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(1. PEEF RS AEMEAKREE SLRE, LR 55 266003: 2. THKAY HE BN HEE EYERE ALRE, THEX

5 R A TSR, WL T 315211)

FEE: 2006 FF 2007 [ B & T 3 # (Cyanophyta) 2 K /K& — T R HE/K BRI PR £ R G5 M R LB AK. (AR T
HERESH KA. AT, LSRRy oo 7 (&), B 737 (&) . SR KEEI YT
WA ETT 049X 10°~16.71X 10° L™ Z 8], sl WAE L T 8~3 548 L' Z 18], 3. H 2= e I 3 (dnabaena
sporoides) FK MR E3T KR B A B B ik 2.28 X108 L7, BEABKEE B AL B Wi W BE B (Oscillatoria) 15 Y
Ao BTEXT R A 4T T, VR I 2T S R SR e R B E Y (TDS) MIBWHE (SD) fFER S
BOAE S, PR S B T SV MR K TR B (Microcystis) & (EMC) JVE gt B EMx. BT
KPS FRER AR, AT 20N Tovk A R R B0 & A, K SR IR B AL B IR 35 e A T /K RSB A 4 1 Bk S VR 3
T IR R 2, 8 R b v] Rl 32 T ol £ 28 B K, Nl R R Zh K 20 45 o /K el SO T e IR
FEAE IR R FIATZ 0007, 5 BR & T X Uity st BEVE IR 15.6% 1 25.8%, U WA /K A S A i 25 3= (K47
T A B TR I iR a5 M LA R A . [ P B K P=REE, 2008, 15 (6) : 950-960]

R WK Y AR A MR T Y R A A

RESES: X17 SCERFRIRAG: A
&2 1, BRI K B R 4578 (Cyanophyta)
IKAEHRIE AR %2, 2 A 0 IR B EL 3 I R BRI
K pH T @ A IR % S5 0 R 5 B K
B AT RE SR DA Y KR IR S R
K EAL, B RS S AL B S Ei
ZHEmW Y. WESAEE, B KA
BT B IR, &8 TGP 2 PR, A&
RGINRETIL WO KR R A A K D
RV BRAR 7 e MRS R E AN E S
LM AEYMER Y. Hiro g 50 Mg
B EME, FERE THEEE Microcystis)
NE#EJ® (Unabaena) \ENEE & (Oscillatoria) 3R 22 5 &
(Aphanizomenon) . %5 %2  J& (Lyngbya) #1158l & &
(Cylindrospermopsis) % ',
KBTI R E 2, HBRR 458
A& 2 A B BE R AE B () R AR ) RO AE R i &5 51,

W HE B H#A: 2008-04-22; 11T H #H: 2008-07-25.

XEHHS: 1005-8737-(2008) 06-0950-11

H Bkt — S B R R s B i g 1
ANE RIS J7 8, W it 3 B (PCA)  JLYG X Y
9 HT (CCA) FZ U tiriE ) N T E
WYRE S ARSI T LS R 42 (Canonical
Correspondence Analysis, CCA) [K EA Ggla] 255
MR F oI ED SRR T E SRR R E
SRR A5 AR H B AR A0 52 2L

T R LK RS, T L AR PR R A0 LU DX, DT
B ROKE. AKIBURTHR 4 T4 hm’, BEZ 21.45
12, m*, BeRIKIR 85 m, 2 — P LUK B &, 45
G U K A 45 R0 K 77 5 00 56 (9 256 I R K P
A 2R 22 VR B RIS R 5 452 W) ) 1 B 8 7K A
AT FUAE 5 45 7K BE VR SR ) A R B S () ey
YRS MRS BN B KB R BT T
CCA 51, B fEERY 5 B K MR 7K PRV A2 T
SEFH S .

E&UWH: HRARREREEHIIE (30771658) : LA BARFEREERIIAH (Z505319) ; TR HARER % BN

H (2006A610081) ; 2 & A1 HT IR H (RT0734).

BB ' BEFFZE (1964-), B, #%, FENFKEEY 515 R EEFIT . E-mail: lukaihong@nbu.edu.cn
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Fig. 1 Map of Hunanzhen Reservoir with four Sampling sites

F B 2.5 LRKA KA 12 BB E (SD) .
1SD.2SD H1 3SD 4 A /KEKHE, ARG 5, FHI
MAFE S EBOKEE 1 L, RIS 2RI IO 15 mL & 5
ECW N 2 » VRIS IR 2 S L /SRR S
JKFE 20 L, MU H 25 S VR0 ta iy it o8, I4i g2
T 500 mL EEEBE A, IO 7 mL FHEE[E € .

1.2 KEANES

.37 H 3% [ 7= Hydrolab Datasonde 4o 7K it 43 7
A E KR (WT) « pH AR RS (DO) FlLs AR 1]
JEY (TDS) , fE[E ™ bbe FluoroProbe M43 /K F 38
SO E 4k 3% a WRE (Chla) , Secchi A% 7237 B
B (SD) . SV (TN) B PRt B le # i A2 5 Moy 6
JUREVE, BB (TP) SRS/ ORI & M,

TR BN ) B B KA R SE R = S, FFE I
VE 48 h, MWL BR 20 BIE T, & T KFES Z IRUTE
JE AT 50 mL bR AEH . FiFsh S S
LSRR T B AR STk [14]

1.3 WEEFSHENUE

SRR E R, % SCRIEEKFE2 Lk
NIFE B, 2 0.45 um JENEIHIE IS, 2 B SUHR
(17 oF 800 AN S A0 A 5y 1 A B 7 vk AT oieadt, L

PRI

JEWR AT 5 mg/6 mL Cq [E A A B A (2 B A
ZEAE AT R LA 10 mL FHEE AN 10 mL 25 B 1 /K 3%
1), H 20 mL 20% FEFBEAE, 10 mL 90% FEE (&
0.1% = LW ) VEbL, Dol i R T 1, Rl
I mL FEEF, 20 C R IRAFAI. 8RBT S I
30 mL 5% ZP&, 65 ‘C R /K 10 min, 4 AR HE 75 AL
10 min, 7 o &K 7 2 7%, 0.45 um SERRHIE,
F& 5RO R R &

R i v (HPLC) W 5 7K v 1 28 v 25
o WAL 1100 B S AE Bk AL, iU BT
Ji S DY TR RS R 25 AT Zorbax XDB-C18 {44
FE, R 4 238 nm. FiEBIAE K 35% LHEFT0.025%
=H LW, iE 1 mL/min, £ 30°C.
1.4 ZitoH

CCA 53t -0 507 I A ) TR B ) A BR B
A 2 M OCFR . AR TR U A ) HE B 5 R A
W2 BT 7 LR BE Y 58 FR VR A AR 30 BRIE T Bl
YHEAT CCA 3 8T. AR AL AR 2 5 3k
FRIERD AT, B TR U AE ) F AT 1g 0ot 1) 54,
F IR A AT AR ML AL R . Y ] CANOCO
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4.5 HE17 CCA =%, 37 F CANODRAW 4.0 /£
2 HBRESH

21 KEFEBUEF

JE DX J R 2R S, R A TR, SRR OKIR
FFEASAL B 2, B /KR 31.01 °C, HIRAE 8 A,
BAKR 7.09 °C, HILAE 1 H JRE/KIEE IR E, 42
FEALT 10~16 CZ 0. 8 HE 12 AKEMELER
TE A S IR R T /KR 30~50 m 4k

KT R P R =P 5 F 1.91~20.15 2 8], 4 A
DRI A e H K AR SERE B AR 2.15 ms HZREK
AR, iE I A BT RIT, 8 H 42 T 3{HIE 4.08 m;
K (10 H ) [ R E S SR g K AE, EHE
KR BN 225 ms 12 Ap B EERk D, 2 F
FEW P EE 19.68 m.

KEERREFETRLHE (H2),5F @ H)
£ [ KR A A, 3R /27K DO B 11.25 mg/L,
22 (12 H) WABXAAR, 22T 6.25~7.10 mg/L Z
., REEHAEEREE,20m L FAKZE DO #
7E 4mg/L LI, BT 10m LLEKE (P<0.05)
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Fig. 2 Dynamics of DO of surface water in Hunanzhen Reservoir

K pH ZZ LT 6.65~8.41, REMEEH TRE,
B H M EEEBERGTAE.

KEERAE (TN) KFAEMF 0.12~3.39 mg/L,
B (TP) /K TFAE4L T 0.015~0.39 mg/L Z [6]. &
FREKPET E R BE, B R SR AU
PR, B KEHERT A FEE. WKESAm
F 28 M A B FRERIR RS, 14 70 30 R (1 3)
7 B B K EE 8 AR R DUANRAR IR0 3, FF DL 2#
O BRI SCRICAR 2 .
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Fig. 3 Dynamics of TN and TP levels in Hunanzhen Reservoir

2.2 FiHEEY

LB EY o6 M, T 71762 8 (H
TR ECFh AR A B Ph, LR A AN I ) o dE
BRI EAZ AR E B HRR, &
EMRERZ BT BRBMEE, RBFREZFET A
A, 4 A 8TEaHE#EE (Anabaena sporoides)
REREEHOKSE, RO AR BF, FHFMN4 H—
BEEH 7 A, 8 AR R B AL BE 2k, N
# (Oscillatoria tenuis) B¢}t ¥ Fr. 10 B 4 81
BT IR e A, R, RE T T EH AT (Synedra

sp.) N BB, KSR R RE T,
12 A.2 H#EEHE B, & (Phorimidium
sp.) Mk L BEEE (Melosira garnulata) FIW5 e 5
(Cryptomonas erosa) 4G )G AL HAFPE,

JKEEH Chla WEZFE AR R, & R BihE
FFHALL, B ) Chla WK EEHI Y T 5 Chla Wk &
. PR HAR Chla BT 89K 5 & =y HILAE 10 H, &
Chla &K EiAL 9.75 ng/L, AP IEE ] 71.72%,
X697 ng/L. mACHIAAE 12 H &2 Chla i & Kk E
H1.12 ug/L, BT ] Chla ik FEAXH 0.08 ng/L (K 4) .
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Fig.4 Dynamics of Chla in Hunanzhen Reservoir

A T R ik 5.58 X 10° L, B i {H HY
AL 10 HII 24,75 16.98X10° L BAAE R 12 A 1#
059X 10° L (F 5A) . SR B EMETABLEE
(E5B). AKFor4n b, Br 10 HF12 H 48 KM
BB = T HACRAE S AN, SR B T R (F
5A) . HEESME L, 4-10 ATFHAEDEANATT 10 m
DL AR, 1272 HEZRIR AR,  H AR E.

SRS RN Eh A 73 Bl HoR R A B 33 B,
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(=l R AN ST N v

PRI R/ (X 10°L™)
Abundance of phytoplankton

=
o)

8 10 12 2
H 4> Month

—-—1ff -W-2# A3 <4f
2000
1800
1600
1400
1200
1 0600
800
600g
400
200

PRI YRR /L
Abundance of phytoplankton

4 6 8 10

H 1> Month

o 26 M, K AR 9 M BRI ZE SRR, 2ol R
B P EL 43.6%+31.9%-20.2% F 4.3%. 57 50
WA EFEARIE &y 8~3548 L, Z=iAR{L I i, &%
RBTE 6 A E S, 2 H¥ERD (K 50).
e AW B K BRI s 3228, o A
T f B & . (Keratella cochlearis) « 35 1% % B 46
(Brachionus calyciflorus) E1 %2 % 0. (Polyarthra
trigla) KR FEFH (Trichocerca longiseta) 4 .
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Fig. 5 Plankton abundance and composition in Hunanzhen Reservoir

A: Abundance of phytoplankton at 4 sampling sites;

C: Abundance of zooplankton at 4 sampling sites;

B: Composition of phytoplankton abundance at 4# ;

D: Composition of zooplankton abundance at 4#
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23 WMEEES

BREHMEESRIREEEEFE RS M
Hr b A ke A0 L. 30T KPS 2R
BIRE (EMC) 4 H &8l F3524 0.04 pg/L, 1t 6 H
JaFFiG IR TE 8 HiA % 0.68 ng/L oA ME, H
JE IR D, BEE AL G N EIR R SR R
WEHEFE MO £ 2 AR EEE REE R
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Fig. 6 Dynamics of Microcystin cencentration in

Hunanzhen Reservoir

2.4 CCALHr

R T £ I ORI /)N BB A P AE R BB R
SRR N CCAHFIF & R BoR (£ 1),
12 e I R B S CCA 5 —HE P Sl A e i i
(0.72) , MV 4 (TDS) F13% B Bl 5 55 — 4
TEAEFFTE (980 0.558 Al —0.445) . UL —
HEFF il s W T K A K R OB IR B R T
BIHE 3 B e 3 A, 02 e £ R 8 40 & R TDS 3% ¥
W, FEY R, 5% _HFMRX AR K
) 52 ¥ iR 80 EMC. /N B EE I 3 = R TN 20 590
0.271. —0.267. —0.248 #1 0.21) , RE W H & |4t
RN M BEAKT, B R L R
HNUEE SRR IR SR A L. SR
FEBE R H T B8 =4 R, FREEn M 75 B
SR T8 1) B PR AT, AR S T B B8 0 A7 E 58 — Al A
H— (B 7A, £ 2). WHIRE T ZmiF iy
SRR EE I 31.1%, BAE KR A RN
W 3% CCA W BB T 77U A 4 o A 4 R 1
71.8%. T 5 LA IR DRI 44 A B 055 R 32 30 AT X Vi
AT HT 1 CCA 3 TR T 56.2%-
WK R REARBEREN AR T
CCA M HTHIRERRE S 156 A (£ 1).
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Fig. 7 Ordination triplots of plankton species and environment factors in Hunanzhen Reservoir

A: Triplot of phytoplankton species and environment factors (plus cyanobacteria densities and EMC as explanatory variables) :

B: Triplot of zooplankton species and environment factors (plus cyanobacteria densities, EMC and IMC as explanatory variables)
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Tab.2 Abbreviation of plankton species for CCA
Fh Species 455 Abbriation fh& Species 455 Abbriation
W # | Cyanophyta B2 ] Crytophyta
42 i B B Anabaena sporoides Ansp R R BE Chroomonas acuta Chac
INTEBIRE Chroococcus minor Chmo W5 BREE Cryptomonas erosa Crer
WMNBEREE Chroococcus minutus Chmu F2# Cryptomonas sp. Crsp
WL 4E# Dactylococcopsis sp. Dasp B[] Pyrrophyta
L TEANFTE Gloeothece linearis Glli 1B # Ceratium hirundinella Cehi
T FEE Microcystis sp. Misp B E Gymnidinium aeruginosum Gyae
W ALBIE Oscillatoria splendida Ospl % FE Peridinium sp. Pesp
Bl # Oscillatoria sp. Ossp #RE ] Euglenophyta
/NEREE Oscillatoria tenuis Oste B R Phacus agilis Phag
& # Phorimidium sp. Phsp FEERE Trachelomonas caudata Trca
W BB e Spirulina maxima Scsp BEARE Trachelomonas sp. Trsp
W2 VjE ¥ Spirulina sp. Spsp 4 ¥ Chrysophyta
WEBkE Chroococfus sp. Chrs #EZEE Dinobryon sertularia Dise
£} 7 Chlorophyta % I Rotiferia
BT Yk ¥ Ankistrodesmus acicularis — Anac KHI R R ® Trichocerca longiseta Trlo
PR T4 Ankistrodesmus falcatus Anfa % B H Polyarthra sp. Posp
17 Wi # Chlamydomonas braunii Chbr VEIR I E B Pompholyx sulcata Posu
8 B K % Chlamydomonas debaryana ~ Chde EAE R R Brachionus calyciflorus Brca
A Chlamydomonas ovalis Chov TR B B Brachionus urceus Brur
K Chlamydomonas sp.1 Chspl B E R & R Brachionus forficula Brfo
K # Chlamydomonas sp.2 Chsp2 Z4 LB R FH Brachionus diversicornis Brdi
/NEREE Chlorella sp. Chlo 588 B3 H Brachionus angularis Bran
£k 1kE Chorococcum sp. Chls VB4 R % R Brachionus plicatilis Brpl
ENN % Cosmarium formosulum Cofo RSB R Hexarthra mira Hemi
P2+ F# Crcigenia tetrapedia Crte N B B Hexarthra sp. Hesp
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faak /> L AR R A K U A 7] LA
Sh Chla IRE—BHATHRAEATE. 209t B i

e 0 I =F T 2 B R T VR R VR AR, (R
EMC A 52 = WA R ER
BERKRENEYEIFA &R —FUm ™.
KRS KRR BRI S A 2R 2 I E A,
AR BRI B R S IR R (A ECE
BEfE ), i m] REAR DB K B B KRR RE, 45 ) 2 E R )
FIEm R Y. pbAh i TR IR R A
F—KHEE (anatoxin-a) 77, HRRE T MR
RIREAK L EEEYEA—FOL— &5 R I
Pawlik-Skowronska %5 2> %J 3 >~ Zemborzycki 7K [
(R A bt AT, 28 3 K A B M e £ I
(1) 3 Fhea JREEM F2 R ARG BFO0 RINf R S8 1
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R, K BE B e ) HAb S R R T Reth 3 5 T
PURES ik FiEat ihl Al 8
3.2 HIERMEENEEREETF

FHVEHEENY) CCA X AT LA HY: B T G &
BEREFR AN, KRB FRR TN KR R T I 5 1 5
AR R (F 7B) . (HELINRLILER
M TR WS M BEVE . Abrantes Z5 1 7EF F] CCA
T7IE Sy AR F 2R 5T B R A O B AL
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Structure and dynamics of plankton community and their impact factors based
on CCA analysis in Hunanzhen Reservoir

LU Kai-hong'?, ZHU Jin-yong’, WANG Yang-cai’, JIN Chun-hua’, ZHENG Zhong-ming'"*>, HU Zhi-yong’,
PAN Jie-hui’
(1. Key Laboratory of Marine Aquaculture, Ministry of Education, China Ocean University, Qingdao 266003, China: 2. Key

Laboratory of Applied Marine Biotechnology, Ministry of Education. College of Life Science and Biotechnology, Ningbo
University, Ningbo 315211, China)

Abstract: In the present study, the blue-green algae bloom water-Hunanzhen Reservoir, the third largest reservoir
in Zhejiang Province, was monitored between 2006 and 2007. Plankton abundance was measured and correlated
to environmental parameters. 96 taxa of phytoplankton and 73 taxa of zooplankton were identified. Phytoplankton
had an abundance ranging from 0.49 X 10° to 16.71X 10° L', and the abundance of zooplankton varied from 8 to
3 548 ind./L. The cyanobacterial bloom of Anabaena sporoides lasted several months with the highest density of
the surface water being 2.28 X 10°L"', and then Oscillatoria were dominant during autumn months. Ordination by
CCA showed that the seasonal phytoplanktonic succession was mainly correlated with density of A. sporoides,
total dissolved solids and transparency, and the seasonal zooplanktonic succession was mainly correlated with
extracellular microcystin, nutrients and the density of 4. sporoides. Due to the occurrence of high level nutrients,
the development of blue-green algal may not be regulated by “bottom up ” forces effectively. The bloom-forming
cyanobacteria became the potential factor that influenced the community of phytoplankton by its competitive
advantage. Nutrients do not influence the zooplankton community directly, but control the edible phytoplankton
growth, which in turn influence the dynamics of zooplankton. By considering not only the environmental
parameters but also the occurrence of cyanobacterial blooms and algal toxin as explanatory variables in a
canonical correspondence analysis, the variance explained for the phytoplanktonic and zooplanktonic assemblage
during the study period was increased 15.6% and 25.8% respectively, indicating a correlation that blue-green
algae and the bloom-forming cyanobacteria may affect the structure and composition of plankton community.
[Journal of Fishery Sciences of China, 2008, 15 (6) : 950-960]

Key words: cyanobacterial bloom; plankton; microcystin; environment factors; canonical correspondence

analysis
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