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TEMXAREKAFHEMERES
TR BRI

et B wEKC T
XEREM = 52 B B o o&?
(L WK EFRIGEHEEGEIRE TR ARD .G Wil S+l 3160225 2. H EK F=RL2Ei 5T B ma K =5 BT
Al A A F R L IR R A E SR AR ARSI E )R/ S M 510300;
3. TERBFMIVARAR THE AWML 7530005 4. PEZKZRFEBIE B R GEKZH5E0 g 200090)

WE AR TERREFAREXNRA RN TR EENEE, XET YiEsE
J1RFE(PT). B F (DY), L RFE(TC) 3R WM FE XGRS, o T HF M ERE
ARFEEESXFEETFHAERE., 2REx, OB FHEME 517 27 B, EHEN
1.52x10%~2.39x10%ind./L, 4 4 & % 0.16~97.78 mg/L, #} & % # & 4 0.03~3.31, £ & L H %
¥ 029~358, FREMRMIEW FHEHREHEEMERLE., PT B FEWHEHELA R L
M 44, 1F ¥ (Cyanophyta) . 4% 3% (Chlorophyta) i % (Bacillariophyta) i 1k % 15 i ¥ & H 3, 4o
WL # JiE % (Anabaenopsis sp.) . # fiE #% (Anabaena sp.) . ¥l # (Oscillatoria sp.) . # £ # (Pediastrum sp.)
9 9% ¥ (Oocystis sp.) . /N ¥ 3 (Cyclotella sp.)4s ; TCHE R Sy kB 22—, 25| U4 2% |
/NE{ 3 (Chlorella sp.) Fr % % #% (Microcystis sp.) & 4 % ; DY B X & LM £ 5, MR
¥ . M3 (Scenedesmus sp.). 4 B ¥ . U7 # % . W] ¥ (Cladophora sp.) % 4 ¥ fn NIR L E Y
% (Nitzschiasp.) % #E % AR %%, BB AW E L KK P AR H A (NOs-N)., a8 # 4 (NO2-N),
¥ %4 E(COD)KE 2 & ¥ FAM K (P<0.05), ARKMW, TEHMXEZEES. LEHEK,
MEAEF CONERE, FHRUMEE, Do EEEHFEE RS ME; BBk N
BHEAXRBEHEZ—, WEAERERAT R ERNTRRAK L
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2000; FZHRERAE, 2010), AN[FHLIX . AS[RIZEHIFR5E K
AR V7 Ui e AR T ZH B T R TR . 2 R 55 (2012) B
25 K B, BER VLW O X ) % dE 1 (Oreochromis
mossambicus) 3 % 1) Bl 3% (Oscillatoria sp.) . V- %! 3
(Merismopedia sp.) %5 i #: (Cyanophyta) I /N Bk
(Chlordlla sp.) . 75 /2 ¥ (Codlastrum sp.) %% &% ¥
(Chlorophyta) A AL S5, 17 A= 4 i fL 3 Fh 22 A #R
(Euglenophyta) . F3#:(Dinophyta) 13 (Cryptophyta) .
A 4E(2006) . ZHEIEAR (201 F TR, IRERE 4
2y Ak % FE I DL R R s e O B, LR R R
(Bacillarionphyta), 7£5:58 T, i e FAE )
B w45 (2020 W90 & B, TEdL T &
TSI, PR ALY LARE B A A XA, o
B4 3 (Paralia sulcate) ly AR #Fh . R4
(2021)AfF 5T B, 1L AR 44 HF 8 — 1 YR 5% 3t R DL 3 Tt
VA IS A S 550 R G PR A R Ve L, i
FBEE o EEAAISHE . IF eI e R V5 4549 5 97 5 K
0T . SR GE AP R AR R A K B DI AR G . Carmichael &5
(2001) WF 5% & W], 4ok 4 W (Microcystis) . A1 Jiit
(Anabaena) . Bl 45 5 B IR ERE R, G EFRIEAY).
T LR (Alexandrium) . R #(Gymnodinium) | J& F 4
(Pyrodinium) &5 5 0] 7 i el 22 e M AR DI B T 2R
ZEYEEB IR T A VIR, s2m A R
Bk, 2023), Cao Z5(2014)HF5E K L, FRAENTIF
77 S s PO A R O OC R HITE
FREEE R, I LA N P B S e 4
¥, B R R SRAE . S5 (2020)F T R
B, 5 WK T 2 5 Hh AR 90 55 % (Eriocheir sinensis)
J¥7 T NS Y TR AR 4 A B TR IR o B A5 (2002)
fFFE T, DAY D4 (Oocystis borgei) A i #Fh
F14) 7 Ui T 35 T A AT 3R IR /K 1R r 20 80 (NHZ-N T £
PR ER A (NOZ-N)IR I, A RO 5 /KK i pH.,

T E B A A AL TR E VTR, HoK 55
BA b SR . R FRAE . RANFRGE . s D) R
SRR, FRAH R AT #4 (Cyprinus carpio) . &
1 (Ctenopharyngodon idella) . fif f (Hypophthal michthys
molitrix)3%, IT4ER, & T #fh(Leiocassis longirostris) .
fifi £f1 (Lateolabrax japonicus) 1 L4452 X} iR (Litopenaeus
vannamei ) 5 i Bl (b AR ARl B B sy, 2022),
LT T B ACER R A WE LU R |55 1 Y S5 R 22 e
BRRER A ER A b 3, rp e o XA TS B, K AR
RO AN, T R X AR R H IR ] R
JERR(ZEPE 55, 2007), 2 X B 2R 57 B Tt 3 7 U e
B WARIE .

ABFFERESE T T B 1 (PT) . Lt IR4H
(TC). HHiaFhIR(DY) 3 P LAY SRE I , 20 A
PRI OB AR VR R AN K B TRk, LI T &
s DX R B L 378 ) D T 4 S (R R O Sy

1 #MR57EE
11 R 5 FREBEER

2021 4% 7 AAET E K A iR KCREMER )
g . REMRR SR 3 AL O M FRAE I IEAE A
Sy l4eS ok PT-1, PT-2, PT-3, TC-1, TC-2, TC-3,
DY-1. DY-2 1 DY-3, 9 [ lut 43 Az T W L 17 37
BE RN E | P ISk X, At AR
TEM LR 1.

HRJERR Bt 5 KR A 24.3~29.9°C, pH 7
7.8~9.3 Z i), #hFE N 0~2, PT-1, PT-2, PT-3, TC-1,
TC-2 Ml Y-1 3t 6 My T 7 E b K dbil, Kk
BB A X485, g 230~260 mg/L ; DY-2.DY-3 Fil TC-3
th 35 A7 T 77 B b BRI A S M X, K A e A X
i, & 160~170 mg/L., PT-1 i3 5550 i FLAA i dF
T 6 H w0t K e ith s 22 KM =5 ; PT-3 i3 #5568 1) JL
YRIEEXTHR T 6 H KIS 2 b s 57250 , R HAES SR
SETE, AR TC-3 K MR EE EK, IR
CIRRG & XN

1.2 FFEERNXESLIE

20214F 7 J] 28—30 H X 77 58 M 3 ik i A 7R A
RAERS, FERRASME DU R Srh Je i 2.5 L SRAK AR A4S
KIKFE LRI miRe), B 1L BIARCEEDH,
A 5% R A 2, FrEWk4i® 10mL j5, £
TUBE T TR A P A e A T e 2 A e A L 45

1.3 KkEMRESEN

TEME DY FE Bz v e 7K R 0.5 m b R K 2% R4k
IKEE, RS G AR BRI PR ARSI LR 7R KR, 2
FECRE bl Al S S A o e, NHZ-N SR 0 TG
A3 6% BE 1 I A8 (HYIT535-2009) , Al 12 £k L (NO3-N)
16 112 0356 BE 1 72 (HIIT346-2007), NOZ-N 2%
PR B 5 (GBIT7493-1987), M JCHLAE(TIN) K
LI ETCHL=E 2 A, BE(TN) SR R I 10 e
SRV E (GB/T11894-1989) , #ifkLh(POF-P)F Mk
BRI A E R I R ( ORI MM i i ) ),
W (TP)R AR /3 O B 0 3 (GB/T 11893-1989)
b 2% 5 S 1 (COD) >R F #1465 ig £ 74 I 22 (GB/T11914-
1989).,
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14 FHERCEERIT

Z7% (P IERKEEEE ) (W15, 1980) ., (#E8%)
(fit 55, 1980)[ 7k, TG FRMEE T, X iFiEi
BT E MY E S IR TR (R R
2003)F, K] Shannon i3 % Z A8 5L(H),
Wl

Hg' = - Qlog,Q

i=1

A=t 2 BEVEAR BU(HD ) B TR A 5
Hb' = - Blog,B
i=1

FERHEE A, Bod i Y=Q f, AWkt
RHE Y #= B £,
K, Q=n/N(n AR BAERE, N NEEERE
ARAEE), Q MH I B AREL 7 B ARSI e 5
B A i A A Wik BRI Y L S R EEVE
FIRNEG f ORI EE I X B AT R, — el
W 1o ARBFZE LU MR AT

A e (TR At B B A R R SR T B R S
DA e | WERE . RS, SRS IR T 40 i e
ARG BT BRI, MR LI L E 1.1
Bl s W (P4, 2004), Hirh, fiJE E X
R B IBORE FP R S AR W S L E 10%1)
b, W WIBTE 1%~10%E N, WA JRTE 1%LL T 5k
HAEASSIKRE B (2 i3, 2003)

15 BN

K H SPSS B w2k p e . mAEY . &1
P A Wy i 5 7 A Tt WE K SR B PR A T U A
T, FEIE A R B
2 HRESH
21 HBiMEZFHEREBXRARRRERE

e R GE 5 1] 27 B, Hih, W 78,
SR 13)Em, SR, M LE, FiEE LEWE .
IR AR R TR (MR Y S R 7E 10°~107 ind /L 22
[A]; Ty IR, 3 bR EE R A bR, 1
10*~10%ind./L Za], Hrh, TC-3 1A% 2.39x10° ind/L ;
Rt AP AR PR I Ve A S 7E 10°~10° ind /L 22 J1].,
MR, W3z A S 3R A ol v 77 T O B
B A SR AR RS A SR R £

S = N W A AN 0 C
T 1

Lg 380t
Lg (Total quantity of microalgae)

111
111
i
il
i

PT-1 PT2 PT-3 TC-1 TC2 TC3 DY-1 DY-2 DY-3
SKREMLYE Ponds

1 PRI R
Fig.1 Total quantity of planktonic microalgae

A5 b I T Ui O T e S A R DA R e e L
LR (R 2), Y RJE Wk 3. FTEMYERE 157
BT, ATt 3 A U GCRE A U 5 A AT I B A A
[FIRHIE, PT-1 B8 i s . s |
TPHRERESER, TV A B IEEREE
(Pediastrum) . BP4¢ 4 J& (Oocystis) %4k ; PT-2 f,
o B S L £ U O T A A R L R N A R
J& . SCEREE (Pandorina) 254 3k Lk Wy AL g A,
HB R RN A ) i L3 s 38 A ik e 1] (Bacillarionphyta)
() /NIR 3 J& (Cyclotella) ; PT-3 (b 80 Fi 4 A 3R
¥) i ¥ ¥ |1 (Cyanophyta) ) 8l 1 & ¥ /&
(Anabaenopsis) . 7F i FRFAAL A, A LI A T Ui
MRt RIR I N —, TC-1 WSR3 E A R e
J& . NEEE, FE, SEEEWEEYEILTE;
TC-2 MEm M E YR H R/ Nk s ; TC-3 1
B A YRR m 4 R R R o FE R M A IR SR
A, 2%t I A5 AR W i O R 2 D ks sl
B DY-1 MACRILRE N/ Nk )E , BRI E
h W5 J (Scenedesmus) | /INER i g AN BRI 5 ; DY-2
PR LA m /N ERBE TR L N R TS Y i
(Nitzschia), EY s LB E /MR EE . &2 BE il
W E 5 DY-3 BECE L3 E /N ER BB RN A B s
A= i A A S £ AL R RN B 38 )& (Cladophora) .
W R, RHIRAE R 2 W T HHTT . SRl
(Chlorophyta) it 1], 307 (Dinophyta) FIER #: ]
(Euglenophyta) 1 A i A J& . T A FR i g b, BR
PT-3. DY-2 fil TC-3 41, Ha4x 6 MtyERy A= Yy i i
B aRE, Hop, 4 D A, B 3 FPRTH]
FRor 5L 3 5 A 3 v Sk O AL . DY-2
I R T/ INIA R B RN AR R R A R
PT-3 1 TC-3 1t 31 I LA i 34 ) B0 A A o 2 XA
BRI I i E AR . U HDE TC-3 iy
(AL i S A B, G AR Y R IR 34>0.95,
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Tab.2 Composition of planktonic microalgae generain ponds
il J& IS A F- & B Abundance
Phylum Genus PT-1 PT-2 PT-3 TC1 TC2 TC3 DY-1 DY-2 DY-3
W] A HEE Microcystis +++ + ++ o+ ++
Cyanophyta i JE Oscillatoria ++ ++
BRJE%: % Spirulina + +
¥R Anabaena o + + ++
P 3R Anabaenopsis b ++
F243 8 Merismopedia  +++ + ++ ++ + +
B BR7EJE Chroococcus ++ ++ ++ ++ + ++
] /NEREEJE Chlorella ++ + ++ +++ +++ +++ +++
Chlorophyta SCEki#EE Pandorina + ++ + + +
PEERJE Oocystis ++ + + + ++ +
#EME Pediastrum ++ ++ + +++ ++ + ++ ++
WiiE)E  Scenedesmus  ++ ++ + ++ ++ + ++ ++ ++
25 R ¥EJE Coelastrum + ++ +
LR PR Actinastrum
MIE#: % Cladophora + + ++
5% # )8 Schroederia - +
W H ¥ )& Dicloster i+
VU8 Tetraedron ++ ++ + t+
Z1-# )8 Golenkinia ++ ++ ++ ++
A 7 #J% Selenastrum + + +
TR /N B Cyclotella ++ +++ + +++ ++ + ++ +++ +++
Bacillarionphyta FHE#JE Navicula ++ ++ + ++ ++ + ++ ++ ++
‘B8 Skeletonema + +
Z L #)8E Nitzschia + ++ ++ + ++ 4+ ++
MeAT %)@ Fragilaria
L3 T] Euglenophyta #% )8 Euglena + + + + + + + ++
F 1] Dinophyta ZH#JE Peridinium +
Vs AR ORI s e R
Note: +, rare species; ++, common species; +++, dominant species.
x3 FHERERBERE
Tab.3 Dominant genera of planktonic microalgae
PT-1 PT-2 PT-3 TC-1 TC-2 TC-3 DY-1 DY-2 DY-3
R B AR pafEREY RENET R MRt e AR SRR
Pediastrum Pediastrum Anabaenopsis Pediastrum Chlorella  Microcystis Scenedesmus  Cyclotella Pediastrum
(0.22) (0.40) (0.75) (0.75) (0.78) (0.97) (0.22) (0.32) (0.46)
TR SRR AR NEREEET R e
Merismopedia Pandorina  Pediastrum Chlorella Pediastrum  Cladophora
(0.21) (0.20) (0.16) (0.14) (0.23) (0.42)
CES VNS T CES T .
Oocystis (0.21) Cyclotella Oocystis Scenedesmus
(0.16) (0.13) (0.20)

e S NEEARMGE Y RN EE; #RRRERE SR, YR RE.
Note: The data in brackets represent the dominance of microalgae. “#" shows that the microalgae is not only quantity
dominant, but also biomass dominant.
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x4 EYSHEUERENS RTENRE
Tab.4 Evaluation standard for biodiversity threshold

22 EiERUES MR

YR 2 PEPELER RO B B RERE . V0% i iz
Tt 2 RE M B0TT 2 AR W R 1 S M SRR L Evaluation level Threshold Level description
A AR T IR 5 B AT R ! <06 EREEE
(#VAS, 1998). S Shannon HHCRTHCHE )KL HE A i S A\
L REETSE (PR 2), AR 0 22 R B (L (e e 2638 SEEHE
85, 1994)(FF HIATHEXT, G5 IR, BR PT-3 Fl TC-3 % >3.5 ZRMAER FE

Sb, HAURE S AR 2RSS 2.1~3.5, BUEZREE
e AR (M~IV4R) ., PT-3 RS ret: WSS RS MRl b, UM R 2Rk 2
W1 ~N %% TC-3 MM LT i —, K RORFRAL; miggseaink i I FRab b, o
FA: i ZREMESE B4 0.03 Fil 0.29, 14k, DY-1  ZHEVEEGR, BOEREREMEC M. WEAKRE,
(2 RE MRS BT, AR SRS 5 358, 12 PRI RS B RE . RE Al R B>k 12 )
_ B> 1 IR M Iy R L W SR A A X
e L B RE P TR F B T B 3
! HL A 75 B A A b A 0 B A e 2 AR T

P A R A i P R AR SR A b B

2.3 FHEMEKREF

W IEARIEAR L H 5. NFE S ITLIEH, HivE
PR A SR IE R TN WRETE 6.40~8.45 mg/lL 2
6], SEHI{E A 7.17 mg/L; TIN ¥ 7E 1.08~3.20 mg/L

W
W o

N
wn o

ISR EL
The diversity index of microalgae
S = = N
wn O Wn O

o

§
§
|
\
|
\
\
|
\
\
|
\

1 PT2 PT-3 TC-1 TC2 TC3 DY-1 DY-2 DY-3

PT. S, N + N
SREEMLYE Ponds Z M, FHMEHR 2.12 mg/l; NHi-N HEE7E 0.95~
2 PRI A 307mg/L ZI, FHEY 1.96 mg/lL; 3 HiLIKAY
Fig.2 Thediversity index of planktonic microalgae NOZ-N ¥ EEAH [ JCH @ 22 5%, 7 0.005~0.007 mg/L Z

x5 MIEKRER
Tab.5 Water quality index of ponds

¥eh% PT X TC AR DY iz
Index/(mg/L) PT-1 PT-2 PT-3 e TC-1 TC-2 TC-3 - DY-1 DY-2 DY-3 .
A 640 6.65 845 7.17+1.12 421 228 971 540+3.86 303 329 3.10 3.14+0.14
TN
BTHLA 1.08 320 208 212+1.06 032 055 196 0.94+0.89 046 135 0.70 0.84+0.46
TIN
SR 095 307 1.87 196+1.06 024 020 075 040+031 0.37 115 0.62 0.71+0.40
NH;-N

DR EIENA 0.007 0.005 0.005 0.006+0.001 0.003L 0.069 0.588 0.220+0.320 0.003 0.068 0.003 0.025+0.038
NO3z-N

LA 012 012 020 0.15:0.05 0.08L 028 0.2 0.33:0.27 008 0.3 0.08L 0.10+0.03
NOz-N

ey 098 119 063 093:028 049 038 1.08 0.65:0.38 029 059 039 0.42+0.15
TP

Wi Lh 025 014 032 024£009 013 003 021 0.12+0.09 010 0.33 022 0.22+0.12
PO3‘-P

fb2ae & 106.00 73.00 84.00 88.00+17.00 68.00 55.00 195.00 106.00+77.00 68.00 38.00 32.00 46.00+19.00
COD

T A IEER/NTA BRI KR L™ o

Note: The detection result is less than the detection limit, which is expressed as "detection limit L".



%21

XUBRIAAS: T B DA [ 5 S Bt 39 2 V7 0 O A AR 167

b, F¥{E% 0.006 mg/L; NO3-N ¥ £ 0.12~
0.20 mg/L Z[a], 3 FdEry NO3-N ¥k B AH Lt o B i
Z 5%, FHME 4 0.15 mg/L ; TP 4 0.63~1.19 mg/L,
SEHIME S 0.93 mg/L; PO3-P ik 7E 0.14~0.32 mg/L
ZIa), {8 4 0.24 mg/L ; COD 7£ 73.00~106.00 mg/L
Z 8], “FH#{H K 88.00 mg/L .

- 9 75 A AR R I Y TN ¥k By 2.28~9.71 mgl/L,
SEHIE A 5.40 mg/L; TIN ¥ R 0.32~1.96 mg/L,
¥IE K 0.94 mg/L; NHa-N H#kJEh 0.20~0.75 mg/L,
PIE R 0.40 mg/L ; NO-N ¥ %4 0.003~0.588 mg/L, “F
¥I{EM 0.220 mg/L; NO3-N ¥ JE7E 0.08~0.62 mg/L =
[d], FH4{EN 0.33 mg/L; TP ¥ ETE 0.38~1.08 mg/lL
6] , “F- 24118 4y 0.65 mg/L ; PO3 -P ¥ J¥ 7 0.03~0.21 mg/L
Z ], F-444E A 0.12 mg/L ; COD 7E 55.00~195.00 mg/L
28], SE¥{E R 106.00 mg/L

Feruta A SRR Y 3 1 FRAH M 1) TN MR EEAH L 22
SRR, 78 3.03~3.29 mg/L ZJal, SFHI{E N 3.14 mglL ;
TIN ¥ Bf &y 0.46~1.35 mg/L, “F-¥{H K 0.84 mgl/L;
NH;-N #&JEh 0.37~1.15 mg/L, “F34{H K 0.71 mg/L;
NOZ-N ¢/ 4 0.003~0.068 mg/L, “F-24J{E 4 0.025 mg/L ;
3 MRy NO-N WREEAM L LW % 2%, 7E 0.08~
013 mg/L [, (N 010 mglL; TP WEELE 0.29~
0.59 mg/L Z[i], FHIH K 0.42 mg/L; POF-P¥RETE
0.10~0.33 mg/L Z[i], “FH#J{Ek 0.22 mg/L; COD 7
32.00~68.00 mg/L Z [1], F-F{H>N 46.00 mg/L .

B s b, B R A PT-2 1 NHZ-N Y&
JE e, ikF) 3.07 mg/L, IR L TC-2 1)
POY-P ¢ Ik T oAb b 3, {2k 0.03 mg/L. +
W FEA LR, TC-3 i) NO3-N 1 NO-N i 2 5 T Hifth
WidE, 4r9lEik 0.62 Fi 0.588 mg/L, H TN. TP fll
COD REWRBNB mAKT. WIRARE, sz
RE ST MR TN A COD & AH X T-HI 0 432 4
S 9t 77 A AR AT

2.4 EFHEGCESKREFHEEME

T ISR A TRE VR 45 4 2 52 3 95 5 Tt A /K AR 45 P 2
TR, iR EE . SGRR . EREE . pH R FRERVE
JESF(ZHRINAE, 2010), B OHE . B4R, &1
B Wyt 5K BB IR F AR 5SS AT 2 B, 45 TR At
WERIREE . pH . RS R B R S5 0
TR WK EROE | BRI AR S
JEAEAE B E R TR R (P<0.05), EEFFEh I,
FEHGE . R RO S KR NO3-N
NO,-N. COD ¥ Sl 8 3 IE M K &R (P<0.01); 4
P SRR S TCH B A OCR  REEERY
AR TP MR EE 5 10 2 IEAH GO R (P<0.01) (3R 6).
MR 6 AT LA 1, FEMyE K ARrh, SRR AL
Y 22 WS B M, — ELE R A, R
BRI EEAE R SRR NO3-N
NO2-N . A HLH A EE A 3 [EAHOE (P<0.01).

% 6 FHFRUESKREFHEXEST
Tab.6 Correlation coefficient between microalgae and water quality factors

i ﬁ?@ééﬁz% fﬁ%éi%% :ﬁﬁi%i fi?féét%i Ei_?féét%%
ltems Total quantity Total biomass Biomass of Biomass of Biomass of
of microalgae of microalgae Cyanophyta Chlorophyta Bacillariophyta
BA TN 0.663 0.699 0.666 0.287 0.462
HICHLA TIN 0.272 0.263 0.264 0.028 0.503
A NH;-N -0.097 -0.086 -0.104 0.048 0.503
T A4 AR 5 & NOz-N 0.984"" 0.932" 0.980"" -0.043 0.055
MR Eh & NOz-N 0.924” 0.872" 0.920™" -0.054 0.017
BEETP 0.499 0.592 0.509 0.492 0.844”

WEIR L POF-P 0.093 0.135 0.100 0.199 0.059
1k 2f 5 E 2 COD 0.912” 0.949™ 0.919” 0.325 0.39%4
pH 0.204 0.145 0.195 -0.209 -0.204
& Temperature -0.117 -0.125 -0.112 -0.068 -0.486
£h B Salinity -0.787" -0.715 -0.781" 0.170 0.128
B Alkalinity -0.517 -0.432 -0.510 0.277 0.306

.+ FR B EKETE 0.01, *FoR FE/KFTE 0.05,

Note: **: Significant correlation at 0.01 level, *: Significant correlation at 0.05 level.
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31 TEMREFHEBEEHACREES T

K JE T ROKAEEE, TR S i BEERE |
Mot AR S, HoKE gl lsd e, R
Z 5 SiKFRAKAMLL, FHBUKKEHEAR pH. &
BRIRER DR | 1 B T R BN RS (£ 25, 2003). #:
TR AP pH . S BRUEE AR AT, K SRR A B
FrFH 2 RN R o 7 B IR A IR DXL T3 P L
DX, HIRFE I 22 00 VU AU ARFRER L ER Bt o /B2
(201D)WFFE R I, 7 B VDI R i S ) M AR
S, BEBMRREE S, Wl REEEMSRRIA
o)A, B RKERLIE S A O, A 2R L
NE TEBXE RS, BRI, BRI ERK
PRAEH DCRRERANSR A AR o . FRAE A PSR R
2 I A 5 V) 214 e 5 B 308 3 T Gl A v 4 A ) TN
Ko WEYREMHE EARFE, EARUCREER 3 IR
I, A b S 2SR A Tt 8 9 R A A i
B D LA E /NERE | MO A e /NP AR R 5
11T 9% 42 g A ORI A b SR AR SR — F it 3 B
W O R A A W SR I B0, 3 ) g 400 £
FIVCE W o 3 & IRV DRI 7Yt 30t v 1) 2 D TR A v
IR LALRSE | REEEON LB, (EAR IR B
el S A AT A7 A W e B BRI O B —
HBR DL . P, T B HIX L ZE IR PP AL
K AR B )T SR A A B A

32 HEESKEEBEURAFRFEEVHXE

T E | 0RO ST S T PR SR T s
KT I KA, 23X 7K TR RS 3 AN RS2
1635 SR A A ) 0 A A f R (2R I 55, 2015), B G, W
B BRI A K AR ORI 5L, Ak b 3 K AR B
i RURG B A, TR K I 56 Ml K AR 9 1E 5 DI B
[, B A s 2 ok A s A A2 i) s Hak,
W Y A M BT SR A R TH FE K B DO, KRG AR
D) 5 3 £ 2 B PR T 0 “ 2 3 " B 4 (kM S 45, 2007) .
R R . RERM K HSEHREYIR, &
LB XF K 7 5 B A W 3 A AR A T (Cremen et al
2007), fiiH =2, KAWEBEAKIERE, F5 50 38 K 1A 1)
PRALHE AR R AR 37 A W A T A2 BR S T 5 | & K
FET, i MA TR A E KRR EEI5 Y . Cao 4%
(2014) BT K B, FRFE X IR 7= 5 v 39 v o o g A0
JER BN AMEIER, BEFRA SR, R
VIA 5 W R e 5 SO RV 45 4, ™ 2 ) X

FRpE . R, FEFRAAAE S, B KT L
A F BRI A o TEAS UIBRRE Rt 3 v
WA T 1 BB R A i A o 2 I A ) R A b B A
W AR PT-3 A1 b 52 A0 TC-3, L&
39 R L B T RN T

K T R R 5 ) o K AR AR ) R B
A 3= (ke 55, 2007) 5 T8 Bk A 1Y) fe ddk i 2
HoZ 20~35°C, M, )R . MR . B
J& A5 Y Bl AR KK R 7E 25°C 2 DL B (Reynolds,
1990) . [Almf, VFZ B 2R AT SROLA BUR p B 52
77 Huisman % (1999)WF 58 3R W, i ¥ 1Y % BRF5 5K
KTEGEE, Hib 3| — ot Bom B iy, 2k s i v 2>
1117 34 RN T L 14 o 7EFR B PG AL B T BT R
5T R, EREAATRSRFEEH, LR
JEE iR RO R TR) 70 9 90 2 0 A5 2R - e 53 AR A
%, M T 2 0N T B A7 K R R RO H
WA R, 5 B B IR Rk, I,
BAO0 IR R A K AR TE — e R
M T R A, T RS A R R B A

K R R Vi B[R] S e o S 1 AR K B
m N, PEFHZREEFERETBRKWEZNER
(Edwards et al, 2011; Mellard et al, 2012; Wen et al,
2012), o i 2] L o F A B /) 7O A i 1T
RAEM, B, X KIREE i) /O B2 2R, w8
e B 2 W 2 R e £ R R AR K R B SR I (R E
4, 2010), fm PHEEARITHAR, RRZMEHHAR
£ PT-3 1, 7kifrf POS-P /K Fi5%] 032 mg/L, 51
b >R A by 33 R LA R, SR AL £ R A AR K BB 42
BRI & BT IS AR A F) T e s i 3
A, BRI N P VRS U] O G i Y A A (FL B,
2011), 7£ TC-3 /KA, TN Al TP WK E /0 9.71
A1 1.08 mo/L, W T HALRAES IS PR N, P UK
VL, BHIETEMEROK IR . ACIES TR,
WHEE Y R 5K AT NOG-N | NO2-N . ALYk AR
b5 i E A G (P<0.01), Mk E M, KiIk N, P&
i fe 4 S G Tt 378 B oy T2 RO | 00 R 95 5 i A
P,

ERmE 3 AR AR = Y pH RIS S5 e R M e
AR EEIREE N, mEEFAF(2008)WF5T A, , KA
pH {E5 E BUK AL BTG, TE A A BT
LT, pH 24 8 Ze A7 B E A A AT {1 i i oK AR R A
ERE (2014 IR EE . FhBE . pH A4S FAE S EA
YIA, 21 T8 E 8%/ ek (Chlorella pyrenoidosa) .
280 /N R (Cyclotella striata) . £ £ B 42 (Oscil latoria
chlorine) FI4 4138 % (Microcystis aeruginosa) 4 Fhix
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B AETGEN M. R ER, SO BNk
BRI SBU/NREETE pH=10 WHEIEE K, i e isde e
TE pH=10 B AT A4, FRBHH pH I8 W PR B3R . 171
Z£(2009)F 5% T AN TR0 4y pH FIAS[R] [ 5 pH XF 3 il
PSR EE A K AR . S5 R, wE T H S
AT S KA pH, AR AR pH X 38828 A K ) 5%
AN E pH ZZepiEE RIS pH JE, SIS
K WAR B 5, &R pH YO A A A A, H 5
B pH FFANER LU SR 1 o B X VR A A 1) A K [
FEA 25 i (T A AR5, 2008) , 1185 45 (2017) AT T
B T T 30 DX T A 4 AL B K A 2 3 85 T
T, NI & B BUKMEREHERAL . SR,
PRI A B N RE 1T LA 37 865 38K IR K IR B L A7 )8
4 (2007)WF 5 R, HISR BN R A KA IR
Bl JEE 26 v 55 T DU 22 Bl (Scenedesmus  quadricauda)
R EAR AR B 4 P it T DU A 8 . AR S, R
PSSR A E 1 pH FIERURE 5 1 v AR W G W A
KRR, HI, ERELER 24 A SR IAEE R 7 S HAH |
YERTF, & pH FIms R i 2o i s v A 3 i w2 A A
HHERMEEA LT

BREFIEFEALI Z AN, 52 m s e A K i AR I
ANEE AR o IK T FETE A Y ) b RN A ) e 2 5 T st B
TR OB RIS 250 . B | O SR AR AT AT
A2 E, BEE IR B R THRALAY B, nI AR
& B SR K A b B 5 5 0 (Xie et al, 2001; I HL
REAT 4%, 2012), MMifa2S [ B 044 B3 o)) B HEM 0] 25
AR 8 SR AR R B T, B3 A R T A
KA. FRAEA R, FRAE AR = A ) A R
RIS 2, 5 IE RS B IR KM, TEA
YCRFER) T FR A A X TC-3 Wiy, a2kl i i )
A 2 FhaR A R, R R R, ]
fiE A AR AT KR T N PR s A LA

3.3 FFEMERMLRERNAGE

FEFRFE A v it 3 e ) S A A B A 2 1
RIS T —, FTHEEEATA, AN B A S
a5 T3 H DASR I L RE S DR SR i th K A AR
EEMEEE, KOMR, FHEEDHEDHARRK
I, AL R AR (B 8 4%, 2007),

9 Iy, B& PT-3. TC-3 LIAMYHAY 7 Mtk
¥ DL e ol rk o AR A e, A L Ay
3 R R R . B RO BRI R, (B
K B FEIE S5 2R, LS DI s |
/INBR i T RN O A i JE N A W B 0 AR Y R T R 3R
i DY-1, WERAEY MWL FE . ERm

Fealh, AR IRIHAE YA HOL R B AL
KA S W i B AR, R T RAEXE NP A TR
TR & B SRR AL RE ST, FEIR T KT N P
1G5 (M i, 2020), A5y I o 20 e 4 A T R R 2
KA BIREE o PRI, A YR IBORE f) A 18 Ao 77 A5 5
IR BH M T B R LR A B R S B A R O, A
Fofth 2 Fp RN RA R I B
TEABEFEH, LI/NEREE . Mo . SLAe . onde
B A o B R LA /NI E | SR T 8 S e o 0 B
TETR S5 M I R, TR AR DO, eI
HEFRER AR AL, DR RAF AR AR , i
AHG R BIAAE, AR B AR YR B e ) S SR TR
&, AMTIREAEYRERAER . I, FREE ) N
G FREHM I B K TR, G I LA B o s X I
AN BT, AT L 2 i R 3 DI B DG L A o

4 it

T B 25 BRI B v 0 T B M X, 40 3R A b
2 W B DA 8 | 0 U o A i S 8 XL AN R
PEAT, BN K AE, WS A P G s LA/NEK
WL ORLALEE L MR DPRERE LU N . EIB
SEREWE 5 LR Y b IR R B R SR L AR IR
P 75 A Tt 3 R EL T 3 4 0 A 2R - b 5 A A
LA v (VR OB 22 REE PR OO R A o A
Yy 5K NO3-N . NO-N . A B B S Pl g
IEAEG . KPR CL N 5% i SR GE 1t 3 T8 5 T2 A D
Tl i | 000 R O S R A B A A B 3R
BRI, P S R B, T B DA v R
AT REE A AT A TR A

2 % X #
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Community Characteristics of Planktonic Microalgae in Aquaculture
Ponds of Different Modesin Ningxiain Summer

LIU Jinfan™% HU Xiacjuan, CAO Yucheng?, XU Yunné’,
WEN Guoliang"?", LI Li%, SUN Zhen®, SHEN Bin*

(1. Zhgjiang Ocean University/National Engineering Research Center for Marine Aquaculture, Zhoushan, Zhejiang 316022, China;
2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of South China
Sea Fishery Resources Exploitation and Utilization, Ministry of Agriculture and Rural Affairs, Guangdong Provincial
Key Laboratory of Fishery Ecology and Environment, Guangzhou, Guangdong 510300, China; 3. Ningxia Taijia Fisheries
Limited Company, Shizuishan, Ningxia 753000, China; 4. East China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract Ningxia Hui Autonomous Region is located in Northwest China. Most of the culture ponds
in Shizuishan City and Yinchuan City, in the northern part of Ningxia, are sulfate-type saline-alkali ponds.
The central area of Ningxiais located on the Hetao Plain, where the salinity of water bodies is relatively
low. Owing to the high pH value of saline-alkali water bodies, which indicates high alkalinity, water
quality control has become the main challenge of saline-alkali aquaculture. The community structure of
planktonic microalgae is closely related to the water quality of aquaculture ponds and the healthy growth
of aguaculture organisms. The planktonic microalgae community structure of culture ponds in summer in
Ningxia is rarely reported. To study the community structure characteristics of planktonic microalgae in
different culture pond modes in Ningxia in summer, we collected planktonic microalgae samples in July
2021 from Pingluo County in Shizuishan City, Helan County in Yinchuan City, and Shapotou District in
Zhongwei City in the Ningxia Hui Autonomous Region. We then analyzed the planktonic microalgae
community composition and its correlation with water quality factors. The samples were collected from
three typical aguaculture pond modes. the shed-pond relay mode (PT), soil pond mode (TC), and
rice-fishing breeding mode (DY). We qualitatively identified and quantitatively counted planktonic
microalgae under a light microscope and performed diversity analysis using the Shannon diversity index.
SPSS software was used to carry out bivariate correlation analysis between the total number of algae, total
biomass, algal biomass of each phylum, and the physical and chemical factors of water quality in
aguaculture ponds. A total of 5 phyla and 27 genera of planktonic microalgae were detected, including 7
genera of Cyanophyta, 13 genera of Chlorophyta, 5 genera of Bacillariophyta, 1 genus of Euglenophyta,
and 1 genus of Dinophyta. The total number of planktonic microalgae in the 9 ponds ranged from
1.52x10* to 2.39x10°% ind./L, the biomass ranged from 0.16 to 97.78 mg/L, the Shannon-Wiener index as
0.03 to 3.31, and the biomass diversity index was 0.29 to 3.58. There were significant differences in the
community structure of planktonic microalgae in different kinds of culture modes. The community
structure of planktonic microalgae in PT culture ponds had no obvious common characteristics.
Cyanophyta, Chlorophyta, and Bacillariophyta, such as Anabaenopsis sp., Anabaena sp., Oscillatoria sp.,
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Pediastrum sp., Oocystis sp., and Cyclotella sp., were predominant. A single genus of planktonic
microalgae dominated in TC. The three ponds were dominated by Pediastrum sp., Chlorella sp., and
Microcystis sp. The diversity of microalgae in DY culture ponds was relatively rich. Chlorophyta such as
Chlorélla sp., Scenedesmus sp., Pediastrum sp, Oocystis sp., and Cladophora sp. and Bacillariophyta such
as Cyclotella sp. and Nitzschia sp. were the dominant algae. Although the community structure of
planktonic microalgae in most ponds was dominated by Chlorophyta and Bacillariophyta, some ponds in
PT and TC dill had Cyanophyta overgrowth which became the single dominant algae. Harmful
Cyanophyta proliferate in large numbers in aquaculture ponds and easily form algal blooms, which cause
significant adverse effects on the water quality and environment and endanger the life and heath of
cultured organisms. The ponds with Chlorophyta and Bacillariophyta as the dominant species had a
relatively stable water quality, were rich in microalgae species, had excellent water color, and experienced
less disease and better growth of cultured organisms. The characteristics of high summer temperatures,
long sunshine hours, sulfate-type saline-alkali water in Ningxia, and the eutrophication of the culture
ponds due to factors such as food and cultured biological excrement affect the structure of planktonic
microalgae communities in local culture ponds. The biomass of Cyanophyta had a significant positive
correlation with the concentration levels of NO3-N, NO>-N, and chemical oxygen demand (COD)
(P<0.01). The total nitrogen and COD contents of the ponds in the DY mode were lower than those in the
PT and TC modes, meaning that the water environment was not conducive to the proliferation of harmful
Cyanophyta and that the planktonic microalgae biodiversity index was relatively high in the DY mode. In
addition, a large number of studies have shown that the adaptability of Cyanophyta to strong light and
optimal growth temperature is generally higher than that of other algae. The results indicated that in
Ningxia, due to the long hours of light in summer, cyanobacteria blooms dominated by Cyanophyta such
as Microcystis and Anabaenopsis formed easily in aquaculture ponds with high water carbon and nitrogen
nutrients. Therefore, this finding indicates that the hours of light should be used as one of the critical
control points when regulating pond water quality to prevent and control the occurrence of adverse
conditions such as reduced production and efficiency due to the outbreak of harmful algal blooms.

Key words Microalgae community; Water quality; Ningxia; Saline-alkali pond



