ISSN 1000-0933
CN 11-2031/Q




L J: 4 A %R

«®'B
" (SHENGTAI XUEBAO)
immomes 5328 £28 202F 1A (FAT)
B X

IR ERFRE B F S HBF SRR BOEALLG oeeoes T B, A, B, % (333)
PE KRG £ AL R YA GG R T e T &, xR, FEE, % (343)
IR SRR P B Fo AT ZAP B T AT A A EAG B A HAL -overeeeeeeeeees FHEZ, X B, X E, % (351)
BRI AN TR AR E R FEAE BAK, & % (361)
B RKGEFRERZ G AP FHENRILEL e Vil ’%{{%}g’%%ﬁg,% (371)
R IA P 2R XAKIU AT JR G Z) My B T L5 B T of) oo evvmernneemnrenneeieiins shot b Ak, JH %, % (380)
AR R A T KR DURR A om0 BB e RER, ¥ EA, /%%, % (386)
KPP G AR IRT AEA E IR TR e WHT,RAET B AR, F (394)
JUMR TR T SEAGFEARAR T wvevrrrrrr e ?K/%%,%T:ﬁi,ﬁﬁ?ﬁ?,% (402)
BBATEN THRIGARE B IRIRAGTG R, wrovrrrrrrerrrrerareeii E/J\}Q(’E ¥, (414)
KA E RBAIRIA A RA LT HAE oo Koo, EHA,ECE, % (421)
R T ALK EAERETAELFAGIRIE e 1B FH FEEa, TA®, % (431)
R AT AR B 5 e R A i BB R AR By oo Mg EEM, B B, F (438)
A2 G B I ACAHLIL G AF 22 R BB R I AE AT woveeeenee e a0 5L, E ALKV, F (448)
W R A BAN ST SR B A AME LR B eeeeeees e Bl EER RS, F (457)
i o e A A5 SO 9 S R ) B T S AR IR Ao R b e AR, R4, BN % (465)
A G At R LS By 0o S R AL F AT e RER T H,HAR, % (472)
53 A 3T I AR & At BAL B ATPase 7 G R woveeerrenernii HEH (483)
KB A AR IR AR B S RS MR e

.......................................................................................... S EME 5L, TR, E (489)
JUMN KB LRI Mn BT TL S BE  eveeeeeeennnnniinniiiir et e e e e P BRI KRR, £ (499)
EEEREA D EMRIFRAE TSR LI ER G Hrh e kR KAZE % (508)
RIS A RN LA LR ABEH Ao LIREG E MM Foey weveeeneeeneens WFF ,ZAL,BRER, % (517)
KB A AR bR S 2 R E ARSI B TAL e K R E AR % (528)
ML Z R A RGP RAR AR RG LIEHACERE e EBEA,FBT, T 1L,% (538)
GENESEF SRR EAE S X ZERIT UL 2 BRI R, RIEE KA, % (548)
R R A P KA LIS AT I IR AL B TR FL eeeeeeeeeeeennannnnnnnenneeeeaeaeaa e X%, B A (557)
oA i B R T R A AR R R B SR e K OB, FEE R, XLFE,F (567)
Wt I T Bl % B AR R R FURACIRIL 0 LI D e F OB, FRHRWY,FE (578)
H 5 AR T IR B 3 R 15 AP AL S FE - veeeernenreeeeeeeeen e BB P R4, (588)
TR A T H LS A By ST RBL A B v 5 eeeneeeneeeeeee e KR, X EAL, TR B, % (595)
TRBEE T 3T €l A4S A B ARSI b A S ARG v oo EFH MBI, T/, % (605)
S RT3 A ST YR IO T3 vt B IR A B - B R H KB ERAG TG0 vevvemmemnn e

.......................................................................................... 75 EE,FE%W%,&?%)XL,% (614)
PRTACHEAL P IR T By R ALAG Ry TR TG B R AE—— ATV A e BRI, BN, B S, (622)
Hh Tk BAe GIS W) B ZEA AT 2 ALAR G vvvvrrereeeersmmmmnnnnninninennen, Wfes B N A (632)
T AR G A A F Y BVOC HeAA E—— A G MH R A ] oeeeeernnnnenn ¥ONE @, E OB E (641)
R R
RRVKDF T ERBEFMED D BIETRFNE e TRERRE RKE FHE,F (650)
KoL) 4R R G AR B B FE T AL vvverreeeeeeeneennnnnninaiieieeaaa e 7k 52 8y XAk A Justin Liu, % (659)

HAFIEARSH . CN 11-2031/Q * 1981 * m # 16 * 330 * zh * P = ¥70.00 * 1510 * 37 *2012-01

ECEEECEEECEECEEEEEEEE

HEE R R WP E Y A 22 B RG22 R RSN A e A ) 4 22 R, A 2 R LR (R AR AT sh Y,
AEATG S IR 1500—3300m 1ME AT LUl ST =g LB bR, 4 R TR SRR, B S g [ TR S o B 2R AR 4k,
REME AR, &2 S FREZHNESORTE, T8, MR B R o8 2
S HNRE,, )& 220 R B ) CHOR Bergfnigdes . B E R —9E SR CITES MsR—9F,

HEREM: BEFEEIR EZEMFE  E-mail; cites. chenjw@ 163. com




5532 B 2 M H N 2 Eie Vol.32,No.2
2012 41 A ACTA ECOLOGICA SINICA Jan. 2012

DOI: 10. 5846/stxb201012141778

MR, DT, mAR, 4, iR, SRS BT ORI VS RIS A SRR TR AR A4, 2012,32(2) :0394-0401.
XuY Q, ChenJF, Gao S Q, Wang K, Jin HY, Li H L,Zeng G N. Potential nutrient limitation of phytoplankton growth in the Western and Central Pacific
Ocean. Acta Ecologica Sinica,2012,32(2) :0394-0401.

A F ¥ P AR IEF i E Y S 7 = B9 R &

1,2 > 1, - 1 1 R 1 B =1 X o )
/fé}f‘ﬁb\% ,]Ié:‘}i% *,]‘/’Ji}% ’i j-é ,/‘i»\/g:‘ﬂ?“?\ ,Z]T_Q/j%'fc ,%g/é?
(1. EREFRE SRR, BRSEERBHESRES Y ER b2 S0 %=, i 310012,

2. WL Tl K fb2: TR S AP RERE R, BUM 310014)

FEE 2000 4= 8 H E 9 H WIRIFE R A PEHE N1 sl R N2 b T 3l B R dh N & ¥ 3R 5080 . 255K s N1 s VR 2
Yt N s P IAR A B A, e N+P+Si 2 A1 N+P 47 WA 4 K A il 42 28 a MTER Y 0. 03 pe/L 43 51l 3
2.12 pg/L Al 1.83 pg/L, [FAT P 46T N AT Si ZATHRE/S ; U N1 s N P 2L[RIBRIG, P2 E 2 BRI -, 1 N2 o, I iEa )
AP A NP SR FER I B S h N S5 F P A Si BRI YIS RESR R . R B R R i SR A AR LT, N1 3 PR
FPLALT Redfield ratio (16N:1P) Wit N F1 P T N2 3 17 I AE Y LA = F Redfield ratio (16N:1P) WU N AT P, X A REFFRE T K
SR VG TR SEE SR VEAE P BRI 10 2E AT AR N v AR N BRI

IR LI EIRO; TR s ROP

Potential nutrient limitation of phytoplankton growth in the Western and Central

Pacific Ocean

XU Yanging'”, CHEN Jianfang" * , GAO Shengquan', WANG Kui', JIN Haiyan', LI Hongliang', ZENG Ganning’
1 Second Institute of Oceanography, SOA, Laboratory of Marine Ecosystem and Biogeochemistry, SOA, Hangzhou 310012, China

2 Department of Oceanography, College of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou 310014, China

Abstract; An increase in N, fixation by diazotrophic organism due to increased stratification driven by climate changes, may
decrease phosphate concentrations and result in P limitation in the oligotrophic upper ocean, which challenges the
traditional view that nitrogen is generally the primary nutrient limiting phytoplankton productivity in oceanic waters. Which
nutrient, N or P, is the most limiting nutrient for phytoplankton growth in the oligotrophic Pacific Ocean has been on debate
over recent years. More studies on nutrient limitation are apparently needed to resolve this debate in the Pacific Ocean. In
August and September of 2009, nutrient enrichment bioassays were conducted at two representative stations, N1 (160.58°
E, 21.61°N) in the western Pacific Ocean with extremely low nutrient ( below detect limit) and Chl a concentrations, and
N2 (154.12°W, 10. 12°N) in the eastern Pacific Ocean with shallower nutricline due to the influence of equatorial
currents, in order to examine the spatial variability in the potential limiting nutrient for phytoplankton growth in the Pacific
Ocean. Nutrients were added in 5 combinations in bioassays: control (no addition), NO,+PO,(N+P); NO,+SiO,( N+
Si), PO,+Si0,(P+Si), and NO,+PO,+Si0,( N+P+Si). The limiting nutrient was judged based on the response of algal
biomass and nutrient depletion among treatments. Phytoplankton exhibited different response to nutrient additions at two

study sites. Phytoplankton biomass increased dramatically in response to both N and P additions at station N1 where the
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concentrations of Chl a increased from 0. 03 pg/L at the beginning to 2. 12 wg/L and 1. 83 pg/L in N+P+Si and N+P
treatments at the end of incubation, respectively. However, the maximum Chl a concentration achieved in N+Si treatment
was slight higher than that in and P+Si treatment. Furthermore, P was depleted before N and Si in the N+P and N+P+Si
treatments at station N1. In contrast, algal biomass was significantly stimulated only when both N and P were added at
station N2, where the concentrations of Chl a increased profoundly from 0. 10 pg/L to 0.34 pg/L and 0.40 pg/L at the
end in N+P+Si and N+P treatments, respectively, while they was not stimulated in the N+Si and P+Si treatments
Furthermore, N always disappeared before P and Si in N+P, N+Si and N+P+Si treatments. These results showed that the
limiting nutrient varied spatially during summer in the Pacific Ocean. N and P co-limitation occurred at both stations, with
P being the primary limiting nutrient at N1 and N at N2. In addition, changes in the N:P ratios during the incubation
demonstrated distinct patterns, likely due to difference in the phytoplankton composition. N:P ratios rose from 15.7 at the
beginning to 59.2 at the end of the incubation at N1, while N:P ratios decreased from 15.3 to 0.06 at N2. This implied
that the uptake ratio of N:P was lower than the Redfield ratio (16N:1P) at N1, but higher than the Redfield ratio at N2.
This might explain why P was the primary limiting nutrient in the western Pacific Ocean but N in the central Pacific Ocean.

It is speculated that P limitation possibly is associated with N, fixation in the oligotrophic western Pacific Ocean.

Key Words:; nutrient enrichment experiment; nutrient limitation; phytoplankton; Pacific Ocean
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Table 1 The ambient concentrations of nutrients at sampling stations

b A P03~/ Sio%-

ifir Chl a 4 DIN 3 DIN:P Si:DIN Si:P
Stations /(pg/ L) /(pmol/ L) /(pmol/ L) /(mol/ L)

N 0.03 <0.02 <0.05 5.83 >116.6 >291.5

N2 0.10 0.14 0.06 6.47 0.6 107.8 46.2

N1 3 PO A1 DIN IR TAEMIFR , N: P JEHd

®2 EFZFEMAS

Table 2 Five treatments of nutrient enrichment bioassays

6 4 2 papie:| N+P 4 N+Si 4 P+Si 4 N+P+Si 2

Treatments Control N+P N+Si P+Si N+P+Si
NO;-N /( pmol/ L) — 15.0 15.0 — 15.0
PO,-P/ (umol/ L) — 1.0 1.0 1.0
Si0;-Si /(wmol/ L) — — 10.0 10.0 10.0

1.2 B SIE

SKRERTEF 5 FR R H K FE 404550, AR s G R B 300 mL 35359, FH GF/F BYES 21 4y B k473 0k, i g
PR T S 2R DR 02 HLI00E SRk E IR 53R a AE WAk S 500 2 S IR QP R A R
) (GB12763—2007) >, B} NO,-N R B2 38 R 207 , NO,-N 2R 5 A 005, NH, -N SR F e B i 05
R ICHLA (DIN) S NO,-N NO,-N NH,-N ¥ & Z F1, PO,-P R F#i 50 W 15, Si0,-Si SRR, R
a 2 R HAEBCHO 6Tk
2 #REit
2.1 BB R a Ak

B2 251 T N1 N2 Sl iR si it 40 3K a 19728 fb 2k . N1 Sfirt&t 3 a MRV EEAIR, O 0. 03 pe/L, b5
FEIUHT 4d MG a WK, NS 5 RIFIRSHM SR a R AW WA, RIH N+P HF N
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Fig.2 Variations in chlorophyll a concentrations in five treatments during incubation period at station N1 and station N2
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Fig. 4 Changes in nutrient concentrations in four treatments during the incubation at station N2
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