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Te el F B 5K IR R B JUE Frdh (R E
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FAE X IR FAIAC B AR FE 7, 3% 5 LRy
s, b SR X TE A, Bl Y Y5
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Fig.1 Map of the sampling stations

1.2 HSREMLE
1.2.1  JKEEREFTALIE

Fi WB-PM 5L SR/K#84 R 2 0.5 m bk
B, AT R IR IF WIS R a LB FREb A
Y fi# A YLK ( Dissolved Organic Carbon,DOC) f il
FEo FHT Y BT BN KRS JG L B I AT 4
AR R, IR R (R E R
1% ) [ 58 , 2 W R G A ZE A vk i) THEAS
FRIBARAE, 47 [0 SE I8 S W 5 , 25 A BB 57 BP0 2 ks
HARFFAE -80 CREMKIRIKAE . EIFRERPT FKHE
HRYE G PR A AT T AL 3
1.2.2 U 3R e 4 v B8

AT Yt H BE AT, B 5 A DAPI
Jofh,, 2 0.22 pm B S RKMRERIEE T I8, 7
Nikon Eclipse 80i &4 )tAH2: A T OGIE
BEARUET, BERIEH 20 N LEF I A R A 2
SEaR R 20 B B (B EF LA 20 ~ 50 N4 Ry
H) o BRUINE R, RBIIARAIRE s E xR

218 2006 Mg VEAL 2E TR A BOR B T A

MR
N, xS
NB:sfx(l-o.os)xv (1)
AN, IREREEE(A/L) 5N, H & 5
BIEEC(AN) 5 S o U S B ik 38 T A (mm® ) 5 S,
7 . 74 85 0 BF T X ( NIS-Element R 4 Il & )
(mm®) ; V Ry id JEFE S B (AP 0. 05 AR
T o5 [ 2 A BRI LB, L) o
1.2.3 DOC g SRR E Fik
W78 A LR K AR 2R 0. 45 um Y8 4l
UEJS , FLUE W 7E Liqui TOC I1 378 HLER 2 7 43 I
o BRIWESRIGHEEA M. BT RRE
W RS SR FHE AR AL TEBRER VR BE I 2 >R F
PERRIE IR 15 5 B b Rk BE T 8 ok R IR BR 38 A4k
5 s PR ER TR B I SR PR AH A VS o
1.3 REEFHNE
Al BT K IR K 3R 8 L pH R R 2%
WESHHME , AR ALEC-AAQ1186 7K
Jo WS TN
1.4 BUESW
1z F SPSS 16. 0 F surfer % {4 Xt 2= 32 46 v 1)
BAEHAT 5T o

2 SRS

2.1 FEFKMERFURUER

BFEAURMRZKIR B B EK
WHRREFHNZERILE 1, AR, RS R
FREE AN I W I, R Z K IR A ER B 22 R,
A ZE R KR 0.34 C, 2 EFEMHEREKHN
0.434, WEE I8 B MRAEK P, KRR
WEERIRZ —  BREASEXEBEGERE RN
8.424 ~8.598 mg/L,E¥{H K 8. 490 mg/L; 5l
FRE XIS E W E N 8. 559 ~8. 771 mg/L, FEH{H
7 8.695 mg/L,MS, Visys 4 & BN T KSy i
B, B E U EAEAFE R R BEARRK,
{EARSTF“ KR 2R IE W AR ST RIS AR K
F4 mg/L” W, RKIRE AR EY
EFEATERURIE, & EEERNRRESE
FiZS, SR B MS, M5 Sy IS T KSy ¥
B, ARBLSREE G X A A K R R T
KB IR, A RER 2080 KSy Mg
M MSy igEENERR BEZRE(P <0.05),
Gt R R 2,
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®1 MRERBEEFAFREEFEUNER

Tab.1 Environmental parameters in the area of Gougqi Island in spring

SRAEE 2K/ C HfE4A/ (mg/L) HhEE EWE/m
KSx 16.82 ~16.88(16.85) 8.424 ~8.598(8.490) 29.072 ~29.143(29.117) 3~4.2(3.57)
Sx 16.88 ~17.16(17.00) 8.593 ~9.446(8.946) 28.885 ~29.013(28.957) 4.2(4.2)

MSy 16.9 ~17.08(16.96) 8.559 ~8.771(8.695) 28.709 ~29.107(28.934) 4.2 ~4.7(4.53)
I 35S B P
*R2 RUREBHEHRESH
Tab.2 Variance analysis of transparency
FHER — 95% E{Z X [A]
1) 3 5 U A Ay
(1) ¥ 5 (1) s (1-1) b 22 BEN TR R

LSD KSx Sx -0.633 333 0.315 054 0. 091 —-1.404 24 0.137 58
MSy -0.966 667 * 0.315 054 0.022* -1.737 58 -0.195 76
MSx KSx 0.966 667 * 0.315 054 0.022* 0.195 76 1.737 58
Sx 0.333 333 0.315 054 0.331 —-0.437 58 1.104 24

T R P <0.05, IR,

2.2 EFRFEHAFNEFRLRE
2.2.1 BERFFHEAEEENESATREF
YA A

BERIZ KR IR A0 F B MAESH
BTN LK 3, BRI AEAGFEN
AV EE R 0. 41 x 10° ~3.08 x 10° 4~/L, & =14
HIAE KS; v, Bl HIRAE S, Wi, B
BRI TR - BUAFE R 1.6 x 10° A~/L, i
FESHPE NGB N 1. 21 x 10° A~/L, ZE R & R 5240
WEEKRFEHE; HRRUBELE KS, .S 1l MSy
VI 1 S50 50 50 R 7. 33 mg/L.7. 01 mg/L
6.64 mg/L, 5 RV AL R HA —3,

MEFEA RS BN ER SRR FIFHE L
R BEE, KSy Mgl DOC & &A%, FIEN
7.51 mg/L,MS, ¥l b DOC & B , F3IE N
9.37 mg/L; B MK BREL & B 7EA R 3 sAZ AL TE
BB, PR (EAE AT 20 512 0.5 ~ 0.6 pumol/
L f132.23 ~32.61 pumol/L, WAHEREL & & ek
A EAE KSy M MS, Mg W A ZE LUK, iR
DUFRAE X WA PR h M TR W E A B Y
1.53f%, R LRR T BERFFMAC SR
VSRR T 0 A0 B B AR (R o R AR B B
FEAR, WAERE R ME A LR 5 57
TR AN A — RE AR

®3 EFREBEAERFZFHRADFEMESHERFRESITR

Tab.3 Statistics of heterotrophic bacterioplankton abundance and ecological environmental parameters

on the surface water in spring

B 5‘??7??)?331%35)3 R BERRER MR DIRTE &N 5N VA LB
/(10% 4~/L) /(mg/L) /(umol/L) /(umol/L) /(umol/L) /(wmol/L) /(mg/L)
KSx 0.66 ~3.08 7~8 0.46 ~0.54 30.83 ~33.53 0.06 ~0.26 0.12~3.34 6.97 ~8
EHME 1.6 7.33 0.51 32.23 0.17 1.6 7.51
Sx 0.41 ~2.44 6 ~8.67 0.47 ~0.57 31.8 ~32.43 0.19 ~0.31 0.95~3.36 7.04 ~9.22
FEME 1.56 7.01 0.5 32.18 0.24 1.47 8.22
MSy 0.66 ~1.7 5.67 ~8 0.55~0.68 32.12 ~33.23 0.22 ~0.28 0.35~3.67 9.24 ~9.5
FHE 1.21 6.64 0.6 32.61 0.26 2.46 9.37

2.2.2  RFFRUMEAE TR0

R 2 AT, F 2R 2 KR SR U A
SR BEKF AR HRRAE DA 30T Ve B R, B R (L i
#7 KS; UL, 4 3. 08 x 10° A~/L, BN E
BERARR , 40 = B2 5l A 22 B B 47 [ 3 7 S i I

AN EaH . REKEMSREEIMBE
B AR R S, M4 R & B 1E KS; KS, \KS, 1 S,
s R R E X, 2354 8.7 .7 1 8. 667 mg/L,
IR ARAE H BUTE MS; 357,04 5. 667 mg/L, FEh¥k
AR AR B P R 7 Sk T T s/, 7E KS; .S \MS;
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Fig.2 Horizontal distribution of bacterial abundance and ecological environmental factors
on the surface water in spring

2.2.3 FFERBEKEPRIFFHRAENFER  FEERRET O FRER (R 4),KSy K
TAMEMHERR ST F L SR a 23R E BETEIE

MNRBKEFFFHAEEESKER H HEXEKR(r=0.988,P =0.05), 583 (r=
BE VAR VIR ERREE MR a FHEEFZ 0.999,P=0.072) th 2 HH A, X ULl 6B
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A HA R 2R R B 3k — S B 24 S R 0 D A o R
MBS IR I I A 5 B B B — R Y 3R
SRR 5 Sy IR Z KRR I I R 5
Bih(r=-0.999,P <0.05) B 5 F 8 & MMM

%, 5Bt a8 (r=-0.955,0.1 <P <0.05)
W RIS 1A 56 56 R T 5 ¥ Ff B HLIK 2 1E A 256
P (r=0.997,P <0.05) ; MSy i 57 F- IF U A B
FEHEBIERTFHAERRIIAEE,

®4 REFHAANREEFOINER

Tab.4 Analytical results of relationship between heterotrophic bacterioplankton and environmental factors

FHRAREL r MR EHARR P Hutgkx

e R 55 DOC

KSy ¥k
Sx M
MSy ¥ -

0.988*

0.999 - -
-0.999* -0.955 0.997*

. *FRP<0.05, KB,

3 ifie

A ZE AT ¥ BE R Tl L 8 A L A AR AR
K, X% A S R B/, LA 2 ] — X 8
BB E IR abn i, £ WY b RIRIT
WedH T E BEIE R 1. 38 x 10° A/L, i I 3578 X
SIRIFWELN T E AN 1,11 x10° A/L, B4
BRI R MR RN 0.27 x 10° 4/
L, iHEEG R BHAEFEER 1.6 x 10°
A~/L, G DU SRFE S S5 57 9 i 4 1 2 BE 9 1. 21 x
10° 4~/L, EEZHANAREFHZEFER 0.39 x
10° A~/L, UL AT 41, 3R PR AN I E B 05 B
TG ISR P B 22 7 B R T A F BB G
NFREG PR 2R, UL R IR i I 4 3
ARALERFP G A 72 A0 A1, Y B A0 SR 7 i D B A7
XU A A AR E AR K. FFEKR
TR JER AV 6 R AN SR BRI DL 23 Ak PR e R , A
FERH, KAV B AR TE AN A A, O 20 B8 1 AR 1S
RBEEHLY) BT TAE G LSRG, T DL AR KBS
AT AR BRI, T R v 3 55
SN IR B A
3.1 RRFHFAFAFENHERRENKR

TR 8 1 B OK B 598 AL (Photosyn-
thetically produced Dissolved Organic Carbon,
PDOC) [A] 4 3 Wi ¥ i 240 T O KB 8 3l . PRI A
VIR SRR BRI R SR o, BB TTELIEH
Ot EERER, R P IFIEY I K —
RIS, AR RN, BRSPS
-2 K MR BEAH OG0 &2 138 TEAE 26, B R R BCH
0.988(P=<0.05) ,ix2&H T IFHEYOCEERE
BREIA LY A A 2 — 8o LU R A LY BB
AN, T EL2E R ER A /N T B BV R A L

Y, fedVE ek TR TR, FIFEY S &
=, BALETE R B E R B B, B
4 B RSO P A R BR 22, 5 4 T 7E Vg 3 55 Hh 3R
BRI 4 R AR B = KT, Ul BA B 5 N TR
HYIREWMS R RHEARAFENERERE T,
REBRESHRBUEZ I ZIHHEY AR S BT
TR AN P B 2 A B B A e Y
BRI G AR S 1] W 55 5% 1 i 240 T 42 1 AL o
HRHE 2 — ' RIRHA N S 3R IR B B
EFIFEY BB R ALY, LR sh P 1%
VR ) 1 72 v O T AR A LA R ik R
FTHE R AN EE N T PETERSON'" i ik i #6570
flitt, FRIFEY B VLY B STk T A T R A
TR 73%

1 Y Y8 35 0 iy D 3R 5 37 /K A b B 2 22 (R Y
KRR, — 7 H 2B T IR DA 8K 5%
BXFHEEY R RS ES, BR 1 ATH,
KSy .Sy Fl MSy g3 it 4% 2 ¥R B 43 3| Ry 7. 33
7.01716.64 mg/L,MS, Mg 4K & & &AL, H
KR KSy s 5]y oK B RS A% Vi P B AR AE (R 4 R
EEA A, AU Sy F MS, Mg 4%
RWELBKRE A RTE LEENHRRS
B, XU FRAE G DU S X5 VR AR A B —
FEEEM 7 ; ZHANG S 7E M) T 55 1 BE AR VR 45 40
P wig R RS . B HARER
AFRREHE R ZER, BT REGENAFE, K
KEVERF= Y A BRI, 0 b 3 V% T B b i 7™
YR B A WA B B AR K . AS0AH
BEGT R RFHHEEYES TR FEX
FEALZ T REFFEHEYAEELEIERTY
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HEFRENERANRERSEBXEF#ET
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THTH 50 1) 5 57 i 440 8 Xk JEL A T 3R 159 R A
Ao FeIv T i 240 T A K AE A 32 B JR R TR Y i
RT, TOHLE BN 40 B B 1R A A B B R, 2K

U532 35 e 5 Ul = K8 IR U8 LG9 BE W 2 40
B A K TR W LB, A B SRR R B S
R4k, BT HIF B AR B B AN Sy 1M 38 3 PR K A
R A= REFREMCH AXRPER,
S M5, 40P 5 DOC FIAHIE 71 2 BLIEAH R,
HHRRECN 0.997 , Ui B Sy 4 T F BEA 55 3%
BN RRA DR 32, UL R Sy 1B IR R 1T
A B A= R B g e BB 7, {68 45 400 T R A 3k AN
Rh 57 2 BRI T 2 A O, AH R R oo
-0.999F1 - 0. 955, XM B T Z AT T JE. &
SIERIL O R HAGE g R i R R 54 S
P TR R P A48 5 35 40 AR T () 4 A
5L E 2B E N ARSI
3.3 S5H4SEHRFEFRAEAGFEENRR

5T IR I e 4 B PR B 1 B A AT
FC 55 B 3 F0 I DL 5% 58 3 S5 5% V2 e 4 o O 38
BE R 1.46 x 10° A~/L, [iE22401999 EE B /R
VTS ECR AR AR B R B KR4 E B E R
3.466 x 107 A~/L K FA< ST A B0 8, Tkt
FELE 112005 AETE NI 8 PG LI SRALIE R B K
IRANBEFERERIME N 20.9 x 10° 4A~/L XH FA X
TS HCRAE, 3X AT RE S IR R SR AR 3 At SR 1A 35K
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W DX SR A 7E 1) 1 35 37 0 I DL 3% 383 1) A 21
FAXH R A R BB A A B BB A X,
B TASHI 5 1 R PR B KB 450, B 05 A\ O # 2,
FARSZ KGR V5 Y, 7K 8 A A5 R 8 B 45 T
YV rp A X S O SR T Je B/, A R
MERAEIIRIN S R L RE , W5 KSy. S
MS, Mg E FERIZ KK G ERWKE SN
7.33.7.01 #16.64 mg/L, BfRA VRSB RIH
7.51.8.22 f19.37 mg/L, i B hHESEE
TKAKM R Z Wk EE R 2.3 x 107 mg/L F1 2. 02 x
10 mg/L, & AT M -4 R A AR A HLIK
BRI TS T, s E E MR A
FEIIRTCHRR & &, Ry 5 SR PR A o A K A 4R
T EFREA X AT RE R A 5T 1 B R R PR
SR F BE = TR R A SR R T E o

WEA 7 W R 5 57 I i 4 TR R A1 AR
DA B BR e S PR LBl 2R B A . A SCRE Y
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8, TR /R 3 e 200 P A RE A0 Y e A 8, 35X
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BURHFGe (i 1) 2 8] 59 A 7] 2 5 B0 e 45 R
W25 A B TSR WITE W AR i rP 45 0 [ 2 51
Ja , B R 5 X6 A58 i R ) 4 R BE S MRS R, ELER
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TS T A% I 30 AT S A ) X AT BB R BUR 5R
FIr RS

4 sk

BT IF I 4 A 78 18 B 3 0 R DL 5 3% 5
Y R Wi 3 PR B E A AR 1.6 x 10° 4~/
L.1.21 x10® 4~/L #11.56 x 10° 4A~/L, 41 ik
T4 A0 o g B o U X BR0R F i LSR5
Y, A EGHHERELA RGN G 1. 33
f&. BEGHRFFHHAE S REBEEM
X, HHEBPWEAHXRR, XFEBER T RE
VT LR R R R T R W A A 5 A R 3 R 5
GrEREL AR B R BE AR, B 3R B R R W 7 57 I
T B A= 0 BIR T R 5 o O v o S 7 O U A0
kL 2 W2 AR, W P B b R A P2
T 24 2 B = B B ) R T DL SR 38 3% P L 7 7 R
TR E A SR HE F XX R R IA
BE, B2, GRS MEREA IR
SR EE G A 2 B N A 20 5 3R T Ui 40 R B
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Ecology study of the relationship between heterotrophic bacterioplankton and
ecological environment in the area of Gouqi Island in spring

LIU Wei-yun, ZHANG Shou-yu, WANG Kai, CHEN Qing-man
(College of Marine Sciences, Marine Ecosystem & Environmental Laboratory, Shanghai Ocean University, Shanghai 201306,
China)

Abstract; Gammaproteobacteria were the dominant species playing different ecological roles in kelp beds and
mussel farms. In order to demonstrate whether the environmental conditions were different in these areas, it
was applied to study the relationship between heterotrophic bacterioplankton and environmental parameters
during spring in the area of Gouqi Island. The results showed that abundance of heterotrophic bacterioplankton
in the area of KSy, MS, and Sy were 1. 6 x 10° cells/L, 1.21 x 10° cells/L and 1. 56 x 10° cells/L
separately. Horizontal distribution of heterotrophic bacterioplankton was that abundance in KSy was highest
and 1. 33 fold of number in MS; which was lower than in that Sy. Heterotrophic bacterioplankton was
positively correlated with chlorophyll a in KSy. It was limited positively by ammonium in KSy, because of
algae depending on nitrate and the advantages of bacterioplankton absorbing nutrient and competing with
phytoplankton ; number of bacterioplankton was negatively influenced by ammionium and positively influenced
by dissolved organic carbon in Sy. Therefore, Chlorophyll a and ammonium and dissolved organ carbon were
the key limiting parameters of heterotrophic bacterioplankton during spring around kelp bed area of Gougi
Island.

Key words: heterotrophic bacterioplankton; environmental factors ; relationship; kelp bed; mussel farm
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