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idellus). K25 (Micropterus salmoides). 73t
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HEAT— S5 58 R0 N A R S PR BR R W, e
WK PR A VR AR . TR VA Y D RE A AR
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AR ZSERBE VI 5 53 B 5 TG )3 I o

1 MEEFE

11 REMSSHERER

TEHU AR A ML TR X 4 A FEFRIROK 2K
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A, KRBT A BRI, sy T
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Tab.1 Latitude and longitude of the sampling ponds

2% latitude £ longitude

KFEMYE sampling pond

Wt Ctenopharyngodon idellus 113°11'54.6"  22°50'20.7"
KOS Micropterus salmoides 113°09'32" 22°49'33.0"
ZBEYYENY  Oxyeleotris marmoratus 113°05'46.6"  22°48'26.5"
4 Channa argus 113°07'43.0"  22°52'12.1"

12 BUEERNES SR

o FHB® IR 233700 5 7K 4435 I 2 (transparency,
SD, cm); il YSI 502 S HUK B il (3&
[, YSIllZE pH. #fi# % (dissolved oxygen, DO,
mg/L) . E AL ik 5 H {37 (oxidation-reduction potential,
ORP, mv). H 5 *(conductivity, Cond, uS/m)F L
] % A (total dissolvable solid, TDS, mg/L)%
HULA T W& EKFE, 4 WHATMAN GF/C
B REE AT 08 J5 43 )0 BE VAN 22 JK 44 Chl a 1% & (pg/L);
I3 RE TR FE R BEOR AL PR £ Skalar it 8l 151
IS (F5 2%, Skalar)illliE NHi-N. NO3-N,
NO,-N . TN, TP %55 S &R 48 bR (AL mg/L, T [A));
AE B 7 2 (NH3) A2 48 200 46 b A2 A0 H R4S
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CODyin 2R et B R ER R 2 I 2 T, AU i s K
R HLTCE . APFFE IR TP, TN, SD,
Chl a ¥JE F1 CODwy 55 5 Wit bR, MRAEAHNL A2
RIHE KR LA E TS5 TLIE) Y.
13 EFHEYHERXESLE

i SR KRR AT IE 0.5 m IREEAL KR 5 L,
MFRERH 600 mL, AN EF QR [, A B0
i EDOE 48 h J5 I AP Heds 2 30 mL. 7 OLYMPUS
CX21 ¥ BMET, 2% (hERKELE-F
G5, LA ) WOVRUM G e 2L IR X 7 i A 4
HEATYEE 5 I, AR R R R IR P
AR B AR R AR FR A 23R
1.4 FEEYEESW

TFUFAEY) Shannon-Weaver ZREVEFE EU(H) .
Margalef ZFEHEHEEM) RIS SIS Evenness(£)
A3 H, Hi4E Reynolds 25V Padisak 25V & 11 7
IEAE ) I RE 2 0 28 1 X PR AR ) i AT D) g 2
HER 53 o A 7E ) — B 3 P A~ DA Bt 3 v s
H 2 DA RAE s AR AR i L ) = 5% 19 1)
REREAL RO TIRERE; T30k, BN
(AN 3 e AP 20, s B, Bl TH
BT ARKIRRZ, MR, SIERCES T
TKARZRN, STtk BRI B Lk 3] 10%
Ph b B s e ) D RERE T AL DI RERE
15 HELESSH

FH R GEit A AT 8 o A, G045 X IR B
Bl U Y) D RERE AT AR OGP E b . FE RS
M7 (principal components analysis, PCA) . TUR
Hr(redundancy analysis, RDA)FIE & £ 2k R
(nonmetric multidimensional scaling, NMDS)HE/F
ST AFTHT S TR A Y T Re R AL R . B
T HEAT 1g(e+ D5

2 HBRE5HH

2.1 thiEIBLIRERR

SR E Tt 3 K AR 45 BEAL BR BT 5 b5 4 (8 S AR b3
Bl L2 2, W AKIREII S 10~35 cm, mBER
S 18 R 1T R e 3R 3 B R R EOM ], RS
il i, 5 3 B ARG . WDKK IR 2Z S A &, AR
RGN 14.79~33.02°C, = BEARYE il it 3 A5 1L 75

B4/, AbT 23.95~31.35CZIa] . MHH IR A 2
TETE R 3.35~8.77 mg/L, 453550 i Fhith I 4R
P MR R R K T B | Bifh | s BEAR A
i, HiyEKIR pH 4bF 7.08~9.87 Z[H], KITH
i b 3 pH I A 1 i 3 R, T S B BE | = BE
I S IR b I (] pH {22 AN K. T dE
AR EFFER (TN, TP, NO3-N. NH;-N., NO>-N
1 NH; 58)F8 b5 = T Il /K 5 b o (2 CSck o
MM s R B KR TN, NOs-N Al
NHa-N SE48hn el i, FB R ™ &, e
S5 R KR Z A MU TS Yo i Ry, R
IKAR KA 53055 1] CODw, 1 BEE R, HAUA Lt
=T 6 mg/L, H:rf B A R 0 3 e 1 A
Fofr, 85 39 dpe ROH A 5 48.50 mg/L. HiyE/KIk
Chl a &R LGN 43.94~332.31 pug/L, Chl a &
T 40 pg/L, HFRUE RS K 6 R RZ KA
B KR R R B R Z 5 YR, T
01 F1 2 8 3 foe Ry PR, AR RS R, b
BN P VA 2B TS AR R R
B8 T SRR IE(TLIY)>70), 8 EFIR
SHRECYE)N @R T h i Rt KO
A RBERYERE, B IR B R R
BIhEAE S A, 9o AR 12 A, s A, 9
A 12 AMKOReE o A, HAbssrd, £k
R A S 22 SN, L R BREARHE
NI R EY AR08 ) QNG RS o SO ] A2 TR N
FERRE 22 FORK, (EAR T b b

22 FiFEMETE

221 B CRAEIEIEIAEY) AN A Y
SERPHIILIE 1 RIE 2, 4 AFRIH SR R
PIEH 1.32x10° cel/L, A4 H(E 9 168.17 mg/L.
20 it 25 AN A ) A KA Y O B YRGS A,
BKE] 3.00x10% cell/L 1 345.41 mg/L, M 1.
Pl 2 A s e 118 A 75t 39 w7 D A 40 400 i 2%
FUAEYEORE, WA WA RHE, 22
TR o $5c R 28 H 1 2 3l
EF = BEA B I, 12 7, FamyEd i TR
TIN5 A2 2 e 3 AR =, BRI TF
T A 200 i 25 T v, (AR AR A 3
Bl 5 A, mBEARIEGE T HBE BOK e, LR
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Tab.2 Mean and range of physical-chemical parametersin the sampling ponds

+ factor #f KR R o
Ctenopharyngodon idellus Micropterus salmoides Oxyeleotris marmoratus Channa argus
SD/cm 13(10-15) 20(10-30) 23(15-35) 15(10-20)
WT/C 26.54(15.41-32.49) 26.52(14.79-33.02) 28.63(23.95-31.35) 25.68(15.46-30.80)
DO/(mg/L) 5.71(3.94-6.98) 6.88(5.51-8.77) 4.79(3.98-5.37) 3.53(3.35-3.81)
pH 7.62(7.37-8.10) 8.33(7.49-8.93) 8.26(7.76—8.60) 7.57(7.33-7.81)
Cond/(uS/m) 0.761(0.465-1.315) 0.538(0.298-0.896) 0.571(0.379-0.886) 1.257(0.366-2.572)
ORP/mV 193.6(121.5-308.9) 199.6(120.1-311.0) 202.7(152.1-298.1) 192.3(156.8-256.4)
TDS/(mg/L) 0.495(0.302-0.855) 0.349(0.193-0.582) 0.414(0.291-0.576) 0.817(0.238-1.672)
TP/(mg/L) 0.319(0.258-0.411) 0.290(0.250-0.352) 0.313(0.278-0.369) 0.767(0.477-1.102)
POy -P/(mg/L) 0.167(0.102—-0.212) 0.181(0.1378-0.239) 0.208(0.065—-0.337) 0.657(0.186—1.082)
TN/(mg/L) 4.444(4.068—-5.050) 7.435(1.978-11.153) 10.704(5.992-17.388) 16.226(4.587-22.145)

NO;3-N/(mg/L)
NO>z-N/(mg/L)
NH;-N/(mg/L)

2.631(1.650—-3.831)
0.123(0.063-0.210)
1.342(0.220-2.078)

NH;/(mg/L) 0.296(0.004—0.870)
CODyy/(mg/L) 21.14(16.21-26.77)
N:P 14.65(10.26-19.58)
Chl a/(ng/L) 286.90(261.84-332.31)
TLI(Y) 83.06(81.64-85.76)

5.333(0.523-8.796)
0.123(0.009-0.341)
0.580(0.135-1.352)
0.161(0.002-0.462)
12.12(10.52-13.030)
24.65(7.90-34.37)
87.31(76.74-108.41)
76.40(70.86-82.14)

5.554(2.643-7.739)
0.057(0.054-0.059)
0.937(0.138-2.487)
0.267(0.009-0.771)

8.70(6.28-13.30)
32.90(21.55-47.14)
50.12(43.94-60.89)
73.99(71.30-78.75)

11.251(3.826—-16.658)

0.264(0.015-0.744)
1.386(0.028-3.871)
0.042(0.001-0.1200)
28.39(15.54-48.50)
24.15(6.36-46.01)

159.32(78.87-206.57)

87.59(79.10-94.33)

W SN FFRRILE. SD, B, WT, /Kii; DO, % Cond, H S, ORP, & kit f; TDS, B AlyAMEE A, TP, BBk,
PO -P, BEEREE; TN, EA; NO:-N, WEREhA; NO:-N, WAiERER4A; NHi-N, A ; NHs, JEB T &; CODwmn, iR ERIE4L; Chl a, M

4% a; TLIQY), &6 EFRERE

Note: Figures in the bracket denote range. SD, transparency; WT, water temperature; DO, dissolved oxygen; Cond, conductivity; ORP, oxi-
dation-reduction potential; TDS, total dissolvable solid; TP, total phosphoru; PO; -P, phosphorus; TN, total nitrogen; NO3-N, nitrate nitrogen;
NO>-N, nitrite nitrogen; NH3-N, ammonia nitrogen; NH;, non-ionic ammonia; CODy,, potassium permanganate index; Chl a, chlorophyll a;

TLI(Y), comprehensive nutrition state index.
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Fig. 1 Phytoplankton cell density of the sampling
ponds with different kinds of fish
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Fig. 2 Phytoplankton biomass of the sampling
ponds with different kinds of fish
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222 YWARS SHEMIEE  XORENMIERE
i R PR TR ) 4 25 R R, A R A dE
FEE] 196 FhE T AT AR, 38 T 4391
Py, PR (40 B, REBEQT B, WEEEQ3 Fh).
BT A, BREE@ ). EEEG R SO FHE S
FARIKTTBESS o 25 SR AE T 3 V7 i v IS 4L i L 497 D,
&) 3, B fa b I M 3] 133 R e S (5 AR s 8,
Horp, GE5E 65 Fh(EARRIARAY), 7Lt 48.87%; fik
19 Ph(EARRI AR, S 14.29%; #EBE 19 Fh
(&), hitk 14.29%; ## 18 F(EZH), Lk
13.53%; HAYH | Beoss | B8 | &t 7 9.02%,
KB IE LS E ] 109 s, Hrb, g
53 R (SR 5 E 48.62%; #R¥E 22 Fh(E AT,
di kb 20.18%; ®EMEE 14 Fh(EAMAR), Sk
12.84%; 5 10 Fh(®), ik 9.17%; HAH ¥ .
Bags . PR, WAL 9.17%., = BRI bk
MR 82 M, Hrh, gk 34 Fh(H AR,
di bt 41.46%; FriE 23 Fh (AT, & 28.05%;
FEBE 15 Fh(EARMPASAY), 7L 18.29%; Fae 4 F,
dith 4.88%; HorwEwe. Wi, R, "R, &
WAt 12.20%. S yEIL A E R 104 FREER,
Hrp, W 10 FJE), diH 9.62%; &k 57 Fh(#&

AR, ditb 54.81%; fikEE 16 Fp(FAR), Sk
15.38%; RR#E 13 FF, fdibb 12.50%; HAH i B
W, EEL Sedtl 7.69%. TRIEHLY) ZREMETS
BT A R o, SR I BAT AR i PR A
ZREMFE R, BRI 3. 4 A Shannon-
Weaver ZAEMEFEEU(H) LA FE R 2.34~4.89, 15
{H 3.93; Margalef Z £ 48 Ko (M) 7284k 0 Bl ol
2.76~4.90, ¥J{H 3.55; ¥J5JEEHE4L Evenness(E)4E
LT FE N 0.40~0.84, H41H 0.68.

B4 ¥ Chrysophyta M@ [%¥ Cryptophyta ¥ Euglenophyta
WEPE Xanthophyta & H ¥ Dinophyta & {5#E Cyanophyta
@7i% Bacillariophyta £%%# Chlorophyta
100 .
ol 6114
< - 80 -
=870
S50t
= Es0f
=40t
*K go 30 L
& 20 +
0 PPl 1 T.t . 1 PPl 1 Tatatat
e KOG ZPURyEE o6
Ctenopharyngodon Micropterus Oxyeleotris ~ Channa
idellus salmoides marmoratus  argus

FEF A culturing kind of fish

K3 A FRRAEMIE B LA Ll
Fig. 3  Algal proportion of the sampling ponds
with different kinds of fish

F 3 RMEMEFERH. . FEEIFEY Shannon-Weaver HHMHIEH(H).
Margalef % #EMEHE8(M)F1 Evenness % #1415 #(E)
Tab. 3 Shannon-Weaver index(H), Margalef index(M) and Evenness index(E) of the
sampling ponds during theinitial, mid and late culturing periods

Al UNEES = BER YR 5 6l
e Ctenopharyngodon idellus Micropterus salmoides Oxyeleotris marmoratus Channa argus
EKZN

indicator il i A Hij % b Hij % i R Hi 3 GG
initial mid late initial mid initial mid late initial mid late
stage stage stage stage stage stage stage stage stage stage stage stage
H 4.01 4.80 2.68 4.89 4.34 2.34 4.41 4.42 3.04 3.16 4.35
M 4.38 4.90 2.99 3.85 3.67 3.26 2.87 2.76 4.01 3.48 3.05
E 0.64 0.75 0.46 0.84 0.73 0.84 0.40 0.82 0.84 0.49 0.53 0.76

2.3 iZEEYIThRE BT

HR e SCHR[S-6]1R DO RERE R 73 7k, Hlor i A
B. C. D. F, G. Gy, Hl. J, K. L;. Ly. Lo.
M. MP, N, P, S1. 82, T, Tp. WI. W2,
Ws. X1, X2, Xpy. Y 331 28 DIIRERE . X RAE
Tt IV AR ) D) REATE AR R A A A IR (1 4), FRFH
W, DhRERE C. F. J. K, M, MP, W1, X2

() BATR N 100%, I8 BT 4% 77 JH 0] F 3% 5 i
P SR8, S A DI RERE;, DIRERE G, P.
Y. D. Lo, N\ T. W2, Xpy. B, Gy, Hl. Ws
HIURTE 50%~100% 2 [], 33X #8432 e BEH /K
232 KRG S PR, (FR 250G 0L T 2= i
B, ATk E DL DI RERE, MTIAERE S1. S2. A
BT HAE 25%~50% 2 [1], X543 DI REE 2 K 455
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Fig. 4 Frequency distribution of phytoplankton functional groups in the sampling ponds

SRR, BURER AR, AT S UCR WL RE
#E, TIREHE Ly, Tp MBUIURLE 10%LLF, BFI
ol LS X ok 28 ANVRUFRE Y D RERE AL W)
WEJE, 4% C. F. J. MP, N, P, WI, X2,
Y. K. Lo. M. W2 N FREMRATIGERE, % 4 5
T ARSI BRI S LTI R A AR BERRAE

fER I, HIEER| AL B, C. D, F. G,
G,. Hl. J. K. L;. Ly. L. M. MP. N, P,
S1, 82, T. WI, W2, W5, X1, X2, Xpp. Y
it 27 ThReRE, Hd FLJ. Lp. M. N, P,
W1, Y HEERATIGEHRE FRAEHH, F b
IR A iR 340.40 mg/L, FEFINFER
A N(197.93 mg/L).J(40.90 mg/L) . W1(38.52 mg/L).
M (2 35 A M 2% 3 1 L 3B 20.65%) . Lo(F-24 3
JB& AR B 7 Heak 23.64%) . FESE TR, TRIEHE Y
YR 20531 mg/L, EEAMHB GRS
N(50.34 mg/L). Y(33.43 mg/L). J(32.69 mg/L).
W1(31.42 mg/L). M(T# % % m 40 i 2% 5 5 b ik
24.50%). FRFEIEH, IR AE YRR 111.57 mg/L,
FEAAINREREA 1(40.44 mg/L) ., F(17.15 mg/L).,
W1(13.47 mg/L). P(9.18 mg/L). Lo(*F- 243 & 40 ity
P HIk 44.35%).

ER M EGT s, £ wEF B, C. D, F. G,
G,. Hl. J. K. Ly, M. MP, N, P, T. W1, W2,
Ws. X1, X2, Xpp. Y 322 ASDhsigh, Hrb C.
F.J. Lo, M, P, W1, X2, Y NEEMLAIIGE
o FRAHAIIN, KO R YRR AR Y R

67.82 mg/L, EEALHAIGEHFA W1(21.22 mg/L).
J(17.85 mg/L). F(7.89 mg/L). P(4.29 mg/L). M({#
PEWE R AN B Y Ik 12.95%). FRAE R, 1R
Y YN 171.98 mg/L, ETEEHBIAEREA
W1(74.30 mg/L). J(21.56 mg/L). Y(20.38 mg/L).
C(9.12 mg/L) . M(fk %% ¥ & 20 M 2% B2 5 Lt ik
19.29%) . F(H % BREE A0 2% B 5 ik 14.32%) .
Lo(F- 243 8 4 M 2% B 5 LIk 11.46%) . F25E )5 1,
FUE A A il 51.21 me/L, FEEMRRAINAERE
A W1(15.27 mg/L) . X2(9.79 mg/L).Y(8.56 mg/L).
J(6.68 mg/L) . M( Tk 2 ¥ J& 240 B %5 FE 5 b ik
10.17%).

En PR E, HE45E ] A B, C. D F,
G. Gy. J. K. Lo. M, MP, N, P, T, WI., W2,
X1, X2, Xpn. Y HE3F 21 AThREHE, Hfr T, P,
M. W1, W2, X2, Y HEZERATIGERE. SR
M, SEERYEESEIHEYIAE Y # 106.98 mg/L,
FEATHRERA W1(63.89 mg/L). J(13.09 mg/L).
Y(5.25 mg/L) . M(fh % 3 & 240 Mo %5 B 5 ik
65.09%). FRFE I, TRIFAEY AP EN 56.39 mg/L,
FEHAINFEREA Y(22.04 mg/L), W1(14.99 mg/L).
P(4.56 mg/L). W2(3.33 mg/L). X2(3.32 mg/L) . M({#%
PEVE R AN (5 Lk 15.43%) . F (2 Bk 40
B E HIk 14.32%) . Lo(F- 2495 8 40 0 % 2 5 kb
ik 11.46%)  FEHE G, IFIAEY) YR 77.91 mg/L,
FEAAIIREREA W1(40.94 mg/L), Y(24.83 mg/L).
J(3.95 mg/L). X2(3.85 mg/L).
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Tab.4 The dominant phytoplankton functional groups and their main representative habitatsin the sampling ponds

IneHt FRF M R A B RRIE
functional group trpical representatives algae habitat
C 38 /N (Cyclotella meneghiniana) . /NI JE (Cyclotella sp.) B IR/ NELK R
eutrophic small- and medium-sized water
F U 3% 3 )& (OQocystis sp.). BEIE )R (Kirchneriella sp.). VUM JE T3 EEIFAKK
(Tetraapora sp.) . IR (Quadrigula sp.) . % ¥ J& (Botryococcus mesotrophic and to eutrophic water
sp.). BIE#EJE (Nephrocytium sp.). Tl B & (Chodatella sp.)
J W % & (Scenedesmus sp.) . #5 ¥EJE (Pediastrum sp.) . =5 BB E IRE W EEE IR KKK
(Coelastrum sp.). + 7 #J& (Crucigenia sp.). VUffi 3@ (Tetraedron shallow, mixed nutrient-rich water
sp.). £ R (Actinastrum sp.). £FYE 3 I (Ankistrodesmus sp.) . DU
R BR (Tetrastrum sp.) . H A #&)&E (Selenastrum sp.) .
K INER ¥ B (Chlorella sp.) . {4 ¥k ¥ J& (Chroococcus sp.) . EBREE HEFFKIE
J& (Asterocapsa sp.) . M ¥ J& (Synechocysiti ssp.) . % Bk # J§ eutrophic water
(Synechococcus sp.)
Lo B ER B (Chroococcus sp.). 243 8 (Merismopedia sp.). ZH % T @M ORKEEK, EEFREES, PRl
J& (Peridinium sp.) . £ W % J& (Peridiniopsis sp.) . #tH #JE 2 KEIKIK)
(Gymnodinium sp.) wide range of habitats (deep or shallow, oligotrophic
to eutrophic, middle to large water)
M T W B (Microcystis sp.) WESE, BEESFRT/NKIK eutrophic and
hypertrophic, small- and medium-sized water bodies
MP FHIE ¥ R (Navicula sp.) . WM 5¢ %R (Achnanthes sp.) . P i Jd MRS, Bl EAKK
(Cymbella sp.). W8 ¥ )& (Ceratoneis sp.). YNIE 3 & (Cocconeis sp.) frequently stirred up, turbid, shallow water
N G EIE (Staurastrum sp.) . X 2558 (Staurodesmus sp.) Fre 2B Fr e IR K2
continuous or semi-continuous mixed water
P WE ¥F ¥ &8 (Fragilaria sp.) . B 5% ¥ J8 (Melosira sp.) . # A )8 IRATEEH &M P E & IR KKK
(Closterium sp.) shallow, mixed mesotrophic and eutrophic water
W1 PR R (Euglena sp.). i W3 JE (Phacus sp.). W fLI)E (Lepocinclis & A WL H) AV IR 7K FlAE 16 75 7K KA
sp.) rich in organic matter from husbandry or do-
mestic wastewater
w2 PMBE R Trachelomonas sp.) AR KFasE By /KK slightly stable water
X2 5 B2 ¥ 8 (Chroomonas sp.) . R REEMIBE (Pyramimonas sp.) . BT RIRA B & E FRAKE
JIEL 3% (Pteromonas angulosa) . ¥R VUHERE(Carteria globosa) . shallow, mixed meso-eutrophic environments
Y WEH YR B (Glenodinium sp.) , FABEJE (Cryptomonas sp.) JUIE (2 R M T A SR K 2R 8

wide range of habitats (mainly reflecting low
grazing pressure of still water )

e g, 4t

YEF AL B, C. D, F, G,

WHRE L LI 47.06%) . FRGE A, TR A Y

Hl. J. K. Ly. L. M. MP, N, P, Sl S2,
T. Tp. W1, W2, Wg. X2, Xpy. Y, 3Lt 254
ifeRE, Hh FL J, K. M, MP, N, WI, Yy
FEARATIRERE . FEIHETI, 6 E I A
YA 38541 mg/L, FEMPBIIAERA
MP(209.27 mg/L). W1(42.28 mg/L). J(27.52 mg/L).
N(27.10 mg/L) . M(fvk %& % & 4 fg 25 & o ik
50.47%). FRFEH, IEIEAE AP 198.38 me/L,
TP ATHAEREA 1(767.14 mg/L), N(55.44 mg/L).,
F(25.17 mg/L). Y(11.67 mg/L). M({¥ %% 41 ity

h 244.69 mg/L, FEARATIREREA N(87.94 mg/L).
J(66.25 mg/L). Y(21.83 mg/L). W1(13.70 mg/L).
K (Fl % 56 T8 200 Jf 28 8 7 Rk 19.37%)
FEFRFHET . FRAE T . FRAER I 3 BB,
A5 SR B P S U VA ) AR AT BRI AR Ak
BEEAR, BT N WL, Y, Ly—J. N, W1,
M. Y=F, J. P, WI, Lo; RARBE:F, I, P,
M. WI—=C., J, F, M, WI, M, Ly—J. M,
W1, X2.Y; =nBERYEE. ] M, WL, Y>M, P,
W1, W2, X2, Y—J. WI., X2.Y; . ] M,
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MP. N, WI—>F, M. W1, J. N, Y—J. K. N,
WI. Y.
24 EFEYEB IR NMDS 547

SRR I 45 % 5 A Tt 9 VR i A 4 T RE T A
) NMDS 7R, EFREIACTRE . AKIKIE 5
A0 T B BE S A0 A R AR bR AR e BN, G Y
SR TR ) R PR R E R RO AR X A
I« IKAARTS YL R B SR O RE 5 5 A TR AR B R AT T
A, e I P T DA A IR R AL (T 5)
NMDS HEF Kl R, Hfh, S3Eah i 3 455
FERT I S —2, = BERYENS 3 AFRFE I
h—2, Uk B A SR I 3 B R A i b 3 T Ui
FEYI DI RERE 22 5 R R T RS 3 AN AR
PIASBF I IE o — 28, SR8 5 a8 55— 325, H
MR AT, 0 BH 25 5 B v PR Ui A 4 T RE AR 4L
WEL T —EAR L, Bk R AR E

0.2
mGroupl mCII2 = MS05
ol b @ Group 2 Ol\e/I09 OM;Z
" pCl0s  mCAL2
) | MS09
§ 0 M CI09
Z ECA09
—0.1 E CAO5
o eOMOS
o MS12
1 1 1 L
—0.2 0 0.2 0.4
NMDSI

Bl 5 SRAE A SR B i ol b 08 0 00 AP D RE
R BE i 22 4 KUZE (NMDS) 70
CL: FAaildl; MS: K Bl OM:
TRERYEE M CA: BEIBYE. 05: FRIHFHIG A);
09: FRFFWIO A); 12: FEHGEHI(12 A).
Fig. 5 Nonmetric multidimensional scaling (NMDS)
analysis of phytoplankton functional groups
CI: Ctenopharyngodon idellus; MS: Micropterus salmoides;
OM: Oxyeleotris marmoratus; CA: Channa argus. 05: early

stage of culture (May); 09: middle stage of culture (Septemer);
12: advanced stage of culture (December).

25 FHEVRBUIEESHRERFHXR

30 3o % A R - 4 AT AE DM A3 A R 4
Mr, vkt TP, TN, NH,N. WT, DO, pH. N: P,
SD. TDS. CODy, #il Chla % 11 Wi[H T, XH#if
ML E I BEREAIX 11 T T 547 RDA 230#7 .
gl R: SD, TP, WT., DO, pH. N: P, TDS,

COD\y, F1 Chl a3X 9 31 A ¥4 3= 2252 i A 1~ ([#] 6),
1. b2 AORRIEAR SR 1.0876 1 0.4178, 2
TR RE % Hy 64.88%. RDA [ il 1 7 1) (4 33235
BEHFJE TP, DO, pH, N:P, SD. CODy, fl
Chl a 5§ 7 Wi, FHX R 518-0.65, 0.49,
0.56, 0.35, 0.58, -0.85, -0.71, 5 M, Lo, W1, Y, N,
J, F SFINReRE A G R %Y B 2 Oy )iy 2R
Bi A J& WT 1 TDS, A 5C R £ 41 b -0.42, 0.48,
FEE MP, W1, Y IRERE - i X R E V]

T

-2 =il 0 1 2
RDA1

K6 RAMIETFIAY L E T RER
SIEEH T IR ST
CI: Fifaitudl; MS: IR, OM: = BESRYEE Ik
CA: B lE; 05: FRFEFII(S A); 09: FRIEFIHIO H); 12:
FHM (12 H). COD: @58 Eh 55 5(CODMy).

Fig. 6 Redundancy analysis(RDA) of the dominant
phytoplankton functional groups and environmental
factors in the sampling ponds
CI: Ctenopharyngodon idellus pond; MS: Micropterus sal-
moides pond; OM: Oxyeleotris marmoratus pond; CA: Channa
argus pond; 05: early stage of culture (May); 09: middle

stage of culture (September); 12: advanced stage of culture
(December). COD: potassium permanganate index (CODyy).

3.1 REEMYEIF A Y I e B EFE

AT G RFER VT = £ I M 1X 755 35 RS 5% b I
TF WA Y D RERE S SR IE AT T 4081 Frde e
Y 197 FhE (E AR AR RN AT LAK 40t AL B
C. D. F. G. G,, H1., J, K. L;. Ly. Ly. M,
MP. N, P, SI, S2. T. Tp. W1, W2, Ws,
X1, X2, Xpn. Y 31 28 DNIIRERE, 5 —L6y13 |
T LA KK R AR HE P42t 3 K A 7 B4 0 4 o
B, MRTRER IR B, FEE
HFRZE—E TR Z YR, LR —30]
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TWRZE, H ARSI H T Y ReRE
FEARL, AR 3G IRBE T U I8 T A T 1R — D Re e
FemuiEh, HREREC. F. J. K. M. MP.
W1, X2 (ISR 100%, i B T4 IR 58 W M35
i AP YE PR, I AR, A A D g
B XSO R AR BRI I B /N L B R
T i R AL & s ok KAL) Ak 25 4
Tt YK AR IR AR, PR A SR A Tt I v 22 38 3
A, EATTR W) S K 35 30 V7 AT A A U 1 L ]
IR, THRERE G, P, Y. D, Ly, N, T, W2,
Xpny B Gy HI. Wg B RAE 50%~100%, X
T T RERE (/R 2 32 B /K BRBE SR BR ), {H 2
ZRUEN T 2, 2 WIIRERE o R B, X
BOTHAEREERAE FEE . ()R] B KK E B SR
SEHAIIREREDY, WhBERE DL PL HI %, Xt
FHEM B AR T g 5 72 FE 1 B TR K AR I E 7R 5
WEAAG, QEFEARTEEE, ERMER
R AR R S, DI RERE G Xpns W1, T, W2,
Ws. Y 4§, EATEA R TG A b I b i 303
KIA, AIfE5 3R a2 M kP 3)IhhERt
S1. S2. A, Ly. X1 HIRLE 10%~50%, X
T DI REREZ K IR BE A A BR i, Hh IR ALK,
X ST R X L 119 5 St R AK AR RS KR L
AN, (DFIAN Ly Tp 58 BUBRTE 10% L
T, X B A Y AR, B AR L
TEIEAE Y L AT RERE AT 45 SR 15 8], CL FL T,
K. Lo, M, MP, N, P, WI, W2, X2, Y I
SRS TIRERE, X LT REREAE SR I T AR Y e
K, HBEST A, I A TR VR A X B S (] T
B, ULHARS % 3 PR 58 ROV A ) B VR A,
A FRPA A FEARAR Y A S TR LA B — o X R A
W IR BT RERERY NMDS HERF E IR R,
TEBEANFEF I B) B4R | 25 BXEZR 0 0 0 1, f g 3 37
TEAE AR AL AN, T R T B el 3 LA 55 5 ) 1)
SEr A 2%, HJE7E NMDS HE7 &
HORHFE AN GIE, 3R W 4% SRATE L 30 5 4 o 7R R K AR B
ARG ARESE, 44 FRF b R ] A8 Akt A K27
32 A REFEMMIEZFEY IR RE S
AR 4 ADFRGE PP YE T, FA
55 5 il th 5 P AR ) DD REREECARE, 4300k 27 F

F125 Fh, KT SR 5 2 BEA Sy 8 7 i R A
REBEBORIAT, 4390 22 A 21 Ff, 5K 40 3R58
FEFR I 2 25 BARST . 4 D FRGH Rl s 34
REREBCN 7~9 4>, HiP T, W1, Y 288EE 4 M35
BRI R, LT BEA 0T O 2 B S T RE R,
X5 3 ADIRERERT AL A TR A P R 2 BUR £
A B AR DA 56 T2 T B itiheg . =
BEEE. TR, umEE . EEER. 4%
B . A R SNSRI, RS
BT AAVE TR KR, W5 R
&, mAREE . Bl R SR SRR, B
F & AR, Y ISR TR B, A PR
FEMESIE R E, X 3 AN BEERAEHE B
TN ERMBERMAEIESEEEN
KR MIEATE . AELPRA, XF J. WL, Y
BERER NG A AKIR, 5B R BUSR Z(8 N
AT . 5K T 2 REAR S D e
b 8 K — 6 B IR AR R A A T 2 T S K Ak
RIS, R s b p g MU . B3R et
GREGEIAEF E, R R A ] W
MW KA, M OSBECE B AR W B T v R )
IR PR, XA REE TR SR R
M T R K, X 0 A K 7 A — s PR AR
PS5 —Jrim, TR TR IARR, K
ERE AT, W B BT K BT R 0 S 4
o TER T RGThIE, MR P, F 2 5
% F AR UIENEERE WL R | DUREE .
BILEE . R EE SRS, 5. W1 BB
(R, F2RBERS /R K IR ER BT 8 FR K AR, HoA:
BERRAE A DL R B IR R AR R0 R Y
FE K 1 SRt I O DR 34, R K 1 A
KRR . S IR KRB T A b I, A
TN. TP ¥{HAK VKA, Wi FIWEs AT . 75 4
AR SR, N SR AR R g 3
P, X 5WH NIRRT TR O, Ffa R el
b I 77 48 2 O v HAh B SRR, T L SR
WK, o AN TR M IR A A0 S TG B 4
KI5, X N RBREER) &t
HARBE T 2 RIS E, Frifdn 4
AKE TR b, AR S B TR P A B T RE
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Z FIRFE AR BRI AL, B PR A T AR
— AR R K TR B B AR, FRAE AR AT
REREHE 2 R WA X — )& = iR K 5 5 Ak 1,
R RAE Sl 34 I A R B ™ E K (), ik mT RE R
X —W A TE R T, BRI 2, B ARFEKIY
RS A B K ATE B HE, ok T b5k
R sS i o o 28 H AR R T 2R B o BRE SIS I
iyt 3%, 3 A R AL IR B, K
WL JR TRV =AU I DX 3t 3, 3K i 5
HNFAZH LA IS 7253 o 7E 2= BESS I 8 b 5 iy
W P ok Ae, R — B I W2(R AR
PR L ARHBERPIROL, HABERRE it gt A
KKK, BEHI T 2 Bk IR s, Rk st 2 1y
IS e, 2T iR B 1 K TRy e 1 i)
3.3 FiEEMINAEE SithiEKFURR

Y7 W R A R KRBT 48 m A=, 7E
WA 22 S5 T R 7K B VPN O T & 5 R A AR
CL A A P2 A ) 22 A R 8 B8 K SR BT
PRAEPILZR 5 FOZIEA AR v S AT 5 14 20 3
R SRR KRS T b -5 s 8Kk,
SR F A TS s E TR . X 5B
IRARZEI, 3B 5 114 7K A B R 48 A Al K T
T ARDEANAF o T 0t 3 7K FR 5% 0 R 0 i 1T
e R R, KRTE s ok e E P, AR TR
FEY AN MR BE A Chl a 25 55 B R il ) B 7K A 52
PR R 8 5 SRR PO AT 2T X b S R A
VIO R S AR SRR AR e M 45 SR B, K A
KRR & BRI TR C. Fo T Ko M,
P. W1, Y SERBENEA D ReRE, HohdemEE
BEF AN SR T W B LT
AN A ] (9 BT A St I 4 o 4l DL S5 o o T I,
B M IWEARL ) 22 R M B T N BB LS R
T IE A K BRI o A3 TR, A T I S

F7/, ETYREOTES 2025 2 AR B0
w, B TIRZ SRR TH—E, 35320
— P AR R AR R, BT A ST R, 1R
TN FRELIR LR B, S BUR I £ 58 5 25
D715 PR AR 48 BUK BT 45 SR -5 52 bRl
K B FHeAnAH e . Rk, MIRTFFE Y )
RERBER AL, 145 A K RBAL IR 55 1 I 5 25
HEAT FEFH M3 ) K SR DL 43 AT, X FE R BE S LE A
TEWEATL ) W) ol Z2 6P ) B Bl B — Al L PR 5
SESRTF MK BRI ERT S B A 45 S & 1
34 REEFEZRHEVIGRHENXR
AR FEEABE R F 5 LR IR I Y Y fg
HE1T RDA 200, &3 SD, TP, WT., DO, pH,
N:P. TDS. CODy, Al Chl a % 9 Ti[H FJ& F 55
T, 5 M, Lo. W1, Y. N, J. F fll MP %
RHADIRERE 2 I B AA DR . A SE RECKR
IR, R DR R I A ) ) RE R S e 1 R/
JIiF % CODyy>TP>SD>pH>DO>TDS>WT>N : P.
FEKAR T, CODwmy /R AP L& &, TP 1
N : P fRFEE M K5 F7/KF, SD. pH, DO, TDS
FTWT D] e () 2 AR BRI BRI . LA 25
2 W1t 7K A i A ) D RE R S R D 255 TR
e HERRZEAIES &, HEKCHERYRE
WAKF, B A KR EREREE  FE R R, K
SCAK B 2 PR 28 B A Ry 5 e K A I i A ) T
G el Ao - 75 I SN @ £ 7B L5
BRI SR (A5 0T 3t K P2 KA P S 3l g S R ik R K
TR PR e PR TRAR AR, 2 (A5 07 Vi A ) ZE AR i 1Y
iR ol e AR N i S S = S T NN R
TR IS, TEME AR, K270 sh SR AU,
H & I3 E L, DS oK 15 KR8 pH. DO 4%
BAR AN S kAR KAR A, FE 7 I i SR 15 557
A KL B/, T HL R % B SRR T 2R B

%5 #T Shannon-Weaver Z#EMIEH(H). Margalef SHEM4IEH (M), Evenness % M5 81 (E) B97K FRIEM g

Tab.5 Evaluation criteria of water quality based on Shannon-Weaver index(H), Margalef index(M) and Evenness index(E)

H JKJFEZEM water quality classification M 7K 5iZ5% water quality classification E KB A water quality classification
>3 BV5-T5 15 os-clean >5 W5 clean 0.8-1.0 W clean

1-3 B-Fi5 8 f-ms 4-5 FI5-1E1E A os-clean 0.5-0.8 575 1% A os-clean

0-1 a-F1i5 8 a-ms 3-4 B-H115 5 B-ms 0.3-0.5 B-H15 5 f-ms

0-3 a-*Pi5 R a-ms 0-0.3

a-F1{5 1 a-ms
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Characteristics of phytoplankton functional groups of intensive-culturing
fishpondsin the Pear| River Delta

LIU Qianfu, LAI Zini, GAO Yuan, YANG Wanling, WANG Guangjun

Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510380, China

Abstract: Studies on the phytoplankton functional group (PFG) composition of intensive-culturing fishponds were
carried out in the Pearl River Delta during the initial, mid-, and late stages of the culture period. The results
showed that high phytoplankton density, algal biomass and species abundance were observed in the sampling
ponds. The average phytoplankton cell density was 1.32 x 10° cells/L, with a maximum of up to 3.00 x 10%cells/L.
The average phytoplankton biomass was 168.17 mg/L, with a maximum of up to 345.41 mg/L. A total of 196 algal
species, including a few varieties and forma, were distributed among the following 8 major taxonomic categories:
Chlorophyta (91), Euglenophyta (40), Bacillariophyta (27), Cyanophyta (23), Dinophyta (7), Cryptophyta (4),
Xanthophyta (3), and Chrysophyta (1). The algae in the sampling ponds were identified to the following 28 PFGs:
A,B,C,D,F, G Gy, H1,J,K,L;, LM, Ly, M, MP, N, P, S1, S2, T, Tp, W1, W2, W, X1, X2, Xpy,, and Y. Frequency
distribution analysis showed that C, F, J, MP, N, P, W1, X2, Y, K, Ly, M, and W2 were the dominant PFGs. These
PFGs showed high biomass and occurrence frequency in the sampling ponds, which indicated that the phyto-
plankton community structure in the culturing ponds was in a stable state with simple ecological functions. Re-
dundancy analysis between the environmental factors and the dominant PFGs showed that organic content was the
primary affecting factor, followed by nutritive materials and their proportions (including TP and N : P). Least in-
fluential were physical parameters, including transparency, pH, dissolved oxygen, total dissolvable solids, and
water temperature. On the basis of the traditional biodiversity evaluation standard, the water quality of the sam-
pling ponds was clear, but the habitats of the dominant PFGs indicated that the water was heavily polluted, which
was consistent with the results of the measured parameters and water appearance. In this study, we observed that
the number of PFGs in the mid-stage of culture was greater than that in the initial or late stage. This pattern was
obvious in the Micropterus salmoides pond and Oxyeleotris marmoratus pond, which underwent frequent water
changes during the mid-stage. It was concluded that providing sufficient water changes could be an important
measure for preventing water quality deterioration during the megathermal period. Furthermore, the results of the
present study showed that compared with traditional biodiversity methods, the phytoplankton functional group
concept could be successfully used to assess the real ecological status of phytoplankton in intensive-culturing
fishponds, and also provides a method for analyzing pond ecosystems.

Key words: Pearl River Delta; intensive-culturing fishponds; phytoplankton functional groups (PFGs); diversity;
frequency distribution analysis; RDA
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