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b=l

¥EM ZEE ¥ B ¥mMm IaE
CrRIRTE R 2K B¢ # % 453007)

WE 2017 F 79 AXMAEIFEAFRALWBLEEKENFARBERTEN, FRE T,
U wEFHERSMHBE), KETSIT. 7TAKEWHMS A LR, hE M hHERE
(Microcystis sp.), ff 5 3% i 5 2 0y 99% A b . 5 Ui 5 25 = & Fn A& 4 & K 3h 98 B 2 7 9 (0.883~12.666)%
10® cells/L #19.740~70.020 mg/L , 4 41 % £ 4 0.05~1.15, % 5% (TP)#1 % A (TN) A& 2 5] 4 0.32~0.51
F14.18~7.09 mg/L, AKiH 22.1~30.6°C, TP, TN, KR E 2tk EE K EEL N FEEH 2 —,
EEAEFRERENSHRERRR. TRPMRDAERE T, FEERTEMAENES TP,
TN 4& & E A%, ¥ 1(Cyanophyta) 5 Ki&. TP, TN Z FAIK, [ R, 3% &KL & A0 B
JE A B 5 # & (Microcystins, MCs) 8y Bk, ARFE MR T4 4 L4 € By MCs 4 & £ 53 1.0 pg/L,
TN gt xtAEEWFELE, CRERNE, sHAFERMBA MCs 2, #EEW, K+ MCs
484 0.040 pg/L, MK MCs 4 E X 0.686 ug/lL, A bEMEESZLEALATREAN.
KEEE RAEwE; AR T; Bk, Bk MEEER

FESES S949  XEAARIREE A XEHRS  2095-9869(2019)01-0036-10

TR KA AE S RGP EE W HE e T MK UM (BLAE K BT BAL S BRI RE VR 2

HAZE | B A ) 2 R AR R 5 K BB 2 VDA
X, IFPE B KA B RGN RIIRE , Ik
TRE FRRE B FUK BUIR DL 28 bR 2 — . IR 2 2siR
JEVEE S ) R0 25 0 B YR IR AT R, R
2, R EISRK AR RGP EE WA . i
ARk, B MMIEIRAE S R, RIS NL P
i MR EERG N, FRAE s OUHAE B 2= i) TEAE K
71 [l 5 % % ¥ (Cyanobacteria) K #E (R M 45, 2012a, b;
Hallegreff, 1993), ¥k /K 8 & 4 IR K £ RGEAF

P74 | AR AT AN B AAE (R IR ST, 2015, HR/Vi
5 2014; kLSS, 2010; Vasconcelos et al, 2001).,

AL , T8 3 (Microcystis sp.) ik 23 ] 7K A B i R 2 AR
WY (R ), T %7 K (Microcystins, MCs)
SEARTT L BEMER, B R R R MR AR R, K
R MCs LR —E &', saxhKEAEY =4
FEEA, K AR IREE L 2 FK ™ i 5T 2 (07 Bt
45 2014; JRHEFSSE 2013; Romo et al, 2012), #45#K
R L WIE], KR MCs & EATTZM, Hik, 37
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Bl B K AR B IR AR Y R DGR R 2 —

HTIT, T oK A1 0] 3 2V, 45 /0 A8 Ak i BIF S A
WA . KPR SR R ABUK IR IGE R £, W IR IR I
o TG R K AR R R ), SE LY 4L SR b I MCs
A I W R R B (E B, 2013; Papadimitriou
etal, 2012; XIWESE, 2011; #MI%, 2011; B4,
2008), H AR IEFR BRI N mIER, XA RKEK
P, KRAAREE K, BEE, Xt K AT HERG PR
AT LA EE L X N T I K e 2 k) Y SR
TEFEAT WM, X AR s A — i ) RS AR i (T B
&, 2017, Z=1ESE, 2013; EZKES, 2012; Hluminati
etal, 2012; =55, 2007),

AR S A 5T W R SR, R A b R AL P
FEF IR S Bh A0k, mT LA e i v 2 2 i A 25 3R
Bkl o 7346, % R IE K IREE XK 7 i i i 2 4
M2, A ST HEAT T 37 78 b 38 K ARD 38 2 40 i
MCs & TN AE | o 2 & 5 T 1 57 e b 39 7K o Rk ™=
fif J0 o 2 A R L I A A

1 HREHE
1.1 FEEMERR

AT SE AL B DT R~ 0 B B b v 9% 47 (35019
38.363" N, 113° 54’ 09.482" E), 2K 200 m? By /K I8
i, KN 1.8~2.0 m, HELELAE 7~9 H 5K HK
K8, LFRIH MG A SR B A, 32 R SRR R 2
(Carassiusauratus) . #pfif(Cyprinus carpio haematopterus) .
fiff) #6 (Carassius auratus) . #I ffi (Ctenopharyngodon
idellus) LA ) % ##(Pseudorasbora parva) %

12 BEXRESIHH

XoF 8 el 3 AT I O PR ORI 3 AT o PRI
BICRMEKIRN 0.5 m, KA1 L, SZEVIIA 15 ml
FEFIRIK T, FEahAl I SE 80 2, ULUE 48 h, WR4i 2
50 ml, SRADG BB, B 0.1 ml #E 5 THEHEN ,
WA TS, R ESE 3 K, IR
50 R . PRIEIRE RS E MOt S (b ETR K
) (AMEIAE, 2006) . T EIR K AEIEITE ) (5 AR
85, 1995) A & 5 R AL A R Y4 A AE, 1990)
S5 DABEZE TR B> 5% 7 Ui e 28 B B S AR

1.3 KBt

T3 R K BOR AR AR BERR 08:00 T4
RAETFIAE o MEKIR(WT), HIERKERE 0.5 m K
FE1L, HFLEN 0.45 pm HEFLIEREOK RIR A 27 4

R), fuEAKRE, HFWEZANH-N) ., SR
(NO3-N). A% SR (TDN), AR S #E(TDP). 1F
WA R (SRP)AE A F 15 5 i FH ISR FEEA T LB (TP)
LS (TN)IIE o KFEEFRERM E I 5% (K
JEARKAGIN 347 i) 25 IV (B AR %, 2002).
MCs € i I i e e R ELISA il i) &

W T v ) 2 B K A A 9 R0 o B 1 L K EE,
FH L %8 58 28 30 35 38 4F 4k 9 55 (Whatman  GF/C, ¥ [H)
T U85 43 R U AN UE R PR 4y, DR AR b A A i H T
72 g PN 75 X (Intracellular MCs), 3T T 72 g 41
77 2% (Extracellular MCs), S FESEE 3 IR, BN
BRERNEM LR, EES%4#H# K ELISA
X7 5 v At R A B R T

14 HEHEFE

AHIFSE I 43 B AH S S B AH R IR T
PRI B TR A NGB SC, 2005)0°F
N = (Cs/Fsx Fp) x (V;/U) x P,

A, NPRIFSEEE, Co it HoiE m R
(mm?), Fo WOREFEL, Fo M OLEFIE AL (mm®), U A4
HEAFR(ml), V) RIEGERFR(ml), Py T8 pose sk
MR

AWt T AR R HE S AR W i GBS, 2005) 6

TSR Y 2 ek IR R A Y Z R
Shannon-Wiener 7 -4 4% £ k¢ 15 £ (H')(Shannon
et al, 1949), Margalef ¥JFh=F & FEHE%0(d \i) (Marganef
et al, 1968). Pielou ¥ JEHEXFR/R(J) (Pielou et al,
1969), B3 R Berger-Parker fI0 #4448 44
(D) (IS, 2014), HtBARWT .

H' =- >P; x log,P;
d ma =(S- 1)/log;N
J=H/log,S
D=nNpax/N

Kb, NAFEST AR S NEE, npch
R RAMAE, I RIS EEHREL, S AYIFEH ,
P oS 1A AR S AR SRS LA

1.5 #HFEAIE

Bd BB ANE R R Excel 2010 {4, B
Canoco 4.5 FAF AT I AP 5 P45 -] A DG 3R 43
BT o TEBCR 53 0 AT HEA T ) P B 38 5 A AT AL AG I, X
T Ui 5 205 %85 B 00HI 1 A7 % 88 35K 1% 43 B (Detrended
correspondence analysis, DCA), #3 3% Ho A K FE B\ 2 04T
HHIKTF 4 fdFHHEXT A 731 (Canonical correspondence
analysis, CCA), /NT 3 ffi FHIUAY43Hr(Redundancy
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analysis, RDA), 4bF 3~4 “ &0, Foh, 1E40r 1007
AR, XIS EETT 1gOc 154 (Jan et al, 2003). < 50
2 60t
2 HREGH p 8 40!
Ay

21 FEMEXKEERZBMNHIEDT 20 H al H H H H H H

0 1 )

F IR B AL LI 1 FIE 2. WP 1 Rl 2 T ~§%ﬁ§\%ﬁ§§%ﬁg§§%ﬁ

VIEH, TPl TN A K, TP femfEHB7E 8 H
31 H, 7 0.51 mg/L, &MEHIHAESH 28 H,
0.32 mg/L. TN e {EHBAE 7 H 14 B, 2 7.09 mg/L,
AR AE 8 H 7 H, K418 mg/L, SRP T 5
BItE 7. 8 L. hHBTR, 8 A TAENE KR,
NH:-N. NO3-N Jir i bl i 3, 78 8 A rhva)F-3 fir
i el s /N(EL 3 FE 4)
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Fig.1 Variation of total phosphorus contents
in aquaculture ponds
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Fig.2 Variation of total nitrogen contents
in aquaculture ponds
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Fig.3 Variation of orthophosphate in aquaculture ponds
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Fig.4 Variation of ammonia nitrogen and nitrate
nitrogen in aquaculture ponds

7 A IS E RIS 21 Fh(E), 8 H L4 17 (&),
S JE T 5% 1 (Cyanophyta) . &3 ] (Cryptophypa) .
fi: ¥ '] (Bacillariophyceae) . #i #: '] (Euglenophyta) Fll
4E ¥ ] (Chlorophyta)(F 1), SR IR BT 5 L
B, HAEFE ALY, HYCEERT]. 7 AR
8 H 7J<‘bﬁ[:§§‘ﬁ|‘ﬁ‘3j~ﬂf”ﬁl BB IR 99%(K 5).
TE VR U B PR 2 5 U R M B (Scenedesmus
quadricanda)., 7EMAWIE, BRIGERIMNIHKZ,
Hf s st e, 8 H MRk 1 /N IR
(Cyclotella sp ) St HitiZ, Wit L ME], (LHFhFh
FKH—(K2),

23 FHEBEXEESEY=

TR R LI 2 (0.883~12.666) %
Scells/L, I EHBELE 7 H 20 H, fedR{E H A
8 H 28 H. AW kit 9.740~70.020 mg/L,

® 1 FEMEFIPRIEMEAR

Tab.1 Phytoplankton composition in aquaculture ponds
H BT Bl ] fE#E] REET] ZRPET] St
Mouths Cyanophyta Cryptophypa  Bacillariophyceae  Euglenophyta Chlorophyta Total
7 6(29%) 1(5%) 5(24%) 1(5%) 8(38%) 21(100%)
8 3(17.65%) 1(5.88%) 2(11.76%) 2(11.76%) 9(52.94%) 17(100%)
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Fig.5 Variation of Microcystis sp. in aquaculture ponds
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Tab.2 Phytoplankton composition in aquaculture ponds

PR AE Wy B B i (EL S B R A I 1) — 2 2R
Wi de 7 A dkg, 8 AARXFA, Xl 65 ik
B AR R ], e 8 AN (K 6
HIE 7)o

24 FiFREEMESHEHN

M 8 WTLIE H, 1R A Y e S, F
W ESREL, WA RRBUSIR R TR TR,
AL TE A 0.056~1.147 . 0.203~0.892 . 0.024~0.507

il A B [E] Time
Phylum Species 07-14 07-17 07-20 08-07 08-10 08-13 08-16 08-19 08-22 08-25 08-28 08-31 09-03
WE 243 Merismopedia sp. +

Cyanophyta Ik AT 44

+

Aphanizomenon flasaquae

fh#E# Microcystis sp.

W K Spirulina maxima
¥ Oscillatoris sp.

ZER#E Nostocales sp.
B /N Cyclotella sp. +
Bacillario- BII % Cocconeis sp

FHE ¥ Nauicula sp.

ZIEH Nitzschia sp.

REFFTH Synedra acus
PREET] 4R Euglena gracilis
Euglenophyta /s 2 g Euglena oxyuris

phyceae

Bl
Cryptophypa

59 Cryptomons sp.

g S| Z5 B3 Coelastrum sp. +
Chlorophyta WeTb 2 i 3
Ankistrodesmus angustus

MM S quadricanda

k8

Selenastrum bibraiamum
PR e

Crucigenia quadrata

#HEMEE: Scenedesmus
obliquus

JH:E % Scenedesmus
javaensis

ZRPED] WGBS Scenedesmus bijuga +
Chlorophyta  — s 5198 Pediastrum sp.
Asterionella formosa
=fA¥ Triceratimsp.

+

+

+

+

+

+

T+ A R R A e

+ + + + + + + + + +

+ + + + + +
+ + e e e S
+
+ +
+
+ + + + + + + +
+ + + + + +

o S o S e R as

N, A, R

+ General, ++ More, +++ Dominant species
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Fig.6  Variation of phytoplankton abundace
in aquaculture ponds
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Fig.9 Variation of phytoplankton biodiversity
(Shannon-wienner index)in each phylum
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K10 IFiFE R AR S T RDA 7

7 AW, BTV 2R R, HIREEE],
8 Af), HITEEEY MR, 8 A TFA, &
MY 2R, HOE ST 1A 9).

L4 = ZHM3E8 Biodiversity index
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Fig.8 Variation of biodiversity, evenness and abundance

index of phytoplankton in aquaculture ponds
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TR A Y 2R S TDP. SRP. WT 2 i 217 4

Fig.10 Redundancy analysis between phytoplankton
abundance, biomass and environmental variables

X, HWEWITS/KE. TP, TN 2IEME, @IS
NO;-N. NH;-N., TDN £ IEA5E; ##]5 SRP &
IEAR, 5 TP, TN 27AH¢; BR#EI15S TDP, WT
HEIEFHXK; S80S TP, TN IIHH?Q

26 WMEESRABNE

FEMEINZE B, X R4 % MCs fifi 1] ELISA ill
FE, It S R AIAE , Be R B A A
HEZe , 15 KA MCs #7528 0.040 pg/L, #4010
H MCs &4 0.686 pg/L(& 11), M MCs B &
F s MCs i, IR MAMA ML MCs 7 &
PR F R K B2 bR (<1 pg/L)o

3 WiesHit

31 FFEXRFEREMSHEN

TR R SR M I AR S R G B B A
L M YERF IR S R SRR E BA R (0 &
A, 2017; TUEPAE, 2013; XHAE, 2013; AHE,
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Fig.11 Contents of microcystin in aquaculture ponds

2011), FEAMFGEHY, LMo VRIEBEZE 25 R (Fh),
ATl M e, L3R 83.5%~99.1%, i iE/KIE
T RWE, M — AR, RS
ik 12.666x10° cells/L, 5 Fif 1 I 2 B 13 7 55 5 b 3
(ZEFESE, 2017) , flf R0 8 7 Ui e 2% IR 2.05%
10% cells/L B ff1 37 4 th 30 97 I 356 2 2 o0 7.10x
10° cells/L AHLL, 777 eSS 42 B 0 b fi s, ok ] R
WESEK L], R B LRI OC . [RIRE, KRN
Q01 1) TER T KA HURIATE WA P78 Th 3R
T A SRAE 1 P T 00 25 T ) e e (LX) ) BRAE K AR I

A=W 22 FEPEAE Sy s WL 37 AL 400 7 A SRR R 1Y
EEFGHR, AMUAT LU SR EM KR 75 YL FE RS, AT
DA 38 3R 40 )2 T e RS 1 () &5, 2016,
Padisék et al, 2006), FiFsEEY ZHEETEE . F£5
FEFREL . WA IR EAR, SRR TR LA
B AR FEITE 0.056~1.147 . 0.203~0.892 ., 0.024~
0.507 Z 8], #EBEAKERKICN T LIRSS LA
PERLEM , & RIS SRR IR S . A2
PETE 7 A RISk TR s T4, 8 A NA), REEE
PRS8BT ] B4 AR A /N R K (R e 2 2
PR, (HA TR IR SRR, M ELT,
RN YIF Z AR RO &, HAF IR 25 2, f2
EPEME (IRAEI55E, 2017; BEAG 45, 2013),

L5 LRTIR /NI KR — X P35 PR T 1R AR b s
BB, T KA B R PRI IR RS L B
22 PR e Bsf ) Y 2 HH B S AR A

32 HMEFHFERARRSHEENER

TR FIE % R SR 5 W KA T i 2 VR S R
BEERZE ., HL5FHQ015), BREKHQ010)/F53£W,
WA FU A N e e KA, T L, A g e ' R R
MR, oM RGOS R KIRE N 25~30°C . AWF5E7E
7~9 H#EAT, Kl 25~30°C, &M,
P AT UL KR X R I S AR KR AR TP
TN S 94 0.51, 7.09 mg/L, A4l K JF bR

WERLE , FRAEE D TP & & A1 0.2 g/L, TN
)& AT 1.0 mg/L(ZE5E, 2016), iZ M IH
TCAAH TP, TN ARifE S & AN QoI5 £ M,
TP KSR AR #5 K e 2 kI A 1, AR asx il
PWHE AR AR, R P ALE, BRAEXT P
AT E S WE RIS, 2R,
JEEHRA U, 33X ] BB A2 7 B Tt 3 i K AR 2 2 1) R 8L
RN Z —. TEARWIFE, it RDA 53-8, TP,
TDP. TN. WT S5, EYERIEMX,
VLIATE W e K AE I R], TN, TP, TDP, WT A9}
TINS5 21 200 e 28 5 A A e dE

W15 WT. TP, TN, TDP. SRP R iFAHX%,
Tt IH 5 o — R Bt 5 8 SR Eh A0 WT AR, f A
W2 AW, 55 X1 B A5 (201 2) %6 AT I Ui e 2 it %
TR ) IR e 45 AL i 38715 NO5-N  NHy-N . TDN
HEIEMSE, #0715 SRP BIEHHE, 5 TP, TN £
TME; BRI TDP, WT 2 IEAMHSE, SHH S
QOIS)XT K TRIK AU A fE ]S NOs-N 2
IEAHSE, RESEETT. BRSNS TP RRAME, RENS
WT R IEA SIS ML, 283075 TP, TN RIEAIE,
X AT RE S Z A I SRR AR G

— AN, FEHE TR KIR R, A YIS 454
AR, ZREMERER , WA 208 FR O & B IR KR
YIFh ZREE AR, X FERH TRUE R AKIR T, R
MR EFRBENEZ, e EFRKER, —83H5
YRR B BRI R (PG KSR, 2015; Ma et al, 2014;
FEFEAE, 2000) 75 37 7K XF PR i S RE VR 1) A2 $ AR
7w g AR ; WY . iE B AR
Wi J& T EATREON o M SCEFQO1S)BFFT B, /NRK AR
B IRV K TR . i B 255
Wi, 5 A S — A A A AR S R g, T
AR ST AR, w2 M E Y, AR
B JEI SR, SR 5 3 ) B DRSS 7 s TR) 8 4 RS
mAsfk, TH, SEALE T Z SR RS
45 2017; Fernandez et al, 2015; JRFELE, 2014; FHik IR
8E,2013) 7E 2 E SRR OO IR KR
BIALRUKAE KA ) R FBL RS, 2015),

33 WMBEESZENE

W B K AR RN K AR A S R G — A Wy
HEE MCs BRI, MCs J2 H 7K A Fb i 2 3 [0 i 2 1
FE 7 (Microcystis aeruginosa) ., £/l 7 (Anabaena sp.)
BV AR, BT, A 80 KA
RS AR LAY S A8 A, o, MC-LR J& MCs S8k
H B o Y — LR TR R AR A AR AR TR R
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Dynamic Changes of Phytoplankton Composition During
Cyanobacteria Bloomsin Aquaculture Ponds

CHANG Mengyang, LI Chenlu, DONG J ing@, SHANG Xiangyang, WANG Jiahui, NIU Mengmeng
(College of Fisheries, Henan Normal University, Xinxiang 453007)

Abstract In order to further understand the dynamics of phytoplankton and its physio-chemical
variables during the development of cyanobacterial blooms in aquaculture ponds, water samples were
collected and evaluated in an aquaculture pond during the cyanobacterial bloom (July to September, 2017)
in Henan Normal University, Xinxiang, Henan (35°19'38.363"N, 113°54'09.482"E). The results showed
that during the study periods, in total, 25 phytoplankton species belonging to six phyla were identified,
and the total phytoplankton abundance and biomass were (0.883~12.666) x 10° cells/L and 9.740~ 70.020
mg/L, respectively. Furthermore, the Shannon-Wiener index was determined, ranging between 0.05 and
1.15. Additionally, the total phosphorus (TP) and total nitrogen (TN) concentrations were 0.32~0.51 mg/L
and 4.18~7.09 mg/L, respectively; the water temperature was 22.1~30.6°C. It was suggested that the high
amount of TN and TP contents, combined with the high water temperature, might play important roles in
this occurrence of cyanobacterial blooms and the low biodiversity in ponds. To further understand the key
factors affecting phytoplankton composition, Redundancy analysis was applied. The results showed that
cyanobacteria were closely related to the TP and TN concentrations and water temperature. In addition, in
consideration of microcystin release due to the occurrence of Microcystis blooms, microcystin content
was also determined in this study. At the end of the study periods, according to the ELISA, microcystin
content was detected in algal cells and pond water, which were 0.686 ng/L and 0.040 pg/L, respectively.
The World Health Organization suggested that the contents of microcystin should be no more than 1.0
pg/L in water samples. Thus, according to the present study, it suggested that the microcystin content was
within the safety range in this bloom-occurring pond.

Key words Aquaculture Ponds; Physio-chemical variables; Phytoplankton; Cyanobaterial blooms;

Microcystins
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