mgm?) -

AR A IFR & FGE6mM) 5 X100 m)x - R EKFAM &% F(119 m)

'k F(T2m)iF o kA K ARA Bt %(0.007 kgm?)t % %(0.014 kg m?) |

i, i kEwme R A me R R2LESREH
THBRESATEE LS P LA K2 - A(n=l) 558 mie B A
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(41.3x10% cells L) £_% %(13.0x10% cells LN 3 & o £ #8418 w22 B § 4 47 2 ‘m
BREMBF L ILEERYEF 12 um C 2 % % w2 & (23.0x10% cells LY 5 % %
(5.7x10% cells LN)eh 4 & > >2 pm C 2 % % w2 & (14.5x10* cells L) 4
(5.2x10% cells LY)eh3 2 » 12 ymR fe>2 umR 2 5 e A % 5 % £ 02 & (]
4-18D) © |- 4 3] 0% (1-2 um CH+R » # ] 6.4-24.0x10% cells L)t % % twe % & 8%

Fehd o 2 WA (>2 um CHR > 7 6.6-17.2x10% cells LY) % £ 4.4 F:13

[
%

o

29 k4(0-100m) A3 8 e FF 2 5 2 F & RH
kAR E wmre HF A 2 w4 R A% (224x10° cell m'z)fr% %
(18.4x10%cell m)4p % o 2 WA 4 B &5 £ § B 1 % %] (B 4-19C) > 1-2 um C
(8.9-11.4x10° cell m?)£2>2 ym C (6.0-7.8x10° cellm?) &% £ &+ * £ > 12 um R
(1.5-1.8x10% cell m?) e & g AR % Ap F > &% 1L £ 5wk B > >2 umR s £ 4
FEME ¢ 5 1.8x10°cellm? -

Lpehd me A A EE AT 0 A SF LT me A A bl
Kk ihimie BRI PR R E(R4-14) Rme m AR A FET R R
Ao

B AT 65 08:1:09 4p 5 Chlajk R end® ~F i A% £ 5 0.6:1:.03

-

25 %5 06107 F5FpF > 1 2umR fe>2 um R & & R B/ F-Renlmbe R R AP §
P 1-2um C #2>2umC ik % R % (B 4-6) Biwmre Bk P 1T 2 &

BEAFGIE 1.7:1:09

5. palwmie Ry 2L HHREFFF DM G

Hem a 0Ty k2 L AEH e FE A Pk oRimie R R BHEE(N=13) 18 0 &2
LRBRBFF(RKER-BAR -AERBER -BIEBER SNP-Chlaki ~ %
PR BB FR R AR TER KA K AR P B R)E TN Giics 47(% 4-5)

FRM AHEEFIREF)T S S A KA BREER(LARM) s 2K NP (F A0 M)~ kA
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AR AER (T APRE) s PR A(L 4ARE) - 2 ¢ > >2 um C (K] 4-20) ~ >2 pm CHR v
Total (L sme R )fr& KA BB LR & 8% § 49 B (r=-0.59 ~ r=-0.61 ~ r=-0.56 » ¥
p<0.05) ; >2 um C (@8] 4-20)22>2 ym C+R % Total (%, m% % B )fc N/P & & % § 4p
B (r=-0.64 ~ r=-0.67 ~ r=-0.61 > % p<0.05) ; >2 um C £2 -k R A & #2.5 % &7 F &t 4p B
(r=0.57, p<0.05) (H] 4-20); & % 1-2pymR fop B3 & % 5% £ 4p B (r=-0.65, p<0.05)
(] 4-21) -

BF)F B2 B fhded 460 BV ol e B A P M AR E OF S RE T
S RS RREFARM o o EEBIE R & N/P & & 4p B (r=0.96, p<0.01) > ford ik
& E A (r=-0.73, p<0.01) ~ -k %8 & & 2. /& (r=-0.74, p<0.01) & 7 4p B 5 #¥ fik 2 B A
R ook g sk A2R F A F 4 M (r=-0.71, p<0.01) > + = N/P % # 4p B (r=-0.69,
p<0.01) > &g-m Tl TR F]+ R AL BR A F P E o Chla k& (* & 975 30514
A R)RRARZE R F M R(P>0.05) 0 g2 b R I8 IRE F]S (K
BRECFRRBER B BER NP 2 IERBAEEFE - REEFRE kA
RAZR ~ P BB R)Z % R BIF M % (p<0.05)(% 4-6) c FptH ¢ - F|3 4 H mer

g 255 B vk

EHﬁ*

GRS ZIEBERRBORRTIFLEL
% /% 91 s (n=9) 4k 4(0-100 m) A3t & 4 H e B g 4 p 2 4 PR (P8
BE)RF L ERBFIF AN GRS T(E 4T) BEFREHFE wre FF 2
P L RB TS £ A F A0 M (p>0.05) -

CFEAREREE SN R G EEREA Y G F L E e B
4 g e oK ime B B (N5) ~ k% 3 0-100 M 4 4+ £ (N=4)Bflicia 16 > 814 § 5%
Beit T AR B e dioA 450 % % B £ -k 2. 1-2 um C (r=0.96, p<0.01) (&) 4-22A)~>2 um
C (r=0.97, p<0.01) (%] 4-22B) ~ 1-2 um C+R (r=0.95, p<0.05) ~ >2 um C+R (r=0.98,
p<0.01)2 Total (r=1.00, p<0.01)z im* % & (H#icE)fr* 5 F A+ R A F L oM -

K

EN
3
N

PR B R B fo S F T A B E 4P B (p>0.05) -

1’3)@

I HF 2P SRS FRB2ZH G VA R BRITAIT2 5 %40

% 4-8:] 17] ' 72 (1-2 um C+R)fr + #8 4] fm*e (>2 pm C+R) 2. & &g ¥ © 4p B (r=0.93,
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p<0.01) = - 48 7) 712 um C 22 12 pm R 2 B B % 7 &5 % (r=-0.26, p>0.05) » ~ 44 7]
e>2 um C fv>2 um R 2. & 7% & & % 4p b (r=0.06, p>0.05) ; 13 m%e @ > -] §8 7] e
1-2pum C &2 ~ 884 5>2 um C 2 & ¥ & 4p B (r=0.94, p<0.01) ; & 5[]} e ef2 ]
131 % (12 um R)fe+ 18 7) % (2 pum R)2 7 o B ¥ B % (r=0.44, p>0.05) -
KR 2 A5 H o A 2 R G R B P (R 4-9) 0 B A kK 248
3k oo A %2 (12 um CHR)fr+ #8379 (>2 uym CHR)Z. B S B F & 4p M
(r=0.94, p<0.01) * & #73] fm e A w] (AR b A 45 BF » | #04] A #7 4w % (1-2 um C 22 1-2
pm R)z_ & et 4p B &g ¥ (r=0.91, p<0.01) > ~ #8A] c% 5 %2 (>2 um C f=>2 pm R)
L e dph 4 B F (1094, p<0.01) 5 3] m e (C) & 7)o (R) 0] 4 2) &

(1-2 um) 2 = A %)% (>2 pm)2 % % A F & 4p B (% r=0.93, p<0.01) -

AT & B R ML I ¢ b 1487 ik 259 s1( 2) S5 s (1k
$2)£2 950 £t e11S6 h(FEHL) o R U R B R R 2B T2 > 950 Sk iE & S6 i iE
73 & F % dow frit o S6 HEE RN o BRI Ak 3-20 g%k 4T

1487 &t 1S9 =k ~ W K B e b B 2 16 5 X TR A ok 0 K 24 ) B

’’’’’

7
Bk
{w
Rt
>r\-
m
5
o
il
Rl
4_.
_\g_.
=
[\.)
g =
3
O
V
\S)
g =
3
O
|_\
N
=
3
=
%
\/
\S)
=
3
Z
w
4..
_x‘,_

Blhw BASLe2 BIOEHF 7 P (p>0.05) B2k 3 & Bif 4o w(+P ~ +Fe £ +PFe)
2 P ECHRBEC)TAFEEE 0 5 E 1-way ANOVA &R % IR » H mre 7
FAP LAY RBLAETA P E A HRET R AN F L B (p>0.05) (M 4-23) - 2 %
8 2l A we A A4 e Brdlez BFivE 24 ¥ 72 F (p>0.05)
(B 4-24)> {170 (12 um C fe>2 um C) 4 = & t+Fe 22+PFe 2.3 3t C {o+P &
Flridh SERE 922 SEpA-k > K24 [ FRE21E > vifHwee
A2 52523 Fad@el? - 25 ¥ £ 2 (1-way ANOVA » Duncan’s
multiple range test) e 2 1-2 um C @ % (] 4-25A) > v B AL ez FFZ R 2 g%

(p>0.05) ; ¥>2 um C k(B 4-25B) » B2 fh+Fe 24 H 3 C 2 F » e 3t + & &
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FAR +PFe et F R FF I H U = B AIL 2 (p<0.05) > AT F & B #>2um C
23R TR R PB4 12 um R 2 4 £ (] 4-25C) A 2 +Fe ke e
+PFe %8 % % ** C & (p<0.05) > m +Fe Z#+PFe o2 H £ 2 B @ g F £ £ » 47 ¢
12umR @ 3 4R e 47 B R B A E 84 A>2umR 24 5 & 82X &+PFe
EREF A 6 AL e F (p<0.05) (] 4-25D) » £ 77 $>2 pm R @ 5 ALF I B 4 df
B R AR ERT cGEBFRELES ARHwEHF LS E A
BARIL BB G % 217 A F 7+ I (p>0.05) (B 4-26) > 1-2um C 2 $ & 11 +P
feg 3t H i g2 e (p=0.05) ; >2 pm C 2 & K ri+Fe g 330 H i g2 e 5 5]
254 (1-2 um R £>2 um R) 4 4+ U +P et H @ g w f % o

050 fet 2. S6 x4k AR 24 S HHE wmieHE 25 E ' UHP

%3t C &r+Fe w (R 4-27) > w3} &A% 4 B (p>0.05) - F] 5 +PFe ‘2t 0 ] ph e

HweH§ 2 F 2 BFF > H 6 20(p<0.05) > #c7 5| » 247 - 32 & 48 /| pFz
o0 LApH wre FHF A B+ Fe B g (B 4-28) ) e St AP SR R T
e F 4 8 7 & ¥ (p>0.05) -
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ENE S -

AT @ e mre §f 1 B 4 4 (Taniuchi et al. 2008a) - %ggl E 2 FHE pE
%2 4530 2hpgl 3y (NIfHDK) > * W % A F§ 2 225§ 4 5 > i2- % 44
Hwre HE 45 PRV L0H - AT ESY 122 um C w7 it /5 UCYN-A >
>2 pum C £ UCYN-B 4p 7 » >2 um R 1 #7 UCYN-C 4p 2 = o 2 e b ficit 2 95 7H
REAFETEAEOE we HE 2 P2t g f‘;]ﬁjﬁ.,.p\.. % 35 UCYN-A 5 & /&=
<1.5 pum [f]7; % (Goebel et al. 2008; Biegalaand Raimbault 2008; Bonnet et al.
2009; Le Moal et al. 2011) ; UCYN-B 3 ® /=>2 um =1[f]13; s ?& (Zehr et al. 2001;
Church et al. 2005a; Moisander et al. 2010; Campbell et al. 2005; Webb et al. 2009) ;
UCYN-C B 2 £>2 pm ~ %>1.9um H{#[f] 2o ¥z (Bothe et al. 2010; Reddy et al. 1993;
Sherman et al. 2010; Taniuchi et al. 2011; Le Moal et al. 2011) -

Flaftr2b TSR A 252 FHREF nifH A% > s s B g pEREis
FHF T* > T2 R FRI TR gRATERLIAFT 2SI o 4
Cluster | <7 proteobacteium = Cluster Il </ ¥ p)(Zehr et al. 2003, 2006) - = H e
£ <5 pm~ E'<1.5 pm ] & 02 5% B o F2 (Pefa et al. 2002; Sakaguchi et al. 2002; Op
den Camp et al. 2009; Carpa and Barbu-Tudoran. 2011)> F]¢* ## 7 %% ¢ 1-2 um C~

R

Ti\4

>2 um C §v>2 pm R fw#e i% 2 )4p 023 UCYN-A~ -B{w-C 2.7 > o ¥ v & 37
APFS 2 B H we F§ A4 o A@ o proteobacterium frik3 Fh nifH A 7|
2P~ A 5 (Microbial mat > fic 4 = AR it A S R ) it p
3N G R E A A E TR B nifH A F14p 02(Zehr et al. 2003; Moisander et al.
2008; Bombar et al. 2011) > Fp R FF F 305 B fid Ktk & ¢ JU IR 87 nifH 2 %] -
3 ¥ A Ak p e & E* 4 (Man-Aharonovich et al. 2007; Bombar et al. 2011) » iz ~
3T A Ao Cluster g R RRE 2 4 € ' F 50 E0 5 F & AR R EA)
#£ % 7 B p (Braun et al. 1999; Riemann et al. 2010; Ploug etal. 1997) » £ 4c + & & 3

I

BT R A a0 % S48 % (Hamersley et al. 2011) - F] gt Bf 305 i3 ¢ ezt
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1. BwmeB§ 2 32 A%
i. 1-2 pm C fw# (7 UCYN-A %)

AP THFROZ BRAFTAH T BMNBREOFE R FEEE o W
UCYN-A chid -kin®e B> &% & B - AR+ £ (9.7+£3.5x10% cells L) # i4
% %(10.4£2.3x10* cells LY)4- % % (11.521.9x10% cells L)% > ke B -2 4 £+
R R MG £ (27.7°C) 8 4 £(26.1°C) A # B i (6.7£1.5x10° cells m? 2
7.8+1.2x10% cells m™®) » ;8 & & 9% %£(29.1°C) 24 $ & #% (9.1£1.1x10° cells m?) »
REZUNHAFEAR L4 F$ B2 A AFThESRHAER T B o 5 T EmA
i3] =k ALOHA #:(22.6°N, 158.0°W)¥7 & j% & 4piT > # UCYN-A 4 & & % %
¥ % £ £ % (65-68x10° copies m?) » & % i 11(28x10° cells m?, Church et al. 2009) -
d %2 UCYN-A ¢ £ 883 < (510 pm) 2 $» & 2 & ik v 3447 5 1 (Bonnet et al.
2008; Le Moal and Biegala 2009; Thompson et al. 2012) > *#* 7 R thiEA27 B 11 3
B 10 um $FIFLER AP EEFLARE L Dwie - LB RPH T a2 0

UCYN-A —fgiii;'il_é’ﬁfﬁf;'. o

£ ehi & F % @ (Safiudo Wilhelmy et al. 2001; Karl 2002) - 82 X ##7 3 ¢ iy & B %
e X P LS 0 i UCYN-A ¥ i#v'ﬂ* % PR e 2 F'“’Il’ﬁ BEALR i
% % (p=0.050)# * # (p=0.055) - ¥ 11 Bk 4r 2 1 B ¥ HE (F] 4-26A; 27A) -
d TR R A A AR e B LUCYN-AL A F chR B 7 i L BB el P o

PEE 5P o UCYN-A & AR AR 300 % g o e v oo 0By £ Bif oo g

%W EEHT  UCYN-A 2484 7 il L PR BB 5 & Lol
2o Zehretal. (2007a) &% & ALOHA kit M}*’T v % (+500nM) > H 2 % kg

UCYN-A 2 4 £ g4 20.5 /| P¥2 {5 b (2§ 7 4o B8)BE ¥ % (p<0.05) > @
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.J;M]‘ dele Bl OBE R0 (p>0.05) o BE o g enE & 1 o 4p 440 > Moisander et al.
(2012)tem = L E 34" B R B LB R FTHNESS B o UCYN-A & X
(12 uM) /e 5 8 g e 4 R 7 B F (0>0.05) 4k 4o (0.4 uM) £ e P
SR e ehd F B B F B Y ¥R 2 (p<0.05) 0 BT MiaehE £ o ¥ ¢h s Langlois et
al. (2012) it < & ey & R 95 5% FMUCYN-AZ & L_/F}:tﬂ]‘%
2.(+200 NM)fedfi i e 2o (42 NM)AR 1 S0 PR e o 2 & e P 4o B4 o AP 44 3 0 4
Bo  BadEEGRafed - 2P LY R AR R % L824 ) FEE 0
A EAS R A SR ABR G LA o P A E A2 BIAAES 0 R T
P FE > 4E7R) ¥ &c F] 5 bottle effect > ¢ 8.2 3 #8413 & % ( B f& 2.3-7.7 um, Massana
et al. 2006) ~ £ 5+ 2 f#(viral lysis, Hewson et al. 2004; Ohki 1999) % £ top-down
control #258 - » £ 3F 4 4 bottom-up control - %] % & top-down control :E4% ¢ ¢ ##
7 A s R F M S £ (Fuhrman 1992; Shiah et al. 2006) - # ¥ EBA
AFFPEEBRRATF 5%1/%@?’—_.35%5,"]% el Ea R > e i UCYN-A JZ wm e R
1 4k NIP 2 % § 49 B (r=-0.55, p=0.052) (% 4-5) > Ag & % KAhfe MAp§>0 §
B L iz o T NP g pF it UCYN-A E 2 F 2 » #RlH haid b
FOORBERFL s AR AR AT P S o d vkt e o BRESE (b
NO® « NO* ~ NH*") ¢ ¥r#| 1§ it % chA 2 fcF§ ¥ * it (7 (Thomas et al. 1982;
Cheng et al. 1999) > Langlois et al. (2008) &4* ~ & &% 2 % (0°-42°N, 13°-67°W) %=
T4 W UCYN-A s fe 8 i1(14> 500 nM)ensk 3 @ #7 ik gt 5(97.5%) » &g %
BT EL® B (% >0 500 nM) eIk 5 (2.5%) 0 H 2ns UCYN-A tha + 7 i % 58 ik
4] o ¥ ¢k Langlois etal. (2012)i& 7 g % @ 7 B EFHRSE S AR
B he (] pM)En2 o B PR e (K o) 0

x;fﬁ@i\iﬁéﬁg»grgﬁiﬂ v UCYN-A F & d ¢ Rk #ptivsn & %R

74 B UCYN-A o d 751 £ ¢ 18 1-17%:5gk (Thompson et al. 2012) » 4+ sk
ER YAy FliHa L+ prk(Calvin cycle)#t 3 s (RUBISCO) @ & i2 i& {7
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g (7 * (Tripp et al. 2010; Zehr 2011) 82 X A 47 5 i F TRBL ¥ 3 35 kR 2
T wd Hungetal (2007)F7 3 4p ) > & /& 4 3Renp G BRUE R % & $ oAk
2 g & #% (100-110 uM) » % & #2.1%(73-90 uM) - Moisander et al (2012)i& {7 %5

Rk SESS B UCYN-AZ & AR F'i‘/’]‘ 4e glucose 4= mannitol ‘e (% +0.4
uM) > B ¥ 3 >t ¥ R 2 (p<0.05) - k2 oy KR HE e
YOV FAFE S P s B P EPF R 7 BRI AT A B 25 18 (Labile
dissolved organic carbon, Vadstein et al. 2003) ; ## 7 ¢ ¥ % N 2. %% W

UCYN-A % &g 4 et 4 8 9 (] 4-26A; 27A) - Jiiel'f 7 BT i iGe L 4 £ 2

o RSB S B R K A RE TR AT M - T
34 Beni UCYN-A4A P B RS > n2 A48 E T8k 3fa) #

RERTH > FERLIFETRT -

ii. >2 pm C % (ix UCYN-B )

AL RS > 0 UCYN-B 42 4 4 8 chg & @b srrdh A ] B 5
%3 LR o Aokl A% % (11.1£32x10% cells LY % » 354 4 £
(7.0£1.1x10" cells L) 4r # % (8.1+4.8x10% cells LN)4pit : -k4r A3+ 2 H B |8 % %
(5.71.4x10° cells m?)~ # % (5.4+1.7x10° cells m?)4r § % (4.7£1.0x10% cells m?) = %
Y o Y PRE P UCYNB A F 22 38860 5 2L 3304 5 o dogt 2 T
# ALOHA #::UCYN-B 2. £ & 8 i £ % % 4 4 £ (20x10° copies M) 5. % » % %
fr % % hd 3§ #1%(0.2-3.7x10° copies m?, Church et al. 2009) ; @ * Moisander et
al. (2010) § % . > % B A # B & 23-29C 2 B » UCYN-B # 4 & %Ei8 B #{ 4c 7 5
dro ¥ th s a A T X E S F et bl AL (21.4°N, 157.8°W) e UCYN-B 2. % & % i+ »
4 21 % % (1.7x10% copies L) & *+ # % (0.02x10* copies L™, Zehr et al. 2007a) -

AT RS ES 0 BT UCYN-B AP EBRRZEEEFM G
A A frd o RAERBIEAE NP 3 F2 Fano ¥ jApl > fokles K ar

AFERER MG N EEFIARM(E 45 B 4-20) BEor g kA K P OB enpE
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oMK AT L e i A KA RAEARKES NP K> HAHEF AR
Fon A AL AL R G kB UCYN-B ¥ it "8 K F § i2% A 2 (Thomas et al. 1982;
Cheng et al. 1999) » F]pt g2 H (s 2L 7 PR AR > AR BE R BRI B R E
7 &% - Moisander et al. (2010) =% = L /¥(15°-30°S, 155°-170°W) %= 7 ~ A1 >
UCYN-B # B erplpe @k & & 28 % § 4p b (R?=0.186, p<0.01) > @ ¥ ; Faipe
(R Afeg § & 5+10 pM)in2 3 £ (0.9x10* copies L™) i+ 44 e e (3.5x10* copies
L, Moisander et al. 2012) = #* % & £ (4°N, 24°W)=~ 3 4p ek % > UCYN-B 4 4
AR e (]l uM) & R e 2 - £ oh- = (Langlois et al. 2012) - @ ® § %
B¢ A E Bk & 5 40 (0.2-10 uM)PE > % UCYN-B 2 B § (£ % ehdir )3 % (5-24%)~
3 “7H 4r (Dekaezemacker and Bonnet 2011) -

1 UCYN-B J};’f FPREAFDLT BT AT EE - 2 TS > o8 LR
PGB FRAFHIRY > RH LT F LG Y oW
UCYN-B & # 4 41 {ct @ o2 ' & 57 ¥ £ £ (p>0.05) (¥ 4-23 1 28B); it L f p¥
7 Sepib i 4 PR FE R OTHRE(R 4-25B) o AtA < FEEAF S GETF RG
BASBA SX PRRERAE T > P IFERIAFT ARG I AT AP ARG BE
¥4 3 (Saharan)i 2. = F % B e B(Mills et al. 2004) o @ 77 3 bzt o478 & *
Bm 00 UCYN-B f 2 i R &2+ § B A-E 2 "5 8% hi 4p M (W] 4-22B)-Wang

et al. (2011):£ B 2010 & = " (F)F L i ek F MR a3 4300 X FIRp SR

A2 A F R B (Dustflux) > 2&¢ 15 E(6.14gm)E B > 4 EfeME K2
(4.37-4.42gm?) > § % 5 iK(2.75gm? Wang et al. 2012) > 4aip] % o+ 5 55 A4 &
ﬁ@%ﬁ@’EﬁMEWWB%u%?i%i&%i&ﬂoﬁﬁ%%?%é%M%
T RRFR O RFERABMEE AR EHF R B B e HRE > M e
SAFRREHBE FAMFLE R 030 HE LG S 2 (F
4-25B; 26B) 5 Flypt 4w iplsBi¥t e 4 ¢ i UCYN-B —*ﬁﬁﬂ%%%’““@ii BRI e pE S

(15°-30°S, 155%-170°W)hifs 4e 35 % 7 %+ § #7005 % > Moisander et al. (2012):& (=
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Bioh g2 4 A s ini % B 0 UCYN-B 2% /8 %(3.5x10% copies L'l)l;’i?/@ﬁij‘: 4v fe (42
MM, 3.3x10" copies L™) & # £4p % » {2 48 e 2(+0.4 M f+0.4 pM EDTA)fr k- B
P SeBih e 03 5 £ (9.6-10. 3x10* copies L) » 1t 4 pe BEERhELPRF o b
A~ & & ALOHA - m@k,’]‘ Seit & F %%+ 47 1 (Zehretal. 2007a)  UCYN-B #
PEREAMBEY > PR 2 PR 2(FIE 205 ) pF)ih2 4+ £ d 9x10° copies L™
T ' 3 5x10° copies L™ » B 4c 2 (+500 nM) 4 4+ £ R E_d 7x10° copies L 3 4
% 9x10° copies L™ » #k @ } Fd 2-way ANOVA H 7] » &7 Ip P Bhfo e BEET T 2 i
Wiez BFehd b4 E M F L B (p>0.05) - Langlois et al. (2012) tst + & #(4°N,
24°W) 8" § 45 81 > UCYN-B 2 1 £ aplhif 4r 2 (+200 nM)» R 7 % » 2 &
_ﬁ&z‘ dv i (+2 nM){r e Hi?/] et RV HR R 12-13 8 &s*,»f&@anl
et R H e RAFEH DL ERADERBEF LR S H TR E
fh3s & 2. %%+ B o % Crocosphaera (s UCYN-B)3: & 4Bk & 2-400 nM (% 7
75t 2 uM EDTA)Z 33 %% » 2 4 £ § ST F 40k & 3 4o @ 3 4x (Jacq and Ridame
2012) - Wu et al. (2003)#& il @ ia -k ® 480k & » B IR 4 3+ 7 A% 3 fRHABE & o
%ﬁvﬁiﬂlﬁ?b‘#] R ARBRMEMERERY 02 0M 2 3 03 nM BF o RS
(Particulate Fe);k & ¢ 0.1-0.2nM + 2 1 3-4nM> THREALFS kY el &
R 4803 2 e 48 (Fe-binding ligands)# &_» k4 F 7 1% £5 4] - 28 3
Asok P 4k 2 pedl > v & Crocosphaera - A # RE F 7 11 & & F Fl4B S TEs
& 7| Siderophore =1k F](Hopkinson and Morel 2009) - Siderophore 5t #- Fe(lll) # &

= Fe(ll)» @ Fe(ll) % % #ifs54E 4 5 v jx <48 (Shaked et al. 2005) - &8 % 32 %
F o7 o A (Fe(11) 7 4e o fe b P 4o BB 8202 § 4 EDTA (it #-& A5 & %
A ofe ) PR HEwRFHE AR BT RETASAEIFELSFE
2 MEER 7] -

ARgten > ot (CRO50)S6 =k {73 % § %% o 12 UCYN-B 4 2 4§
PAB R e R (] 4-27B) > RIS F AL S6 RS SRR B oo 4 Az ad

A SRR R e b ﬁi%lg » H4e Sohm et al. (2011) &= = T E 3k 7w (South
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Atlantic Gyre)szb§ 2 % p > JRIHF 10 m 2R gdsk & (0.08-0.34 nM)= J§ 2 F (2.4
NM)ip £ 6-29 & o A7 G eIl FF LRKH Y HORR - R prapd > 3350
BB SRR B Ao @ B 4e > 10 m R a3 fR4BE R M0 0.2 nM > 200 m e E ePds
JER B & 0.7nM (Wenetal. 2006) - ¥ - = & - * F KRR foF ¥ i 2](Dm 3
140 m->SI % 0.004 kg m™): d i@k & = B2 PR AT i T F § (Rijikenberg
etal. 2012) » ot 2 *h > % f AR A T R AR F E A B i
#.% (Wang et al. 2012) - 95 NRL (Naval Research Laboratory)# i= 7 NAAPS (Navy
Aerosol Analysis and Prediction System) 2 5 § ## #5-#% (Global Aerosol Model) 7 # &
Aot FE AR R £ R ST - X @ 4:(04-05 Dec) » § 20-80 pg m” e+
F 5% Beid i S6 =k(W] 5-1B) » 12w ¢ & 2.0 cm s (Wang et al. 2012) 3 & 8t % &
FR-E % 34.6-1382 mg m2 dl; dpgtens < Feap N AL WL FH B Lk 2 o
A % s (Merrill et al. 1989) » & /& AL 3% eh% § A £+ &% £(275gm?) it %
£(442gm? Wang etal. 2012) » 27k F BHARFTH 787 > L E 7Y R
BEAFskeH - 2423 ¥ % (SO =k 5 06-07 Sep : S5 = 5 07-08 Sep) » i i+ F
SRR 3o (K 20 ugm™ > Tt 34.6 mg mP dY) (] 5-1A) v Fddip & & AR
Bt FFREFOBRF > REFLUCYNB f2 478 ot SE G en iRl

FEEFLL ALV Rl kR® > 70 UCYN-B ¥ 2 5 & Gdfif 4 o

ﬁ‘_

HRe2z2FiHFLR -

iii. >2 um R ‘w# (7 UCYN-C +)

M UCYN-CAF 25 A LAk 4e4E2 2 4 o 41 5332
4R gE 2 P hFELE o 12 UCYN-C 4 -k 4 4 8 11 § % (2.4+0.4x10% cells L™)
#E > % % (1.5£0.2x10% cells L™Y)2r # %(1.3£0.4x10% cells L) i< » e H -kr B 2+
4 48 % %(1.6+0.3x10° cells m?) ~ % % (1.5£0.2x10° cells m?)4- & % (1.4£0.1x10°
cellsm?)4p ¢ o UCYN-C : R BB RAR L 0 e % @ % (0%45°N ~ 0°-70°W)h

#17 » Langlois et al. (2008) &£ Foster et al. (2007)s4F & 31487 » Bif & % >+ 26
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CHHT A a1 5] UCYN-C # # ¥ (4216 10” copies L) » # & UCYN-C i} &
BR B B 26-29°C 2 B /3t 18-26'C i § i B F] UCYN-C; iz Goebel et al. (2010)
w B F S F F(0°-18°N, 23°-68°W)irF= 7 0t 28.4°C ¢h# kit i3] UCYN-C
2. ¢h s AR R M I5CavE-k A > 4w R F] UCYN-C 248 > 2 2 48 334
1.4x10* copies Lo p #irii— % p ~ #UCYN-CR % 5 TW3 > H a9 5318 %
ZEHT R4 EEAE S 30C (Taniuchi et al. 2011) - Foster et al. (2007) &« & &
(7°-12°N, 47°-57°W) % 31 » 7 ¢ ch UCYN-C %t B & (3 31 PSU) el b » £ B 5]
h2 3§ #(0.4x10% copies L) > @ 4B B A& (A2 35 PSU)eripl =k o £ PP e
# £ 2% (0.8-14x10" copies L") @ H 33 % 2 TW3 it if foeh® A& # [ & 28.5-34.5
PSU (Taniuchi et al. 2011) = ##7 5 2 %3 % % &7 » i UCYN-C & 2 4 £ 2138
frB AW B EM(F 45 FREF T UCYN-CehR BB @l o

AELP ARG B ETREEHT 0 0 UCYN-C F 0% % Al i oo ph
2 5 R 5% (p<0.05) A B e B AR AP R OMHBE R FLL
(B 4-25D) - 42p] 02 UCYN-C § 2 4 £ & % T 7 i X DIBH{rdi ok B 4] o < A7
7 A E it X F EHUCYN-C » I % P48 e ] - 4 & B %3 k%
oo BAFE a2 (F2nM)E R R ep e HR eI FEF - B0 A
@tﬁ‘ 4v 4o (+200 nM) 2 3 & 9% -5 3t 44 BR e (Langlois et al. 2012) -

Boh chip b 4 Sldschld RfriTr oA $ o MG R B EL K KT
% 514 % #(Lin etal. 2003; Zheng and Tang 2007; Chen et al. 2009) » & % SO ke
B R Rk BRI 5% RTINS SOk F AP A BB HELRT A
BER o A7 2k~ FAET - SO sbam & kA S5 (T2 m 44 m)
K REA & A2 ) (0.019 kg m* it 0.037 kg m) s P S sk ek MR £ L35S
FARA T LRE S FP AR EA BB F0 S5 (HEB S 25 M
WIS NMGERER B 5 26 nM vt 17 nM)e m A R R4 G & A F iR & (30-70%, Wu
etal. 2001) > @ o Ek B e FAA LY R BT LS & 4B %tbiﬂ » AR R T

ke %A 4 E 4ok R4k R (Law et al. 2011) o 4ip) SO =k & L S5 b
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43

"% o F A @ Chlajk A £.S9 #(0.22 mg m™) % »+ S5 #:(0.14 mgm™) » & S9 =
it AR % F T UCYN-C 27 R filchime FF 242073 F

F AL o R R AT LR (] 4-23, 24) -

2. &% A H

BAarREGE we R A2 LI A FAG B2 Chlazdz A% 75
£ oChlachdg »# 5] 5 09:1:0.2 4pg2 T » 12 UCYN-A ¥ (1.4:1:0.7) % 12
UCYN-B % (LE:L0.7)Mim A F ka9 K » T R g » &1 (8 2975 505
2 EChl ads »F pi @ 12 UCYN-C %‘(l.4:1:1.0)ﬂ‘]{&’k%1’f R £
BEVBIEEE % KR R W F Ry K BHAT 25 F P

Chlat%%pra & 87 &v & (50-100m) > % Fp5iim & ¢ &t & (0-50 m) >
R FRA e by (R 42 m AR RS R - e T AR R
WEEREME P EKY & By 494§ Z (Chen and Chen 2006) » § % -k4r b &
chChla k& s 8 ¢ & (Chen2005)c e 2775 2. F %R > L 5 254 Tid
i A A2 R (0.025 kgm™) - frd £ (0.022kg m ) fE4piT 0 2ot H 6 R B kAl
7% Bk B R nA & A2 15(0.047 kg m™, Chen and Chen 2006) » @ ® 4 -kl it @
ER (30 NM)F @ B304 £+ (12 nM) > # 308 4 - 2% Fend KA R B (12 nM,
Chen2005) - Flpt #Fm 5 EE Chla b KA # 2% kpt > d § Tt FHLES
dR > PHFRE TR R GBI AE SRR L M o S
ZBE&HChlate A% > &7 T & (100-150 & 200 m) 4 4= 8 i (430 g e v
(% 4-2) 7 e A X PIRRPE > 5 /34305 Lk FR 4+ 61-109 m (Chen and Chen
2006): T A sk B 5 Mo dp e 2 et k& R A (104-128 )1t & & A 85 (Chen
etal. 2008) » @ 2. Chla &7 & & > kit 5(0.3-0.7)1 5 /% 4 (0.1-0.4)F -

i UCYN-A H = B R &2 T fokqr b g o IR % & B a5 5 dieh
LE AT % o dot F 04 T ALOHA = > &k B4 700 pE m? st @ g

A Bk R M3t 10 nM Pk 5T > UCYN-A 4 4 8 % i 2x10° copies L™ > 2 & & #
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* 50 m 12 % ek K (Church et al. 2005a) ; &% % 4 < & #(0°-18°N, 23°-68°W):s
UCYN-A # # & & § @7 & T 355 41 m (Goebel et al. 2010)- UCYN-A 5 % & £ ¥
A FoR R e g iFk S e .7 & d ¢ 3k %5 s (Thompson et al. 2012) -
Flp 4 Eohds A AR FFAEM om0 HHPIEREY 93 PRIER
M s ARG WARUER DR A ABE > S EAEFAR M e @ B0 (Hung etal.
2007) - UCYN-A ¢ &2 H s 372545 4~ = 2 (Bonnet et al. 2008; Le Moal and Biegala
2009; Thompson et al. 2012) » F]ypt 7= ¥ i £ 5 F L enH s Fo5E b A7 &
FS it o 4 K ik 2plek(S9 S8 k) 0 12 UCYN-A ¥ tkird dhisked & % it
Yo(] 4-14) 7 dRlsk ot eg BB 3 M(R4-12) 4 £% 2 %2 & KR R (26.70)
% ** A% (23.7°C, Chen and Chen 2006) » &+ 1t L% * % & 2 v 14(33.9 PSU i
34.0 PSU) » # @ 4 KA e Bk B (189 NM) 7 fe & 012 L (66 NM) » » b fp 4k ¥ 5
253 doepa s R (125 NM) L B 5 R ok R A (115 m)t iz 3 4 9% F pF(61 m)
{ ##(Chen and Chen 2006) - f&ipl ##7 3 # * Fehmgiff > F15 H % Fl-KE & § B0
PR R AIEHIEY > 2% FAEL B E R B k4R {o(Tranter et al. 1982) »

*r

i A ek IR %o (overturn) & it ag iR i sk eiE 2RI AR BIRR YR 0 T
i UCYN-A ﬁﬁ " UCYN-B ¥ 2 & -kend FEpg Mmoo ® > 2 E
UCYN-A % » H&p L ifH imie B § 4 Frehsl B 2 F 5 47355 (R 4-14) -

m UCYN-B —fg# R RS = ML SR < chr % %5 B - UCYN-B
A B R F o dofkE g & T E(15°S, 175°E)  UCYN-B 74 3= £ &+ EiR R
A 37-45 m (Hewson et al. 2009) > Moisander et al. (2010):p] {8 4 3= & & = J# & T 35
520m; A F A s T F ALOHA =h&2 % ~ § F a4+ 7 7¥(7.2°-12.2°N, 45.5°-55.9°W)
P UCYN-B 2 4~ £ 30 /20 & -k 3 25m 2 [ & £ % (Falconetal. 2004) > § F 4 + &
#(0°-18°N, 23°-68°W) » H 4 & % &1 & & # A 50 m 12 ;¥ (Goebel et al. 2010) -
% Bk g ipl €00 UCYN-B 48w &~ % o F12 - » 515 UCYN-B s &
g FIRAPE > P BT RERR 20-600 uE m? s 32 % ¢ Crocosphaera (ff

% UCYN-B)> 2 £ & ok p i1 170 uE m2 s o> 5g sk BB 35 A 3 4e @ B 4c 5-6 13 >
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& # 300-600 pE mP st ek IR B T 24F B 4 £ & 5 (Goebel et al. 2008)0 £ 57§
¢ Aok p RS AE 2 RS 4331471 pE mP st B kR RINES R A 0.8% 0 4
91 m)srk BB E F 3-11 pEm?s™s in UCYN-B 2 4 8 & 25 F) ot f-k ™ A& g b ° %

2 A REART S B UCYN-B & endkd & # 1H3) 0 £A7 ] h 8
702 UCYN-B 4 &3 B P en2 86 > {2 KA PRR ) HFR® - ARR
ERARM > HA S EARE > A e A awl A &k E k& (Chen 2005) » ¢
B AV e Ok R OIS R M B § A% F cndrd) 2% (Thomas et al. 1982; Cheng et al.
1999) » Bt ¥ & Bokir b A @RI RIS i UCYN-B F o ¥ d Apm g @ ensigt o4y
S BT o 0 UCYN-B & fwve i & enaff 4e > 224 § AR i 4o § BF M ()
4-24B) > B 2R kdr b Kot d R EE v b B sl RORECD A 2EF G kA

REV Boen X F JE B i A A

-\-x\y

R4 % > & T 3o § % 23.05+£3.86 g m? (Wang et al.

i

2012) » ¥ s &_1m UCYN-B %ﬁ‘?j Ry &8 kiR - o

W UCYN-C F 8 » % > d skt 2w p R ZRAPEIC] > F 5 B
BB s F kAT R et Bl UCYN-Afr-B 43 22255 Fd 2
NI AER 100 m iRV K (R 4-6; 4-11; 4-14) o pt R B A FARE TR F g
i UCYN-C ¥+t it UCYN-B ¥ *1F £ R M- Lg% d F g B B 42 97 F %
PSR 4o )l i FE o #-TW3 (h* UCYN-C- d < Z 4 g d en¥ §832 % > Taniuchi et al.
2011)32 % 27 fe % P83 A (30-300 pE m? st F R > Beif 4 £ kB A L 140
nE m? st (Taniuchi et al. 2011) » @ ¥ - > UCYN-C 2 ¥ fa#% % Gloeothece sp.
68DGA (% p ;> &> Ohki et al. 2008) ik if # £ ek BB % & % 80 pE m™?s™ (Taniuchi
and Ohki 2007) - #p 2. » &> UCYN-B ¢ Crocosphaera #if # £ s & 428 300
uE m?s™ (Goebel et al. 2008) » &2 UCYN-C #.if 4 £ 2 k35 & 1t UCYN-B i o A
3@ 12 UCYN-C —‘ﬁ p AR 2L o FAEF AN E UCYN-C 258020 4r
Geobel et al. (2010) =% F # ~ & i#(0°-18°N, 23°-68°W):# & 1123 B ip|=k » 11 & 7K
teakg o 73 1R RI] UCYN-C dnifH 2 F](170 copies LY #4061

F 0 RI3] UCYN-C cip|sp > R (7 ey R . 50m > @ ¢ 2.200m 2 4 2 &
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% (1x10* copies L) - FORERFL N AE LY R B R R AR

s 8 2 2eni UCYN-C 2 2 4+ £ ¥ 4L £ FlBS{ros e % 45() 4-25D) » Bl ot

F_‘-
4

ik B R EAEIR R 3 4 @ 3 4e (Wen et al. 2006; Wong et al. 2007) » ¥ iz UCYN-C

FAT ERGFAVRE Y R RAHCB DT KA T o L Jlde

75



SA

7Tk 2004 0 A FES c M2 i m o s L E DAL ST D

?W%‘ﬂiw‘mw°#%meﬁﬁmﬁoﬁﬁ%@?ﬁ?iﬁg%’ﬁﬂ
RRTHELRE > oD 0 2

MAEL 22001 & /%% 58 c W2 %tk e g P T EF 207 a5

LA

1&;—1;—’?‘- 2011 - Hwme B 2 H 2P 58 e a2 580 F s ALHh 0 R
2 ¥ w*?ﬁ#4#%ﬁzﬁﬁéﬂﬁww°

EEPAN O q%ﬁ‘r
/};ﬂ?,:ﬁﬁm”ﬁ“’

A8 B0 nifH A 74 47 >

....

% 52005 & ;za-;zafeﬁ “m”a;_

AL
I. C. Biegala, G. M. Kennaway, J. Lewis, and S. Franca. 2002. In situ

Alverca, E., I. C. Bi , G. M.
identification and localization of bacteria associated with Gyrodinium instriatum

(Gymnodiniales, Dinophyceae) by electron and confocal microscopy. European
Journal of Phycology 37:523-530.

Barberan, A., and E. O. Casamayor. 2010. Global phylogenetic community structure
and B-diversity patterns in surface bacterioplankton metacommunities. Aquatic

Microbial Ecology 59:1-10.
Benavides, M., N. S. R. Agawin, J. Aristegui, P. Ferriol, and L. J. Stal. 2011. Nitrogen
fixation by Trichodesmium and small diazotrophs in the subtropical northeast

Atlantic. Aquatic Microbial Ecology 65(1):43-53

, and L. J. Stal. 1997. N, Fixation by

Bergman, B., J. R. Gallon, A. N. Rai
non-heterocystous cyanobacteria. FEMS Microbiology Reviews 19:139-85

Irwin, and L. Haramaty. 2007.

A. Quigg, Z. V. Finkel, A. J.

Berman-Frank, 1., A.
Nitrogen-fixation strategies and Fe requirements in cyanobacteria. Limnology and

Oceanography 52:2260-2269.
P. Lundgren, Y. B. Chen, H. Kupper, Z. Kolber, B. Bergman, and P

Berman-Frank, I., P.
Falkowski. 2001. Segregation of nitrogen fixation and oxygenic photosynthesis in

76



the marine cyanobacterium Trichodesmium. Science 295:1534-1537.

Bibby, T. S., M. Y. Gorbunov, K. W. Wyman, and P. G. Falkowski. 2008. Photosynthetic
community responses to upwelling in mesoscale eddies in the subtropical North
Atlantic and Pacific Oceans. Deep-Sea Research 11 55:1310-1320.

Biegala, I. C., and P. Raimbault. 2008. High abundance of diazotrophic
picocyanobacteria (<3 um) in a Southwest Pacific coral lagoon. Aquatic Microbial
Ecology 51:45-53.

Bird, C., J. M. Martinez, A. G. O’Donnell, and M. Wyman. 2005. Spatial distribution
and transcriptional activity of an uncultered clade of planktonic diazotrophic
alpha-proteobacteria in the Arabian Sea. Applied and Environmental Microbiology
71(4):2079-2085.

Bishop, P. E., R. Premakumar, D. R. Dean, M. R. Jacobsen, J. R. Chisnell, T. M. Rizzo,
and J. Kopczynski. 1986. Nitrogen fixation by Azotobacter vinelandii strains
having deletions in structural genes for nitrogenase. Science 232:92-94.

Bombar, D., P. H. Moisander, J. W. Dippner, R. A. Foster, M. Voss, B. Karkld, and J. P.
Zehr. 2011. Distribution of diazotrophic microorganisms and nifH gene expression
in the Mekong River plume during intermonsoon. Marine Ecology Progress Series
424:39-52.

Bonnet, S., C. Guieu, F. Bruyant, O. Prasil, F. Van Wambeke, P. Raimbault, T. Moutin,
C. Grob, M. Y. Gorbunov, J. P. Zehr, S. M. Masquelier, L. Garczarek, and H.
Claustre. 2008. Nutrient limitation of primary productivity in the Southeast Pacific
(BIOSOPE cruise). Biogeosciences 5:215-225.

Bonnet, S., I. C. Biegala, P. Dutrieux, L. O. Slemons, and D. G. Capone. 2009. Nitrogen
fixation in the western equatorial Pacific: rates, diazotrophic cyanobacterial size
class distribution, and biogeochemical significance. Global Biogeochemical Cycles
23:GB3012.

Bonnet, S., O. Grosso, and T. Moutin. 2011. Planktonic dinitrogen fixation along a

longitudinal gradient across the Mediterranean Sea during the stratified period
(BOUM cruise). Biogeosciences 8 (8):2257-2267.

77



Bostrom K. H., L. Riemann, M. Kihl, and A. Hagstrém. 2007. Isolation and gene
quantification of heterotrophic N,-fixing bacterioplankton in the Baltic Sea.
Environmental Microbiology 9(1):152-164.

Bothe, H., H. J. Tripp, and J. P. Zehr. 2010. Unicellular cyanobacteria with a new mode
of life: the lack of photosynthetic oxygen evolution allows nitrogen fixation to
proceed. Archives of Microbiology 192:783-790.

Bowman, J. P., L. I. Sly, P. D. Nichols, and A. C. Hayward. 1993. Revised taxonomy of
the methanotrophs: description of Methylobacter gen. nov., emendation of
Methylococcus, validation of Methylosinus and Methylocystis species, and a
proposal that the family Methylococcaceae includes only the group |
methanotrophs. International Journal of Systematic Bacteriology 43(4):735-753.

Braun, S. T., L. M. Proctor, S. Zani, M. T. Mellon, and J. P. Zehr. 1999. Molecular
evidence for zooplankton-associated nitrogen-fixing anaerobes based on
amplification of the nifH gene. FEMS Microbiology Ecology 28:273-279.

Brayton, P. R., R. B. Bode, R. R. Colwell, M. T. MacDonell, H. L. Hall, D. J. Grimes, P.
A. West, and T. N. Bryant. 1986. Vibrio cincinnatiensis sp. nov., a new human
pathogen. Journal of Clinical Microbiology 23(1):104-108.

Brenner, D. J., N. R. Krieg, and J. T. Staley, editors. 2005. Bergey’s manual of
systematic bacteriology, volume 2, part C. Springer New York, USA.

Campbell, L., E. J. Carpenter, J. P. Montoya, A. B. Kustka, and D. G. Capone. 2005.
Picoplankton community structure within and outside a Trichodesmium bloom in
the southwestern Pacific Ocean. Vie et Milieu 55:185-195.

Cannon, G. A. 1966. Tropical waters in the western Pacific Oceans, August-September
1957. Deep-Sea Research 13:1139-1148.

Capone, D. G., J. P. Zehr, H. W. Paerl, B. Bergman, and E. J. Carpenter. 1997.
Trichodesmium, a globally significant marine cyanobacterium. Science
276:1221-1229.

Carpa, R., and L. Barbu-Tudoran. 2011. Investigation of the poly-B-hydroxybutyrate
(PHB) producing in mountain bacterial strains by transmission electron

78



microscopy. Romanian Biotechnological Letters 16(2):5989-5995.

Carpenter, E. J. 1983. Nitrogen fixation by marine Oscillatoria (Trichodesmium) in the
world’s oceans. Pages 65-103 in E. J. Carpenter, and D. G. Capone, editors.
Nitrogen in the marine environment. Academic Press, New York.

Carpenter, E. J., J. P. Montoya, J. Burns, M. R. Mulholland, A. Subramaniam, and D. G.
Capone. 1999. Extensive bloom of a N,-fixing diatom/cyanobacterial association
in the tropical Atlantic Ocean. Marine Ecology Progress Series 185:273-283.

Caruso, M. J., G. Gawarkiewicz, and R. Beardsley. 2006. Interannual Variability of the
Kuroshio Intrusion in the South China Sea. Journal of Oceanography 62:559-575.

Chen, W. X., G. H. Yan, and J. L. Li. 1988. Numerical taxonomic study of fast-growing
soybean rhizobia and a proposal that Rhizobium fredii be assigned to
Sinorhizobium gen. nov. International Journal of Systematic Bacteriology
38:392-397.

Chen, Y. L. L. 2005. Spatial and seasonal variations of nitratebased new production and
primary production in the South China Sea. Deep-Sea Research | 52:319-340.

Chen, Y. L. L., and H. Y. Chen. 2006. Seasonal dynamics of primary and new
production in the northern South China Sea: the significance of river discharge and
nutrient advection. Deep-Sea Research | 53:971-986.

Chen, Y. L. L., H. Y. Chen, and S. H. Tuo. 2009. Phytoplankton productivity
enhancement and assemblage change in the upstream Kuroshio after typhoons.
Marine Ecology Progress Series 385:111-126.

Chen, Y. L. L., H. Y. Chen, D. M. Karl, and M. Takahashi. 2004. Nitrogen modulates
phytoplankton growth in spring in the South China Sea. Continental Shelf
Research 24:527-541.

Chen, Y. L. L., H. Y. Chen, I. I. Lin, M. A. Lee, and J. Chang. 2007. Effects of cold
eddy on phytoplankton production and assemblages in Luzon Strait bordering the

South China Sea. Journal of Oceanography 63:671-683.

Chen, Y. L. L., H. Y. Chen, S. H. Tuo, and K. Ohki. 2008. Seasonal dynamics of new

79



production from Trichodesmium N, fixation and nitrate uptake in the upstream
Kuroshio and South China Sea basin. Limnology and Oceanography
53(5):1705-1721.

Cheng, J., C. R. Hipkin, and J. R. Gallon. 1999. Effects of inorganic nitrogen
compounds on the activity and synthesis of nitrogenase in Gloeothece (Nageli) sp.
ATCC27152. New Phytologist Trust 141:61-70.

Chien, Y. T., and S. H. Zinder. 1996. Cloning, functional organization, transcript
studies, and phylogenetic analysis of the complete nitrogenase structural genes
(nifHDK?2) and associated genes in the archaeon Methanosarcina barkeri 227.
Journal of Bacteriology 178(1):143-148.

Chou, W. C., Y. L. L. Chen, D. D. Sheu, Y. Y. Shih, C. A. Han, C. L. Cho, C. M. Tseng,
and Y. J. Yang. 2006. Estimated net community production during the summertime
at the SEATS time-series study site, northern South China Sea: Implications for
nitrogen fixation. Geophysical Research Letters 33:1.22610.

Chu, P. C., H. C. Tseng, C. P. Chang, and J. M. Chen. 1997. South China Sea warm pool
detected in spring from the Navy’s Master Oceanographic Observational Data Set
(MOOQODS). Journal of Geophysical Research 102:15761-15771.

Church, M. J., B. D. Jenkins, D. M. Karl, and J. P. Zehr. 2005a. Vertical distributions of
nitrogen-fixing phylotypes at Stn ALOHA in the oligotrophic North Pacific Ocean.
Aquatic Microbial Ecology 38:3-14.

Church, M. J., C. M. Short, B. D. Jenkins, D. M. Karl, and J. P. Zehr. 2005b. Temporal
patterns of nitrogenase Gene (nifH) expression in the oligotrophic North Pacific
Ocean. Applied and Environmental Microbiology 71(9):5362-5370.

Church, M. J., C. Mahaffey, R. M. Letelier, R. Lukas,J. P. Zehr, and D. M. Karl. 2009.
Physical forcing of nitrogen fixation and diazotroph community structure in the
North Pacific subtropical gyre. Global Biogeochemical Cycles 23: GB2020.

Church, M. J., K. M. Bjorkman, D. M Karl, M. A. Saito, and J. P. Zehr. 2008. Regional

distributions of nitrogen-fixing bacteria in the pacific ocean. Limnology and
Oceanography 53:63-77.

80



Compaoré, J., and L. J. Stal. 2009. Oxygen and the light-dark cycle of nitrogenase
activity in two unicellular cyanobacteria. Environmental Microbiology 12:54-62.

da Silva, J. C. B.,, A. L. New, M. A. Srokosz, and T. J. Smyth. 2002. On the
observability of internal tidal waves in remotely-sensed ocean colour data.
Geophysical Research Letters 29(12):1569.

Dekaezemacker, J., and S. Bonnet. (2011) Sensitivity of N, fixation to combined
nitrogen forms (NO®  and NH*") in two strains of the marine diazotroph
Crocosphaera watsonii (Cyanobacteria). Marine Ecology Progress Progress Series
438:33-46.

Dore, J. E., J. R. Brum, L. M. Tupas, and D. M. Karl. 2002. Seasonal and interannual
variability in sources of nitrogen supporting export in the oligotrophic subtropical
North Pacific Ocean. Limnology and Oceanography 47:1595-1607.

Dron, A., S. Rabouille, P. Claquin, B. Le Roy, A. Talec, and A. Sciandra. 2011.
Light-dark (12:12) cycle of carbon and nitrogen metabolism in Crocosphaera
watsonii WH8501: relation to the cell cycle. Enviromental Microbiology
14(4):967-981.

Eady, R. R. 1996. Structure-function relationships of alternative nitrogenases. Chemical
Reciews 96:3013-3030.

Eppley, R. W. and B. J. Peterson. 1979. Particulate organic-matter flux and planktonic
new production in the deep ocean. Nature 282(5740): 677-680.

Falcon, L. 1., E. J. Carpenter, F. Cipriano, B. Bergman, and D. G. Capine. 2004. N,
fixation by unicellular bacterioplankton from the Atlantic and Pacific Oceans:
phylogeny and in situ rates. Applied and Environmental Microbiology
70(2):765-770.

Falcon, L. 1., S. Pluvinage, and E. J. Carpenter. 2005. Growth kinetics of marine
unicellular Np-fixing cyanobacterial isolates in continuous culture in relation to
phosphorus and temperature. Marine Ecology Progress Series 285:3-9.

Falkowski, P. G. 1997. Evolution of the nitrogen cycle and its influence on the
biological sequestration of CO; in the ocean. Nature 387:272-275.

81



Farnelid, H., A. F. Andersson, S. Bertilsson, W. A. Al-Soud, L. H. Hansen, S. Sgrensen,
G. F. Steward, A . Hagstrém, and L. Riemann. 2011. Nitrogenase gene amplicons
from global marine surface waters are dominated by genes of non-cyanobacteria.
PLOS ONE 6(4):e19223.

Farnelid, H., T. Oberg, and L. Riemann. 2009. Identity and dynamics of putative
No-fixing picoplankton in the Baltic Sea proper suggest complex patterns of
regulation. Environmental Microbiology Reports 1(2):145-154.

Farnelid, H., W. Tarangkoon, G. Hansen, P. J. Hansen, and L. Riemann. 2010. Putative
No-fixing heterotrophic bacteria associated with dinoflagellate-Cyanobacteria
consortia in the lownitrogen Indian Ocean. Aquatic Microbial Ecology 61:105-117.

Fay, P. 1992. Oxygen relations of nitrogen fixation in cyanobacteria. Microbiological
Reviews 56:430-373.

Fong, A. A., D. M. Karl, R. Lukas, R. M. Letelier, J. P. Zehr, and M. J. Church. 2008.
Nitrogen fixation in an anticyclonic eddy in the oligotrophic North Pacific Ocean.
International Society for Microbial Ecology 2:663-676.

Foster, R. A., A. Subramaniam, C Mahaffey, E. J.Carpenter, D. G. Capone, and J. P.
Zehr. 2007. Influence of the Amazon River plume on distributions of free-living
and symbiotic cyanobacteria in the western tropical North Atlantic Ocean.
Limnology and Oceanography 52:517-532.

Foster, R. A., E. J. Carpenter, and B. Bergman. 2006a. Unicellular cyanobionts in open
ocean dinoflagellates, radiolarians, and tintinnids: Ultrastructural characterization
and immuno-localization of phycoerythrin and nitrogenase. Journal of Phycology
42:453-463.

Foster, R. A., L. L. Collier, and E. J. Carpenter. 2006b. Reverse transcription PCR
amplification of cyanobacteroal symbiont 16sRNA sequences from single
non-phtosynthetic eukaryotic marine planktonic host cells. Journal of Phycology
42:243-250.

Fuhrman, J. A. 1992. Bacterioplankton roles in cycling of organic matter: the microbial
food web. Page 361-383 in P. G. Falkowski, and A. D. Woodhead, editors. Primary

82



productivity and biogeochemical cycles in the sea. Plenum Press, New York.

Fung, I. Y., S. K. Meyn, I. Tegen, S. C. Doney, J. G. John, and J. K. B. Bishop. 2000.
Iron supply and demand in the upper ocean, Global Biogeochem. Cycles
14:281-295.

Gao, Y., S. M. Fan, and J. L. Sarmiento. 2003. Aeolian iron input to the ocean through
precipitation scavenging: A modeling perspective and its implication for natural
iron fertilization in the ocean. Journal of Geophysical Research 108(D7):4221.

Garcia, N., P. Raimbault, and V. Sandroni. 2007. Seasonal nitrogen fixation and
primary production in the Southwest Pacific: nanoplankton diazotrophy and
transfer of nitrogen to picoplankton organisms. Marine Ecology Progress Series
343:25-33.

Garside, C. 1982. A chemiluminescent technique for the determination of nanomolar
concentrations nitrate in sea water. Marine Chemistry 11:159-167.

Goebel, N. L., C. A. Edwards, B. J. Carter, K. M. Achilles, and J. P. Zehr. 2008. Growth
and carbon content of three different-sized diazotrophic cyanobacteria observed in
the subtropical North Pacific. Journal of Phycology 44:1212-1220.

Goebel, N. L., K. A. Turk, K. M. Achilles, R. Paerl, I. Hewson, A. E. Morrison A. E.
Morrison, J. P. Montoya, C. A. Edwards, and J. P. Zehr. 2010. Abundance and
distribution of major groups of diazotrophic cyanobacteria and their potential
contribution to N, fixation in the tropical Atlantic Ocean. Environmental
Microbiology 12:3272-3289.

Gong, G., K. K. Liu, C. Liu, and S. Pai. 1992. The chemical hydrography of the South
China Sea west of Luzon and a comparison with the west Philippine Sea.
Terrestrial, Atmospheric and Oceanic Sciences 3:587-602.

Grabowski, M. N. W., M. J. Church, and D. M. Karl. 2008. Nitrogen fixation rates and
controls at Stn ALOHA. Aquatic Microbial Ecology 52:175-183.

Guerinot , M. L., P. A. West, J. V. Lee, and R. R. Colwell. 1982. Vibrio diazotrophicus
sp. nov., a marine nitrogen-fixing bacterium. International Journal of Systematic
Bacteriology 32(3):350-357.

83



Hamersley, M. R., K. A. Turk, A. Leinweber, N. Gruber, J. P. Zehr, T. Gunderson, and D.
G. Capone. 2011. Nitrogen fixation within the water column associated with two
hypoxic basins in the Southern California Bight. Aquatic Microbial Ecology
63:193-205.

Heising , S., L. Richter, W. Ludwig, and B. Schink. 1999. Chlorobium ferrooxidans sp.
nov., a phototrophic green sulfur bacterium that oxidizes ferrous iron in coculture
with a “Geospirillum” sp. strain. Archives of Microbiology 172:116-124.

Hewson, 1., P. H. Moisander, K. M. Achilles, C. A. Carlson, B. D. Jenkins, E. A.
Mondragon, A. E. Morrison, and J. P. Zehr. 2007. Characteristics of diazotrophs in
surface to abyssopelagic waters of the Sargasso Sea. Aquatic Microbial Ecology
46:15-30.

Hewson, I., R. S. Poretsky, R. A. Beinart, A. E White, T. Shi, S. R. Bench, P. H.
Moisander, R. W. Paerl, H. J. Tripp, J. P. Montoya, M. A. Moran, and J. P. Zehr.
2009. In situ transcriptomic analysis of the globally important keystone N»-fixing
taxon Crocosphaera watsonii. International Society for Microbial Ecology
3:618-631.

Hewson, 1., S. R. Govil, D. G. Capone, E. J. Carpenter, J. A. Fuhrman. 2004. Evidence
for Trichodesmium viral lysis and potential significance for biogeochemical
cycling in the oligotrophic ocean. Aquatic Microbial Ecology 36:1-8.

Hopkinson, B. M., and F. M. M Morel. 2009. The role of siderophores in iron
acquisition by photosynthetic marine microorganisms. Biometals 22:659-6609.

Hsu, M. K., A. K. Liu, and C. Liu. 2000. A study of internal waves in the China Seas
and Yellow Sea using SAR. Continental Shelf Research 20:389-410.

Hu, J., H. Kawamura, H. Hong, and Y. Qi. 2000. A review on the currents in the South
China Sea: seasonal circulation, South China Sea warm current and Kuroshio
intrusion. Journal of Oceanography 56(6): 607-624.

Hung, J. J., S. M. Wang, and Y. L. Chen. 2007. Biogeochemical controls on
distributions and fluxes of dissolved and particulate organic carbon in the Northern
South China Sea. Deep-Sea Research 11 54:1486-1503.

84



Jacq, V., and C. Ridame. 2012. The influence of iron limitation on the growth and
activity of Crocosphaera watsonii, an unicellular diazotrophic cyanobacterium.
Geophysical Research Abstracts 14:12080.

Jia, Y., and Q. Liu. 2004. Eddy shedding from the Kuroshio bend at Luzon Strait.
Journal of Oceanography 60:1063-1069.

Jickells, T. D., Z. S. An, K. K. Andersen, A. R. Baker, G. Bergametti, N. Brooks, J. J.
Cao, P. W. Boyd, R. A. Duce, K. A. Hunter, H. Kawahata, N. Kubilay, J. LaRoche,
P. S. Liss, N. Mahowald, J. M. Prospero, A. J. Ridgwell, I. Tegen, and R. Torres.
2005. Global iron connections between desert dust, ocean biogeochemistry, and
climate. Science 308:67-71.

Jordan, D. C. 1982. Transfer of Rhizobium japonicum buchanan 1980 to
Bradyrhizobium gen. nov., a genus of slow-growing, root nodule bacteria from
leguminous plants. International Journal of Systematic Bacteriology
32(1):136-139.

Kampfer, P., K. Thummes, H. I. Chu, C. C. Tan, A. B. Arun, W. M. Chen, W. A. Lai, F. T.
Shen, P. D. Rekha, and C. C. Young. 2008. Pseudacidovorax intermedius gen. nov.,
sp. nov.,, a novel nitrogen-fixing betaproteobacterium isolated from soil.
International Journal of Systematic and Evolutionary Microbiology 58:491-495.

Karl, D. M. 2002. Nutrient dynamics in the deep blue sea. Trends in Microbiology
10(9):410-418.

Karl, D. M., and G. Tien. 1922. MAGIC: A sensitive and precise method for measuring
dissolved phosphorus in aquatic environments. Limnology and Oceanography
37(1):105-116.

Karl, D. M., and K. M. Bjorkman. 2002. Dynamics of DOP. Pages 246-366 in D.
Hansell, and C. Carlson, editors. Biogeochemistry of marine dissolved organic
matter. Elsevier Science, New York.

Karl, D. M., A. Michaels, B. Bergman, D. Capone, E. Carpenter, R. Letelier, F.
Lipschultz, H Paerl, D. Sigman, and L. Stal. 2002. Dinitrogen fixation in the
world’s oceans. Biogeochemistry 57:47-98.

85



Kelly, D. P., and A. P. Wood. 2000. Reclassification of some species of Thiobacillus to
the newly designated genera Acidithiobacillus gen. nov., Halothiobacillus gen. nov.
and Thermithiobacillus gen. nov. International Journal of Systematic and
Evolutionary Microbiology 50:511-516.

Klymak, J. M., R. Pinkel, C. T. Liu, A. K. Liu, and L. David. 2006. Prototypical
solitons in the South China Sea. Geophysical Research Letters 33:L11607.

Knapp, A. N., D. Dekaezemacker, S. Bonnet, J. A. Sohm, and D. G. Capone. 2012.
Sensitivity of Trichodesmium erythraeum and Crocosphaera watsonii abundance
and N2 fixation rates to varying NO®*" and PO4*" concentrations in batch cultures.
Aquatic Microbial Ecology 66:223-236.

Kong, L., H. Jing, T. Kataoka, J. Sun, and H. Liu. 2011. Phylogenetic diversity and
spatio-temporal distribution of nitrogenase genes (nifH) in the northern South
China Sea. Aquatic Microbial Ecology 65:15-27.

Kustka, A., S. Sanudo-Wilhelmy, E. J. Carpenter,D. G. Capone, and J. A. Raven. 2003.
A revised estimate of the iron use efficiency of nitrogen fixation, with special
reference to the marine cyanobacterium Trichodesmium spp. (Cyanophyta).
Journal of Phycology 39:12-25.

Langlois, R. J. , M. M. Mills, C. Ridame, P. Croot, and J. LaRoche. 2012. Diazotrophic
bacteria respond to Saharan dust additions. Marine Ecology Progress Progress
Series 470:1-14.

Langlois, R. J., D. Huemmer,and J. LaRoche. 2008. Abundances and distributions of the
dominant nifH phylotypes in the northern Atlantic Ocean. Applied and
Environmental Microbiology 74:1922-1931.

Langlois, R. J., J. LaRoche, and P. A. Raab. 2005. Diazotrophic diversity and
distribution in the Tropical and Subtropical Atlantic Ocean. Applied and
Environmental Microbiology 71(12):7910-79109.

Law, C., E. M. S. Woodward, M. J. Ellwood, A. Marriner, S. Bury, and K. Safi. 2011.
Response of surface nutrient inventories and nitrogen fixation to a tropical cyclone
in the Southwest Pacific. Limnology and Oceanography 56(4):1372-1285.

86



Le Moal, M., and I. C. Biegala. 2009. Diazotrophic unicellular cyanobacteria in the
northwestern Mediterranean Sea: A seasonal cycle. Limnology and Oceanography
54(3):845-855.

Le Moal, M., H. Collin, and I. C. Biegalal. 2011. Intriguing diversity among
diazotrophic picoplankton along a Mediterranean transect: a dominance of rhizobia.
Biogeosciences 8:827-840.

Lin, I. I, C. C. Lien, C. R. Wu, G. T. F. Wong, C. W. Huang, and T. L. Chiang. 2010.
Enhanced primary production in the oligotrophic South China Sea by eddy
injection in spring. Geophysical Research Letters 37:L.16602.

Lin, I. 1., J. P. Chen, G. T. F. Wong, C. W. Huang, and C. C. Lien. 2007. Aerosol input
to the South China Sea: Results from the MODerate resolution Imaging
Spectro-radiometer, the quick scatterometer, and the measurements of pollution in
the troposphere sensor. Deep-Sea Research | 54:1589-1601.

Lin, I., W. T. Liu, C. C. Wu, G. T. F. Wong, C. Hu, Z. Chen, W. D. Liang, Y. Yang,
and K. K. Liu. 2003. New evidence for enhanced ocean primary production
triggered by tropical cyclone. Geophysical Research Letters 30(13):1718.

Luo, C., N. Mahowald, T. Bond, P. Y. Chuang, P. Artaxo, R. Siefert, Y. Chen, and J.
Schauer. 2008. Combustion iron distribution and deposition. Global
Biogeochemical Cycles 22(1):GB1012.

Luo, Y.W., S. C. Doney, L. A. Anderson, M. Benavides, I. B. Frank, A. Bode, S.
Bonnet, K. H. Bostrom, D. Bottjer, D. G. Capone, E. J. Carpenter, Y. L. Chen, M.
J. Church, J. E. Dore, L. I. Faléon, A. Fernandez, R. A. Foster, K. Furuya, F.
Gomez, K. Gundersen, A. M. Hynes, D. M. Karl, S. Kitajima, R. J. Langlois, J.
LaRoche, R. M. Letelier, E. Marafion, D. J. McGillicuddy Jr., P. H. Moisander, C.
M. Moore, B. Mourifio-Carballido, M. R. Mulholland, J. A. Needoba, K. M. Orcutt,
A. J. Poulton, E. Rahav, P. Raimbault, A. P. Rees27, L. Riemann, T. Shiozaki, A.
Subramaniam, T. Tyrrell, K. A. Turk-Kubo, M. Varela, T. A. Villareal, E. A.
Webb, A. E. White, J. Wu, and J. P. Zehr. 2012. Database of diazotrophs in global
ocean: abundance, biomass and nitrogen fixation rates. Earth System Science Data
4:47-73.

87



Madden, R. H., M. J. Bryder, and N. J. Poole. 1982. Isolation and characterization of an
anaerobic, cellulolytic bacterium, Clostridium papyrosolvens sp. nov. International
Journal of Systematic Bacteriology 32(1):87-91.

Madigan, M. T., and J. M. Martinko. 2005. Brock biology of microorganisms. 11th
edition. Prentice Hall, Upper Saddle River, New Jersey, USA.

Man-Aharonovich, D., N. Kress, E. Bar Zeev, |. Berman-Frank, and O. Béja. 2007.
Molecular ecology of nifH genes and transcripts in Eastern Mediterranean Sea.
Environmental Microbiology 9:2354-2363.

Massana, R., R. Terrado,l. Forn, C. Lovejoy, and C. Pedros-Alio. 2006. Distribution
and abundance of uncultured heterotrophic flagellates in the world oceans.
Environmental Microbiology 8(9):1515-1522.

McGillicuddy Jr., D. J., A. R. Robinson, D. A. Siegel, H. W. Jannasch, R. Johnson, T. D.
Dickey, J. McNeil, A. F. Michaels, and A. H. Knap. 1998. Influence of mesoscale
eddies on new production in the Sargasso Sea. Nature 394:263-266.

McGillicuddy Jr., D. J., L. A. Anderson, S. C. Doney, and M. E. Maltrud. 2003.
Eddy-driven sources and sinks of nutrients in the upper ocean: Results from a 0.1°
resolution model of the North Atlantic. Global Biogeochemical Cycles 17(2):1035.

Measures, C. I., and S. Vink. 1999. Seasonal variations in the distribution of Fe and Al
in the surface waters of the Arabian Sea. Deep-Sea Research 11 46: 1597-1622.

Mehta, M. P., D. A. Butterfield, and J. A. Baross. 2003. Phylogenetic diversity of
nitrogenase (nifH) genes in deep-sea and hydrothermal vent environments of the
Juan de Fuca Ridge. Applied and Environmental Microbiology 69(2):960-970.

Mehta, M. P., J. A. Huber, and J. A. Baross. 2005. Incidence of novel and potentially
archaeal nitrogenase genes in the deep Northeast Pacific Ocean. Environmental
Microbiology 7(10):1525-1534.

Merrill, J. T., M. Uematsu, and R. Bleck. 1989. Meteorological analysis of long range

transport of mineral aerosols over the North Pacific. Journal of Geophysical
Research 94:8584-8598.

88



Metzger, E. J., and H. E. Hurlburt. 1996. Coupled dynamics of the South China Sea, the
Sulu Sea, and the Pacific Ocean. Journal of Geophysical Research
101:12331-12352.

Miller, T. R. and R. Belas. 2004. Dimethylsulfoniopropionate metabolism by
Pfiesteria-associated Roseobacter spp. Applied and Environmental Microbiology
70(6):3383-3391.

Mills, M. M., C. Ridame, M. Davey, J. LaRoche, and R. J. Geider. 2004. Iron and
phosphorus co-limit nitrogen fixation in the eastern tropical North Atlantic. Nature
429: 292-294.

Mohr, W., M. P. Intermaggio, and J. LaRoche. 2009. Diel rhythm of nitrogen and
carbon metabolism in the unicellular, diazotrophic cyanobacterium Crocosphaera
watsonii WH8501. Environmental Microbiology 12(2):412-421.

Moisander, P. H., R. A. Beinart, I. Hewson, A. E. White, K. S. Johnson, C. A. Carlson,
J. P. Montoya, and J. P. Zehr. 2010. Unicellular cyanobacterial distributions
broaden the oceanic N fixation domain. Science 327:1512-1514.

Moisander, P. H., R. A. Beinart, M. Voss, and J. P. Zehr. 2008. Diversity and
abundance of diazotrophic microorganisms in the South China Sea during
intermonsoon. International Society for Microbial Ecology 2:954-967.

Moisander, P. H., R. Zhang, E. A. Bolye, I. Hewson, J. P. Montoya, and J. P. Zehr. 2012.
Analogous nutrient limitations in unicellular diazotrophs and Prochlorococcus in
the South Pacific Ocean. International Society for Microbial Ecology 6:733-744.

Montoya, J. P., C. M. Holl, J. P. Zehr, A. Hansen, T. A. Villareal, and D. G. Capone.
2004. High rates of N, fixation by unicellular diazotrophs in the oligotrophic
Pacific Ocean. Nature 430:1027-1031.

Moran, M. A., R. Belas, M. A. Schell, J. M. Gonzalez, F. Sun, S. Sun, B. J. Binder, J.
Edmonds, W. Ye, B. Orcutt, E. C. Howard, C. Meile, W. Palefsky, A. Goesmann,
Q. Ren, I. Paulsen, L. E. Ulrich, L. S. Thompson, E. Saunders, and A. Buchan.
2007. Ecological genomics of marine Roseobacters. Applied and Environmental
Microbiology 73:4559-45609.

89



Motamedi, M., and K. Pedersen. 1998. Desulfovibrio aespoeensis sp. nov., a mesophilic
sulfate-reducing bacterium from deep groundwater at A spé hard rock laboratory,
Sweden. International Journal of Systematic Bacteriology 48:311-315.

Needoba, J.A., R. A. Foster, C. Sakamoto, J. P. Zehr, and K. S. Johnson. 2007. Nitrogen
fixation by unicellular diazotrophic cyanobacteria in the temperate oligotrophic
North Pacific ocean. Limnology and Oceanography 52:1317-1327.

Ohki, K. 1999. A possible role of temperate phage in the regulation of Trichodesmium
biomass. Pages 287-292 in L. Charpy, and A. W. D. Larkum, editors. Marine
cyanobacteria and related organisms. Bulletin de P’Institute Oceanographique,
Monaco.

Ohki, K., M. Kamiya, D. Honda, S. Kumazawa, and K. K. Ho. 2008. Morphological
and phylogenetic studies on unicellular diazotrophic ctanobacteria (Cyanophytes)
isolated from the coastal waters around Singapore. Journal of Phycology
44:142-151.

Op den Camp, H. J. M., T. Islam, M. B. Stott, H. R. Harhangi, A. Hynes, S. Schouten,
M. S. M. Jetten, N. Birkeland, A. Pol, and P. F. Dunfield. 2009. Environmental,
genomic and taxonomic perspectives on methanotrophic Verrucomicrobia.
Environmental Microbiology Reports 1(5):293-306.

Paerl, H. W. 1997. Coastal eutrophication and harmful algal blooms: Importance of
atmospheric deposition and groundwater as ‘‘new’’ nitrogen and other nutrient
sources. Limnology and Oceanography 42:1154-1165.

Pan, X., G. T. F. Wong, F. k. Shiah, and T. Y. Ho. 2012. Enhancement of biological
productivity by internal waves: observations in the summertime in the northern
South China Sea. Journal of Oceanography 68(3):427-437.

Pefia, C., C. Reyes, P. Larralde-Corona, G. Corkidi, and E. Galindo . 2002.
Characterization of Azotobacter vinelandii aggregation in submerged culture by
digital image analysis. FEMS Microbiology Letters 207:173-177.

Pefaflor, E. L., C. L. Villanoy, C. T. Liu, and L. T. David. 2007. Detection of
monsoonal phytoplankton blooms in Luzon Strait with MODIS data. Remote

Sensing of Environment 109(4):443-450.

90



Pennebaker, K., K. R. M. Mackey, R. M. Smith, S. B. Williams, and J. P. Zehr. 2010.
Diel cycling of DNA staining and nifH gene regulation in the unicellular
cyanobacterium  Crocosphaera watsonii  Strain  WH8501  (Cyanophyta).
Environmental Microbiology 12(4):1001-1010.

Ploug, H., M. Kiihl, B. Buchholz-Cleven, and B. B. Jargensen. 1997. Anoxic aggregates
- an ephemeral phenomenon in the pelagic environment? Aquatic Microbial
Ecology 13:285-294.

Popa, R., P. K. Weber, J. Pett-Ridge, J. A. Finzi, S. J. Fallon, 1. D. Hutcheon, K. H.
Nealson, and D. G. Capone. 2007. Carbon and nitrogen fixation and metabolite
exchange in and between individual cells of Anabaena oscillarioides. International
Society for Microbial Ecology 1:354-360.

Postgate, J. 1998. Nitrogen Fixation, 3rd edition. Cambridge University Press,
Cambridge.

Qu, T., H. Mitsudera, and T. Yamagata. 2000. Intrusion of the North Pacific waters into
the South China Sea. Journal of Geophysical Research 15:6415-6424.

Raymond, J., J. L. Siefert, C. R. Staples, and R. E. Blankenship. 2004. The natural
history of nitrogen fixation. Molecular Biology and Evolution 21(3):541-554.

Reade, J. P. H., L. J. Dougherty, L. J. Rogers, and J. R. Gallon. 1999. Synthesis and
proteolytic degradation of nitrogenase in cultures of the unicellular cyanobacterium
Gloeothece strain ATCC 27152. Microbiology 145:1749-1758.

Reddy, K. J., J. B. Haskell, D. M. Sherman, and L. A. Sherman. 1993. Unicellular,
aerobic nitrogen-fixing cyanobacteria of the genus Cyanothece. Journal of
Bacteriology 175:1284-1292.

Redfield, A. C., B. H. Ketchum, and F. A. Richards. 1963. The influence of organisms
on the composition of sea water. Page 26-77 in M. N. Hill, editor. The sea,
composition of sea-water. Wiely-Intersciencr, New York.

Rees, A. P, J. A. Gilbert, and B. A. Kelly-Gerreyn. 2009. Nitrogen fixation in the
western English Channel (NE Atlantic Ocean). Marine Ecology Progress Series

91



374:7-12.

Riemann, L., H. Farnelid, and G. F. Steward. 2010. Nitrogenase genes in
non-cyanobacterial plankton: prevalence, diversity and regulation in marine waters.
Aquatic Microbial Ecology 61:235-247.

Rijkenberg, M. J. A., S. Steigenberger, C. F. Powell, H. van Haren, M. D. Patey, A. R.
Baker, and E. P. Achterberg. 2012. Fluxes and distribution of dissolved iron in the
eastern (sub-) tropical North Atlantic Ocean. Global Biogeochemical Cycles
26:GB3004.

Ruvkun G. B., and F. M. Ausubel. 1980. Interspecies homology of nitrogenase genes.
Proceedings of the National Academy of Sciences 77(1):191-195.

Saito, M. A., E. M. Bertrand, S. Dutkiewicz, V. V. Bulygin, D. M. Moran, F. M.
Monteiro, M. J. Follows, F. W. Valois, and J. B. Waterbury. 2011. Iron
conservation by reduction of metalloenzyme inventories in the marine diazotroph
rocosphaera watsonii. The Proceedings of the National Academy of Sciences of the
United States of America 108(6):2184-2189.

Sakaguchi, T., A. Arakaki, and T. Matsunaga. 2002. Desulfovibrio magneticus sp. nov.,
a novel sulfate-reducing bacterium that produces intracellular single-domain-sized
magnetite particles. International Journal of Systematic Bacteriology 52:215-221.

Sangra, P., G. Basterretxea, J. L. Pelegri, and J. Aristegui. 2001. Chlorophyll increase
due to internal waves on the shelf break of Gran Canaria (Canary Islands). Sciantia
Marina 65:89-97.

Safiudo-Wilhelmy, S. A., A. B. Kustka, C. J. Gobler, D. A. Hutchins, M. Yang, K.
Lwiza, J. Burns, D. G. Capone, J. A. Raven, and E. J. Carpenter. 2001. Phosphorus
limitation of nitrogen fixation by Trichodesmium in the central Atlantic Ocean.
Nature 411(6833):66-69.

Schneegurt, M. A., D. M. Sherman, S. Nayar, and L. A. Sherman. 1994. Oscillating
behavior of carbohydrate granule formation and dinitrogen fixation in the
cyanobacterium Cyanothece sp. strain ATCC-51142. Journal of Bacteriology
176:1586-1597.

92



Shaked, Y. A., B. Kustka, and F. M. M. Morel. 2005. General kinetic model for iron
acquisition by eukaryotic phytoplankton. Limnology and Oceanography
50:872-882.

Sherman, L. A., H. Min, J. Toepel, and H. B. Pakrasi. 2010. Better living through
Cyanothece - unicellular diazotrophic cyanobacteria with highly versatile
metabolic systems. Pages 275-290 in P. C. Hallenbeck, editor. Recent advances in
phototrophic prokaryotes. Springer New York, USA.

Shi, T., I. llikchyan, S. Rabouille, and J. P. Zehr. 2010. Genome-wide analysis of diel
gene expression in the unicellular Ny-fixing cyanobacterium Crocosphaera
watsonii WH 8501. Multidisciplinary Journal of Microbial Ecology 4:621-632.

Shiah, F. K., G. C. Gong, and T. Xiao. 2006. Effects of ChangJliang River summer
discharge on the bottom-up control processes of shelf bacterial growth. Aquatic
Microbial Ecology 44:105-113.

Short, S. M., and J. P. Zehr. 2007. Nitrogenase gene expression in the Chesapeake Bay
Estuary. Environmental Microbiology 9(6):1591-1596.

Simmons, H., M. H. Chang, Y. T. Chang, S. Y. Chao, O. Fringer, C. R. Jackson, and D.
S. Ko. 2011. Modeling and prediction of internal waves in the South China Sea.
Oceanography 24:88-99.

Sohm, J. A., J. A. Hilton, A. E. Noble, J. P. Zehr, M. A. Saito, and E. A. Webb. 2011.
Nitrogen fixation in the South Atlantic Gyre and the Benguela Upwelling System.

Geophysical Research Letters 38:L.16608.

Soong, Y. S., J. H. Hu, C. R. Ho, and P. P. Niiler. 1995. Coldcore eddy detected in
South China Sea. Eos, Transactions American Geophysical Union 76(35):345-347.

St. Laurent, L., H. Simmons, T. Y. Tang, and Y. H. Wang. 2011. Turbulent properties
of internal waves in the South China Sea. Oceanography 24(4):78-87.

Stal, L. J. 2009. Is the distribution of nitrogen-fixing cyanobacteria in the oceans related
to temperature? Environmental Microbiology 11(7):1632-1645.

Stephens, N., K. J. Flynn, and J. R. Gallon. 2003. Interrelationships between the

93



pathways of inorganic nitrogen assimilation in the cyanobacterium Gloeothece can
be described using a mechanistic mathematical model. New Phytologist Trust
160:545-555.

Strickland, J. M., and T. R. Parsons. 1972. Inorganic micronutrients in sea water. Pages
49-77 in J. C. Stevenson, L. W. Billingsley, and R. H. Wigmore, editors. A practical
handbook of seawater analysis. Fisheries Research Board of Canada, Ottawa.

Su, J. 2004. Overview of the South China Sea circulation and its influence on the
coastal physical oceanography outside the Pearl River Estuary. Continental Shelf
Research 24:1745-1760.

Subramaniam, A., C. Mahaffey, W. Johns, and N. Mahowald. 2013. Equatorial
upwelling enhances nitrogen fixation in the Atlantic Ocean. Geophysical Research
Letters doi:10.1002/grl.50250.

Sweeney, E. N., D. J. McGillicuddy Jr. and K. O. Buesseler. 2003. Biogeochemical
impacts due to mesoscale eddyactivityin the Sargasso Sea as measured at the
Bermuda Atlantic Time-series Study (BATS). Deep-Sea Research |l
50:3017-3039.

Takamura, T., H. Okamato, Y. Maruyama, A. Numaguti, A. Higurashi, and T. Nakajima.
2000. Global three-dimensional simulation of aerosol optical thickness distribution
of various origins. Journal of Geophysical Research 105(D14):17853-17873.

Taniuchi, Y., A. Murakami, and K. Ohki. 2008a. Whole-cell immunocytochemical
detection of nitrogenase in cyanobacteria: improved protocol for highly fluorescent
cells. Aquatic Microbial Ecology 51:237-247.

Taniuchi, Y., and K. Ohki. 2007. Relation between nitrogenase synthesis and activity in
a marine unicellular diazotrophic strain, Gloeothece sp. 68DGA (Cyanophyte),
grown under different light/dark regimens. Phycological Research 55:249-256.

Taniuchi, Y., S. Yoshikawa, S. Maeda, T. Omata, and K. Ohki. 2008b. Diazotrophy
under continuous light in a marine unicellular diazotrophic cyanobacterium,

Gloeothece sp. 68DGA. Microbiology 154:1859-1865.

Taniuchi, Y., Y. L. L. Chen, H. Y. Chen, M. L. Tsai, and K. Ohki. 2011. Isolation and

94



characterization of the unicellular diazotrophic cyanobacterium Group C TW3
from the tropical western Pacific Ocean. Environmental Microbiology 14:641.

Thomas, J. H., P. M. Mullineaux, A. D. Cronshaw, A. E. Chaplin, and J. R. Gallon.
1982. The effects of structural analogues of amino acids on assimilation and
acetylene reduction (nitrogen fixation) in Gloecapsa (Gloeothece) sp. CCAP
1430/3. Journal of General Microbiology 128:885-893.

Thomas, W. H. 1966. Surface nitrogenous nutrients and phytoplankton in the
northeastern tropical Pacific Ocean. Limnology and Oceanography 11:393-400.

Thompson, A. W., R. A. Foster, A. Krupke, B. J. Carter, N. Musat, D. Vaulot, M. M. M.
Kuypers, and J. P. Zehr. 2012. Unicellular cyanobacterium symbiotic with a
single-celled eukaryotic alga. Science 337:1546-1550.

Tranter, D. J., G. S. Leech, and D. J. Vaudrey. 1982. Biological significance of surface
flooding in warm-core ocean eddies.Nature 297:572-574.

Tripp, H. J., S. R. Bench, K. A. Turk, R. A. Foster, B. A. Desany, F. Niazi, J. P.
Affourtit, and J. P. Zehr. 2010. Metabolic streaming in an open-ocean
nitrogen-fixing cyanobacterium. Nature 464:90-94.

Tseng, C. M., G. T. F. Wong, I. I. Lin, C. R. Wu, and K. K. Liu. 2005. A unique
seasonal pattern in phytoplankton biomass in low-latitude waters in the South
China Sea. Geophysical Research Letters 32:L.08608.

Tuit, C., J. Waterbury, and G. Ravizza. 2004. Diel variation of molybdenum and iron in
marine diazotrophic cyanobacteria. Limnology and Oceanography 49(4):978-990.

Turk, K. A., A. P. Rees, J. P. Zehr, N. Pereira, P. Swift, R. Shelley, M. Lohan, E. M. S.
Woodward, and J. Gilbert. 2011. Nitrogen fixation and nitrogenase (nifH)
expression in tropical waters of the eastern North Atlantic. International Society
for Microbial Ecology 5:1201-1212.

Vadstein, O., L. M. Olsen, A. Busch, T. Andersen, and H. R. Reinertsen. 2003. Is
phosphorus limitation of planktonic heterotrophic bacteria and accumulation of
degradable DOC a normal phenomenon in phosphorus-limited systems? A
microcosm study. FEMS Microbiology Ecology 46:307-316.

95



Wang, G. H., J. L. Su, and P. C. Chu. 2003. Mesoscale eddies in the South China Sea
observed with altimeter data. Geophysical Research Letters 30(21):2121.

Wang, S. H., N. C. Hsu, S. C. Tsay, N. H. Lin, A. M. Sayer, S. J. Huang, and W. K. M.
Lau.. 2012. Can Asian dust trigger phytoplankton blooms in the oligotrophic
northern South China Sea? Geophysical Research Letters 39:L.05811.

Wang, S. H., S. C. Tsay, N. H. Lin, N. C. Hsu, S. W. Bell, C. Li, Q. Ji, M. Jae Jeong, R.
A. Hansell, E. J. Welton, B.t N. Holben, G. R. Sheu, Y. C. Chu, S. C. Chang, J. J.
Liu, and W. L. Chiang. 2011. First detailed observations of long-range transported
dust over the northern South China Sea. Atmospheric Environment 45:4804-4808.

Wang, Y. H., C. F. Dai, and Y. Y. Chen. 2007. Physical and ecological processes of
internal waves on an isolated reef ecosystem in the South China Sea. Geophysical
Research Letters 34:1.18609.

Waterbury, J. B., and R. Rippka. 1989. The order Chroococcales. Pages 1728-1746 in J.
T. Staley, M. P. Bryant, N. Pfenning, and J. G. Holt, editors. Bergey’s manual of
systematic bacteriology, volume 3. Williams and Wilkins, Baltimore, USA.

Waterbury, J. B., S. W. Watson, F. W. Valois, and D. G. Franks. 1986. Biological and
ecological characterization of the marine unicellular cyanobacterium
Synechococcus. Pages 71-120 in T. Platt and W. K. W. Li, editors. Photosynthetic
picoplankton. Canadian bulletin of fisheries and aquatic sciences, Department of
Fisheries and Oceans, Ottawa, Canada.

Webb, E. A, I. M. Ehrenreich, S. L. Brown, F. W. Valois, and J. B. Waterbury. 2009.
Phenotypic and genotypic characterization of multiple strains of the diazotrophic
cyanobacterium, Crocosphaera watsonii, isolated from the open ocean.
Enviromental Microbiology 11(2):338-348.

Wen, L. S., K. T. Jiann, and P. H. Santschi. 2006. Physicochemical speciation of
bioactive trace metals (Cd, Cu, Fe, Ni) in the oligotrophic South China Sea. Marine

Chemistry 101:104-129.

Wong, G. T. F., C. M. Tseng, L. S. Wen, and S. W. Chung. 2007. Nutrient dynamics
and N-anomaly at the SEATS station. Deep-Sea Research 11 54:1528-1545.

96



Wong, G. T. F., S. W. Chung, F. K. Shiah, C. C. Chen, L. S. Wen, and K. K. Liu. 2002.
Nitrate anomaly in the upper nutricline in the northern South China Sea-Evidence
for nitrogen fixation. Geophysical Research Letters 29(23):2097.

Wu, C. R, T. Y. Tang, and S. F. Lin. 2005. Intra-seasonal variation in the velocity field
of the northeastern South China Sea. Continental Shelf Research 25:2075-2083.

Wu, J. F., E. Boyle, W. Sunda, and L. S. Wen. 2001. Soluble and colloidal iron in the
olgotrophic North Atlantic and North Pacific. Science 293(5531):847-849.

Wu, J. F., S. W. Chung, L. S. Wen, K. K. Liu, Y. L. L. Chen, H. Y. Chen, and D. M.
Karl. 2003. Dissolved inorganic phosphorus, dissolved iron, and Trichodesmium in
the oligotrophic South China Sea. Global Biogeochemical Cycles
17(1):doi:10.1029/2002GB001924.

Wyrtki, K. 1961. Physical oceanography of the Southeast Asian water. NAGA report
vol.2 Scientific result of marine investigation of the South China Sea and Gulf of
Thailand 1959-1961. Scripps Institution of Oceanography, La Jolla, California.

Zehr, J. P., and D. G. Capone. 1996. Problems and promises of assaying the genetic
potential for nitrogen fixation in the marine environment. Microbial Ecology
32:263-281.

Zehr, J. P., and H. W. Paerl. 2008. Molecular ecological aspects of nitrogen fixation in
the marine environment. Pages 481-525 in D. L. Kirchman, editor. Microbial
ecology of the oceans. Wiley-Liss, USA.

Zehr, J. P., B. D. Jenkins, S. M. Short, and G. F. Steward . 2003. Nitrogenase gene
diversity and microbial community structure: a cross-system comparison.
Enviromental Microbiology 5:539-554.

Zehr, J. P.,, E. J. Carpenter, and T. A. Villareal. 2000. New perspectives on
nitrogen-fixing microorganisms in tropical and subtropical oceans. Trends in
Microbiology 8(2):68-73.

Zehr, J. P., J. B. Waterbury, P. J. Turner, J. P. Montoya, E. Omoregie, G. F. Steward, A.
Hansen, and D. M. Karl. 2001. Unicellular cyanobacteria fix N, in the subtropical

97



North Pacific Ocean. Nature 412:635-638.

Zehr, J. P., J. P. Montoya, B. D. Jenkins, I. Hewson, E. Mondragon, C. M. Short, M. J.
Church, A. Hanssen, and D. M. Karl. 2007a. Experiments linking nitrogenase gene
expression to nitrogen fixation in the North Pacific subtropical gyre. Limnology
and Oceanography 52:169-183.

Zehr, J. P., M. J. Church, and P. H. Moisander. 2006. Diversity, distribution and
biogeochemical significance of nitrogen-fixing microorganisms in anoxic and
suboxic ocean environments. Pages 337-369 in L. N. Neretin, editor. Past and
present water column anoxia. Springer Netherlands, Netherlands.

Zehr, J. P., M. T. Mellon, and S. Zani. 1998. New nitrogen-fixing microorganisms
detected in oligotrophic oceans by amplification of nitrogenase (nifH) genes.
Applied and Environmental Microbiology 64:3444-3450.

Zehr, J. P., S. R. Bench, B. J. Carter, I. Hewson, F. Niazi, T. Shi, H. J. Tripp, and J. P.
Affourtit. 2008. Globally distributed uncultivated oceanic N,-fixing cyanobacteria
lack oxygenic photosystem Il. Science 322:1110-1112.

Zehr, J. P., S. R. Bench, E. A. Mondragon, J. McCarren, and E. F. DeLong. 2007b. Low
genomic diversity in tropical oceanic N»-fixing cyanobacteria. Proceedings of the
National Academy of Sciences 104(45):17807-17812.

Zehr, P. J. 2011. Nitrogen fixation by marine cyanobacteria. Trends in Microbiology
19(4):162-173.

Zhang, L. H., and S. F. Chen. 2012. Pseudacidovorax intermedius NH-1, a novel marine
nitrogen-fixing bacterium isolated from the South China Sea. World Journal of
Microbiology and Biotechnology 28:2839-2847.

Zhang, Y., Z. Zhao, J. Sun, and N. Jiao. 2011. Diversity and distribution of diazotrophic
communities in the South China Sea deep basin with mesoscale cyclonic eddy
perturbations. FEMS Microbiology Ecology 78:417-427.

Zheng, G. M., and D. L. Tang. 2007. Offshore and nearshore chlorophyll increases
induced by typhoon winds and subsequent terrestrial rainwater runoff. Marine
Ecology Progress Series 333:61-74.

98



Depth (m)

- 1-1000

-2000

S4 S5 S6

N
—
1

-3000

Latitude (°N)
o
o
1

-4000

-5000

-6000

T

ey
114 115 116 117 118 119 120 121 122 123 124
Longitude (°E)

B 3-1 AFFTHEHPI2FBEE oqamPr2INpFw L5 S43 S10 2
2oplak s K2 sk o & BERE KiR(M) -

Figure 3-1. Location of sampling stations in the SCS along 21N (station S4 to S10) and
the Kuroshio (station K2). Color bar represents depth of bottom (m).
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Figure 3-2. Track of Typhoon LIONROCK (29 Aug-02 Sep) before the summer cruise
CR1487. Black dots indicate sampling stations. Open dots represent the center of the
typhoon which were recorded every once 6 hours. Basin samplings were taken after the
passage of typhoon. Track of typhoon was recorded with time in Coordinated Universal
Time (UTC). Sampling time at each station was the local time (UTC+0800 hours).
(Data of the typhoon were adopted from http://rdc28.cwb.gov.tw/index.php)
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Figure 3-3. Track of Typhoon MERANTI (9-10Sep) during the summer cruise CR1487.
Black dots indicate sampling stations. Open dots represent the center of the typhoon
which were recorded every once 6 hours. The tropical storm was formed when sampling
was conducted at Station S8. Track of typhoon was recorded with time in Coordinated
Universal Time (UTC). Sampling time at each station was the local time (UTC+0800
hours). (Data of the typhoon were adopted from http://rdc28.cwb.gov.tw/index.php)
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Figure 3-4. Microphotographs from coccoid unicellular diazotrophs stained with
nitrogenase antibody by the whole-cell immunocytochemical detection. (A-C) <2 um in

diameter; (D) >2 um in diameter. Scale bar=5 um.
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Figure 3-5. Microphotographs from coccoid unicellular diazotrophs stained with
nitrogenase antibody and non-diazotrophic phytoplankton (unstained). (A-D) unicellular
diazotrophs stained with nitrogenase antibody (dark), size >2 pum in diameter; (E)

non-diazotrophic phytoplankton. Scale bar=5 um.
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Figure 3-6. Microphotographs from rod unicellular diazotrophs stained with nitrogenase
antibody by the whole-cell immunocytochemical detection. (A) <2 pum in diameter;

(B-D) >2 um in diameter. Scale bar=5 um.
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Figure 4-1. T-S (temperature-salinity) diagram for the stations located on the SCS shelf,
slope and basin regions and the Kuroshio during cruise (A) CR1455 (spring); (B)
CR1487 (summer); (C) CR950. Typical T-S for SCS and Kuroshio curves were adopted
from Chen and Huang (1996).
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Figure 4-2. Vertical profile at across the SCS stations transect S4 to S10 during the
spring cruise CR1455. (A) temperature, bold line: 25.5°C -isotherm; (B) salinity, bold

line: 34.35 PSU-isohaline.
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Figure 4-3. Sea surface height (SSH, m) and currents (m s™) on 14 May during the
spring cruise (CR1455). Black dots are sampling stations. Sea surface height were
simulated from Hybrid Coordinate Ocean Model and the Navy Coupled Ocean Data
Assimilation (HYCOM+NCODA) Global 1/12° Analysis. Water currents were
simulated from Navy Layered Ocean Model (NLOM) 1/32° Nowcast. Sea surface
height contouring begins from 0.35 m to 1.25 m with an interval of 0.05 m in magnitude
for each successive contour. Data were adopted from
http://apdrc.soest.hawaii.edu/index.php.
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Figure 4-4. Comparison of surface cell densities of unicellular diazotrophs among
different sampling regions during the spring (CR1455), summer (CR1487) and winter
(CR950) cruises, respectively. (A) 1-2 um C+R; (B) >2 um C+R. Regional means were
tested for the spring cruise (CR1455) with one-way ANOVA followed by Duncan’s
multiple range test. Significant differences (p<0.05) are indicated by different letters a
or b. Those with the same letter are not significantly different from each other. NA
means not available.
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Figure 4-5. Comparison of water column (0-100 m) integrated abundances among
different sampling regions during the spring (CR1455), summer (CR1487) and winter
(CR950) cruises, respectively. (A) 1-2 um C+R; (B) >2 um C+R abundances. NA

means not available.
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Figure 4-6. Vertical distributions of unicellular diazotrophs on shelf and basin regions of
the SCS and the Kuroshio during the spring cruise (CR1455). (A) 1-2 um C; (B) >2 um

C; (C)1-2 um R; (D) >2 um R.
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Figure 4-7. Vertical distributions of (A) water density (Sigma-t). Dashed line: down
casts; solid line: up casts; (B) Chl a concentration (Chl a); (C) cell densities of various
kind of unicellular diazotrophs (1-2 pum C; >2 um C; 1-2 um R; >2 um R) following the
pass of internal waves. IW: cast during pass of the internal wave; IW1, IW2 and IW3:
casts after internal waves.
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Figure 4-8. Temporal variation on means of various ecological variables in 0-150 m
water column following the pass of internal wave (IW). IW: 1810 hours; IW1: 1845
hours; IW2: 2140 hours; IW3: 2305 hours. (A) temperature; salinity; (B) nutrients
including nitrate plus nitrate concentration (N+N) and phosphorus concentration(SRP);
Chl a concentration. (C) cell densities of unicellular diazotrophs (1-2 um C+R; >2 um
C+R; Total).
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Figure 4-9. Sea surface height (SSH, m) and currents (m s™) on 06 September during
the summer cruise (CR1487). Black dots are sampling stations. Sea surface height were
simulated from Hybrid Coordinate Ocean Model and the Navy Coupled Ocean Data
Assimilation (HYCOM+NCODA) Global 1/12° Analysis. Water currents were
simulated from Navy Layered Ocean Model (NLOM) 1/32° Nowcast. The Sea surface
height contouring begins from 0.5 m to 1.5 m with an interval of 0.05 m in magnitude
for each successive contour. (http://apdrc.soest.hawaii.edu/index.php)
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Figure 4-10. Vertical profile at across the SCS stations transect S4 to S10 during the
spring cruise CR1455. (A) temperature, bold line: 25.5°C -isotherm; (B) salinity, bold

line: 34.35 PSU-isohaline.
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Figure 4-11. Vertical distributions of unicellular diazotrophs on the shelf and basin
regions of the SCS during the summer cruise (CR1487). (A) 1-2 um C; (B) >2 um C; (C)
1-2 ym R; (D) >2 pm R.
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Figure 4-12. Sea surface height (SSH, m) and currents (m s™*) on 04 December during
the winter cruise (CR950). Black dots are sampling stations. Sea surface height were
simulated from Hybrid Coordinate Ocean Model and the Navy Coupled Ocean Data
Assimilation (HYCOM+NCODA) Global 1/12° Analysis. Water currents were
simulated from Navy Layered Ocean Model (NLOM) 1/32° Nowcast. The Sea surface
height contouring begins from 0.35 m to 1.25 m with an interval of 0.05 m in magnitude
for each successive contour. (http://apdrc.soest.hawaii.edu/index.php)
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Figure 4-13. Vertical profile at across the SCS stations transect S4 to S10 during the
spring cruise CR1455. (A) temperature, bold line: 24.5°C, 25.57C -isotherm; (B) salinity,
bold line: 33.8 PSU, 34.35 PSU-isohaline.
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Figure 4-14. Vertical distributions of unicellular diazotrophs on the shelf and basin

regions of the SCS and the Kuroshio during the winter cruise (CR950). (A) 1-2 um C;
(B)>2 um C; (C) 1-2 um R; (D) >2 pm R.
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Figure 4-15. Seasonal variations on the cell densities on surface water of unicellular
diazotrophs in the SCS among the spring (Sp), summer (Su) and winter (W). Seasonal
differences were not significant (p>0.05) after being tested by one-way ANOVA. (A)
1-2 um C+R; (B) >2 pum C+R; (C) Total.
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Figure 4-16. Seasonal variations on the cell densities of various size categories of
unicellular diazotrophs in the surface water of the SCS among the spring (Sp), summer
(Su) and winter (W). Seasonal differences were tested with one-way ANOVA followed
by Duncan’s multiple range test. Significant differences (p<0.05) are indicated by
different letters a or b. Those with the same letter are not significantly different. (A) 1-2
um C; (B) >2 um C; (C) 1-2 um R; (D) >2 uym R.
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Figure 4-17. Seasonal variations on the abundances of water column (0-100 m)
integrated unicellular diazotrophs in the the SCS among the spring (Sp), summer (Su)
and winter (W). Seasonal differences were not significant (p>0.05) tested with one-way

ANOVA. (A) 1-2 pm C+R; (B) >2 um C+R; (C) Total.
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Figure 4-18. Seasonal variations on the cell densities of various size categories of
unicellular diazotrophs in the surface water of the SCS among the spring (Sp), summer
(Su) and winter (W). The abundance on the basin were tested with one-way ANOVA
followed by Duncan’s multiple range test. Significant differences (p<0.01) are shown
with different letters a, b or c. Those with the same letter are not significantly different.
(A) Shelf; (B) Slope; (C) Basin; (D) Kuroshio. NA means not available.
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Figure 4-19. Seasonal variations on the the water column (0-100 m) integrated
abundances of various size categories of unicellular diazotrophs in the SCS among the
spring (Sp), summer (Su) and winter (W). The abundance on the basin were not
significant (p>0.05) after being tested by one-way ANOVA. (A) Shelf; (B) Basin; (C)
Kuroshio. NA means not available.
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Figure 4-20. Linear relationships of Log(cell density) of >2 um C unicellular
diazotrophs on the surface water and environmental factors in the SCS. (A) surface
nitrate plus nitrite concentration (N+N); (B) ratio of surface [nitrate+nitrite] to
phosphate concentration (N/P); (C) stratification index of water column (SI).
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Figure 4-21. Linear relationships of Log(cell density) of 1-2 um R unicellular
diazotrophs on the surface water and photosynthetically active radiation (PAR) in the
SCS.
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Figure 4-22. Linear relationships of Log(cell density) of unicellular diazotrophs on the
surface water and the dust concentration (Dust) during the spring cruise CR1455. (A)
1-2 ym C; (B) >2 um C.
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Figure 4-23. Cell densities of different sized categories of unicellular diazotrophs in
four treaments (C, +P, +Fe and +PFe) after 24 hours incubation in the nutrients
enrichment experiment using surface water of station S9 during CR1487. Four
treatments are control (C), addition of phosphate (+P), addition of iron (+Fe),
simultaneous addition of phosphate and iron (+PFe). Treatment means were tested by
1-Way ANOVA and were not significantly different (p>0.05) for all size categories.
Error bars are SE (n=2).
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Figure 4-24. Cell densities of different sized categories of unicellular diazotrophs in
four treaments (C, +P, +Fe and +PFe) after 48 hours incubation in the nutrients
enrichment experiment using surface water of station S9 during CR1487. Four
treatments are control (C), addition of phosphate (+P), addition of iron (+Fe),
simultaneous addition of phosphate and iron (+PFe). Treatment means were tested by
1-Way ANOVA and were not significantly different (p>0.05) for all size categories.
Error bars are SE (n=2).
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Figure 4-25. Cell densities of different sized categories of unicellular diazotrophs in
four treaments (C, +P, +Fe and +PFe) after 24 hours incubation in the nutrients
enrichment experiment using surface water of station S5 during CR1487. Four
treatments are control (C), addition of phosphate (+P), addition of iron (+Fe),
simultaneous addition of phosphate and iron (+PFe). Treatment means were tested with
1-Way ANOVA followed by Duncan’s multiple range test. Significant differences
(p<0.05) are shown with different letters a, b or c. Those with the same letter are not
significantly different. Error bars are SE (n=2).
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Figure 4-26. Cell densities of different sized categories of unicellular diazotrophs in
four treaments (C, +P, +Fe and +PFe) after 48 hours incubation in the nutrients
enrichment experiment using surface water of station S5 during CR1487. Four
treatments are control (C), addition of phosphate (+P), addition of iron (+Fe),
simultaneous addition of phosphate and iron (+PFe). Treatment means were tested by
1-Way ANOVA and were not significantly different (p>0.05) for all size categories.
Error bars are SE (n=2).
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Figure 4-27. Cell densities in control, +P and +Fe treatments for different sized
unicellular diazotrophs after 24 hours incubated in the nutrients enrichment experiment
using surface water of station S6, CR950. Three treatments are control (C), addition of
phosphate (+P) and addition of iron (+Fe). Treatment means were tested by 1-Way
ANOVA and were not significantly different (p>0.05) for all size categories. Error bars
are SE (n=2).
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Figure 4-28. Cell densities in control, +P and +Fe treatments for different sized
unicellular diazotrophs after 48 hours incubated in the nutrients enrichment experiment
using surface water of station S6, CR950. Three treatments are control (C), addition of
phosphate (+P) and addition of iron (+Fe). Abundances on iron added of various size
categories of unicellular diazotrophs were higher than others treatments. Treatment
effects were tested with one-way ANOVA. There are no significant differences (p>0.05).
Error bars are SE (n=2).
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Figure 5-1. Dust surface concentration adopted from NAAPS Global Aerosol Model
(NRL) (http://www.nrimry.navy.mil/aerosol_web/). Black plots are stations with
nutrient added experiments. Pink plots are the other stations. The contouring begins
from 20 pg m™ and doubles in magnitude for each successive contour. (A) the summer
cruise CR1487 (06-08 Sep); (B) the winter cruise CR950 (04-05 Dec).
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Table 3-1. Summary of cruise time and sampling stations. *: stations nutrient
enrichments were conducted.

SCS station _ _
Kuroshio station
Cruise Dates Shelf Slope Basin
CR1455 12-17 May 2010 S4, S5 S9, S10 K2
CR1487 04-19 Sep 2010 Sh5* S7 S8, S9*
CR950 02-11 Dec 2010 S5 S6* S8, S9, S10 K2
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Table 3-2. Four treatments in the nutrient enrichment experiment conducted at the
various cruises and stations. C: control, +P: addition of phosphate, +Fe: addition of iron,

+PFe: simultaneous addition of phosphate and iron.

Treatments
Cruise Station C +P +Fe +PFe
+100 nM K,HPO,
+100n M
CR1487 S5, S9 +2 nM FeCl;-6H,0 and 2 nM FeCl; -
K,HPO,
6H,0
+100 nM K,HPO,
+100 nM +50 nM FeCl; -

and 50 nM FeCl; -
CR950 S6 K,HPO, 6H,0
6H,0

and 20 uM ETDA
and 20 uM ETDA
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Table 4-1. Regional variations on photosynthetically active radiation (PAR), surface
water temperature, surface water salinity, surface nitrate plus nitrite concentration
(N+N), surface phosphorus concentration (SRP), ratio of surface [nitrate+nitrite] to
phosphate concentration (N/P, [N+N]/SRP), chlorophyll a concentration (Chl a), the
nitracline depth (Dni), depth of mixed layer (Dm), stratification index of water column
(SI) and dust concentration (Dust) among the SCS shelf, slope, basin and the Kuroshio,
during the spring cruise (CR1455). Regional means were tested with one-way ANOVA
followed by Duncan’s multiple range test. Significant differences (p<0.05 or p<0.01) are
shown with different letters a, b or ¢. Those with the same letter are not significantly
different from each other. NA means not available.

i Shelf Slope Basin Kuroshio
Variables
(n=2) (n=2) (n=2) (n=1)
PAR (LE m?s™) 1455+49° 1515+11° 1442+84° 814"
Temperature (C) 27.2+0.1° 27.4+0.2° 28.6+0.1° 28.6°
Salinity (PSU) 34.22+0.05" 34.24+0.03" 33.75+0.02° 34.54°
N+N (nM) 12+1 9+4 16+8 8
SRP (nM) 28+6" 31+5° 29+2° 76°
N/P 0.4+0.1 0.3+0.1 0.6+0.3 0.1
Chl a (mg m?) 0.11+0.03 0.15+0.01 0.09+0.00 0.10
Dni (m) 15+3° 42+13° 48+2° 1332
Dm (m) 65+17 57+46 22+2 72
Sl (kg m™) 0.021+0.001°  0.017+0.002°  0.033+0.001*  0.014°
Dust (mg m?d™) 0.72+0.13° NA 3.20+0.34 2 3.69°
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Table 4-2. Proportion of the cell densities of unicellular diazotrophic (1-2 um C+R, >2
um C+R and Total) and chlorophyll a concentration (Chl a) in the depth internals of
0-50 m:50-100 m:100-150 or 200 m of the water column. The proportion was calculated
respect to the cell densities in the depth of 50-100 m. So that the relative cell densities

in surface, middle, and bottom layers of water column 0-200 m can be compared.

Cruise Region  Station 1-2um C+R  >2 um C+R Total Chla
CR1455 Shelf S4 1.2:1:1.3 1.8:1:1.3 1.5:1:1.3 0.4:1.0.2
S5 1.3:1:0.5 1.1:1:.04 1.2:1:04 0.7:1.0.1
Basin S9 2.9:1:0.9 5.2:1:0.9 3.8:1:.09 0.6:1:0.2
Kuroshio K2 2.0:1:0.8 1.4:1:1.0 1.7:1:0.9 0.6:1:.0.7
CR1487 Shelf S5 1.2:1:.04 1.2:1:0.5 1.2:1:05 0.9:1.0.1
Basin S8 1.1:1:0.6 1.5:1:0.6 1.2:1:0.6 0.9:1.04
S9 1.4:1:0.7 1.9:1:1.1 1.6:1:08 1.2:1:.0.2
CR950 Shelf S5 1.3:1:0.8 1.4:1:0.6 1.4:1:0.7 2.2:1.0.1
Basin S8 1.6:1:0.8 1.5:1:0.9 1.6:1:09 1.1:1.0.2
S9 1.6:1:1.2 1.7:1:2.5 1.6:1:1.7 1.2:1.04
Kuroshio K2 0.8:1.0.8 0.8:1:1.0 0.8:1:09 0.6:1:0.3
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Table 4-3. Regional variations on photosynthetically active radiation (PAR), surface
water temperature, surface water salinity, surface nitrate plus nitrite concentration
(N+N), surface phosphorus concentration (SRP), ratio of surface [nitrate+nitrite] to
phosphate concentration (N/P, [N+N]/SRP), chlorophyll a concentration (Chl a), the
nitracline depth (Dni), depth of mixed layer (Dm) and stratification index of water
column (SI) among the SCS shelf, slope and basin, during the summer cruise (CR1487).
Regional means were tested with one-way ANOVA followed by Duncan’s multiple
range test. Significant differences (p<0.05 or p<0.01) are shown with different letters a,
b or c. Those with the same letter are not significantly different from each other. NA
means not available.

) Shelf Slope Basin
Variables
(n=2) (n=2) (n=3)
PAR (LE m?s™) 858+329 5280 427+76
Temperature (C) 28.9+0.2° 29.3+0.0° 29.2+0.1°
Salinity (PSU) 33.35+0.01° 33.47+0.032 33.53+0.02°
N+N (nM) 32+17 23+12 3416
SRP (nM) 17+1 18+1 2614
N/P 2.0+1.1° 1.3+0.7° 1.3+0.2°
Chla (mg m?) 0.13+0.01° 0.13+0.00°" 0.24+0.032
Dni (m) 25+13 51+0 60+24
Dm (m) 38+6 42+2 84+12
Sl (kg m™) 0.038+0.001 2 0.031+0.002° 0.013+0.004 "
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Table 4-4. Regional variations on photosynthetically active radiation (PAR), surface
water temperature, surface water salinity, surface nitrate plus nitrite concentration
(N+N), surface phosphorus concentration (SRP), ratio of surface [nitrate+nitrite] to
phosphate concentration (N/P, [N+N]/SRP), chlorophyll a concentration (Chl a), the
nitracline depth (Dni), depth of mixed layer (Dm) and stratification index of water
column (SI) among the SCS shelf, slope, basin and the Kuroshio, during the winter
cruise (CR950). Regional means were tested with one-way ANOVA followed by
Duncan’s multiple range test. Significant differences (p<0.05 or p<0.01) are shown with
different letters a, b or c. Those with the same letter are not significantly different from
each other. NA means not available.

i Shelf Slope Basin Kuroshio
Variables
(n=2) (n=2) (n=3) (n=1)
PAR (LE m?s™) 713£329 38310 204+0 314
Temperature (C) 25.7+0.2 25.7+0.5 26.7+0.2 26.1
Salinity (PSU) 34.01+0.02 33.91+0.13 33.91+0.14 34.67
N+N (nM) 50+16 125+64 189+60 10
SRP (nM) 64+6 67+12 69+2 27
N/P 0.8+0.3 1.8+0.6 2.8+0.9 0.4
Chla (mg m?3) 0.37+0.00°" 0.50+0.03° 0.35+0.02°" 0.16°
Dni (m) 36+16 9.9+9.9 12+12 36
Dm (m) 9145 144+4 115+18 119
SI (kg m™) 0.014+0.002 0.008+0.004 0.007+0.001 0.007
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Table 4-5. Correlation coefficients of Log(abundance) of surface unicellular diazotrophs
and various environmental variables in the SCS after stations in all cruises were
compiled. Environmental variables including surface water temperature, surface water
salinity, surface nitrate plus nitrite concentration (N+N), surface phosphorus
concentration (SRP), ratio of surface [nitrate+nitrite] to phosphate concentration (N/P,
[N+N]/SRP), chlorophyll a concentration (Chl a), the nitracline depth (Dni), depth of
mixed layer (Dm) , stratification index of water column (SI) and photosynthetically
active radiation (PAR).

Temperature Salinity N+N  SRP N/P Chla Dni Dm SI PAR

1-2um C 0.20 -0.36 -0.51 -0.33 -0.55 -0.24 0.51 -0.38 0.51 0.20
>2 um C 0.17 -0.17 -0.59* -0.37 -0.64* -0.39 0.47 -0.50 0.57* 0.45
12 umR 0.11 -041 0.16 0.03 0.26 0.33 -0.15 0.32 -0.27 -0.65*
>2 um R 0.50 -0.52 -0.37 -0.32 -0.36 -0.22 0.41 -0.13 0.25 0.04
1-2um C+R  0.22 -041 -0.49 -0.32 -0.52 -0.20 0.50 -0.37 0.50 0.14
>2um C+R  0.19 -0.22 -0.61* -0.37 -0.67* -0.36 0.51 -0.47 055 041

Total 0.20 -0.31 -0.56* -0.35 -0.61* -0.29 0.51 -0.43 0.54 0.29

* 1 p<0.05
**:p<0.01
n=13
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Table 4-6. Correlation coefficients between various environmental variables in the SCS
after stations in all cruises were compiled. Environmental variables include surface

water temperature, surface water salinity, surface nitrate plus nitrite concentration
(N+N), surface phosphorus concentration (SRP), ratio of surface [nitrate+nitrite] to
phosphate concentration (N/P, [N+N]/SRP), chlorophyll a concentration (Chl a), the
nitracline depth (Dni), depth of mixed layer (Dm) , stratification index of water column
(SI) and photosynthetically active radiation (PAR).

Temperature Salinity N+N SRP N/P Chla Dni Dm Sl
Salinity ~ -0.73**
N+N -0.64* 0.38
SRP -0.85** 0.45 0.82**
N/P -0.48 0.25 0.96** 0.66*
Chla -0.71** 0.23 0.74** 0.82** 0.71**
Dni 0.75** -0.64* -0.73** -0.64* -0.69** -0.59*
Dm -0.74%* 0.36  0.60* 0.80** 051 0.89** -0.55
Sl 0.74** -0.47 -0.74** -0.85** -0.68* -0.88** 0.71** -0.89**
PAR 0.29 027 -0.59* -0.56* -0.62* -0.78** 0.26 -0.65* 0.62*
*: p<0.05
** . p<0.01
n=13
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Table 4-7. Correlation coefficients of Log(abundance) of various kinds of unicellular
diazotrophs integrated from 0-100 m and various environmental variables in the SCS
after stations in all cruises were compiled. Environmental variables include surface
water temperature, surface water salinity, surface nitrate plus nitrite concentration
(N+N), surface phosphorus concentration (SRP), ratio of surface [nitrate+nitrite] to
phosphate concentration (N/P, [N+N]/SRP), chlorophyll a concentration (Chl a), the
nitracline depth (Dni), depth of mixed layer (Dm) , stratification index of water column
(SI) and photosynthetically active radiation (PAR).

Temperature Salinity N+N SRP N/P Chla Dni Dm SI PAR

1-2um C 0.24 -0.53 -0.10 -0.35 0.04 -0.13 0.10 -0.24 0.54 -0.24
>2 um C 0.07 -0.26 -0.16 -0.36 -0.09 -0.27 0.00 -0.38 0.64 0.02
1-2 um R 0.23 -0.56 -0.02 -0.27 0.13 -0.10 -0.09 -0.28 0.42 -0.31
>2 um R 0.04 -0.31 -0.17 -0.30 -0.10 -0.22 -0.10 -0.30 0.54 -0.08
1-2 um C+R 0.24 -0.53 -0.10 -0.35 0.04 -0.13 0.07 -0.25 0.54 -0.24
>2 um C+R 0.06 -0.26 -0.17 -0.36 -0.10 -0.27 -0.02 -0.36 0.63 0.00
Total 0.17 -0.43 -0.13 -0.36 -0.02 -0.19 0.03 -0.31 0.59 -0.14
* 1 p<0.05
n=9
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Table 4-8. Correlation coefficients between Log(abundance) of various kinds of surface
unicellular diazotrophs in the SCS after stations in all cruises were compiled.

12pumC >2pumC 1-2pymR >2pmR 1-2 pm C+R >2 pm C+R
>2 um C 0.94**

1-2 um R -0.26 -0.41
>2 um R 0.14 0.06 0.44
1-2 um C+R 1.00**  0.92** -0.18 0.16
>2 um C+R 0.94**  (0.99** -0.34 0.14 0.93**
Total 0.98**  (0.98** -0.28 0.14 0.98** 0.99**
** 1 p<0.01
n=13
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Table 4-9. Correlation coefficients between Log(abundance) of various kinds of
unicellular diazotrophs integrated from 0-100 m in the SCS after stations in all cruises
were compiled.

12pumC >2pumC 1-2pymR >2pmR 1-2 pm C+R >2 pm C+R
>2 um C 0.93**
1-2umR  0.91** 0.81**
>2 um R 0.92** 0.94** 0.93**
1-2 um C+R  1.00** 0.93** 0.93** 0.93**
>2 um C+R 0.94** 1.00** 0.84** 0.96** 0.94**

Total 0.99** 0.97** 0.90** 0.96** 0.99** 0.98**
* . p<0.05
**:p<0.01

n=9
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