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RE T 19974 11 A, X EBRAASTRH T, BRBEHRETRHEAYH TR
Ri, B iFEFHEY R 3 MR WORIFBFHY) (netphytoplankton, I ¥R net—, 20—200um). # %
i# #5% (nanophytoplankton, ¥} nano—, 2—20um) FI 48 $§ 5 ¥F I 14 (picophytoplankton, % #&
pico-, < 2um). KRHNE pico-"E R o WEYESBMNFREPHETETRE EYER
50% KA L, net-M nano- 58k 7 EM @R « AYBWHAR S, SERY, TEWME LR
FRELENERID. 5 0 M ZAR LU, ERH net- MR FE o YR, LREFHZFAHEE
AP EMEREETR, A NASRRFHHEYHER cMEPBSHBRAMLETLE ¥
EF(p<005)m NHAnet G o WEYRESHBAMUAEELER p <005). [KPA
netMMER M ERBENRAMEETEER (p <0.05); {8 nano—H pico-MHEFE « LY E
S53BAMEEEEEER p <0.05):; A PAZNARZHEYHEE YR SR AH
AL EER (p <005). EX—FW, HETHERGEENPEFRLNRAMERM.
KA Ry BERi RHEYE HE

FHILS Q488853

BAKPH NPERLTEEEARFHEDERNEER T, BB K PR R E
HERTERENLEEP, 24 14F 7 5. Redfield(1934). Redfield 2 (1963) 1 Brzezinski
(1985) X i 1 2 UKL 4 0 B A A 2H R #E AT T BF 3%, 38 VB v R BRI A FR A A AR — AR IR 35
SiN'P = 16:16 13X £ — > H{H, Goldman %§ (1979) iE L ¥ P R W 4 M AL 22 A R th %
AfRFFIX — HAH. Redfield % (1963) A K, TEIGHEF, (T NBRZHBATUBERE FRX
i 1 RV B 9R Ab, T P B R0 FE 00 A X 320 T R A8, B PR R K P B PR R M SR
Ryther % (1971) B L REE RN, BAKPHBRFHERLR NTIAR P, {118 & —
el KA, SRR UIAR TG, BRI ACE T ERI L, XU Ntk P EERH
. Fisher % (1992) AN, N PEFREMWRH R AT ML, EEER—-BX, &F
FHHE N P BRI M e E L.

EEREBEXAR TR FTBFESHAEN -—HEERE, XTX-BRFHHEYE
KO EFLRE A EOTR, K WA R GL BRI, AL EEINGHITERM NP
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BRI GEFLRIR, UGN ETEERERHAER SN TH.
1 #Rl5AE
11 ARERXRINZTEFEH

PR TAEE RS BB 8 LT, BB DI &SR N P #THR.

AU ER NEMEIR (37°08' N, 123°29°E), T 19974 11 A 15 H 9:00—18 H
9:00%#4T. KIITEEH, RZHK S NH,-N. NO,-NFI NO,-Ni & &4+ 5 & 2.760pumol/L.
0.377umol/LA1 0.27 lumol /L, 7 ## TALE K & & 4 3.404pmol/L; THLBE EZELL PO-P 1
EAFETEKS, REBKD PO-PHEEN 0.240umol /L. H MK, & SIFWEH
VIR E o SREEMK. P, pico- T B MNP EYBHETEE o FEH 53.8%;
M nano~& T B M R EaZT B 94.2%; net- 311 &5, HMH S K o« EPWEMN HR/D—F
F(ED. UG A IMEHA. HE (RBRMEFLL) AKREFH GEM lumol /L
NO,-N) fl &% & % 4 (il 3umol/L NO,-N).

2N M PESINERR (37°53' N, 123°29'E), F 1997 £ 11 A 20 H 9:00—23 H
9100847, LWFFEEAT, RIZMEAK P NH-N. NO,-NFI NO,-N& &4 54 4.966umol /L.
3.160pumol / LA 0.355umol / L, ¥ ## L UL & #) 5 & 25 8.481pmol / L; PO,~PHI & &
0.435pmol/L. 5 N MELK L RAM HE, net-H pico-HI FHMFE o TEMAE T,
M nano-H FHMHEE « SEFEHM(E ). TRBEXHBEMENAFNE NLRBRZE
MBI N PHGLRAGHBAARSEYRANESFETEEY M. HHLRE
e 3 RN . A (R MESE) REFRAH (I 0.1umol /L PO-P) Al &5 A
(#M0.3umol/L PO-P). BRERT, BEFRAN 4 HFETHER, X RHAMKERH
B R 2 FATHEA,

#1 FROFMZSEHERMEE (mg/L) REHEHF RSB EEHE RS BRETHEE (%)

Tab.l Percentage (%) of the original size—fractionated chlorophyll-a contents (mg/L) and all size—fractionated

chiorophyll-¢ contents to bulk chlorophyll-a contents at the onset of the incubation
Wi SR R U A B EREY HANEEEY
A i sl S P - B R Ra AR GRS Ra
EEMLE TEME ERNHE
NEK%H 0.0326 5.8 0.2274 40.4 0.303 4 53.8
PLIH 0.003 8 0.6 0.2886 49.2 0.2943 50.2

ERERERZERK 0L 4, REN I KL AEN 200pum# 4, L EBRAR
TSRS S T KR RS T REALE W, RS RRY, EX KRR, LTFRAEKRT
00umMy FHEPHFE, FUX —GEFHEYHEEAREAMF 220, KHED
200pmiA BRI IEHEK DA 8 MA BN IL KBRS, BT R KEREFRARE S, EHIR
£ B BUKF TSR 72h, EXRITEME RS2 RBEHITHER a WNE, HEXR
ST a6 %) (BP0 B Z0) RAELHITEFFRMWE. M0 BZIE, B 24h R HE 4T F X 40 M
G
1.2 EFE HER HUNESHRXERMGTE

AT E SR W (8 AT B9 KB, 22 38 55 Y BR A B 26 /KW VRS A9 0.45um i AL B 5 8.
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Beom EME T RAHER S W AEBEREA A AT LR ENH. THINPE
FEEE U E A Skalar San & plus S B ELE 4 th R A #HTIE,

AT GFE a s EER, 52 H 200um 89 548, 20um A & £, Poretics 2pum ) B B
B2 RE B 3 /K BE AT 5> 2, SR J5 F) Whatman GF /F B{BEST EIE IR N2 & 0. 29 2 A G A
LI ZEM Tumer T RZIEHETHIE, HREK a TR Jensen(1978) M W E., ER
B NAHED net- MR E a A AKBENHREK, EHRZEF et TR E o S EYWER
THESNAR D net- M ER o &8, #Hm NHAEREK,

BRAG LR, 1 3 LB AT & R B | DBEBIR, R AT IR X 40 RO+ B #r.
B AP E R Iml T 1.2ml Nalgene BHREH, A 10plR 28 (BRUE N 1%) B E
10min, R A BEREFEZ . HHA%ET Harvard Apparatus PHD 2000 #M 8 & 0
FEA% B9 FACSCarlibur 3 X408 LA 5E , 355k A48 S % VY 7 ik E AT 4040
2 #R
21 SEMHER  HNEFEBFNARE
2.1.1 N#HEMELKLER FRMEFE a WERTER, £33 72h B35 3%, B F net-"H &
RatYES W2 MILEA M, Kb & NAENREE; HEEF nano-"E K a £
BE5 0 ZMHELE TR, S MATHREHE: 5 0 632088 g, s BAF picoMFE a4
PRGN, NEKBRAP picoMBFER o« EPEBEX A MEE, BR NHMRE N4
pico-MH R K a AM R MBELEINAK (R 2), LREREZ (G 72/ MH MR E o
YRGB ER, K N4 net-. nano—H pico-M R E o« £ E 53T BAM L
BEERF (p <005); ZRBELRBEE RN ne-M R R« AYERERMNME, HitER
T, m NHSTHRAK net- MR EcEWEFTEER (p < 0.05),HFE N4 nano—Hl
pico-MH G E a ARG HAMIHI LT EER (p < 0.05),

R2 XUEVPHRSEHRERMEITFIRER

Tab.2  The statistical analysis for size—fractionated chlorophyll-a 72h after the onset of the incubation

@ a1 MR TR Y HRRHHEY BT IEY
FH{H (mg/L) HE FEIE (mg/L) HE T4 (mg/L) HE

xf BB 0.064 2 1.89x107° 0.046 7 7.56x107* 0.2859 1.28%107°

NX% JEHRHR4A 0.1108 3.70x107° 0.083 6 6.81x107° 0.3617 7.56x10°"
BmERSA 02557 9.26x107° 0.1400 2.05%107° 0.386 0 3.45x107°

Pugiitii] 0.0570 261x107° 0.0213 8.19x1077 0.026 3 1.50x 10"

PL%  EEHRLA 0.1845 282x107° 0.105 5 1.16x107° 0.0321 2.29%10°°
EEEiz ¥ 0.189 5 2.58%107° 0.109 | 4.94x107° 0.036 5 1.09%10~°

2.1.2 PHMMLHER FRMFER a NERER, £33 72h I, FW net-M 4
FaoWERE5WHRITZAMHEEEREN S PHMKPLARMABREENAK FHD
nano-M R K o £ E 5 R 2 HH LA T, 3 A TR T S picoME Kok
WET TR, HATHREEE. S PHMKPATHRMNEELNAK (F2). LREEHN

1) 28 BHHAE, 1999, RAKATHBEANS RGN G R FMEHNE G, WHESHIB D
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HER o EVENRITANERER, KPAH nee MR R AYESHBAMILATEE
% (p < 0.05), nano—M picoMEFE a AYR S REAMEBYTLEEER (p <0.05):; & P
HER AT ZRE  AYESHRAMUBEEEER (p < 0.05) (H 1).
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ZHA FHE RERGD BERKA BEFE RERL BRERE SERE

Bl JEEENQ AP (D) AFHLRIKGEH R REaxt BRI 08 R LR (1997411 H)
Fig.1 Response of size—fractionated chlorophyll-a to the addition of N (a) and P (b) after 3 days
in—situ incubation of the northern Yellow Sea (Nov., 1997)

22 BRELYMARFEEXRIBRPHTL

221 NHMERER

xf B 40 B BRBE (Synechococus) WM M E BEFESE 24 /PETESE 72
N REATTEAN, K NASH NAFRREW AR FEAES 24 /P ES 48 /NIT A B
ETHRAREEFB/IHEE R/ AELESE M. SEAPEZLEHRBFHEY
(Picoeukaryotes) # 40 il £ BEZE 58 24 /NI 24 48 /DB N ER SN, RIS FESE 48 /NEITESE 72

R3 ERREMXKPBERETHEYARER (cells/m)RITEL

Tab.3 The change of cell concentration (cells/ml) of picophytoplankton during nutrient addition biomassy

q 5 REX AREERYFHREY
24h 48h 72h 24h 48h 72h
Pugict:cl 18 571 18 690 19010 6429 15 241 15 583
NE REFHREH 18 461 17 996 19 148 8676 16 459 16 519
HEF4 16 235 15897 20 160 9097 16 017 17177
xf B 13 389 14 558 15 361 1116 1211 1276
PL i F=E 3 12 348 14 474 16 240 1217 1247 1343
BEREA 14 688 16 150 17 551 1438 1512 1611
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N EAT A (F 3).
222 PHRMELBRER SHPERER MM EFES 24 /NBTEE 72 /NN ERBE A 1%
m, AR R EY AR EEES 24 /D ESE 72 /A EEBRA RN (E 3).
3 WeEEL
3.1 AERZFHEYN NP RN R

RN SR o WERRJY, L BB KZHEY L nano—H pico- N E., 5 KL K
MYEH L, %18 XA E & AW nano— B X picoM B E o APE SR RE W E
ML, AMHARF ERRRBENELLEMEE. BR net- MR R AYEN 5B
B RN SER a AW ERLFR/AD, BN PEFRBENRMAETREEFNR . T o6t
Z], BIEHE NO, NEREH, net- # F YRR a AW E SRR K o AR 7L 5
&, &7 32.0%; T pico- W FHMEE c AYESEMEE o SYWEM LN 50. 4%, 711
50% /A5 B nano - FPHMHZE AR SEM X R EYEVHENZHTRE
17.6%. PERERE, & PAH net- W FHMFR « EYEHEHEE « EWEN 55.9%,
EE O B ZIHE /N T 55.3%, Fo4rULEA P BIR N SEXT net-HIAE K H R # 1E A nano— (5 Bt &
B aEMEM 33.0%, M pico-i BMHBFE o AYRBILEAZE FTREE 11.1%., NELRMP
LRERN, net- K FHMHFRAEYPELHEHFRRAYRNILEDIRIA T EEN
s BB ER AT NO,-NAI PO,-PH X A F| T net-HI A K (£ 4).,

R4 ZRFENDIHEATSEHERABESHER QBT (%)
Tab.4 Percentage (%) of the size—fractionated chlorophyll-a contents to bulk chlorophyll~u
contents 72h after the onset of the incubation

a 51 PSRBT HE Y MERWHY MR R HEY
FHE HE T H ¥ FH{E HE

xt B4 16.2 1.051x10™ 11.7 4.583%10°° 72.1 1002x107°

NELERE HEFLA 19.9 1.198x107° 15.1 2.201x107* 65.0 2.445%107°
=g 3 32.0 2.866x107° 17.6 8.213x107" 504 4.634x107

okl 54.0 7.470x107° 204 2.939x107° 256 4.800x107"

PELIH REKEE 57.4 5517107 326 8.648x107 10.0 3.504x107°
HERS 55.9 5317x10°° 33.0 2.629%107° 1.1 s164x107¢

32 FRXBEMHRBRGRIEFHE

NRMER 0 2 RBELL N NP = 14.2, 8 F 16:1#9 Redfield H{E. JLH N #H Atk
Z. MPHMELIK O ZARBELL N NP = 194, BT 16189 Redfield HAf . 5580 P 7 Lo Al
FATHMGEZRES, NPASHELXEWERER, LHBZST. NPHEAL —EMNR
HME,EPRBRBEAR NERE., NNPZHAUSGERIHBHMEER, a2 HFE &
R B, NP S 56 0 b RN B [B)AS ], B 25 97808 NL P B3 SE B8 FRER B 2 B FR 2 A
REEYHBARMEE; HNLTREHEGE L EEERMARE S FIHHEY RS
M P A K .

LI picoFf NRIFEMRE M HATE, XA ESHRMK NEFREFFEE X, ERK
LE b, ZBTLL R B NO-NIM A2 NH-NER R, EER BN NH-NHITRERE, L
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REREEER. BhTIFSRHHEY, 555 R pico—, ¥ NH-NHMKREEREE A
A NH-NE N R, FTRER ma ) NPR#IRY B & 1. TR RIRIRER & FR K -Fr A te, B
B Fr L VR BE AR HE SR A 4 AL R L AN B SO A BB R B/, A BB KR E SR ER PR
KSR, R ER/DEARBREEERE, FUE - RRE, TERENRKPE
%, BRI %] net-M 4R K o Y EH L 0 BF RN, LB ne—TE 1% 7 44 18] 89 A KAR DL B4
HE R Z] nano- "R o FEBOMXIMA T TR, IEERZHAT ML (“bottle
effect”) W, LK T A ZF#17 RER S T RAFHRABIEM. pico- W AHRILA(E, B
AAMHREOT RN SR B R, TRAG LR R AT REE SR, B H7E %0 KiFEE
PR P R LA SR — RRE M A B R B, 0 4 B 7555 3% W el 2 AT
ERHT EAREYL, XHALRIFRGER.,

EABEZFT NP EFREMNREFER RN FE, TREEREEIAR, ZEXKE
N.PEFREKTERE . AXENZEXEFRLREAMNNERARER, SR FH—
B,

2 % X KW
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THE PRIMARY RESEARCH OF NUTRIENT LIMITATION OF
PHYTOPLANKTON IN NORTHERN YELLOW SEA

WANG Yong, JIAO Nian—zhi

(Unstitute of Oceuanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract During a cruise to the northern Yellow Sea on board the R/ V “Science 1° in
November, 1997, surface seawater was sampled and incubated in—situ in order to study nutrient
limitation of phytoplankion growth. Two experiments were performed at different stations, one with

addition of nitrate, and the other with addition of phosphate. Phytoplankton was divided into three
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size fractions: netphytoplankton (20— 200um), nanophytoplankton (2—20pm) and picophytoplankton
( < 2pm). Picophytoplankton contributed more than 50% chlorophyll-a biomass to total phytoplankton
community chlorophyll-¢ biomass during the experimental period, netphytoplankton and nanophyto-
plankton contributed others. The concentration of dissolved inorganic nitrogen and dissolved inorganic
phosphorus in surface seawater were low in the first experiment but high in the second experimient.
The ratios of NP were changed from 14.2 in the first experiment to 19.4 in the second experiment.
Two in-situ incubation results indicated that phytoplankton experienced nutrient limitation during this
season. The chlorophyli-a results of bioassays showed significant stimulation of netphytoplankton
with the addition of phosphate or mnitrate comparing to onset of each experiment. The results of
chlorophyli-a of nanophytoplankton and picophytoplankton at 72h showed there was no significant
difference between control carboys and nitrate addition carboys (p > 0.05), but netphytoplankton
showed significant difference between control carboys and high concentration nitrate addition carboys
(p < 0.05). Netphytoplankton chlorophyll-a were significantly different between control carboys and
phosphate addition carboys; nanophytoplankton and picophytoplankton chlorophyll-a  were not
significantly different between control carboys and low concentration phosphate addition carboys, but
significant  different between control carboys and high concentration phosphate addition carboys
» < 0.05).

Key words Phytoplankton Nutrient Limitation Yellow Sea
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