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B0 R B

3. IKEERG B A=) (INPD 1R 25 43 A

IRIG KRR B A 77 1 ARG L Ry 14.70~1532.45 mgC'm™>d”', . &F
SIS B 421.98+452.19 mgCo-m™>-d”' Fl 98.46+137.47 mgC-m™>d”", HZA1H i
F T A (p<0.05). HZ= INP SR L ETHRST > B 2E> s oK
DX op A A2 INP RIA F e TALMB M AL . 528 INP 20 %
ShEEE IR AR N T AR, (AR RIA B E A G, Horh PO4-P 5% i



A (p>0.05); AT EZHEME] (p<0.05),

PG INP A2 AL E I 28.39~1758.67 mgCm™d', H. XZ VM
514 109.92+58.97 mgC-m™-d™ F1 399.50+470.85 mgC-m™-d ™, 2l B FH L T4
P (p<0.05). HZF INP 7347 2 i B> 2 (10 o0 A0, 1M 4 Z= 00 2 24 Bl >
> AR R 3 ATRFAE « B 2% INP 25275 R 0 Sl B3 (A B, JGH3Z NOs-N
PR (p<0.05); AZENM 52 NOs-N IR (p<0.05),

4. ARG S5 KB A7

HRIGEZE, >5 um MTFIAEYZ BT 0 E BT E (565%). iRk
MR, >5 um FVRIERLY) 0 AR DR A D) B E 2R (>90%),
<5 pm (RJHER TR 2R Vo Y0 AL 40 D) ol SRR 2 IX 1) 2 22 0k (360% ) 6

REEE: B RIS AR RERD

II



Abstract

Isotope N protocol was used to measure new production (NP) with
size-fractionation in the East China Sea and northern South China Sea in the two
cruises in July-September, 2009 and December, 2009-January, 2010, respectively.
Temporal and spatial distribution patterns of NP and their controlling factors were

investigated. The main results were as follows:

1. Surface NP (NPs) ranged 0.053-4.060 mgC-m>-h", NPs in summer (mean
1.093£1.192 mgC'm™>h") was higher than that in winter (mean 0.330+0.303
mgC-m™-h™") in East China Sea. NPs decreased gradually from inshore to offshore in
summer, while from south to north in winter. In the northern South China Sea, NPs
ranged 0.004-4.741 mgC-m™-h™". NPs in summer (mean 0.236+0.625 mgC-m~-h™")
was lower than that in winter (mean 1.286+1.344 mgC-m~-h™), it had an obvious
variation with study areas, which was shelf >slope (basin) in summer, while

slope >shelf > basin in winter.

2. Profiles of NP decreased gradually from surface to bottom of euphotic zone in
summer in East China Sea, while NP maximum appeared in deep chlorophyll a
maximum or subsurface layer due to stratification in some stations. Profiles of NP
increased gradually from surface to bottom of euphotic zone in summer in northern
South China Sea. Profiles of NP showed the similar patterns between East China Sea

and northern South China Sea in winter, NP decreased from surface to bottom.

3. In East China Sea, water column integrated new production (INP) ranged
14.70-1532.45 mgC-m>-d”', and was significant higher in summer (421.98+ 452.19
mgC-m’2~d'1) than that in winter (98.46+£137.47 mgC-m'z-d'l) (»<0.05). INP
decreased gradually from inshore to offshore in summer, while from south to north

in winter in East China Sea. In the northern South China Sea, INP ranged

I



28.39-1758.67 mgC-m>d', and was significant lower in summer (mean
109.92+58.97 mgC-m>-d"') than that in winter (399.50+470.85 mgC-m>d")
(»<0.05). INP had an obvious variation with study areas, it was shelf >slope >basin
in summer, while slope > basin >shelf in winter. INP was limited by nutrient and
temperature in summer, while by temperature in winter in East China Sea (p<0.05).
INP was mainly influenced by nutrient and temperature in summer (p<0.05), while

by nitrate in winter in northern South China Sea (p<0.05).

4. INP of >5 pm dominated both in inshore and offshore in summer in East
China Sea (>65%). INP of >5 um dominated only in shelf (>90%), while <5 pm

dominated in slope and basin in northern South China Sea (>60%).

Key words: New production; Size-fraction; East China Sea; Northern South China

Sea.
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v A K, ANRIESEm SRR COo, & sk m, Co, ™
A (il E N BT A EREAAR R, P AERAEAS RGN TG B A T K R
(PRE9E5E, 2002; Bemana et al., 2011). WFEAF Ay HUBR IR K B Ak 122, O6) AnBR
BB HAT 2 SR T INAER], IR AEY) (phytoplankton) il & 1F H ¥
CO, FAL R, 2ot — RAVED BRI B, S 2R R Lk 21 i v
KA. Falkowski 5 (2000) K TASASBIAANE, LR HLKE LY
> (Biological Pump) RN 4 AR A WU B RTIE 11~16 GtC. #IZ 4™
73 (primary production, PP) fEHFIF AW 4E h#is LK) I E, HIR A
PE L ECRERIIE A, RIS F2E4E ) (regenerated production) F1HT A=
773 (new production, NP, A" JJ IR N ELER SR T A= )48 200% 1 eI
(Dugdale & Wilkerson, 1967). {EUFFARRGM TRESFKMT, BAd- s
R IF R NG A DU AR AR R, S TR B RE D (Platt et all,
1992), Fr A= IR A AR Py R AL SE AR RS 4T (Mlichaels et al.,
2001).

G, AR RO BRI S IR D N Y, A BRI RIS
FKP” (JGOFS) #4 L WA Z — @R AR R BT Ml 8 /= Dy IR . i
ARG LTI, 04 R AA5 AR A i B A HE (R VR 15 P A Tt (£ 2%,
1992; fE&&, 1993a; Valela, 1995). BFFUHT A ™ J10t T fift g A2 48 R G MW o
TG Rem sl AR AR 4 BA T ORI B 3 SCRITIL S o

1.1 JE = AR E L FIK

1.1.1 ¥MIFEFTHHARER

HIL/E ) (primary production) &4 FI IR MBI A 1 HI AL 5 A 1%
BT HLARI 5 e R RE . SEREIRIZ) 70% 10 IRV E A a5, IR I



BIE % ®

WA EFIERE, L COy HyO FVE FEEE M BURIS AT WU i, h ANt
VEAERS RGO AE AL AL (DREDESE, 2002). VR 2 T T E I
e, HRIREF= L BRI A I e, TR IX (A ERIE ST
P T~8%, AF LI e A A2 o il g o 00 o1y 4 B ]k =2 1Y) 26% (Lalli & Parsons,
1997)0 WL, SEHFFIF Y LR ORI OCRE ZH 73, b4 Bk AR
R FE KA B COL T A TSR L (E%, 19925 T&125%, 2000).

20 AL 50 ALK, WIS PR TR E, 1952 4
Steemann-Nielsen 5| A\ T JBUR PRI 2 (C) 7R B8kl e S WA 1) 2 4 7= 1,
VISR T BRI S AR 104 (Ryther, 1957; Steemann, 1963). H 5
RN AR BN, $Ee T 1O IBIRR, MO R EEaRk T
N, Morris 4% (1971) Ml Sehindler 2% (1972) %) MC /RE#EMAT T 3 —
UG, AE C IR BRI R RS AR AR B 7

B HE A 1k, SRS X B D i & DAL T, JEWIAG R
T ARREFEYIH L7 1K F . Ryther (1969) W\ K4ttt FLli it W1 g0 2L 7= B 41 4
200x10° tC/a; Koblentz-Mishe 25 (19700 #R4f 7000 2 AWMk Fr#35cds, ik
T T SRR R ) B W97 Bl 23%10° tC/a; Platt & Subba (1975) Fl
Berger 25 (1989) S AERYIZ L 1212k 30%10° tC/a; Lalli (1997) itk
VEIRITAE A A P B2 37x10°tCla. Field 25 (1998) Wi {138 St 5 A BRI VE
W77 1120 0 45~50x10" gCla (& 1.1)5

NP

60 3

300

EQ

Bl 1.1 IR LR /104K (Field et al., 1998)
Fig 1.1 Distributions of Ocean Net Primary Productivity (Field et al., 1998)



B1E 4R

SRIMAERI A = S A E ) BRI T S M SEBR, 20 2e 2 38— Bl LA e
LG, WA BA AR D rgHEX, AR 20 EOR R Bt s i,
I T REEFS TR S (B, 1993a), XA E g4
JIAS R LUK — SSRGS BRI MR, IE5E T, BrEr ) (new
production, NP) A& 42 (Dugdale & Wilkerson, 1967), VLMK Z 5 ¥ A4 =
Ty PR (B EAE, 1993a) SEMLRIIE, RIIAERE T IXLEHL S

1.1.2 @FEMN

FUEN KA TR EE A EMEBZ TR —, YRR AY)
WAEA Ry R ). RS RAET, FUcs Sty E Ko
VAR EICE, W HO N SO FEIAEA) AT BRI PE D 7, i e
WY A R34 (Capone, 1983; Vitousek & Howarth, 1991; Carpenter &
Barber et al., 1992; Herbert, 1999). i N AHXS T Py Si & tRIESKZE, K&
AH Now NoO 1 NH;3 4, IEH AR EHLISH) NOs-NL NO,-N. NH, FIH LA
PON. DON, A& AR TR AR T ARBARMEIGER, TR T 82
TR E AL PR L FE (Wada & Akihiko, 1991; Ivan et al., 1995; Richardson &
Jorgensen, 1996; Bemana et al., 2011). EAGMFE I F LSRG T ED &
7203, UGB AT, IR COp I B it i RORL A WA T A 55 1) %
% (Falkowski et al., 1998; Clark et al., 2008 ).
VPR IR BRI 2 A A 2 SR N A

1) [FAAERT s I ) B SO /K b 6 i FR IR &, X L oL ACTR]
AR NATHLE, 5 30 W) 1 HE BR) 456 LU VR 54 h & (Alltabet & Deuser,
1985), ik 1M B A 1k A A HLEGEE — 28 AL L B SR A LA 2, X
L6 R R LA A

2) WEAEH: BRI I A 1 [ EORE 7R RS N IR A iE
JRAAT), K N AL J5 B NH, BT LA 00 G FE AR ] 801 o ol 801
B0, HAT AR W WEE YA sk R
B & 425 (Capone et al,, 1997; %4, 2005).
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3) GAAE: BRI IE AR . HE ) R ) R AL A A ) o
e AR L FE (Clark et al., 2008) .

4) FEAAVERT: FEA AT, S B 3h 7 A 1 40 v (R4 T B 48 54k
JIA T o 50 A R 5 1 3 R

5) SAHWAER: TRV ST N, Mg 7K RS R 5045 SR A 41 1R 45 £
PR D)8 I SO AR IR 28, IR E— 38 S oy 7R RN I R .

BAR Ny FRIGVE T LU RS KB AA AR, AHBR IR 305 [ J AR 41, 4
REBUFEFIFEYDC S TERIA R HEAH 73 TSR SO T, TP
W R R [F A FH R e 6 R0 IR 2R 5 A A HLA S 5 21 N & Fh ) &
J, BE G ZEP BA NH,-N b 32008 20K 2 B HE S SRR, 2036 il 1 IR
G B VR A6 VR RO SO R R 4k B2 5 G R T I 0E 2R A A PLA
(Redfield, 1958; Broecker et al., 1984; Barber, 1992; Lam et al., 2009) (& 1.2).,

+V T NO,
v
+II T 3 NO, NOy
+11 T ‘@‘
kS
=R
+1 4 N,O D
0
-1
T ! AR
-ml NH;—» HHIN —» NH,*

H 1.2 BEFEREFSERE (BH Liu, 1979)

Fig 1.2 Nitrogen cycling in marine environment (modified from Liu, 1979)

WEE R LR E AR, B2 3 TR A AR Y sk 2l 7, R iR
B RGN E I R 5y, AE ARG AE R GE 0 PRI R
AT EARWAER, —HEEEF AR # R (Wada & Akihiko,1991;
Richardson & Jorgensen, 1996).
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1.13 REMRAERMEHERER
[l 2 o3 B[R] b AN R — % s . ZOcE B -ER EALER,

3500 NG BNL NG PNL NG N NG e N PN R R E R A 2
FoAh by B R 35 ZE KA, N IR RSN 99.633%, PN RSN 0.365%.
RARGTerp PN IR E o BCE AR/, R, T8 RS RUE A AR,
F AR U A SR & B R A R A B4R AEZARUE T, 6 PN(%o, air) i
M

(15N/ 14N)FF 5 —(15N/ 14N prifk

§ 1SN (%, air) =
BN (%o, air) (15N/14N)brlfE

x 1000

TEHIER R G, 8 N A 4-50%0~100%0, 4 K28 a2 6 PN
fHAEH T-10%0~20%0 (Freyer, 1991),

1.14 BRERRNUERAZEBEETRIHEH

PN ORI ER VA LA IL e A MBSO T AR B g i T i
2 FLEA (Dugdale & Wilkerson, 1961), Bfid5 [RlA7 25 ik 43 AR [ AN i 4 Jig Al
563, RIS FMORE) 2 N R TR AEE T, BRI 3 AT LUR BRI 4R
A5 DI E BRI R AL S AR R AR D) IR 2E PR (Mariotti et al.,
1984; Ostrom et al., 1997; Wu et al., 2003). Tk, ASCHZER Iyl KA PN
EIA 7Ny ZRPA

1.1.5 HE=EHAARER

1150 TEF IS RFRE X

LRI b, PR A ) HLRA ] I R IR R EA LA & G k1R
PREFAENZ) FTHLEA S CRER SR ERA Ny, Hrp sl SRR £ 2 B
BB 0/ P e N e ot 7/ S A AW PO Gt N AW P it K LU U O SR = K5
AN P P T SRR BE AR N3 I EIA BT R AR B AR AR B, 2214
W S5 A v LA 40 BRI 130 BRI, AR AR 4 40 i AC 2011
WERYE, AP 228 1) iIRARETOLE ZAMIERN AR AT No; 2)

5
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HIR G N AR L AL (R 2 S AR 3155

N4 N5
NO;-N N,-N
Ttk Tl ptaksr
ke > N1 €
» Phytoplanklton-N
Uipicke Lipkak
pie Smking phme
B lixune 4
3 N2
NH,t-N N Zooplankton-IN

1 TPrecdatnon

K 1.3 BEFEENENTHERMTER (B E Dugdale & Wilkerson, 1967)

Fig 1.3 Cycling of inorganic nitrogen through the euphotic zone ecosystem

(modified from Dugdale & Wilkerson, 1967)

BTG T AR AN TR SO0 A 1K1 23, Dugdale #1 Goering
(1967) 2 TH A1 (new production, NP) (IS, BIZEEGE N tidh
B AEEE (U NO3-N Fl NoD A5 S (I 10 2 W A = IRk BT A== 07 |
FOEE N AR AR (NHy RUKZD AESR LR ISR AW A= I RR kP AR A e
7} (regenerated production, RP).

BRI GEAE R B AR TR R AR B IR BRI IX 4y, RO O 40 I 32 24
JRCEZ—, HAZH5EWRANREREER, C/N {E. N/P A fREHEE, ff
FOM AP R L BRI AR = D) A R B S ok s Ah, FOTER
BN PRI R A AT BRI PE R, BRI e S R A b A= D IR
S EATBLSLE L (Dugdale & Wilkerson, 1967) .

TAERFERRE:

D EFHREEAK B Y B 7ERVE, JUHAEARE: B S8 TR dhifglh, &
JERHIRER AN, FOUZ DUAMR N I R SRR A R S T BTt
PRI KRR Y B, 2 5 & NOs-N AR ZDGE A, B R
FHRYE (Dugdale & Wilkerson, 1967; Alvarez-Salgado & Beloso, 2002; Parker,
2011)0 AV SCRFFTRI A 36 TH R SRRt B0 A== 0y, B CReRui i, NSO

6



W

WA= )] (new production, NP) JFRLEANIR B FAl_L = A2 B A7 1

2) WD AR . AT CaEE 2 2 N i), A A
FEEHE, UHLAREHE (Trichodesmium spp) N (Dugdale et al., 1953), 1t4h
A —SE B A LA () [ U E Y (Capone et al., 1997; fEEEZESE, 2005). 3R
BB EEATEAEK ST 20°C BRI A g5 (LaRoche & Breitbarth,
20050, Lin & (1998) #FRN], WEENA 15%M 40 M5 [ &0, A Y
KRBT OB B KREATITRY], R U RIS, R s AR
FAAE, AR T 20 B Bl 0 R, [ U R B A ) stk 5%~ 10% (Chen,
2006; Dugdale et al., 2007). RIEFEFEER L, WK, FREPXAIREEL
FEM I ZOR A AN mrs TR, DA AR R I P A7 70 i T B R B
[ U R A DR D, g AL EUE A 0.34 pgN-m™ b,
BrEFE 1 3%~5% (5K {78, 2003; Chen et al., 2004; Lee, 2005), Dong 25 (2008)
X =M B B A AT IR R B, ISR B P I B 3, 332
FEMIRIBE = IIAE 1% BRI, AEAIR SO IR AR = o, Z208% 1 [ A
R A2 7= DI IR DT iR o

3) FEUEHIN . FEHTAE S ISR X, BEIRA N ST R N A HES 08 7R
N (NO3-N. NHu-ND, A0 A4y sl 7 i A U B 2k

4) KAk K. AR BT USSR T I & s 7
Ry, A P HARECKR IS, HoTERE /MR 2 (Dugdale & Wilkerson, 1967).

FARFIRIE: ZUE IR PRI MBI B B A LRI )
HEAT S B SR A A, TR R, A AN A R T BET
PO FHE A KR TE B T A (ERR45, 2003), JLMIBEZA: 1) i
PN e FEAA S A ZE LG WA IR Eh 2 5 R (Meffert &
Zimmermann, 1979); 20 AEWRHM: 202 H B EARIE, [F e EK
SIS MR RS (Yuan & Peters, 1994; Schaus et al., 1997); 3) FHUIERN : i
VESIYIRT R S (A RIZE T AR R R e AT DL g 1) R Bk, 3X
Sl B2 A R TR A SRR AR O 2 W E TR ORI, R R T IR R
TR, AR IR AT oIk T 80~ 90% ¥ W) Ak



W

(Harrison et al., 1992; Miller & Moran, 1997).

FA= R RE X

B, BRI TSN IR K B TS RN AR D e . BT
AP IR S I AL 7= D R0y R AR AR P R AR AR g, IR B 2
WE SRR ER RN AP SR AN 78 X 0 TPk, BV I R I AN R AE S R
g NG ThRELL RIS HARIMRFAE (Michaels et al., 2001).

O, WA DT IR SR I B A BR B A I R AT KR o R AR I
(A F s, HEERR PR AR R KRR AZ B FER, B0 2E 7™ 0 IR/ e ELIE R e
WA OG5 R CO, IR (Eppley & Peterson, 1979).

WS, W IR AR O X R K 2 AR A B G () e e R T
IR IR R BB T REEAKHE o B A2 A S W AR RO 2 R CO, 1Y)
ey, AR S T Hom) & 2 B IR IE Y TN A8 1 (Eppley & Peterson, 1979),
BEF= 10 S AN e R X AT WL RS CRUFS A R AL ) $2t T
e, OREF TR RS RGP, MR HEE AR IR IR R ST R AL
)55 B 155 S

1.1.5.2 @43 B

Dugdale #1 Goering (1967) HJefeth ¥4/ I, Jf T 5 R 5.
BT 7 AR R LA VPR s o VBT PN R R BRI T T IR, ) 2L
H6Z BRI OB IA A5 AR A2 I AT T 9. Atkin (1969) R Ti2 A PN
ARERFIIN AR A5, i AR IR ER T P BE 2 OB EAMA R IFIRES

Eppley %% (1979) &4 LMEXE PN Sl g1 = 3, wikiem 7
SEERN e SRR G . LERIRT A ™= 0 5 BT = I I LR, ke 3 )
(15 B KR, XS AEROB A T A TR AL T o AT I BB A 7 o R H A
e TR FER, A TR I EOE N A BB S AT HL BT, LR
WK, 23 FUTBNEE RS, 1X 055 bt S B A% 25181 427 J) (Eppley &
Peterson, 1979; Boyd & Trull, 2007), X T 7§45 Ji 75 AWy HhER 40 2% 77 T Bt
(R S0, EHERRR AR ) SRR 5 Ak CO BRI SR, AR A= I
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