2R mts: 10384 =R
2 B 22420060153346

o4

%M A

B + 2 i # X
BEMERREENERE. 9%

EEBEETFHAR

Abundance and Distribution of Trichodesmium in the Continental

Shelf Waters of the South China Sea
W F

BFdURR L F U ¥ H K
AL B H KR

+ L % A B E ALY F
WXRXBH: 2009 F A
HXAHEE: 2009 # A

20004 H



BITRFZFAIE R G RR

ANELHEARICRANERITIE ST, MALSERRIBIFER . AN
FERXEETSHEHMN NBERCE KRR ELR, WELTLES
77 X ERAAR B, FERF SRR A (R T TR R A FE ARG ITE GRAT)).

Fhh, AW GEEEFRFAAERAZR) W (A MR
B, kB GBAFHIYEEES) RE (4 LHREEREN%RE), &
CEFEFHIFNMERLES) KRETH. GFEU LRSS NEERBERE
ANTNBELRELH, RALIHFEHNER, AT AER A A

AN (B4): 5{@%

20097 H 27 H

9004051 7




BITXRZEZAOEEERERE A

ANRBEEITRERE (PEANRILME N LOIGITERINE &
LR B R B2 R0 S0, Tl R HR T B A @ WL AT 24 A8 ST (B
FEATRRN B R, ARV A0 STEE N B 1] % B 518 S H A R e A
B, . AAFRBREREIREHEMRICNASER . Mtz A e 30t
BN BR EITRR, BEOOL IR ZIC g AR, SRR
HENSE KT R EEEHIZH AR

AR BT

(V) LAEREREZERSFEZENREZLIRI, F 2010 4
12 A 31 Hg%, MEEEH DR

( ) 2.ARE, EH LR

CGETELL LA FES AT “ v 7 BUE BN . REZEALE SN 2
CEENREFRERARFELWEMRIL, REFTRKREREZASH
SEMFALR I AFFEAR I WEHEAEER], BRI AT AR
3L, HER FR D

]

BN (4D /[/ﬁ%

2009 % 7 A 27 H



H X

H %
........................................................................................................................................................ TG
] ot L 2 2o Al
B Sl B e ettt eer e B1
B N B ettt ettt ree s es s iaeen C1
H—8 4it

R w11 o OO oo PO 2
A REBEIFTRIFRIBIE I oottt e s essasens 3
2.1 HEWE B IRIRFLTE X oottt v s ee e 3
2.2 BB EYBE FFTTTIR ovvvovooeeeseeeeeeereevesemaii e cissnssssssesssssssssssasn s sessssssans A
o R A IR I BT ettt 5
3.0 AEIBZED E oo ettt tene 5
3.2 R R BT oottt 7
33 T T B E T oot 8
A R R S T B et 11
B BRI A ettt ettt e et e e 11
4.2 BB BT ooevoee et 13
A A B A T B TR oo ee s e s se e 18
5.0 BXTRBEEAKFE BITATE oot 18
5.2 BEXE RBEEAER TN BUITATE oo ess s 21
5.3 BRI IR BB AT B BTV oot 22
5.4 FABFEIEI T o.oooeeeeeeeeee e e 25
EAT AMRNEEABTRIBRBIBLIZEEI ..o 26
EIE BT EMGHREEZENEERESH
A BB S 5 0E ettt et 28
11 ST B IRFERT AL oot e s e e s ease e 28
1.2 SREETTTE . FER A T B oo 28
L3 BIHESEIR ...ttt 29
B A B R ettt eeasenen 30



H %

ORI A=V E 28 A0E 53N Ka sty 1 OO OO P OO 30
22 HEBEEFMFEEDAE LTI e, 38
2.3 KT RBEPIFELE RIETET oo 48
B T 1T ettt R bbb 48
3.0 REBEEEENSANRKEREE DA e, 48
3.0 ST BT AN oot 50

$=F midHMRRRBKEAREENFES SHEN

B S S T30 ettt 52
1.1 YHEEEE BT TESRAEITIAL oo res et eens 52
1.2 SRRy BERRAETR BT H oot 54
1.3 BIIBADTR oot e 54

B A B B G i oottt 54
2.1 REBHEFIHERNE L IIZETIZE M oot 54
2.2 KRBT TR BT A0 MM oot 55

FME FERXKERERKFIBRIEEZER T

BT R ERMEBEREKEREBNEERSHHIEERTF e, 59
1.1 REBERIFEE S A E PRI oo 59
1.2 REBBEMPFEEEKE S EEMIZEER e, 60
1.3 RWEEWEEDMER. BERBEIIZEER e, 67
1.4 WEBFEMIFEFELL Chl-o IREEHITEER oot ee e ee 75
1.5 REBFEEETTUAIEBE IR T oot vesesee, 78

FIT ABIMEREREKAREENEERDHIBIEET oo, 80
2.1 REBEMPEESKE . B EHIZEER e 80
2.2 WBEEHIZKF AR T BE R M BRI T oo 80

0 I S 0 a4 L= OO 81
3.1 B AR X R B KRR B EE A E BUEZR oo 82
3.2 JEHERES AR MR R KA TR BB A B BUE R e, 83

B AT B et et 83

S Sb A S O B < R SO 83

I



m 4.2 AN R B TR T T LEIBE oo eeee et e eeesee et e e e ese s s eeees 94
4.3 AR BB KT AT REIC AT ELER oot 94

FRE MERKEREREESHRBEERT

BT B RMSREEEENERESBTHIBIEEF s 97
1.1 REBEEEEMNEEDSME[NO; +NOy]. SRP IREHIFKR i 97

1.2 REEFEFEMNEENME Chl-a IEMITEE AT oo iesinennane. 111

B AT AT st 115
PRI S0 1= 2 R 2l 5. e OO RO OO 115

2.2 REELE Chl-a BEE SN EFRIVRE oo 116

B T oot oot ee e e oot s e esese s sreeeessesererens 118
e & SO oSO 120
BB R et n s 136
vdood - N i 0E SRS 1l = A= 137
B e ettt 139

1



CONTENTS

CONTENTS
...................................................................................................................................... Page
List of abbreviation ... A1
Abstract iN ChiNeSe................ccooiiieeee e B1
Abstract iNn ENglish ... e C1
Chapter 1 Introduction

Section 1 Classification of Trichodesmium ................................cccoociiviiiiiiiiiiiiiieinn, 2

Section 2 Principle and significance of the nitrogen fixation of Trichodesmium...3

2.1 Principle and significance of the biological nitrogen fixation................................ 3
2.2 Contribution of Trichodesmium to the biological nitrogen fixation ...................... 4
Section 3 Physiological studies on Trichodesmium ..................................ccccceennnne. 5
3.1 Physiological parameters ...........ooouiiiioie e 5
3.2 Diurnal rhythmicity of nitrogen fixation ... 7
3.3 Nitrogen fixation and photosynthesis ...............oviiiiiiiei 8
Section 4 Ecological studies on Trichodesmium .............................cc.....ccooeeeee.... 11
4.1 Natural distribution ... 11
4.2 Fate of the nitrogen fiXed ...........oooiiiiiiiiicece e 13
Section 5§ Regulation factors on the growth and nitrogen fixation of
Trichod@SMIUM ... 18

5.1 Regulation of nitrogen on the growth and nitrogen fixation of Trichodesmium..18

5.2 Regulation of phosphorus on the growth and nitrogen fixation of Trichodesmium

......................................................................................................................... 21
5.3 Regulation of iron on the growth and nitrogen fixation of Trichodesmium......... 22
5.4 Other regulation factorS..............ooiiiiiiii i 25

Section 6 Aims and the scientific questions to be solved in this study............... 26

Chapter 2 Abundance and distribution of Trichodesmium in the eastern
Beibu Gulf

Section 1 Materials and MethodS ..............ooooiviimm e 28



CONTENTS

1.2 Sampling method, processing and enumeration ... 28
1.3 Data PrOCESSING .. .eeeeiiitiieiiieiite et 29
SECHON 2 RESUILS........oeoiiiiiiiiiieie e 30
2.1 Temporal and spatial distribution of Trichodesmium in the surface waters........ 30

2.2 Seasonal variation and vertical distribution patterns of Trichodesmium

ADUNG AN GO .o et e 38
2.3 Seasonal variation of Trichodesmium abundance in the water column............. 48
S CtION 3 DS CUS S ONS . oviiiie ettt et et 48

3.1 The maximum layer and vertical distribution patterns of Trichodesmium
ADUNAANCE ... 48

3.2 Trichodesmium abundance in China Seas...........ccoccoiiie i 50

Chapter 3 Abundance and distribution of Trichodesmium in the surface
waters of continental shelf of northern South China Sea

Section 1 Materials and methods....................ccccooiiiiii i 52
1.1 Sampling stations and dates ...........ocoooiiiiii 52
1.2 Sampling method, processing and enumeration ... 54
1.3 Data PrOCESSING ..ooiiiiiieeiiie e 54
Section 2 Results and diSCUSSIONS.............covviiiiiiiiie e, 54
2.1 Seasonal variation of species and abundance of Trichodesmium..................... 54

2.2 Temporal and spatial distribution of Trichodesmium abundance in the surface

T L (=] £ SRR 55

Chapter 4 Regulation factors of the horizontal distribution of
Trichodesmium in continental shelf waters

Section 1 Regulation factors of abundance and distribution of Trichodesmium in

the surface waters of eastern Beibu Gulf ............................................. 59

1.1 Relative analysis of Trichodesmium abundance and ecological factors............ 59
1.2 Relationship between Trichodesmium abundance and water temperature,

SANNILY ... e 60
1.3 Relationship between Trichodesmium abundance and [NO; + NO;], SRP

CONCENIIALIONS ..ot 67



CONTENTS

1.4 Relationship between Trichodesmium abundance and Chl-a concentrations...75
|.5 Controlling factors of seasonal variation of Trichodesmium abundance ........... 78
Section 2 Regulation factors of abundance and distribution of Trichodesmium in

the surface waters of continental shelf of northern South China Sea....

.................................................................................................................. 80
2.1 Relationship between Trichodesmium abundance and water temperature,
7= 11 011 YOO 80
2.2 Possible regulation factors of the horizontal distribution of Trichodesmium
ADUNAANCE ... et e e e 80
Section 3 Estimation of the contribution of Trichodesmium to the nitrogen
Bt ON e 81

3.1 Nitrogen fixation rates of Trichodesmium in the surface waters of the continental

shelf of the northern South China Sea ..o, 82

3.2 Nitrogen fixation rates of Trichodesmium in the surface waters of the eastern
BeibU GUI e 83

Section 4 Discussions
4.1 Regulation factors of the horizontal distribution of Trichodesmium abundance 83
4.2 Comparison of Trichodesmium abundance in different sea areas .................... 94

4.3 Comparison of the horizontal distribution patterns of Trichodesmium in different

S A A A .o ettt e 94

Chapter 5 Regulation factors of the vertical distribution of
Trichodesmium in continental shelf waters

Section 1 Regulation factors of vertical distribution of Trichodesmium abundance

inthe eastern Beibu Gulf..................... 97
1.1 Relationship between the vertical distribution of Trichodesmium abundance and
[NO3 + NO2], SRP concentrations ............oeuveeeiieiiiiiiee e 97

1.2 The vertical distribution of Trichodesmium abundance and Chl-a concentrations



CONTENTS

2.2 Possible reasons for the difference between the vertical distributions of

Trichodesmium abundance and Chl-a concentrations................cccccvviiiiininnnne. 116
SUMMANY ...ttt ettt 118
REFEIEINCES ...... ... 120
APPCNAIX ...t 136
Research projects involved and achievements obtained in the period of
doctoral degree study ... 137
Acknowledgements. ... 139



WA RO RER

YRS IR R 3R SC AT AR AR

G A 58 3L

yr year T

ADP adenosinee-diphosphate iR = S

ATP adenosine-triphosphate BRI A 17 FF = W i

C Carbon K

Chl-a Chlorophyll-a M2k o
Conductivity, Temperature and Depth

CTD AT R R AR AR
sensor

d day PN

DIN Dissolved Inorganic Nitrogen WIRTTHLE

DIP Dissolved Inorganic Phosphorus EAE T

DON Dissolved Organic Nitrogen IR PA

DOP Dissolved Organic Phosphorus oy IR

hetR Regulation of heterocyst differentiation %! f 53k K $

HNLC High Nutrient Low Chlorophyll = N MU

m meter X

mg microgram 25

mRNA messenger ribonucleic acid fZ1F RNA, {5z %R

M mol/L FEIRITT

POC Particulate Organic Carbon PORLH A%

N Nitrogen A

N, dinitrogen AR
National Center for Biotechnology

NCBI kEEFREDE RO
Information

nifH nitrogenase reductase &l BB I R

Al



R A P OO IRR

YRR P "

nM nano mol/L YN EEIRIFT
NH," ammonium R

NO; nitrate THER £k
NOy nitrite RIRTE[ &2

P Phosphorus

P02 Pressure of O, E2ain
PAR Photosynthetically Available Radistion ~ J6& 71 248 &
pg Pico gram B3

Pi inorganic phosphate JoHLERR £
PO phosphate R &
POC Particulate Organic Carbon SR ALK
PS I Photosynthesis Systemn I JEERS ]
PSII Photosynthesis System ]I HERG
S Salinity e

] second ¥

SRP Soluble Reactive Phosphorus EPEBEER R
T water temperature TKE

Tg Trillion gram LA

uM micro mol/L TR IR 1T
Knax specific growth rate A
16S rDNA 168 ribosomal DNA 16S W Z-1ZHE XM IR

A2



HE

HE

WEE (Trichodesmium) J&THWHEFFETEMNE, TEIHTHEFRH
WRGEHG R, PO RIFEFRX B RNEZRE. EERERE (8
Y. . RIEANRED R R/KEEE —E B0, HEZ RS
Ho JETN “REERE” CRARCOMBMHLED BIFHISE, KRR T R4 K
BIRBENFE. 0 AKERERT RO EZEM.

AICEHIRRIE T BRI (RS R AL AR SR X AL AR AR i) RE
TR KEFMEE MR, W TR KEREGEFE S0 MmN EER
T, BEARRX UL Z T ERRRBEAEDELHNE R A E SRS

FAE o

FERMRWT:

1. BEEREZEX, WEBBIZELIFLKELZ (single trichome) FIEXGFAE,
KE: BERREE (T thiebautii). WIKKEE (T hildebrandtii) FLL
HEREE (T erythreaum).

2. HMBRNEREREKEY, £F, REENFIFEEERR, 82744

IF (BWIEEA: 0~3,510 &/F); KFRZ, H 50 &/F CEHIEHE
H: 0212 &/F1); BEMAE, FHEERIK, BFEH 29 BHTEHE
K 0~196 5%/F1), AZFHh 29 /T CRWTEER: 0~356 &/F). Bl
LR 2R R B AR, £, RBEEYELR 18 K/F (BTG
ElIh: 0~670 &/71); BEZE, FHFERESTESE, N 241 £/F (B
TEREA: 0~2,797 &/F0).

AEERBRMERREKEF, RBEMKFHMELSNOy + NOy T
SRPHJMKREE (BEWKEZRNBEAHFE) HK. fE[NO; +NO, . SRPIKE
HIRME, REEMFEYBRK: N, REEFENSHERIME
[NO; + NO; JFISRPIKE R RFIX k. FEdFiLEMEER, EEFRERE
HIBRIC HKIRABR ARV LR, REEFERK: EREFRENR

Bl



WE

SHEWER (19°N, 112°E), RERFEERR, Bk X mBRmn
X AR 5 L AR AR MRS AL

4 AEBRNBEREBENEEMFERARE O m) PHEEEKX.
R, MISRREIEERARAT 10m, 30 mEEERAR;
2, ERERELMBR GE—BULAKEEREAE 104/7) H3h
fr, REBEENBAESHTRE (Im); RX5CEEESME AR
WRER GRRE, B 1040 mEEKX) EHAR. JLiaBal b
HEMEAAMRR O EEET. JAb, NOy + NOy B tha HmR
EHNBE M. BHEEAKPNOS + NO BB, TIREATIKE
BAE, MREIHEREREARR, K5NOs + NOy I REHHY
KA A M TREA R — S35 RI2E S0 mU YUK 2 R A (1 L
KA LB LEA) MAEHE, XA % 2Kk o SRPH e B
{6, SRR TR T B 5 BER 22 MBI 2.

5. tEMEHRMBBEEREKE, REENBEREE, EFEH, 45
521~4,083 pg N L' by KENKRTES, AN 95~745pgNL' by &
FMEZE, B8 55~432pg NL' by BETHEEEZ S 182~1,423 pg
N L' h'. BELEHERREKET, BEREEWEREZELH
224~1,758 pg N L' h'; HZE#% 458~3,591 pgNL ' h'',

REW: RBE: FE; M0 BEET: EREER

B2



ABSTRACT

ABSTRACT

Trichodesmium, a colonial marine cyanobacterium, is primarily distributed in
oligotrophic tropical and subtropical oceans. Its cosmopolitan distribution and
capacity to fix N, make it an important contributor to the pool of new nitrogen in the
oligotrophic oceans. It was also found in China Seas (including Bo Sea, Yellow Sea,
East China Sea and South China Sea) and vicinity, and formed “algae bloom” in
coastal waters frequently. The current focus on “continental shelf pump” (a
mechanism for the absorption of atmospheric CO,) has elevated the importance of
quantifying Trichodesmium abundance and nitrogen fixing rates in the continental

shelf waters.

Our research first reported Trichodesmium abundance and its distribution
patterns in the continental shelf waters of South China Sea (including the continental
shelf waters of northern South China Sea and eastern Beibu Gulf). The relationships
between Trichodesmium abundance and ecological factors were discussed here in
order to figure out the controlling factor(s) of Trichodesmium distribution. This will
help to understand the role of Trichodesmium in the biogeochemical cycling and its
importance of net sequestering of atmospheric CO; in the continental shelf waters.

The main results are as follows:

1. In the continental shelf waters of South China Sea, Trichodesmium mostly
appeared in single trichome. Three species were identified, and they were
Trichodesmium thiebautii, Trichodesmium hildebrandtii and Trichodesmium

erythraeum.

2. In the surface waters of eastern Beibu Gulf, Trichodesmium was most abundant in
spring, with the average density of 274 trichome L™ (range: 0-3,510 trichome L™).
In autumn, Trichodesmium density was 50 trichome L™ (range: 0-212 trichome
L'l). And its densities were 29 (range: 0-196 trichome L) and 29 (range: 0-356

trichome L") trichome L™ in summer and in winter, respectively. In the surface

C1



ABSTRACT

waters of continental shelf of northern South China Sea, Trichodesmium density
was 118 trichome L™ (range: 0-670 trichome L) in spring and 241trichome L’

(range: 0-2,797 trichome L") in summer.

In the surface waters of eastern Beibu Gulf, the horizontal distribution of
Trichodesmium abundance was related with nitrate and nitrite, SRP
concentrations (which changed in the same trend). Low Trichodesmium
abundance was observed in the areas with high nitrate and nitrite, SRP
concentrations. And high Trichodesmium abundance mainly distributed in those
areas with low nitrate and nitrite, SRP concentrations. In the continental shelf
waters of north South China Sea, the nutrient are relative rich in the Zhujiang
estuary and upwelling area along Qiongdong coast, where Trichodesmium
abundance was low. By contrast, Trichodesmium was more abundant in the
anticyclonic eddy (19° N, 112° E) where nutrient concentrations were especially

low.

In the eastern Beibu Gulf, Trichodesmium abundance was highest at 1 m depth
for those stations with relative high Trichodesmium densities (10” trichome L™ in
one or several water layers). A surface maximum of Trichodesmium density at |
m depth was evident on all four cruises, which was different from the distribution
pattern of Trichodesmium in the oceans (a subsurface maximum at 10-40 m).
Light might be the main controlling factor of the vertical distribution of
Trichodesmium. Besides, nitrate and nitrite concentrations also regulated
Trichodesmium vertical distribution. High density of Trichodesmium appeared in
the water layer with low nitrate and nitrite concentrations. At some stations,
relative abundant (10-10% trichome L) Trichodesmium was found below 50 m
depth. The SRP concentrations were usually low at these stations, thus this
vertical distribution pattern of Trichodesmium was probably related with the

acquisition of SRP.

In the surface waters of eastern Beibu Gulf, the nitrogen fixation rate by
Trichodesmium was about 52-4,083 pg N L' h' in spring. And the rate was

2
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