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The distribution of bacterioplankton in the Yellow Sea Cold Water Mlass
(YSCWM)

LI Hong-Bo'-*, XIAO Tian"" , DING Tao’, LU Rui-Hua' (1. Key laboratory of Marine Ecology and Environmental Science , Qingdao
Institute of Oceanology , Chinese Academy of Sciences, Qingdao 266071, China; 2. Graduate School, Chinese Academy of Sciences , Bejjing 100039, China; s 3.
Lahoratory of Ocean Dynamic Processes and Satellite Oceanography , Second Institute of Oceanography, SOA, Hangzhou 310012, Chinas 4. First Institute of
Oceanography, SOA, Qingdao 266061, China) . Acta Ecologica Sinica ,2006,26(4) ;1012 ~ 1020.
Abstract; The Yellow Sea Cold Water Mass (YSCWM) is very important phenomena in the southern Yellow Sea, especially
prominent in summer and autumn. It is renewal in winter every year and the boundary and temperature-salinity structure remain
almost unchanged one year comparing to another. The primary characters of YSCWM are low temperature with a remarkable
variation (5 ~ 12°C) and a rather constant salinity (31.5 ~ 32.5). The particular physico-chemical parameters of YSCWM
represent a very attractive model system to study the impact of environmental changes on the biomass of bacterioplankton which is
composed mainly of heterotrophic bacteria and two types of photosynthetic prokaryotes cyanobacteria, Prochlorococcus and
Synechococcus . These prokaryotes are basic components of microbial loop, and play an important role in the marine food web.
In this paper, the author described the distribution of bacterioplankton and the preying pressure. At the same time, the
author discussed the effect of Yellow Sea Cold Water Mass ( YSCWM) on the distribution of bacterioplankton.

Four special surveys were carried out in Aug. 2001, and Aug., Sep., Oct. 2002 in the southern Yellow Sea, China.
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Bacterioplankton abundance and biomass were quantified along the transect from Qingdao of China to Jeju island of Korea. Samples
for bacterioplankton were collected from a SeaBird CTD-General Oceanic Rosette assembly with 10 1 Go-Flo bottles, and preserved
with buffered glutaraldehyde at a concentration of 1% . Synechococcus cyanobacteria abundance was determined by directly
.counting cell numbers using epifluorescence microscopy method; and heterotrophic bacteria after acridine organge staining. The
biomass of Synechococcus cyanobacteria and heterotrophic bacteria were caleulated with a carbon conversion factor of 294 fg/cell
and 20 fg/cell, respectively. Concentrations of Chl-a were measured on a Tumer fluorometer. Phytoplankton biomass was
calculated by a conversion factor of 50 mg C/mg chlorophyll.

The results showed: the rang of Synechococcus biomass was 0.78 ~ 33.49 mg C/m’® (average was 6.26 mg C/m’), and
heterotrophic bacteria biomass was 1.58 ~ 21.25 mg C/m’ (average was 5.79 mg C/m®, n =197). In the vertical direction, the
distribution of Synechococcus biomass was shown as the mid-layer > surface > bottom, and heterotrophic bacteria biomass was
surface > mid-layer > bottom. The contribution of Synechococcus to the total phytoplankton biomass ( CB/PB) was from 2% to
999% (average vaule was 42.5% ), but the ratio of heterotrophic bacteria biomass to phytoplankton biomass was from 0.05 to 6.37
(average vaule was 0.85). Daily variations of bacterioplankton biomass at anchar stations showed the Synechococcus maximal
biomass was 8.8 times of the minimum value, and 2.8 times of heterotrophic bacteria. All in a word, the distribution of
bacterioplankton was accorded with temperature and salinity, the minimum value of bacterioplankton biomass occurred in YSCWM
waters. At same time, the microzooplankton (20 ~ 200 pm) were the grazer who prey on Synechococcus in this waters, and the
ingesting rate was about 0.20 ~ 0.42/d.

Key words:; Yellow Sea Cold Water Mass; distribution; bacterioplankton; microzooplankton
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BEFRARESELESRETON B AVER BER AR FRMZABEBRENERERNE
o HEF L RHHEESENTRATFRBOBEEQBRIZT Y BAREETEBC R RE 1986 45K
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THAR"Y, HEREFYELESFRERESAAEHNHREL MAEAXHRETEERELIEZFMN
5 U T o R A B AR S A R AL BRIRT R T BB KA M EEXN R IEHE S B,

1 HEFMAE
1.1 9 2 i ) F0ECRE 36 fir

2001 4F 8 A 10~24 20024 8 B 15~27.9 A 16~20.10 A 21 ~26 B LI B" XML HFSEHFNS
FEUTERIB AR BBESRENNEE5EYHEREAFRFEEF A" PR Tk ZEEIH"EH
WA, REXBWME 1R, EHEPHMBEI, A8 ILH(30° ~ 36°N, 121° ~ 125°E) MW 1 #1749 b
EMEYHGRERR(RE 1), RS XHIFTHE LKA,

2001 4 8 A7 1-7.2-3 %, REXR B KM S RIEFeHHOESE TS, B 3h K #E 1K, M 24h, 2002 4F 8
B 1-7.1-3 35 R4 20 m K ERE KB RIEFHIAR,

BB L EL B Ve R By MY 2R SBE19-CTD P78 . 4Nl ROSETTE R/K#2 412 RK, K ERIBREKEH 76
WE. KE—-BAIRE KEREBE KEZLEXR KEEREMER. SKEWE 50m KEETKH
JE BB 2 RHR P, 3F A UK, 88 B 5 (Glutareldehyde, R EN 1% ) ,4°C BEERERLRZ 2,
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MPRAEARKSENRRE THERHAERHER
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R 53 BHEYADEBZRANERXRKE 1 Afun
BEaFTSOHRUMEBKRGEARMTRE a WEKHR
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1.3 RBEAESREFRRBR I ERREKENITHE

A 5L Niskin KK 884> BIRBERE .20 m KB HIK,
YA 2L TR AR B AR K PRI EE IR 24 ho
FAARIE 8% 7K 1200 pm FLA2 B T BR B K (20 pm B 4B
WK 3pm WG K (4 NERH) A BIEA
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2.1 FrHHEKRE D

4 MIRHMERBEAERRFAEEYEAEN G | PHAFERER 1P, NR1TUBE, BREH
EEYEKEHE 0.78 ~33.49mg C/m’ (CFHIK 6.26 mg C/m’, n=197), B EEBIR(EN 40 B RFH
BAEYRPELE 1.58 ~21.25 mg C/m* (F¥ K 5.79 mg C/m’,
BERENEYERBREFENFE In UL KRE, MR HRAEEYERENEITESAEKE I0n B, TE
REAEEVENRBRESHREFEKERENAEEREN FRABEYENS/ M ERERR,

1 BEEARSERAWREI MRAROTHRRE
Table 1 The distribution of Synechococcus spp. {Syn) and heterotrophic bacteria ( HB) in four surveys
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Fig.1 Map of sampling stations. Shadow area represents the approximate

bottom boundary of YSCWM!?!

InN, - InN,

t

n=197)  BEERERKMEN 3. BEER

1247 126°E

Syn HB n
Hi K Cruises 8
£ /)y Min B K Max I Average B/ Min K Max -1 Average 3
Aug.2001  Sm. 1~ 7(10m) 1~ 1{10m) 1~ 7(45m) 1~7(10m) 53 ]
Abu.  6496.60 113925 24300 1822188 1062688 408622.9 7
Bio. 1.91 33.49 7.15 3.64 21.25 8.17 £
Aug.2002 Stn, 1~6(1m) 1~9(10m) 1~7(75m) 1 ~10(10m) 55 g
Abu,  2667.78 75950 18836.45 164957 .4 1055286 362074.3
Bio. 0.78 22.33 5.54 3.3 21.11 7.24
Sep.2002 Stn. 1~ 4(60m) 1~7(1m) 1~7(75m) 1~7(10m) 35
- Abu.  2707.89 74480 19895.26 79114.58 346062, 5 144130.4
Bio. 0.80 21.90 5.85 1.58 6.92 288
Oct. 2002 Stn. 1~7(75m) 1-~8(1m) 1~ 10(76m) 1~7(20m) 54
Abu.  3516.47 85820 22028.32 112291.7 534980.5 242806.4
Bio. 1.03 25.23 6.48 2.25 10.70 4,86

Stn % (¥ F7KIE Stations and water depths; Abu £ [ Abundance(cells/ml); Bio 4E¥& Biomass(mg C/m’); n RAFE B Number of sampling
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2.2 BHEMENEESH

ME2AUES, RREAFEEKEEEST LA U TR E3m UL, BEAFENEELERS, &R E
B F 60 x 10° cells/ml,30m PA T 3= EARME , £ 4 ALK F KT 20 x 10° cells/ml, 8 A 71 4004 = & iy e fH 3
BEHRAEKEHFREA0~30m), EAYBMASAHERLETRE > RES>KE;MEI 10 ARREHNEAYE
FEATHERANARE>FES>KE(FEK?2),

Synechococcus abundance (% 103cells/ml)
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Fig.2 Vertical variations of Synechococcus and heterotrophic bacterial abundance in stations 1-3, 1-5, 1-7

a, a’:1-3 ¥ station 1-3; b, b': 1-5 I station 1-5; ¢, ¢': 1-7 ¥k station 1-7

EEFH LA R AEFERERENREN AL ZRER(E 2). 7 1-3 35, RA7E 2002 4 8
Ak BB EEE ML EETER R, BEEREHEBAERE (66.83 x 10° cells/ml) ; 7 H Ath
MRPRFNEEEE A LSRR —B, WA 1-5 35 1-7 35,2001 4E 8 ALK T, B 4008 £ R ue{E
HBRZE KR 10m AL (433K 5.21 x 10° cells/ml F1 10.63 x 10° cells/ml) , B /ME H BLZE 45m AL (451K 3.07
x 10° cells/ml F1 1.82 x 10° cells/ml). TZERTHIK %2 4 BADSKARHRR. P EFHRE. FHERANLY
hLORRAEEERERENENAERE, Mhg2p BUAS

AR S RAEEEE B2 (0m) . JERE ML R Table 2 The variations of average temperature (°C), biomass (mg C/
AHRE FRABEVERFELAERE, RA middle and bottom layer in the area of Yellow Sea Cold Water Mass in
EHRAERE B 2001 4 8 AMUIKSN, BFMAEEY  four cruises

m’ ) of Synechococcus (Syn.) and heterotrophic bacteria ( HB) in surface,

BEEHAMEMSHREERE > TR > KR, LK Cruises  WEHE Depth(m) T Syn. HB
T 40 O B AR 4 B E R K L R B BUMERRTE . 08-01 1 26.40 6.12 11.10
2.3 PUHMREILL o o am e

24h FELEI KR, 17 M RREAEHERE T s 1 25.29 4.14 8.16
BREE>RBES>ER, FROFHBETUERE > F i;bmm 23826 Z;‘; :2?
B>KE. 23 WKNEREMABETURFES>R wn ) 2326 9.2 354
B>RKE.FHAFHRETHEFTR > KB > XE 20 23.08 5.51 3.4
PUAEEEA B NERE L, BB AR S o §
HE, BRENFERENERATHERELARMKE 20 19.57 7.12 5.52

O 8.8 £, 53 NP B P SRR AR 00 2.8 £ (B 3). Flaom 1208 18 33
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Fig.3 Daily variations of bacterioplankton biomass at anchor stations in the Yellow Sea (Aug. 2001)
a 1-7 %5, B3R M B Station 1-7, Synechococcus; a'  1-7 35, 7 T 41 M Station 1-7, Heterotrophic bacteria; B I (¥ 1-5 F 7R 0.10.25.45.75m 7k
B the numbers 1.5 showed 0, 10m, 25m, 45m, 75m water layers;b  2-3 & , BER ¥ 40 ¥ Station 2 ~ 3, Synechococcus; b’ 2-3 ¥, B340 B Station 2-
3, Heterotrophic bacteria; B BI¥F 1 ~ 5 78 0.10.15.25.55m 7K /2 the numbers 1 ~ § showed 0, 10m, 15m, 25m, 55m water layers

2.4 FUHEXFHREY B EYEKN T

FE2000E S AWE 1, BREABFEDE (Cyanobacterium Biomass, CB) X R P & =W E (Total
Phytoplankton Biomass, PB) K 5T#k (CB/PB),&/PN 15% , HELFE 1-8 W R 2 B KRME N 99% , HELEE 1-1 B Y
10m; FHEN 63% , T F IR H & ) B (Bacterial Biomass, BB) SF Y B £ ERLE (BB:PB) P, 8K
% 6.37, HETE 1-10 SRR s B /MEN 0.20, BB 1-1 WIER ; FHE R 1.52,

2002 F 8 AiE 1 P, RRBEMAFEDENFHEHEY S EDBKTTHE (CB/PB), B KK A 83% , HELTE 1-
SHHRER (10m) s B/NR 2%, BRE 1-10 M RE; PR N 28% . MEAFRAHLEYERSZHADE
B (BB:PB)P B KRIN 5.36, HELZE 1 - 9 BRI s /DN 0.053, HBLZE 1 ~ 2 iR B 1y
B4 0.86.

20029 AWE 1 P, BREMFEEY RN FWRHED S EYENTH (CB/PB), B KKK 96% , HELZE 1-
6 ¥ I 10m &b B /DRI K 11% , B BUEE 1-7 359 30m &b s VI A 39% . AR FFFHPHSTHHEDLEDRS
t (BB:PB)M/NF 1, H AR KM N 0.82, HBLFE 1-7 35 1) 20m &b B/ME K 0.057, 5 BLZE 1-2 35 9 20m 4b ;%
HER 0.33,

20024 10 AWiE 1 F, RREAFEYEX BB HEY SEYROTE (CB/PB), B AMHN 9% , 1 H#E
1~THHRRB BRI 9%, HHFE 1~ 1 M 10m &b FHH 0%, MRFHAESRHEDEDEZ
(BB:PB)H , B RN 3.19, HBTE 1 ~ 10 iR Z  B/MEX 0.12, HBITE 1 ~ 1 35 HY 10m &b F3{E K 0.69,

4R, BRI AN R EY S EY BN T (CB/PB)RKIEBE 9%, &/NN 2%, FHEH
42.5% ;MR FRFEEVR S FHEYEYEWHE(BB:PB) , B KH 6.37, 8% /NK 0.053,F1 K 0.85,

2.5 BItHETHEREAB > REFRAE

M3 AT LUAGE, 703X 4 WG4, 58 2 LA FH 20 pem 0 48 B3 25 /15 24 22 1% 3 9 (microzooplankton, 20 ~ 200
pm) RN A AERERF(-0.024 ~1.681/d), BRT/PNHUBHIY I RRENFWHEEN. BIEE
2001 4F 8 A 2-3 v RZF1 2002 4F 1-7 35 20m B G RIEFR P B34 AT BERENF LK EBRF 1241
HERKE, AAME2001F8 A 1-7HREM2002 E8 H 1-3 3 20m EMAHEIERP,E 1 AP H 3 pm BT
EBEFRAENEEREZRME, TREEBEEN/NT 3 pm KRR PRHS O REN.
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3 wtig
3.1 EIB XK EIXT R i 40 B 4 A RO R R

HBLKEARRTLAZHENEK IEFLE
KBBE, FTREFPRERERE TR, X—BXE
AREHFEVENEERE, RKAEHBE L
ALV R b 4 DI R AN P XA
DEER A B B R TR (B 4c.5¢) .

EWE | RREGELADR FRAFTEYED
L5 KB E M ELER B, HERKEKE
(BE/DTF 10C) R HE 4 Y BFEBKE(E 4a.
b,5a.b). HZFE(8 A)KMBH LR, KiEkBELAR+
HRE, 5~-3mERTHNERENKE, HTH
BEAR 12C, ERKEE 20C, LRKBRZ
26CK &, FRKEYHHEMKTF 12C, BRMEM/NTF
sC!” ., EERBAKARERABEREPHPKE
M—REKE, URRY FERE. EEHEFH L
SEWHE AR EERLBENER.

HEERERKANFESTHE 4c-d B 5c-d, 155

232001 570 2002 4 8 F 75 3% BT A B0 TR BRI 40 O B0 ) R %
Table 3 Size-classed culture of Syrechococcus conducted in the Yellow
Sea in Aug. 2001 and 2002

BkAsG  pmmm CTONHER ERGHE SRR

Cruises and Size-classed ~ Number of Number of Growth
stations sample before culture after culture rates
( 10 cells/ml) ( x 10° cells/ml) (k: (1/d))
Aug.-2001 D<3pm 4.7320.50 2.10:0.29 -0.812
(1-7%,%B) @<20pm 596131 4.20x1.50 -0.35
@ <200um 6.54+1.28 3.41+£0.47  -0.651
N@oﬂ;ﬁrw 6.10:1.09 3.34:0.64  -0.602
Aug. - 2001 D<3pm  3.59:0.94 2.55:0.78  -0.342
23%,%2) O<20um 3.58:+0.96 3.96:0.70 0.101
@ <200pm 7.01x3.31 3.27:0.71 -0.763
@F 1t 10.17+2.95 4.44x1.50  -0.829
Aug. -2002 ®<3pm  2.7320.83 5.95:1.10 0.779

(17 3,20m) @<20pum 2.41:0.84 12.94:1.50 1.681
@ <200pm 6.56:0.89 11.70%1.72 0.579

@FtlE  8.68+2.48 12.63+1.93 0.375
Aug.-2002 DO<3pm 5.14:0.63 3.97:0.05 -0.257
(1-335,20m) @<20pum 9.9320.16 9.70+2.10  -0.024

@ <200pm 11.96+2.78 13.92:£3.82 -0.105
(OF Sk 15.46+2.29 10.55+3.25 -0.125

BABAEEHET 135 17 %20, EEZBEE 10CUT., SAER /KA KB MBSO 1-1 35.1-9 ¥
0 1-10 BHAE L8, B B2 /K IBFE % /K B KB A B I5 AL T EK 3°C (B/KEKBIR SR ERE TN
9.13C, B KB KBHMEMEEEEFH N 12.46C), EERENFL YR O L IES KA KBHER
20% A L, AT VIR R REHAAAYEN YA SBEFNMHEX, MEFHAEFEL KAKBHEYDERBREL
AR KA KR SR, X TR R R AR R AR RS TR R Y, E 2 KM EFE R, Shiah™ A
HBWHE DM ZRE E IR LR 5 (bottom-up control) FE R E 7 (top-down control)3 A E K P IR B 1 .

3.2 BREAHNIEERER
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Fig.4 Vertical variations of Synechococcus biomass (mg C/m’)
() RFMBE LY R heterotrophic bacteria biomass (mg C/m®) 3 (b) 7K I temperature( °C) ; (¢) £/ salinity (psu) of the water; (d) ZEHFWTE | KR H

437 along section 1 in the Yellow Sea (Aug. 2001)
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Fig.5 Vertical variations of Synechococcus biomass(mg C/m*) (a), heterotrophic bacteria bioms( mg C/m* ) (b) , temperature (°C)(¢) and salinity (psu)

of the water (d) in section 1 in the Yellow Sea (Aug. 2002)

EHEBRKARBEFEN 4 RSRERP,E2I3HEEM 178 20m BABENEFRARREAEH
FEFEHE/PRBE NP (Microzooplankton, 20 ~200um), MRMERMEZHADK 3um BELRHA N
STRRA, BB A/NEB Y REREAEOHEEN 0.20~0.42/d. XENEAEFHICRE 8885 HHT
BAEBFRRFTBINERHR(EEAKENIZFDHYNEREAFAVUENHRES BHERSE
S PSEATHEERREANEN TEMEE™) . 5 Burkil™ #7849 BB 2 75 46 %8 38, Turrlaga™ 4R 38 9 L
KM Landry™ 2 KEHEHBAEREEHRESRAMBY AT EAHREEZYR/PDRIRSIYH TN
ZRMY, BS5EH 2003 FREN P EREEREFEHE EE 8P 319 (nanozooplankton, 2 ~
20um) FF & Hagstrom 57 BN ER P BESREMEYIA T BEHE BN HEF I AP EE LR
B F 04 A Azam 1Y B R B ) 68 2 A W1 FF (the microbial food loop) B GHEMNE T EWWEERBRHT
REWAA. EXENA—FEAE TEARANMBEAYRNERY AL EAEFH RN IFREHTATER
ARG, FERE—EREREHWESEMBAYESREMN R H MR 4 Y M (the microbial food web)
5 B 5 B B 0 25 (the microbial food loop))fﬁiﬁmﬁ‘&"m' o,

FHME 1T RBEM 133 20m B L HA 3um B BARB RN ERRY BREAFMHE AR E
BERTHEREEANT 3um WHBIZHSIYHWERER. HEREEREN EAFNE CTHE XER, 7 RE
—38 %%, Proctor and Fuhman ™ S Z B R AR 7T HAEM 5 EHNEAEA T A RYH
th, LB TR 10% ~40% &2 B MEF R 512 09" [ Bt 75 BF 90 TA 0 40 Bl AR K/ O B B0 3 WA 31 T
U KSR R S0% L £,

3.3 BHEAYEXNZHEYSED R TR

FEE RS, EAEBAN S B ET AR YA TR, EERKARBEREHE LY ]

B HEYSEDBITIRRA 42.5%, SEEXNPEAREEKRSZHARER . RREAHLYE F M

P BB RRERKS, BBV 023%, KB RHS0.20% 55, BEN02.7%, KEN 2.1%H—5", [ é
B Chiang™ 7E 2002 BB N R ERA B AR EZEHNE T B HEY O TN 4% ~59% ,4%5% 6% ~
25% ., TH 2003 ERENFRERREAEEYBRESFHEDEYRP HAOLAKLELHN 10%(0.5% ~ :

91.8%) ,BEFFHN 3%(0.6% ~10.6%)" " WER ., FEREHIT, BHHHIE WY (picophytoplankton ) 1
HEEERFRENTFHAEADSEYRBO TR, FRA L EMNRESES TR, FI0 Huang™ Xt & 185 5
W R ABMBPEAE YN ZREYEY BN TRESE 17% ~60%, EFTE 20% ~ 54% ; Tata“ BFF N K
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BHAFHEY N RS EYBRWRRELREANS0%. FHEMEFHEEYMWETALTS, BR
EHE RS RRE —ERE FARFBRHE R A BREY R RER™ .

Burkill ' BF 5% ik K NO, ¥ EE KT 5 pmol/L B ¥ 38 & & & 5% (eutrophic) X,0.5 ~ 5 pmol/L I H F & 3
(mesotrophic) X , T/ T 0.5 pmol/L i % % F% £ (oligotrophic) X o X1 ¥ K BI/KIR ¥ NO, Bk “ FEEH 7 I
LRI K:S0m IBERAEEFHRK 20~ S0m FHENFEFE 20 KU L AEERK, EERARFBRERH
FEEEEFRKEPR 0.27 ~5.58 x 10° cells/ml(F31 % 2.88 x 10° cells/ml, n = 98) , FEH & F K&K F & 0.56
~5.89 x 10° cells/ml (¥4 K7 1.44 x 10* cells/ml, n = 60) , 7E B & FE KK H 2 0.27 ~ 3.46 x 10° cells/ml (34K
1.04x 10° cells/ml, n = 57), [AAf Burkil'® ZEEIE RN RLER AN EREREREREAE EFHEL
10° cells/ml, H— 75 X IR MM ERE R — MR %, BERIE AN F KRN R R B FkIE >
BRKES>BEFRKE, S THRRBEAHEEKEEE N A LS AREERE -,

4 #HiF

X EEAKAGEM AW FERAENASERRRA.(DEEFT M LERBENEFEYBAORFHAEN
RABSAH, BREFEEYENSFEARFE > ZE >KE R RIEAYEBRAEZEF W LS AR
HREER>FES>EERE:; QFRBEAENZHREYEEYENTARN 2% ~99% (EFH¥HN 42.5%), MFF
NEEYRSFEHEYEYRMARN 0.05~6.37 (FHK 0.85); G)EHMAEMN DA FKEREMILE
BH -~ BXR,BKBEKBHNWERAEEDERE; WD EBRRIYTRREAFEOHEER 0.20 ~
0.42/d,
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