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RN FBEMEE NHI-N 1Y
R SEERE

(RERB B TR, 58 266071)

RE B4 AMFW Q9914 11 A—1992 6 7 JHRBGRRWN, g1S P58 7 BN
BERBZZEAESRN NHI-N M BEBENAXAE, SR%EY, NHI-N Rk, &
EBENFHEMNY: EE>HEKE>LFAERMN: REBREARKT R, BE
BEERKTEHR; £FF1, REGER A 0.073p mol/(L«h), FHAEFBEN 0.053p mol/
(L h), BEBERHLNTREGER; NHI-N fFHENARRKA 16.34d (XF), HE N
0.68d (HF); MU BEEERE Picoplankton (5QEM 46%—57%); NHI-N UG RA
FE AR . AR R R BYC KB FE 9; Netplankton > Nanoplankton > Picoplankton,

XA AREREEE FRED BN

KREMFRALEIER, SRS, AL EME R o B AT AW %L = 00 IR & [’
£o BAHE (NH{-N) RXEARZ —  NEREENHER, ¥ TERESRE #
B, BEEXREBRENEH. NHI-N BINA IR 9I 44 7= /K, i B & mElE &
FIIRIKE e BHAEYR NH{-N £ ERNEEREE, BEAFREREMMIRLFE
TERAIE TR B, FHEMER NHI-N PR SHEEBE, RAEMEE® R
BT A2 —o RITHEESNIDE ALK, (HAET L RE MR E(n, R,
AEBEHST AR B EREARFENRAR, RS FBABBRERN KNS, X
BRIRE RIS & 2% 5 R K (Glibert, 1982, 1991; Cochlan, 1986; Dodds et al., 1991;
Glibert & Garside, 1992)0 REREFMRBANRNRZE, MEEENEREAEBEX
ZEHDHEA. TSR T/EKAMRIRT B AOFR &, BN MR X 77 E i R it
BN R EREREEIMESRNEr—, ELTRN2EESEELAFTREMNEXR
TERRIE R, ASCRIFE N B R EARRRELL BT 4 M EHOIGIM, 5
MBS RS th NHI-N IR S BEBERT TR %M.

LI £ 52 b

BN Ry F 35°55'—36°18'N, 120°05"—120°25°E, Wi 423km?, SEHKEL 7m,
B HRIRE AR S A, BINESEE ST RN R, AOS%, T
A e RN EHE S R S HE R R Ao

* hEB R R IAER RIRE S 2186 5o
HRHANFESZHBHE, 39200022 5,
BeREE s 19924E 11 A 30 B &R E M 199341 14 A,
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B L B oA BN L AT O, Rl E B2 B A AN AR B Y 5 S u50R1 10 Sk,
SEIT 1991 £ 11 A,199242 A.5 AM7 A, #FTK L F . Z4 NG
L% o A SL Niskin RKZEFERE 0.5m LbAKEE, R IJEIZEIA 2022m FHEL IR
DB E KEFHEHSMOTIRIBRRE T ARZN 2 % B NHI-N BA BN R EE
(Glibert, 1982; Dodds, et al., 1991)]o /KFES T IL 8 5L (ATAR LT, LE)
RORE JRBE D BB, MELY NHI-N REIN A 0.5—1.0p mol/L = FE 4 95.26% iy
(“NH,),S0, 7R B3, F BB G M Th KR 357 4—6ho JEEIERBAE NG, HIE
HEA 1%,5%,15% , 30% , 50% FFV(FKFEIR 2%, 7%, 25%, 50% RIICEFIRIH
AT IEFREERTRERUKIEEWES. —BESAFENRY (500°c,
5—6h) #J Whatman GF/F IFEELF4BEAEANMIT 0.03MPa [EJJ N RlE; DR HFES
B 20pm 4870 2um Nuclepore JREETIIR, A Whatman GF/F 1§, DI
BRESR R4 <2um (Picoplankton, BRI H),2—20um (Nanoplankton, R
WY )AN 20—200um (Netplankton, WRIZFHAEY) 3K Fo FEFRAKPEIE B2 )G M
Y TFHIHIRER NaCl KE BRI, IR EREERE ENTIE. Fra SBhBHm
1T HE

N RS RFEEREFRISENE(BREF,1993)0 BhAFHLEMKHR NHI-N &
B AR AR N BT JUE T (ST-IMS 88) W5,

MR B W RN R A Grunseich PUAR (35| H Dugdale 1 Wilkerson, 1986),
F R RS EAE RN, R Laws (1984) {E1ERY Blackburn-Caperon #fl,

NHI-N RUSEE ¥ 588 Michaelis-Menten 58 (Maclaac & Dugdale, 1972)
T

SRR AR SEN: »2) NH{-N BRKEER, & mol/(L « h); », X B &
BTH u; up HBRERAETH 5 r 28 NHI-N WEEEE, x mol/(L+h); SH MK
NH{-N ¥, p mol/L; PON AFHRAENEEE, s mol/L; ag ANT "N FEE, %
a, ATRANE PN FEE, %; V4 NH{-N OHRIE, b5 Ve ARBERETH V;
Vo ABBERETHV; Vo A VBRI KAE: 1 AJCHBEE, wE/(m®«s) % L I,

SHEL KT 15 Ky 20 ek v s 5, B =%Vm W I, %1o; u/ PON 3T U

B, b7y r/PON MEEEEE, b5 r/u AFERKEBELL: S/« 4 A,
do

2 SR

2.1 NH{-NWWSHEBENZTEMA B9 EKFEZE 1992 E£F5F4MFETH
WG RWPMER G&1) FH, BRMNEZBREYEE NHI-N IR SEABRREE
S HEN L, UEEARESE [u, r 535155 0.205 77 0.179% mol/(L * h)], £FHK
& Lu, 7 435124 0.019 F1 0.002, mol/(L « h)1, F . KWENEAFF [#, r H, KHFE
535124 0.036, 0.015 1 0.031, 0.015z mol/(L « h)]o HABESRNEBEZILHW ET

D) XAHERRZEIGIE SR 5 SHZMEHR.
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El b EBEENES. £EZ, NHI-N AHEEREERN87%; f£4F, WRAKLL%;
BERFEN 50% Bo "N, HAEBBRMENEHNEEE K. Hh, REDARERSF
JRRSN, & = E AN A BB 7 TR B (i3 U S B I & o
2.2 NHi-N pyfj$csfie 5 RN EOFETENL B3R 1A, NHI-N QR EE
EEEK L EIFHEAK, MEZFNEESTEAFTEEE 79 ). NHI-N [
FhERERAESVERS U, BEEAEESNEEELFN 77 F,RERKEFN 17 5. K
BRERERSHEABEESTENNRNBEEXETEE. LFHETEROREE
R, ERTRENEYERE (PON = 3.16 £ mol/L) MEFREEH I R NHI-N &
B ($=7.45 x mol/L) Fri&fkivo

NH{-N E#NRNKE, BURT NHI-N ERXROARECERNSE K. BTEZE
BEK NHI-N ERSROREGEE, B84 HENERER, B ¥ AZA. SEER,
BERHIRE NHI-N RERE &R E0E &, B8 BN E O ILA M. KEME
AR R E S, 84 4—5d,

1 BRMETHEMEE NH-N R SEEER . ARERARRH NS HELD

Tab. 1 Seasonal observations of NH{-N uptake and regeneration flux, turn over rate
and turn over time by the microplankton assemblages in the Jizozhou Bay

=4 o r rlu PON #]PON r/PON s Slu
Fk 0.031 0.015 0.48 5.46 0.0056 0.0027 3.70 4.97
S 0.019 0.002 0.11 3.16 0.0061 0.0006 7.45 16.34
F=3 0.036 0.015 0.42 5.16 0.0070 0.0029 4.05 4.69
=) 0.205 0.179 0.87 3.84 0.0535 0.0466 3.36 0.68

V) u, r ARRHERMEZBE,
®2 BRMEREEY NHI-N g9x R S5

Tab. 2. Light/dark uptakes of NH}-N by micro plankton assemblages in the Jiaozhou Bay

=1 % % %

HERr 5% 10# 5# 10# s# 104
" 0.028 0.039 0.027 0.012 0.030 0.042
up 0.011 0.021 0.018 0.007 0.022 0.034

up/ur, 0.39 0.54 0.67 0.58 0.73 0.81

2.3 NHj-N Q. BARRSHRAGNXRR CREBWRBEED & & B3R
RBHAEMEERER T BN ESERIE W NHI-N R SR T B B 56 ki
(G2 2), BB R SRR B R LI LTE 39% —81% 2o RRBIEET HIRI S
RN 30 % 37H 100% I, 48 AW 03 I T A0 T e e i D040, 3% WTBB U B 39 6% NHIG-N
HIR A Ve Fl o % 100% I, 4 SMEOECAR 4R ORI 3 B R T I 328 St S B I R
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£3 BMEREEY NHE-N BB ERASMLY
Tab. 3 Light-dependence of NH}-N uptake by microplankton
assemblages in the Jiaozhou Bay

I 1%, 591, 159%/, 30%1, 5091, 1009%,
1991 FjkFE
V(%x107%) 2,52 3.30 3.88 5.86 6.05 4.27
I 2%1, 7%1, 25%1, 50%1, 100%1,
1992 £/ F
V(x107%) 6.86 9.75 11.37 11.30 3.9
1) 2R AN 1, (Bk)=1200—1246uE/(m? - ), I, (% )=1090—1390uE/(m? .+ ),
#®4 BMEZESBEMERERERT NHI-N iELGE"
Tab. 4 NH}-N regeneration fluxes by microplankton assemblages at
different light density in the Jiaozhou Bay
! 2%I, 7%, 2591, 509%1, 100 %1,
r 0.019 0.013 0.017 0.015 0.016
rlu 0.64 0.31 0.35 0.31 0.95
1) segdRE 7, = 1090—1390uE/(m? - 5),

N XM IR Michaelis-Menten FRETHHE NI T 6 MR E AL AR K, fnE

WERRBRHR Vao £ 1991 FKZFE, K, = 4.93%1,, Vo= 0.00656h-;

WoER
MR e =

= 0.033x mol/(L + h)o 7E 1992 4EEE, K, = 1.25%1,, Vo=
0.050p mol/(L *h)o Woolf B¥R I/V =K,/Va+ I/V,, BIHERE,

; HENER KR
0.01163h7";

EWZESR]24 0.986 A1 0.999, 1B NH{-N IR a5 7% 712 BB Michaelis-Menten
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Fig. 1 Time-dependent coupling of a4, 9, § and

PON jn the diel experiment of NHF-N uptake

and regeneration by microplankton assemblages

in the Jiaozhou Bay (May, 1992) (Black bars

indicate the night period)

BAEdE

(May,1992)

BN IR RS NHE-N RIS
HIE B (199258 5 )

Fig. 2 Diel periodicity of NH}-N uptake
and regeneration fluxes by microplankton

assemblages in the Jiaozhou Bay
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HRRITFHR. FREREZW, X NHI-N RHEN, EREET RIS REE
FL,MEREET RIGATHIE Ho BEMN K, KT EECEREME R NHI-N
W, i 100% 1, (B E A ERR AR ER S BAERREZ, MEEREZTo

NH{-N HA@EE (1992 £FF)%E B R BB ECLNIEEBEE, LE 40
2.4 NH{-N R . BABENFELZG AEEBAKBT 1992 8FF, 7 5 Shik
fTo LHIIEEP S, PON, a4, o, WEMLBERWE 1 fime BRNEN, ¢, ALY
EFt, e MEARLKUETH; PON BIEBHMN: SERTR. XXRUH: @ EEMEN
U ERARER. ORAEFIGNE PON RETIHRZEN PON (FEHE R Rkt
WEBARNER). @ PON HMMES S HOBAR, UHAEHMbEIR Rk Bfn
HE NHI-N B, #ARBGE LREAPERLE, MEWRE RN SBARM, PON
AT, " IARREGEERKTHEBERE K. FoMARNETR—RNEAE
o {HER § TR, LB BIER /N, XRERE T I PN 4,

B R SR A N R BT B AT 5 Ry NHI-N IR, FAE B E M B H B He, e
2 ftRo HEREEFSE AR >r, WHu < ro NENBES, » ARKXTHEH,
Mr ZREEHREAEGTEAR. NBWREE, », r UPFESAREGEMARE, Bl #
e FRA , B RS 2 &,
2.5 NHi-N WEBERRR/FIE T 199242 A,5 BES Suztir TRIGERRD
YRI5, Picoplankton, Nanoplankton K1 Netplankton ZENRWCEER X J6 H&H:
RN FBRTAENES(ES )o PON, TREELREEZE, BE Picoplankton &
i (HREN 46%—57%); Nanoplankton F1 Netplankton FEAMHEZE, X& 21%—
28% . ERWIEZE -, H&ET Netplankton F1 Nanoplankton R AL Picoplankton
TR R R 4 B & T, Netplankton FUIRICIER BB, Vo/Ve RES5%2—9%;
Nan0p1an_kt0n E’J%&ﬁ%ﬁ’ﬂﬁ‘éﬁ%’}ﬁ 1t ?F)’hi /J\, VD/VL A 57%_‘91 %; ﬁﬁ Picoplankton
B Vo/Ve REBTRHEEHAE MEHNRIEBENRZE Picoplankton > Nanoplankton
> Netplanktono iR, NHi-N #RIE R LB RSB/ ETHEN Ko

1992 EEBFMEB SRS NH{-N RBEOCEI IR EEBHER T KRR %K %
WA Y RS ORI (R 6 Do FIBR A LHNEITE AT 100% 1, AR fa%dE, R
Michaelis—-Menten 75 FEHIS 3, 8 Picoplankton Hy K; 2§ 1.87% Iy, V, 2% 0.0135h7%;
Nanoplankton [ K; 24 2.26%I,, V., 24 0.0179h7'; Netplankton By K; %45 15.99%1,,V
25 0.0091h74s AL, REALK NHI-N U SERA MK IR 5 2% Netplankton >
Nanoplankton > Picoplankton, XME/x, ENEREIBA NHI-N R, ZEZKEE 91 59
NH}-N R, 228 R B/ NIRRT EY T 4o
3 e .
3.1 NH!-N B .FAEE802TE4A Z NHI-N BHROERERLHER, I,
R, AR . A TRIE | SRR S, BN NHI-N R AR T %
RS Ey& (PON), N RIKE () HAR—Z, B AX B ILE B ETHEA
R EE R ERE)BY A TASREKENE Y, SBXET /R ERR—
Ro W,5 RN THRIUEERIYIFER R (Chesapeake Bay) HIR AR EHIESE
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Tab. 5 Size-fractionated NHI-N uptake fluxes by microplankton
assemblages in the Jiaozhou Bay
= H e R Picoplankton Nanoplankton Netplankton
PON 2.13 0.79 0.81
V(X109 9.99 14.14 22.13
* V(X107 9.44 12.29 0.74
"y, 0.021 0.011 0.018
F #p 0.020 0.010 0.001
wplug 0.95 0.091 0.05
PON 2.00 1.21 1.11
oL (X107 6.36 11.50 9.82
= op( X107%) 13.07 6.96 1.04
u, 0.013 0.014 0.011
* up | 0.026 0.008 0.001
up#y, 2.00 0.57 0.09
*6 RMEBETEMRZFENERELBESTE NHI-N RirExE"D
Tab. 6 Size-fractionated NH¥-N uptake rates by microplankton assemblages
at different light densities in the Jiaozhou Bay
1 291, 7%1, 25%1, 50041, 10091,
Pico- 13.0 10.4 11.3 13.4 2.2
14
Nano- 6.9 15.5 16.2 16.9 2.8
(%107%)
Net-~ 1.0 2.6 5.9 6.8 2.5

1) HEFHAE 1, = 1090—1390uE/(m? « ),

£, BERXBEERHAAEEZFE (Glibert et al., 1991)o EAH X NHI{-N JEIRZF 47 £ 1L
HIME— B — B s e L, B A EMT HM=ZT (Glibert, 1982; Cochlan, 1986; Glibert,
1991; Dodds et al., 1991; Glibert & Garside, 1992),

3.2 NHI-N 5L RMNE NHI-N gRARIK., #EEBE S 314
0.205, 0.179 & mol/(L « h), B/NIB I F5 A= B4 3124 0.019, 0.002 & mol/(L « h)o iX
NMEERMIBEART ¥ 5% B 7 38 (Glibert et al., 1991; Glibert & Garside, 1992), 10
NHi-N RN Al K24 16.34d, &5 0.68d, XN EARERBERTHEE R HE (4
24 41°N) 15K 5 (Long Island Sound) (Suttle et al., 1990), XEBWE, KMNEH
— AR KE NHI-N FE, #H¥Ll, §=3.36—7.45pmol/L, "W}, NH{-N Rk
BRER. HXRHRAN NHI-N ERMMBENE/NOEITRER, BT EDEEOREE EE
WE e TR, b BB R AEEEY R,

3.3 NHI-N {FEH56HREE Dt AR B NH{-N BHASXFEE N
RRAK, AHERKHERHAER . X5 REBVIRERZE L~ (Glibert,1982;
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Wheeler et al., 1989; Glibert et al., 1991), FHF NH{-N B4E T E R K/ R
(<200pm) WYIRHEZHY (Glibert, 1982; Dodds et al., 1991), XFERER TS5 E
TIHE ST AR Ko

NHi-N R HEBOFBFREEREAFINOREZ — AMTRERINVRBIER S
BIRWCRE Y (Maclaac & Dugdale, 1972; Owens et al., 1986), ROHREE =&
KWHENZER] NHi-N (B KFM (Owens et al., 1986; Miyasaki et al., 1987; Glibert
et al., 1991)0 XM RBWINAEN ARG ATEARFRER E 4 % £ (Owens et al.,
1986; Miyasaki et al., 1987)o MR NHI-N W, FITHERA B ROE R,
i IR BCGE R G IR AL FT ] Michaelis-Menten FRETRIFH i iR, X5 Maclaac
F(1972)4%E 1R B H A REE S FREIRE, BRZFRE N EHERE, X5
Miyasaki S£(1987), Wheeler S5£(1989)U45R2—B Mo 1EFING , B AR W = i B it
HELEHEAREEERANSE SR, CERRHEDUAE NHI-N RIEX GERS S 5
Ziiko NHI{-N RBGEEAERABALETHIRREER, MEESH K NHI-N
A ARER R MWHEMRKEE, NH{-N RIREAERBX ETEZ NH{-N 7 48 # i}
B, MEZEFBX M EEZERBIRE] (Maclaac & Dugdale, 1972), ZERiFER T, H
T&IE NH{-N BAEEENRKEARTSBRERENHE K, XTEXOGLER E®
MR R TBRR, R R R M, Mkhr LHRE NHI-N qE8%0Rs%ET %
HIFRHlo X — i nf l AR ST EI R BT ROOE B M S B 5 SR 5 30IE R N8 NH-N B
FERTEAR, B BR T BB IR B A X NHI-N RIRKBEEINE, 55T —$ 1
BABG . BRI, EWMRBCERNEEZSOALUTILEE: KEJEE EAHER
AR NH{-N Al SE%, AXLRPNE -ARLEEEN NHI-N RikE &
YR RIREEAT IO YC MR AR T B R R(B AR, T LXEH TR RSB £
T 7 A R T 2 '
3.4 NH{-N JERHARRER KT EDasfEH T JL4EHT Picoplankton #9%3H A
TN R E ORI K ATTRE, BN EMREEEN ERBEINEREAS AEH—
¥o WEWRLETEH, BAMKZEY (MF58) EEBHRHRERZEN RE
#, NHi-N fUBEATER AR/ R (<200um) (Glibert, 1982; Dodds, et al.,
1991), AL RPRT/INT 202um FHRF 4, XEOH NH{-N FA 4 NH-N Rk
BETERZNEARBHEESSWNKFEREN 87%, WRT NH-N BHHNER.

FEWRBCRET T, AX#E—FX4r Pico-, Nano- F1 Net-plankton 3 AMRIZEFT
MERERZHA, T EZHEANTZIEFE Picoplankton RRWBREMFEREE, LKk
Nanoplankton, MidEWHREZLH Netplankton FIRBEEN HRER1/5—1/4, R
I, 3 AR R 3B 4B % 6 FR B S RE R R A Ele. Netplankton §9 NH3-N Bl B
B SRR , BRI R AR 5% —9% , T Nanoplankton 45512 Picopla-
nkton ZIMEHHOEMUVWNG L, XANEHRE Probyn Z A(1990)7F Benguela +F
MESRMEIWARIEEYW S, 3MRHK NH-N REOEEEMERER, BXER
HHY NHi-N W =K H Nano- ¥H]Z Picoplankton,

Fhs BATHT BN AB SRR LW 4R (5B XK FR) EARR R REIR &1
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BIRERNMB ) NFHEBE LB "W, SR IRH e & & s, %
FTRESRPERDRASE.EA, DIERERERNEDHEBRLFEATETER
o
4 4iE

ARICGEDT 4 N ETRIG TRV, MFENTRNEREZFEDEE NH-N
R FF A B SRR, B AR LS 1R I T
4.1 NH{-N BRWEE.FEBENFVENEE: EF > EMKE>KXF, BEEE
AR > R B R A LR
4.2 ZFRREERHATHARE, ZFHE NH{-N AIHEREFTERN87%, &,
FKERWR 42%—48% , ZFENRBEHE 11 %o
4.3 NHI-N {RERRIK Y 16.34d (£3F), &4 0.68d (BF), AR EEEE,
4.4 NHI-N WURHEE R, B SRR 39% —81 %, (AR
WHIERH. NHI-N FHAS5tREHZEREIHBEN LR
4.5 NH{-NRWSBAEFAEREN, ARXRBKGEE>FABR, KA HEERE>RIK
BE.
4.6 NH{-N R EERFZRKBERZ/NT Zum 1] Picoplankton (55 EHY 46 %—57%)o
Nano-plankton, K;HlfZ Picoplankton HIfE M RE,
4.7 RERFZWEY NHI-N RECEREHZERAR, LERBIEF%: Netp-
lankton >> Nanoplankton > Picoplankton, E/NAFIZEXT NHi-N EAHEENESE .
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AMMONIUM UPTAKE AND REGENERATION FLUXES
OF THE MICROPLANKTON ASSEMBLAGES
IN THE JIAOZHOU BAY*

Jiao Nianzhi Wang Rong
(Institute of Oceanology, Academia Sinica, Qingdeso 266071)

ABSTRACT

The results from a series of four cruises (Nov. 1991—Jul, 1992) to examine fluxes of am-
monium uptake and regeneration of microplankton assemblages in the Jiaozhou Bay are pre-
sented. The seasonal variations 'of the uptake and regeneration fluxes were in the order: sum-
mer > spring/autumn > winter, the annual fluctu tion of regeneration flux was more obvious than
that of uptake flux. The diurnal pattern was characterized by higher uptake in the daytime and
higher regeneration during the night. Averaged uptake and regeneration fluxes on an annual
scale were 0.073 and 0.053umol/(L-h) respectively. Regeneration fluxes were always less than
uptake fluxes throughout the year, regenerated ammonium met 87%, 42%—48% and 11% of
the uptake demand in summer, spring/autumn, and winter respectively. The longest turnover
time was 16.34 d being found in winter, and the shortest turnover time was 0.68 d occured in

summer. The uptake flux was contributed mainly by the smallest fraction picoplankton,
nanoplankton came the second, and netplankton the last. Ammonium uptake was to some
extent depend on light, but forceful direct irradiation has a negarive effect on jt. Ammonium
regencration, on the other hand, was not sensitive to light availability. The extents of light-
dependence of ammonium uptake by different size fractions were in the order; netplankton> na-

noplankton > picoplankton.

Key words Ammonium uptake and regeneration Microplankton Jiaozhou Bay

*  Contribution No. 2186 from the Institute of Oceanology, Academia Sinica.



