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ME T 1991 FR—192 FEEPENFRESRBEZ—NENEET 1 IMET B
RHLR,ERA "N BERTES RN SR E RS FR EERRESR (NH]-
N) AR (NO7-N) WRKENFRINBHFIE, HAENSAABRTFBREDEEER
FZY N ARRRORKFEERNZENH, EREFEKE LA B ARANRTHEDRRIL
BERE BHR, NN FES IR ESRERSENEREREYH BRI FRRHEE
E % )

X@E FHEw B ORESHHE KRR

R REERREE AR BN EEETREFHEDN EFERETH
BYE X S H B XE SR AW A A SRR SR T AR, M TR E
EESAPOERMD R, BAREFNRPRAZENERTR, WRERWEER
ARRHAER, EHfn, ARBEHFHREHES (Eppley et al., 1969, Laws et al,,
1985; Garside et al., 1991), {BLIENTERERBRETEAMMESR, KRHEHK
RMEE BN A TEIMNESTIR, BEFET N (new production) HfEX THREHERA
ST HABRRIL, i @ RKFEFETORIRTOAA JGOFS (£ RBFEBEK A HI)E
BEAERRITR, H ELIRIGHM BN BRI (SCOR, 1990), BB &1 % LMW Hik
7= 7 vk — IR BE T B OO A W0 I B R O R R Rl o T L, B ST X R IE EH R B 7K S 2 1A)
BYEOKE MR ENERIY, URRE AL Er NI RER. £EN,H
FTREANRFBEMLRFEORE, REXTENARRE. REITREXGTHETR,
T RERE JGOFS i RIMMFIERE. EMEITEXHTES HMERERNEY A
ERRAEERE Lo RPN TR iz 4 4 B Bsh 7% R R SR ER TR R o
1 #enk

TI991H 11 H, 199242 4,5 A.8 A (F3IREK. L. F. B4 1FW) EBRM
EHLRER 0.5m KPESET R RE IR L R NHY-NIRERFIRFE 4 95.26 % H9(PNH,),
SO,; NO;-N RERFIRERE % 95.44% iy (NaPNO,), REFBSEE %40.05,0.1,0.5,1.0,2.0,

* HHXARHEESRHINE> 3920002 5, H£EF, B, W4T 1962 4 12 A, +/E. EWFER,
ZFRIEBREH R HRERE SR I, SRRt
WHEH: 1993410 A4 HoE&EZHE: 194£10 J11 H,
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5.0,10.0pmol /L, 7KEER FIGELFL2R 4 200pm FFE AL IR DIBR R R AR BRI A WaS A
EF1t (Owens et al., 1986;Probyn et al., 1990), RESETF 5L L ATEF D, N
ATRERFG TR /KB EEUIS R ST 4—6h, KB hEZRA/R B 7 & %
lpmol/L, R ¥EARRIFET EERAKEILRN0%,5%,15%,30%,50%,100% , 3
FHER L. A SRBERAETH

NEX D EREFF G T, RERERRERS XOWNRZHEY (Netplankton,
20—200pm; THEICA Net-), BRI AEY (Nanoplankton, 2—20pm; THIEH
Nano-) RIEZHBFWAEY (Picoplankton, <2um; THiZXH Pico-) 3 Mk, MEE
FEKBEREL 3 N RE, 46) 500—1000ml, H—E# 7 Whatman GF/F A4 iBiE
(500°C T#y%e 5h, TEDEARET 0.03MPa B ETHIE; 55 2 637KFE4 BIA 20pm
870 2um f9 Nuclepore JRIEEFUIR, REHEHIERLET GF/F BEATHI, X
FERIRS T <200pm, <20pm A <2pm By 3 PMEESAIBEE, BIELER K B Net-,
Nano- F1 Pico- 3 /MrZi iz,

N FEREXEF(1993)RG R ST-IMS-88 BE T REMNE, BRAVE.
NH{-N RERNHRACEBRELENS, NO;-N JRE# Parsons % (1984) WHEH
Technicon AA-II Hzh4r#r @&,

NO;-N KU EH: Grunseich Z(1980)FARTHE ; NHI-N R R#; Laws(1985)
1B 1EHY Blackburn-Caperon EFI&H,

BRI ED ¥ 2% ¥ Michaelis-Menten SR Woolf ¥ R%E (Dowd et al.,
1965)0

XHPFA/RSEXIT: K ARBBEERER (umol/L), K. wui R K, noy 5
BI% NH;-N f1 NOT-N RRBrkaRIs i (nmol/L); V RES 3t &9 kb W e %
(b7, Vet R Vyor 451 NEE-N R NOT-N gybic (5);V, HEERE
KEEBH (h)s Ve B Vawor 4 81% NHI-N R NO;-N AU btk BRIk
H (A7); Snup T Snop R4 HEK NH{-N R NO;-N KE (pmol/L); K, b &P
KB D mRER (%10, L AR /KEIERBEE [nE/(m?+s)]; PON X%
NAESE (umol/L),

2 ZR5itie
2.1 NH-N Rigss H% 1991 FEjkF—1992 £F F 4 MFEWH NH{-N Rz D
L mE 1 FR, BMARKEI hESBEIE L,

MWLM ERBEERNBROIRIREOVRE, Ve BENTLIAFA: EF>
KESEHEF>LF, K BETELTFA: KE<BEF<HFEEF<ELSF, V. KB TH
MBS AR IR ZE (Rhee, 1980; Gatham et al., 1981), ZHKIEFFKFEIRK,
MEMRERE S, W Ve 8K K, PRNERBE-ERMATHEMEFRRER
ERER, BREMMEENSH (Perry et al,, 1981), K, #/NEBAFEERIE R AE &
o WL, AAZETERHEDRHEN NH-N REERER—R, K, B KEXK

1) AXh“BHARE"E 2000m UT> GF/F BB ENEMEE, TH.



2 REK: BHEFREVMRRYE) % BER BT 193

0.012

0.010

0.008

0,006

0.004

40

Vang—n

0.016 -=7 o.014
0.014 -~
0.010
0.012
(<]
0.010 0.006
[ ]
0.008 °
0.006 o | 0.002[
0.000 L L1 1 ! I |
10 0 2 4 6 8 10 12 13

SNH:—N {(#mol/L)

B BN EEkZR(1991)(2) &2 (1992)(b) FF(1992)()FE Z(1992)(d)
FiEEY NHE-N RIGsh g

Fig. 1 Ammonium uptake kinetic curves for size-fractionated microplankton
assemblages in Jiaozhou Bay (1991—1992)

a. £F(1992), b. FF(1992), c. HE(1992), d. %KF(1991); © REARBA,
® {#Net-, O % Nano-, o FPico-,

x1 BRMBFHEEY NHI-N Blzhhsee
Tab. 1 Ammonium uptake kinetic parameters for size-fractionated microplankton
assemblages in Jiaozhou Bay (1991—1992)

2 B x A ® F % F ® F " =
EREX 1.181 2.638 2.366 1.452
X Net- 2.730 2.350 2,039
L]
Nano- 1.775 1.920 1.504
Pico- 3.716 2.565 1.190
BREX 0.0156 0.0109 0.0114 0.0160
v Net- 0.0117 0.0149 0.0187
Nano- 0.0090 0.0088 0.0211
Pico- 0.0123 0.0113 0.0114

B, ML BEREEMK. XHFVERNEREERY, REENREXQE: B%
SH. NH/-N "8% RE EREEAET AR,
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DREPERERB/RT Net-, Nano- M Pico- FEARREIIEEM T NHY-NJ
BEENER (B 1K1, EXZE, REKLE Vo WIHFA:  Pico- > Net- >
Nano-; K, WJIifF2%: Nano- < Net- < Pico-, XEWKZEY Swuy BEN,,HERNT
Net- #3| Pico- HURME, il Swuy BRI N Nano- M E LB, Va/K, BiLH
RLLBARE MR R R AR I 0E B (Holm et al., 1981), X H, V./K, &
AR KB FINERE%4:  Nano- > Net- > Pico-, B, ¥4 NH{-N R4MR4IHA F K,
Nano- ¥R AHIMME, XA HE 1b Flo #l, Pico- M Nano- fLLE: 2
WU FD 127 B R AU MARR RIAY * BhARHR24 3.52umol /L, R, Snu; > 3.52pmol/L
I¥A FIT Pico- RYKRE,MY SNH] < 3.52umol/L K} Pico- {9& FE¥ 2 % Nano- iy
Il o

AEZE, AERE Vo, B9HEE2S: Net- > Pico- > Nano-; K, HEFF2Y: Nano-
< Net- << Pico-; i Va/K, B9HEF 4 Net- > Pico- = Nano-, 4Kk, Net- fFEZER
FHRENERNY, I v R, Net- BXEEESTERIKRK R BXhERWL, &
FREAUARE(ZERER AN EXWET, X HREEF ER YT BEHE,

HEE, RNARSE V. BHEFE%: Nano- > Net- > Pico-; K, fHERE: Pico- <
Nano- << Net-; 7 Va/K, f98EF2%: Nano- > Pico- > Net—, B Jf, Nano- EAH AT
ESNE WA, EELEENE NH-N RERSH, RECE R THE, XTEREEY
BEFEES,ERK NHY “dhd” sl TR,

YUAF AL RIZ =Y EARREY NHY-N RS ¥ ESHTUFD: 1)

AFRIRZERBHN NH-N RELSENE/ N EESENER. EXREERERN
NH{-N fX iRECEE, BREEWE E i EER U BRI, AR BErEEE
FERHRBORB TR AFHREIRLBENEH, 2) K, EHERKIE Pico-,
B /NRE Nano-, XEERE Pico- REAIFAEAEMEK, T Nano- BFHE 4"
Efo 3) BHING, B/ BEEB/NIERTE R, X REZALRH T BER, BR
HERTEINERFE . AXEREMH, M T Net- 1 Nano- HLKINE, XTHidR
E#RY, Xt TERL R/ Pico- HIARR, HREBMZET Net-, Nano- ¥ NH-N.
R R AR BRI BT 45 10 Pico- 3 NH{-N RRKAHMEKRG R E RFHMED
(Laws et al., 1985), BEfINRESEEHERESES, HEEFRROFT KB
Bido RMARBROESENMERIANAN, Y NHI-N HAFREN, REREN Vo (%
F);ME Sy B, BEBRKN K (WEFH),
2.2 NO;-N Rzl zE 1991 4 11 AGKE)BRMN BRI AY B R MR (R R%)
NOy;-N RUEI HESE V., = 0.0034h™', K, = 0.76umol /L, 1992 ££ 2 A(&ZE)IEFH
LEHERBRBEM Svo; HEMNLBARFE Michaelis-Menten H&, VEHEFE (&
2b)e EWELRXH, EXBREWEEFERETRE XMEGFHKE 0—2°C), 1992 £
5 AMI(ESONERERRZH, Net- Ay NO7-N RIKES Swos #IZE1L #F & Michaelis-
Menten 5%, V= 0.001 25h™", K, = 3.578umol/L; {fj Nano-, Pico- %} NOj-N g
AR 27N H A R9Eh ) 2 #h 28 (B 2b)o FI L Nano-, Pico- [t Net- S Ik W
NO;-N, #ZEfy NOT-N RUrEE iy Nee- i,
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Fig. 2 Nitrate uptake kinetic curves for size-fractionated microplankton
assemblages in Jiaozhou Bay (1992)

a. HE(1992), b. £.FF1992), ©,0,0 FHARBEFE(IRER(bIY Net-, Nano-1
Pico-; o REFBAHE; 0-0,® HHIRELFE(IM Net-, Nano- f1 Pico-,

B Net-, Nano-, Pico- #f NO;-N WiRMWEBERT RIFHIIHFi&(E 2a),
ERBETERY Va = 0.003 2h71, K, = 2.423pmol /Lo AREKL il V. &9 HE B 5§ Net—
(0.00758) > Nano- (0.002 84) > Pico- (0.00168); K, HEFF 34 Net- (0.480) < Nano-
(2.670) << Pico- (4.395), Z#R, NO;-N HyRIE ZE &5 Net- Ft 24, Nano- ¥k 7,
Pico- MR GTR/NMYHEE

HAUARZES NO;-N F1 NHy-N pyRUEERFH: 1) NO;-N #iRiity NH;-
NRBESREHY. £4%F, HTREMR, Mz NH}-N RELSH NO;-N RKA
MWEIVEA (Jiao, 1993), NO7-N HIRBUERRME, 2) MNEBRBE S WNEBE R EKE,
Kyt < Koor CREBIN T Vs > Voporo B, BUFEIIN NH;-N HHE

PR, EEMENY NHY-N RKE AT NO-N Bk, 3) RERZE [
Vm,No;/Vn,NH;" L EASHESIIER 8 Net- > Nano- > Pico-, ®[ L, NO;-N WyiRkWE

CERHE Net-, RMFTEF N ERHBANNFHFEDERMES, FABRNELBARTE
HH7= ) (regenerated production), #§3IR Pico- XEMWBLE S RIZUERFHE,
EANRD B NO3-N, i EEREGER& R

2.3 AWBoOEsh ¥ BRBOESILFELET 1991 FIKEM 1992 F£E5F T, K
KRERDHE,EFDH B, B NOT-N RKEZRFSNEALRR, HTEERRK, 858
FINAEREEh 2 heR, XT 1992 FEF AT NOT-N RBOEE LR, *3h
NESEE 2, BHER 2T 1D RN A EAFREES E#EM,{H NO;-N i
BB R AHNBERERKRET NH{-N 89, XERREAMBAHN NO7 BB
BX NH; 7R, R RSB ELRE LG T <22 ®B (Flyon, 1991), NO; 7E4H
BAARRENERTRE, RARXFRHE T NOT-NERE, JtREM NHf-N RKH
PEEAAT, BE—RRIRN, BEXEEBKEX, Flyan (1991) SRHAELK
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Tab. 2 Light kinetics parameters for nitrogen uptake by size-fractionated micropla-
nkton assemblages in Jiaozhou Bay (1991—1992)

BRAB% Net- Nano- Pico-
#A K E * -
Kl Vm Kl Vm Kl Vm Kl VIII
NH+_NO 74 4.93 0.0066
4
= 2.25 0.0116 15.99 | 0.0091 | 2.26 | 0.0179 | 1.87 | 0.0135
NO=-_N % 18.686 0.0031
3
B 15.46 0.0038 14.86 | 0.0075 | 17.71 | 0.0045 | 14.59 | 0.0011

1) SRR, 7o (BK)=1200~1 246E/(m? - 5)3 1, (F)=1090—1 390UE/(m? -
UE/(m® - s),
2) 100%!, Ax NHI-N RIEH BB ER T SR HAZE KE.

s)s I, (H)=1360~—1550

HOEBRRX ISR, HEEENE,100% I, A% NHI-N FMEiER, XFH%tb
TE MCOREE R P R B (B A EE,1994), RN BB A WRBEDFAIER, 2) &
Br4% NO7-N IRUHE K BAREL, RN NOs-N ffEA FRESHFAR
B, B, BT AR L B R K B8, SR %K NO;-N Rk
B Ve HEEE, R HARR S ERUERE, AN GRRERSEhEEAREE
KA, tn Pico- RBPWRHERMBEKRT Nano- Rl Net-, 3) R LIP LY
NH{-N i 36 26 d A Boi 2 80k, B A AR S al M AR AR, Net- 9 K, 3
S, EEEASEAEE; Nano- #ER Pico- i K, BEMME, BMIM NHI-N I}
WOAR ALt M sl , B rh AR S L AR A Ok B RS B Do

B ERZEAIA, NO;-N plR BT s KR Neo- REAKE, NHI-N 1R
W SE 2 M B /N ALY Nano- 4§31 Pico- RBERSER. Hifn, Har= EE Net-
fR U, H AR TR EZE R E Pico- 1 Nano—, BHZE KEMIINA, FAER H LA
ot P E SRR L R AT R BI B,
3 i

BEEMNE 4+ M SFHIGTREIT, 8RB RHIR 58N R I A BB S
FIEE R BT T B ALNIRT, EAERAR LT,
3.0 EEREAY B AREN REFROBRSER B Michaelis-Menten HRR{RIFH,
R, RBE) S H AT MR AR EY KR KBRS AW E S B IE,
3.2 EEREEDRAERBORKECHBNSTEL, EKEEBBERSE, £,
HEWBIE. RMENNER, — T EETRERTF(mEE RSN EN, —HEE
FREW Bt 283 T vt FR B R K SR 1 3E Bl o
3.3 ERIENN RS EENRE—NH-N f1 NO;-N Rt BH B 2 7,
NH!-N t NO;-N HEBRM, XAMLERAERBEEE L, fiEEREZIRERELN
#i4y bo R IR A KIS NOT-N mll({na3), fi NH{-N ZEEWEY
BEABE,




2 BAE: BETHREDRERE)SFE RN RRFE 197

34 RAEKNABHEDREHNERBFEFEHEZER, Pico- M Nano- [ Net- &
{RiF NH-N, Net- I Nano- b Pico- EEFLKEM NO-N R X E H
Net- &3,
35 ZER—HR(UBSRF. BRNEBHEBEARHENEFRECERMER, B¥F
Mg, K, #/NORE, EX—HBEA—EEHTAREROER ZRANTLE,
3.6 MERLEREHEIILRER,

(1) £FEhMHEHRELRRIR Pico-, Tl E/INERE Nano—

(2) XEBFADFLLERKPIERER Net-, RFHASLERANRER Pico—,

(3) FHEFNEZEHE Net- #4t, HBAELEP HEEH Nano- KjIR Pico- &,
FEFNEREEPHKENERERTORES o

G LR, R R ERTERS NERARERNEB THIRENEE, METXHE
REBRGRMIIROTHENNR, BTEFESATYREANEREEEES BN
KNSR #— SR TFINEVERBARRNELEARE T2 LEN,

2 % X ®
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MARINE MICROPLANKTON NITROGEN UPTAKE

KINETICS WITH SPECIAL REFERENCE
TO SIZE-FRACTIONATION

Jiao Nianzhi
(Instizuze of Oceanology, Academia Sinica, Qingdao 266071)

ABSTRACT

In situ experiments with BN isotope tracer techniques were conducted seasonally
from Nov. 1991 to Aug. 1992 in Jiaozhou Bay to inquire into the kinetics of amm-
onium and nitrate uptakes by size-fractionated natural microplankton assemblages.

Obvious differences between the uptake kinetics of the two principal nitrogen
sources were observed in all seasons. For total assemblages, potential maximum up-
take rates of ammonium were always higher than those of nitrate, and half uptake
saturation constants of nitrate were not remarkably lower than those of ammonium,
indicating the uptake preference of microplankton for ammonnium to nitrate. Furth-
ermore, the uptake of nitrate was influenced much by environmental factors (such
as temperature, light etc.). In winter, variations of nitrate uptake with increaasing
nitrate concentration could not fit the Michaelis-Menten equation.

Singnificant differences of nitrogen uptake among different size fractions were
also found. First, nitrate was mainly uptaken by netplankton, and ammonium was
mainlly uptaken by nanoplankton and picoplankton. Secondly, the light dependences
for both nitrate and ammonium uptake of netplankton and nanoplankton were much
strongar than that of picoplankton. These findings suggested that new production is
contributed mainly by netplankton and regenerated production is contributed mainly
by nanoplankton, especially picoplankton.

Key words microplankton Nitrogen uptake kinetics Size-fractionation



