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B 1 1997 4F 6 A RIS R~ EHE

EHE3h1 W RBEBEEN MHGE a 0 AKHEREBRE Sm.10m FEE; LEER
AR I 5 I 2 K HER B IR DGR E 100% .50% .32.5% .10% 3% Hi
1% B2 W o

A KW ER, & 280pm ALK AT LI, UBRERZENENSIY. N
500ml 7K B, i ep P AR IR Dbk B SE DRAF IR IE A B A . MR K o AR B B S0 B
o3 B E KL LI 20pm B4 FLAZ 2pm B9 FLIEBE (Nuclepore) #l Whatman GF/
F S i R H G IE RS, DAy H 3R BRI R (Net) (i 24 (Nano ) #1554 B ( Pico ) ¥
WD . FEFREFERLTREAZ 2pum B FLIERE ST 38, X £ Whatman GF/F J8BEET
BENRMBAMBE R EMZA(N+P)(TH15%,1998),

2. 5&E

H4%E a(Chl. a ) Fl i 8 16 & (Phaeop) B Ul 58 SR F % BU7% Y6 ik (Holm-Hansen et al . ,
1965) . 11 100cm® /KA, € E M 90 % ME K B 24h, F B 485 631+ (Turner Designs Flu-
orometer , Model 10)# 47 % .

A Ve P o SRV AE W0 AR TR 1 B DU SE 1 R AR HE B9 1 C 7R BR ¥ (Steemann et al .,
1952; Ning et al.,1988) , A& EZ RCRBHKBEEA 2 4 100em® #9747 SR F 1 A
100cm® 9 BAEH, FHIA 7.4 X 10* BgNaH"CO;, B F AR AL U35 57 28 7 3% 5% 3~ 6h,
BT, KEE ERAGEELRE, BEFRNYHNBEL HOFEAGHR LR EAR
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Beckman 5801 BRI AA [N KR8 &8 b2 4 B 2 , B8R FI S el HE B U 5E o
WP 1 R % E A0 T3 A Olympus 81 & B8R .

—. 5 R

1. RESREMHEE a WEEFTIEL

&S X FT#IT OB E 3RS EK 2 WREE 36 —48h F s, B X AR, H
HRE WEAFGE1,E2),

BOXGE DMRE a WEWSHTEEE0.81~1.51 mg/m’ , REBKPHRER a W FE
BFHER 0.99mg/m® , KEHIHGEE a FHEN 1.09meg/n’ , B G E a WELIFZ
BEWR WA D E (B 2a); EMB O 2) MM B MM FE a IRETREA 0.90~2.43mg/
m’, EIEN 1.60me/m’ , JKERERTRE  KABEIHE,  BERHRE RER,
A BT RS (B 2b) s B A (36 3) MR K a WRE T EFE 0.71~2.68meg/m’, W EIH K, K
BY-HER 1. 14mg/m® REINHR K a WERE, B ¥ ERME (B 20); BRI
4)Chl.a WEBIK, HAEELE 0.32~1.32meg/m’, FHHEN 0. 71mg/m’, [ KEHRER T
KRB HMER . WHZHEPVHEWMARE (B 2d); IRBOE S MHER . IREBEN
0.64~2.86mg/m*, ZEMFK, FHER 1.15mg/m’ , HEXREE FTRE, BE L HEMKH
B, fRAEL S BEZE B W B ([ 2e)

XS AL B B MRS BRI A (N + P) X IR A &K o BEM
FIHR, KE5 510 95% .82% .94 % 98% Fl 96% , 33K 93% ; K Z 14 5K 88% .
76 % 90 % .95% F1 87 % , M FIN 87% ,/NRURYE A Y X R BEE R K a HEF
BHER{UHN 13% (K 1)

1 19 FAHBEBEEYMHER a RESHH

MR a ¥R (mg/m’) KEHERBHTRR(%)

%8 BK MB%s ZWMYER

# OBE ABRRSTHME" N+P Net

1 ¥¥®O  0.81~1.51  1.09%0.08 ABE 88 12

2 FEMB  0.90~2.43  1.60+0.26 BE %9 1] 6of {89 76 24
A6 9 B (LG

3 B . 0.71~2.68 1.14%0.35 BE 8 (A 90 10
16K ¥ B {1 195

4 WiEPH 0.32~1.32  0.71+0.09 AB% 95 5

5 IRE 0.64~2.86 1.15£0.41 BE R AR 87 13
R B 1

EAEIX 0.32~2.86  1.10%0.37 87 13

*MHRR aKBFHEYE Nee REARZFB B EMHEK(-7=0.940,p<0.001,7=5),

2. HESGHEE a RENEESH
BESEENMEXER PN RR . WERNEE AR R RHED
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(3 1), KBEEESFHYHS, MBS 2) 5HEPRGE )KERE TER, M,
BEGDMLRBH S RBERTRE HPFIABR REHEEERA, KAKE —1
(%2,H3),

R2 197 F6 ARNBERMUBETEKEHRR a FHE (X + SD, mg/m*)

¥ 11 2% 7 ] W o 2 )
R (m) (n=13) (n=9) (n=13) (n=14) (n=11)

0.99+0.10 1.29%+0.32 1.16+£0.55 0.45+£0.07 1.57£0.77
(0.81~1.18) (0.90~1.79) (0.71~2.68) (0.32~0.54) (0.66~2.86)

1.08+£0.11 1.50+£0.26 1.21%£0.44 0.46+0.05 1.46+0.70
(0.85~1.28) (1.06~1.85) (0.71~2.27) (0.39~0.54) (0.71~2.69)

10 1.07+0.14 151 1.07+0.26 0.75+0.20 1.14£0.61
(0.97~1.51) : (0.84~1.63) (0.47~1.31) (0.73~2.52)

R 1.10+0.11 1.94+0.38 1.08+0.24 0.91+0.24 0.87+0.16
= (0.88~1.22) (1.06~2.43) (0.83~1.53) (0.17~1.32) (0.64~1.16)
KEBEFRH 1.09+0.08 1.60+0.26 1.14+0.35 0.71%0.09 1.15+0.41

BE 3T /AR PRHEAE Y (Net RSP HHYBERAFEDR—RE 2 M
it BTRRAR /N , T 3 B4 (Nano) F U 8 2 (Pico) B ¥ £ W OIS BRI K, St RH BB L
BRI AR R L R W AR Y IR SRR a BRI 87% , T /NRUR M A
PR TR o 13% (R 1)

3./8 (Net) BB (Nano ) M B (Pico) FHEMEF HEWENR DI KNP E

Xt = A4 /DB (Net) (3 2! (Nano) 15 i B (Pico) B MMM R K a #1170 E
MER(WE O XRHUZHHYAFEYRULABER (2.31mg/m’), EMB KR Z
(1.41mg/m’) , ¥ P EBHAK(0.70mg/m®) o 7 [F] K45 (35457 ) /1N B 77 e 2 49 %ot ¥ 0 L 400
REEYBG T 4% (B PI)E 19% CGEME), EHFTERN 10% ; MAFHAY
K TTRREE 42 % (Y8 F38) & 62% (ILARTE) , F394 52% , iM% B 09 T AR 7E 29 % (i
B)E 54% (B HE), FHFRERA 38% .

St ERM N RHEYRFEYBREL TR REMH EER RN ARE
B ( Rhizosolenia stolterforthii), Ml BAR B ¥ (R. setigera), .0 [B 5 ¥ ( Coscinodiscus
centralis),%ﬁﬂ%%ﬁ:(hﬁtzschia pungens ) , ¥ R ( Pleurosigma pelagicum ), B 1§
B 5% ¥ (Melosira sulcata ) , KR /INRFE ( Cyclotella stylorum ) , FF3 Gk ¥ ( Leptocylindrus
danicus ) , ¥ JE XURE B ( Diploneis bombus ) , ¥l B ¥ ( Trachyneis aspera ) , 18 B B ¥4 8L ¥
(Gyrosigma balticum ) , AL B ( Navicula sp. ), B 320 2548 M 3 ( Cerafium fusus), =
% (Ceratium tripos) , % B ¥ (Peridinium sp. ). WA, M H & B EEHESE (Dicty-
ocha sp. )%,

4. NESRNMBETN

HENEENRET A UBSEE RS (4. 1mgC/(’-h) ], TR B K Z[2.2mgC/
(m’-h) ], M EHE =[1.8megC/(n’h) ], 1% B 89 O I T4 [ < 1.0meC/(m+h) ],
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B4 1997 8 6 ABEWXREWMMRE o WRRELEH

BEEABIRER 545, FHH 2.0mgC/(m*+h) (% 3),
RI 199 ERKBBUEIRNERETS

BEF=N
o il
e 0. W e ] () HE () HESHS ; -
mgC/(m*+h) mgC/(m?:d) HAH(%)
) X Net 0.1 12.2 10.9
Ol 1997 & 298 18 Nano 0.7 90.4 80.6
(¥ 1) 6H4,5H Pico 0.1 9.5 8.5
Sum 0.9 112.1 100
Net 0.3 21.8 15.8
FME 1997 & 17.0 10 Nano 0.7 54.0 39.1
(¥ 2) 68 6H Pico 0.8 62.2 45.1
Sum 1.8 138.0 100
Net 0.7 27.4 17.7
ik 1997 4 18.0 5 Nano 2.7 100.5 65.1
(¥ 3) 6A 7,88 : Pico 0.7 26.6 17.2
Sum 4.1 154.5 100
) Net 0.1 12.2 9.7
b o 1997 4 27.0 18 Nano 0.6 86.4 68.8
(35 4) 63108 Pico 0.2 27.0 21.5
Sum 0.9 125.6 100
i Net 0.2 9.6 7.4
LRA 1997 4 29.0 8 Nano 1.5 86.4 67.0
(¥55) 6H12H Pico 0.5 33.0 25.6
Sum 2.2 129.0 100
Net 0.3 16.6 12.6
ﬁl%&fﬁa 1997 4F 24 0 1 Nano 1.2 83.5 63.4
(¥ 1~5) 6H4~12H Pico 0.5 31.7 24
Sum 2.0 131.8 100

RGTBEF TS B [154.5mgC/(m?-d) ], M ¥ [138.0mgC/(m?+d) ]
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FL 7R ¥ [129.0mgC/(m? - d)] K 2, ¥ ¥% s 3 [125.6mgC/(m? - d)] F &% O[]
[112.1mgC/(m?-d) ]%AK , B #1128 131.8mgC/(m?-d) (£ 3), HFEXAFHIIK
EFEAHERAKR ERARETFTERGEP TS O0MTEBEMRE~HEMK,BEZ-XEN
BREX, T #ERRGYRAE= S HAE,

MR R R A 5 R W TR M R A T ST I ST OR &, Net 207 19 TR
BR/N, HEBNR 7.4% ~17.7%, F 3 12.6% : Pico ZH W TR Z, HIEE A
8.5% ~45.1% ,%F 24% ; Nano R T ERE K, HEE K 39.1% ~80.6% , F 3y
63.4% (%3, 5).
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Bs 1997 4F 6 A #hE &8 K ARG E D RORE T

MEENFEEFNNBEESHRE, ARRNEXREF TBERELRANEER
MAER, MBS 2) AABCESHMBEPIOCE ) ERERRKREZE, BiBELERE
BE 10% KEWR, MEE 0 (0 DEENRE = IWEREN S RAERE, KKK H
AR (B 6),

= T 54%®

AHRFEBHNBEZHHEHYATLEDE—HEE AV RET WA BT
51983 M1 1993 EWFIBIAE S R (R EF%F,1988; KRUIE S, 1993) Kik—2, BI 3K
MEB IRBMEGEERE, BEPR5HE O TRME 1,3), NFAM(6 AH)EEF
HHEE WESWRETNWERE, ARAETRE a IRE L 1983 FRIBAE R B
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E—F%, b 1993 R BRAE S HIE WA WF WS A= HEH L 1983 £/ iE A KIS
%, M 1993 EHRAEMEER ), RHEEEFHEYR LS EBEERK, HEEES
®ito

R4 c ARBBAEHER aMPREFH

HREa MBS
FEH R
(mg/m®) [mgC/{m?-d)]
1983 0.64 208 RY K% (1988)
1993 0.44 162 B W% (1999)
1997 1.10 132 AR

MBLE SR RE o« MAIREF=TWERKE , 18 MR (Nano) 713 % B (Pico) %
WAV FHEYHELEV RO P FTMER T 1983 45 A(70.9%, R
%,1993), T N+ P XY B ENRE™ TWRRSE 1983 FRBAESER(87%, %K
BLESE,1993) MY, AR EAAFANEMBRHEEY S ZHEYRELEDEN S
H = R TR K /DRF B A Nano>Pico>Net (B 4,8 5,% 3),

SR Net R W B EY I FIFEYHE BV RN TSR/, B #E R
EBEXNFHEYNFHRFEDEMN Net ZHNHENFH TR S, B4EWEBE, Net
ZEFMBR(ER D, —EFERBENEMRK(-2=0.94, p<0.001), Heywood % (1987)
B AEFHEYEYBRESWEE B Net RN ERAYBRORE, X FHEY
BAYE RGBS, XM 682 B F X H M M E 5F 3 K A Michaelis-Menten
B LM BB E 3 (Parsons et al . ,1973), Z2BIR S EREFWEEMHE B,

sy FREYEYRSAT NREEEMNATEM BHIEESED
6 A6, ZWHVWHAEYMBY AR LSFEM R EE(255.9mg/m?) (Bai et al.,1991), 5%
AR BEGRAUN A FAR R R ESIDNERIRER GBS XA REI IR 1
Ah, BB FRE g KPR W 59 (> 1000pm) > o 2 7 3 97 (500 ~ 1000pm) > /NS 77 i 5
#(200~500pm) ,EMBEMBEEEM S, /NEUFWSIY S EFHM, S8 FFHY
(>200pm) B EK 50% L E(Wang et al.,1998) , BT EEH A Net Fl Nano L3
FiEY . BTEROREREE, KN N KGO ZHEEYEY R EREEYARETME
EHWBREESF BERE /M (2.9% ~13.5% ) BHEDHE Y B BB ENFE(Wang
etal.,1998), VAN B RHE—FIK B —LEWLEE RS WA T ER
RREY 7% /N Y 5 1 3 ) (Mlicrozooplankton,, < 200pm ) && Nano ¥ 43 Pico BRI WL K
FEFRE.EMNBHEHBRE 12 MR BHEYEYE, 71 85% ~319% MMAETR
(Reckermann et al.,1997), HF Nano Ml Pico Ry W RV EFHEYBENEYD
BRMEF TR SRERK YR MERES M/ AR RIVEAREENEEBN KRR
MBEEMEE, Reckermann H (1997) MEFE MR AW M/ BZ R EXTHES
38% FHUFEY LY B N 67 % B4 7= 8 ; /N B PR U 3 ) Xt B4 B R W AR 490 ( Prochlorococ-
cus , Synechococcus sp. MIPIRMBBEZAEY) HER 49% K4 P8 100 % B3 & 4 7=
B, Kuipers % (1999)#E 7 5 3 8 o B 4L 18 5/ BU 72 3 35 4 5 R [ 0E 4% 1 4B 1% 24 72 i



31

HERETHEYREESRENBSNRETT

TBL%

(gl TO)SHE
(114

Si

101

[ )/ OB £ T

LR B O O o T W (G OG0 BTN B SR 9 & L661

(s ch DY T

[(y ) o8l ry T, 500

(Ghe TS

[4 I 0

[(q ) 8wl iy (F 508

9

(D1 5

€ 4 I
[(q ) 0Bw] . o W10

0t

(WFe



32 B K B ¥ £ 7

AY(<Sum)KBEE, KB TAHBUMNER, W RIS BN ARG R HEYEYE R
EFENZBHRIVERFHNLE SRS TEEXNEL,

JEXH IR A 7= ST R R ZE A B X P AR A B B A B, A BT YR IU B9 4 M X o R B
REEH B ENRAET= N EERZFRE SR (B 6) T I, By 1 (8% 1) %4+
PR BRRME S RAERZIN, Hofth 3 U6 (35 2,4 M S)MBAEF AR REY HIE
BEHEERBZE 10%WEERK. X5Z=WEAERABHEY, REEY, S5 5E
[/ e S ARG IR BE 2 BIK 4.2,4.85 1 4.6E/m? ] ; BRI 6 38 59 38 B 948 13 20001E/(m?
)N RBFWHEY MBI AR WA 1 LS EHEHRYN, kKL, BYEAET
F 3B LUE RSB EM(<LIE/m?) , BEAt Y38 4% [ < 10000E/(m?-s) ], ¥ B A A 7E %
PR 1 B 3%

2 £ X W

THL% 1998 HAEKES K ENEY AT RANEE HEWHE, L. PEBELCHE, BHE L, 0.1~
21,

RYVT ENE BWRE, 1993, BB RHMHRE a MTRAE 1, HRP\WHE,11(3):38~59,

Bt B ERES, 1999, ¥ K SAT &A™ H1 10 4 RN, B % ,17(3) .80~ 85,

RER EXE RUIES, 1988, MW REF HHR 1, @HEH,10(1):99~106.

Bai, X. and Zhuang, Z., 1991, Studies on the fluctuation of zooplankton biomass and number in the Bohai Sea, Mar.
Fish. Res., 12:71~92.

Heywood, R. B. and Pribble, J. R., 1987, Retention of phytoplankton by an eddy, Cont. Shelf Res., 7: 937~955.

Holm-Hansen, O., Lorenzen, C.J., Holms, R.W. et al., 1965, Fluorometric determination of Chlorophyll, J. Cons.
Int. Explor. Met, 30; 3~15.

Kuipers, B.R. and Witte, H.J., 1999, Grazing impact of microzooplankton on different size classes of algal in the North
Sea in early spring and mid — summer, Mar. Ecol. Prog. Ser., 180: 93~104.

Ning, X., Vanlot, D., Liu, Zh. et al., 1988, Standing stock and production of phytoplankton in the estuary of the
Changjiang (Yangtze River) and the adjacent East China Sea, Mar. Ecol. Prog. Ser, 49: 141~151.

Parsons, T.R. and Takahashi, M., 1973, Environmental control of phytoplankton cell size, Limnol. Oceanogr, 8:511~
515.

Reckermann, M. and Veldhuis, M. J. W., 1997, Trophic interactions between picophytoplankton and micro and nano
zooplankton in the western Arabian Sea during the NE monsoon 1993, Aquat. Microb. Ecol., 12: 263~273.
Steemann Nielson, E., 1952, The use of radio - active carbon (**C) for measuring organic production in the sea, J. Cons.

Int. Explor. Mer., 18: 117~140.
Wang, R., Li, Ch., Wang, K. and Zhang, W., 1998, Feeding activities of zooplankton in Bohai Sea, Fish. Oceanogr, T: 265~
271.
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SIZE-FRACTIONATED PHYTOPLANKTON STANDING STOCK AND
PRIMARY PRODUCTION IN BOHAI SEA DURING LATE SPRING

Ning Xiuren'?, Liu Zilin*, Cai Yuming?, Liu Chenggang®

(" Key Labs of Submarine sciences and Ocean Dynamic Processes & Satellite Oceanography , State Oceanic Administration)

(2 Second Institute of Oceanography, State Oceanic Administration , Hangzhou)

ABSTRACT

During June 1997 cruise by the R/V Science No. 1,o0bservations on temporal and spatial varia-
tions of size-fractionated phytoplankton standing stock and primary production were carried out in
the Bohai Sea. Size-fractionated chlorophyll a and primary production, PAR (photosynthetically
available radiation), as well as the related physico-oceanographic and zooplanktonic parameters were
measured at five time-series stations representing sub — areas of the sea.

Results obtained showed that there were marked spatial zonation of chlorophyll a and primary
production in the Bohai Sea. The values in Laizhou Bay, Liaodong Bay and Bohai Bay were high and
appeared closely related with tidal fluctuations, i.e. high chlorophyll a concentration occurred dur-
ing high tide in Laizhou Bay, and during low tide in Liaodong Bay and Bohai Bay. In the mouth and
the central region of the Bohai Sea, the values were relatively low and no relationship with tidal fluc-
tuation could be found. Chlorophyll @ concentration vertically decreased from surface to bottom in
Liaodong Bay and Bohai Bay, while it increased in Laizhou Bay, the mouth, the central region of
Bohai Sea, and maximized at the bottom.

Size-fractionation results showed that nano-and picoplankton (< 20um) predominated in the
Bohai Sea phytoplankton communities during late spring. The average contribution to total chlorop-
nyll @ in each station was 76% ~95% (mean=87%) The contribution of net ( >20pm), nano-
(2~20pm) and picoplankton (<2pm) were 13%, 63% and 24% to total production, and 9% ,
53% and 38% to total chlorophyll @, respectively. It proved the importance of nano-and picoplank-
ton in phytoplankton communities in the Bohai Sea ecosystems.

The paper also discussed the factors, such as light intensity, zooplankton grazing pressure, etc.

governing standing stock and production of phytoplankton in the Bohai Sea.



