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Ecological Characteristics of Phytoplankton in Higher—place Shrimp Ponds with Circulation

WEI Xiao—lan'?, LI Chun—hou", XIE Xiao—yong', LU Qin—yan'?, DAI Ming', LIAO Xiu-li', HU Wei-an'?

(1.South China Sea Fisheries Research Institute, CAFS, Guangzhou, 510300, China; 2.Life science and Technology College of Jinan Universi—
ty, Guangzhou 510632, China; 3.College of Fisheries and Life Science Shanghai Ocean University, Shanghai 201306, China)
Abstract : Phytoplankton dynamics is critical to water quality and shrimp yield in higher—place shrimp ponds. A study was carried out to ex—
amine the community structure and dynamics of phytoplankton in higher—place ponds of Litopenaeus vannarnei with water circulation sys—
tem from August to November in 2010. The experiment included three different circulation treatments—20 m?+h~'( Pond one ),40 m*-h™!
(Pond two ) and 60 m*+h™'(Pond three ). Phytoplankton was found to mainly belong to 99 species, 49 gena, 5 phyla in the circulating ponds,
and 108 species, 54 gena, 8 phyla in the contral pond. Most of the species were the Chlorophyta, followed by Bacillariophyta and Eugleno—
phyta, and last Cyanophyta, accounting for 39.8%, 21.1%, 16.3%, 15.4% of the total, respectively. The dominant species were Chlorophyt
and Bacillariophyta in recirculation ponds, but Cyanobacterial in the control pond. Density and biomass of phytoplankton were very signifi—
cantly lower in the recirculation system(208.34~998.8 x10* ind - L™ and 2.96~10.19 mg- L") than in the control pond(324.58~1 343.26 x
10* ind - L' and 3.59~18.86 mg- L") (P<0.01). The Shannon—Wiener diversity indexes of phytoplankton were 1.03~2.18 and 1.01~1.56 for
recirculating and control aquaculture pond, respectively.
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Table 1 Summary of the experimental higher place ponds

i H Items P4 3t Pond four P1 i Pond one P2 it Pond two P3 3 Pond three
W ETT A Pond area/hm’ 0.066 7 0.066 7 0.066 7 0.066 7
SEA47K IR Average depth/m 1.6 1.6 1.6 1.6
AG¥FHE Circulation/m®h™ 0 20 40 60
i JEE 3T Bottom KU 7K e Hi fiF TKYE H KV b5

Bottom of cement mulch

Bottom of cement mulch

Bottom of cement mulch Bottom of cement mulch




394

R S ity 533 EFE2H
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A 0o " T G218 WA I 2 M BTy, TR ) KA Ay
2.5 min, YR EEFSE] 100 mL @I 2, 0
5% IR PRI [ 2 -
1.2.6.2 ERXFE

T AR ) 2 T R AEAE FH 2 LOROK 25 76 3% /K AR
1L, RSB R T
1.2.7 %5€ 550

T UTEAEL ) 1180 22 PR A i 1140 68 2 4 R SCHR 10111 ]
BT o R TR ) A AR S 48 b, T
PN W E R, R 2 R, IR SR 2 100
mL AR, foff T R R AT

BT, ORI IREA JE e 4R 5 ),

BT 0.1 mL B AT WIS )4 i 0.1 mL A F] 0.1
mL THEHEN, 7E 10x40 F5OL8F TR H S 8 kit
BRI BONR IR E/NT 15% A 80T
B, UGN ECH 300~500 A, i /NEIAS AT
RIUARBFPE 35058, DA/ NSE B0 iR 22 |, i,
S L AARR VR SA R PR 0 AR i
12.8 HiRAEE 517

TR AP AR U 54k (Jaccard 850 :

J=c/(a+b—c )x100%
Krfa b 43R PIRETE BN ¢ SRR 3t
AREL

7 Ui A8 ) 22 B 1 48 B0 1538 R ] Shannon -
Wiener ZAEHEFEET, B . H' =—3 PInP,

P H N TR ARV B s D IR ) (Y
TG P oo o Rl A e R AR R R

G B LS A SPSS17.0 AR EA T 8L N -5
72 (ANOVA)FI LSD Z 3 e #rab 3, LA P<0.05 1
H R FH 22K, LA P<0.01 FE Al R 35 22 5K F

2 HBRE5SH

2.1 fEIREX Fi e KB ISR

B A R AR 2B A, X B 5 A PRt 7] 2
SR 2), A S mRI AT P2 .P3 &L
fiK, “FHMHEH 0.25 mg- L™ 247, P1 L& fE A i, 7
0.37 mg- L™ 24y, 0 EAKF X B 0.48 mg- L™ (1Y
K-, HE S 2 A il R A YRR
7E 1 mg- L7 2247 I Z M Jo i 35 25 551G PE R £
FR P3 jth & 5k 0.13 mg- L7, I T HAR A b, H
R R W ERFTE 023 mg- L7 A4
2.2 TAINEXTIEHFAEY T ZEH B R R0

ZUE, RN IR R R 2 4 DL
K tHVF A Y 123 B, B W AE ] AR AR
NN SETRN TN NN AN S S AN AN
BT A WEBET] 19 Fir ZR3E1] 49 i ik l] 26
v BREET] 20 P BRsel ] 3 Fh, FHSEEN] 3 A, el 1
P BEEET] 2 B, 25 SRR 3. FR IR INEREET],
A EELE 39.8% , HLR M REBET T, EELH 21.1%, B
UCHAREED ], 5 BB 16.3% , B e WiE sl ], 5 %
) 15.4% . LR FERATESEZ Rl DLAV R R, 42
BB R RN S Z2 o0 1 DR AN /D WA, BRI )
AT AR, B A M B e o /0 WA DS
FE LR PR K IRIH R G0 B8 PR R/ &k
B PRI ) PRI A — 8 B, S G IR v R
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Table 2 Nutrients in the ponds

k.7 Physical and chemical factors % it Control pond

P1 % Pond one P2 it Pond two P3 4 Pond three

NO3/mg-1! 0.130£0.06A 0.109+0.04B 0.105+0.05B 0.063+0.02C

NH.i/mg- L 0.478+0.20A 0.375£0.168 0.284+0.08C 0.215+0.07C

NOs/mg-L" 1.063+0.16a 0.986+0.17h 0.980+0.16b 0.9730.15h

POY/mg- 1™ 0.251+0.10A 0.189+0.10B 0.176+0.10B 0.132+0.11C
R RSEA 5 /NG SRR R 2R 225 2 (P<0.05) , R TR # 4R 22 570 8.4 (P<0.01) .

Note: In the same column of table, values with the different small letters mean to significant difference (P<0.05 ), while with different capital letters mean

extremely significant difference(P<0.01).
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Table 3 Species and abundance of phytoplankton in ponds with different circulation rates

FEJE Abundance

[ Pl PSR Species 1#Pond 1 2#Pond 2 3#Pond 3 4#Pond 4
Wi BE] Cyanophyta HSRINEESE M. aeruginosa + .t
HLGYAEEE M. marginata —
T/ INMYEE S M. minutissima ++ + + -
N C. parvum i
WIEELEE M. punctata + + N +
/N2 M. minima + 4 "
FETIISIESE Sp. platensis ++ + + P
HEMEHERE Sp. princeps +
LR O. chlorine o ++ + N
Ik EiEE O. anguina ++ + N .
JEATEREE O. animalis -
PN ICEBKEE C. naegelianum St
FRRIELFYESE D. aciculari NIRRT " + o
EHHZRSLBE R. curvata ++
KidE BERFE Ch. cohacrens + + ot
BIREOBREE Ch. westii .
FREEREE Ch. lithophilus ++ 4 4 -+
AL A, wariabilis o
A BERBREE S.ambiguus + + N +
£k3:17] Chlorophyta 185153 Cr. Lauterbornii + + N -
TG 223 Cr. apiculata +
WL LT Ui A. falcatus + + + +
HULLTFAESE A, bibraianus + + + "
DU AL P tetras T+ . + ot
THILEYE P duplex ”
S P boryanum ¥ " . -
MU RSB P biradiatum + - .
SIEBE S. setigera ++ i .
HrH IFECEE Q. closterioides ++ T+ i
OB B S5 S. punctulatum + Tt ++ .
REH-EEE 3 K. obesa + + -
TR U A Tet. incisa + ++ ++ N
WOCHEEE Se. bijngatus ++ A ¥ +
VUREMIEE Se. quadricauda ++ T+t - N
e B Sc.carinatus + + i
I Se. dimorphus + . " .
B SEMESE Sc. opoliensis ++ T+t + -
RIS Se. obliquus + n + .
INEREE C. vulgaris + ++ IR +
H /KR C. pyrenoidosa At T+ + i
WIC/NERSEE C. enversonii 4+ T+ - .
IR /NBREE C. ellipsoidea ++ ++ ++ +
ERAKPE C. globosa it - . o
ZRiA B C. multgranulis ++ T+ —+

FH A #E C. basimaculata 4 . + .
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Continuing table 3 Species and abundance of phytoplankton in ponds with different circulation rates

R ERACHE C. simplex ++ b + i
BIEACEE C. nephriodea ++ T+ i -
ZIFACHEE Cisabeliensis T+ + + -

BIEIAEE C. depauperata ++ ++t T+ T+
M R EE 5 O. elliptica ++ T+t N

P GIAER: O. borgei ++ + + .

BB PIFENE O. solitaria T+ — . o
KA DRFEEE O. submarina T+t - - "
Bl DU Ff135E T, muticum + T+ — +
SUBPAIHE T. caudatum - - .

Yi/NDU Ff i T, minimum r — + i

Vi H 2 Se. westii 4 T+t ++ -
JINE ) ZEE Se. minutum ++ + . -
KL% Ch. Elongatum + ++ 4
AEZELEMR W Ch. Elegans ++ T+ - +
HAEINACHE L. sinensis ++ ++ + i
S DU B Te. glabrum + - o

FLEVU KL Te. Punctatum + + + "
IREEE AWE N. olivacea T+ — - -
HIEIHESE G. planctonica + T+ . +
LRI HE R G. vesiculosa ++ T+ N i
FAL/IMESRE Cha. strictum ++ + + i
AR Ac. flwiatile ++ T+t i -
fiE#0"] Bacillarionphyta e /N EE C. Meneghiniana T+ + . +
HRBE/NREE C. ocellata ++ T+ i +
HEB/INREE C. stelligera Tt — -
T B Na. radiosa ++ Tt — +
L FHE#E Na. capitata ++ + 4 i
kB FHE#EE Na. cari 4 T+t ++ +
MK S EE Na. gracilis + + + "
TR FHE 3 Na.minima + R ER +
FiFHE#E Na. mutica ++ + ++ Tt
LICSHE#: Na. graciloides + T+ ++ +
PeEHEFHE 3 Na. lanceolata .
LFMPILEE P gracillima + T+t -
[BIBTPIZ08E P. interrupta + + i +
AR Cy. aequalis +++ + . +
Wik #E Cy. amphicephala ++ T+ - +
M Cy. delicatula ++ ++ ++ 4+ T+ 44t
B TERFESSE Cy. cymbiformis ++ R — r o
HEOLFHEE G. abbreviatum + T+t — +
BN SEHE A, heideni 4 + .
HSEE B E. argus ++ o+ i N
il R 805 E. hyndmanii + + + i

ARG HE NI Palea + - " .
LIVZEIEEE Ni. linearis 4+ T+t + +
Vi BAEEWE S, capronii + + i +
WEIEXEEBE S. spiralis + + - +
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Continuing table 3 Species and abundance of phytoplankton in ponds with different circulation rates

RRET] Euglenophyta =AY P trichophorum + T+ ++ +
ASHIEE P. deflexum "
B F22% H. discomorphum ++ T+ i +
HAe#e U. cyclostomus ++ Tt — +
JUHRSEHEEE AL prosgeobium +
S Pe. steinii ++ ++ .
AR ZIEWE D. proteus o
Gy B, mutabilis 4+ T+ + +
BEIUARIREE C. vesiculosum ++ T+t 4 4
PERAP#ESE C. arbuscula i
SR IFIFERLBE T. curta ++ + - +
LR BERRE T, euchlora + T+t n —
VURISERRSSE T, klebsti ”
TSRS T superba ++ I I +
KARBEIE T. nodsoni ++ Tt — +
DhImBUEFLEE L. pseudotexta -
BUIEEEFLIE L. ovum + + + .
I U FLEE L. texta T+ "
[BIAE i REE P cylindrus +
JTOE i 8 P. onyx ++ + 4 +
BT ] Cryptophyta HIE WM C. caudata + . .
IIE R C. ovata +++ ++ +++ +
Wi B C. erosa T+ ++ .
F#40"] Dinophyta HALHE G. eucyaneum -
THEZHEE P bipes +
IR Z ¥ P willet -
4:31"] Chrysophyceae MR B0 E. wiriculus +
BT ] Xanthophyta M G. semen -
JTEIE T3 G. depressum .

VE:“+7/D IR Rare species; “+ +7 WP Common species; “+ + +" 3l Dominant species,

& 4 FRENRIE F A &t e M Fh AR LR 3L

Table 4 Species similarity index of phytoplankton in ponds during different experimental periods

Y5 Number of each pond

i3] Phase T Index
P1/P2 P1/P3 P1/p4 P2/P3 P2/pP4 P3/P4
%5 1 I5H ] Phase one %L Species number 66/71 66/73 66/64 71/73 71/64 73/64
FATFIHL Same species number 62 63 59 67 61 60
Jaccard $§%X Jaccard index/% 85.7 82.9 83.1 87 82.4 77.9
%5 2 B Phase two 2% Species number 62/58 62/53 62/69 58/53 58/69 53/69
A FIEL Same species number 56 51 53 49 47 46
Jaccard $8%% Jaccard index/% 87.5 79.7 67.9 79 58.8 60.5
%5 3 i 4] Phase three 2% Species number 59/52 59/48 59/72 52/48 52/72 48/72
JEHFPEL Same species number 46 41 48 47 42 40
Jaccard $8%X Jaccard index/% 70.8 62.1 57.8 88.7 51.2 50
%5 4 1 Phase four FP2%8L Species number 53/45 53/41 53/76 45/41 45/76 41/76
HATFIEL Same species number 39 36 38 37 34 31

Jaccard F5%% Jaccard index/% 66.1 62 41.8 75.5 39.1 36
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Table 5 Composition of dominant phytoplankton species in shrimp ponds

1 S ¥R Pond1 2 Sl Pond2

3 Syt Pond3 4 SR Pond4

LREABIBE O. chlorine
FHRIELTYEN: D. aciculari
E/INEREE C. pyrenoidosa
SIERAE C. ovata
HEAF B Cy. Aequalis
RIEHIAEE C. depauperaia

WO Se. Bijngatus
Tij BAACHE C. simplex
WO SHE BE Na.minima
HIEAT LB Cy. cymbiformis
TET RS T. superba

TR EAACEE C. simplex
TRFEMFLE Cy. Delicatula
WORFHE 3 Na.minima
FETBEMRBE T superba
I B C. ovata
/NEREE C. vulgaris

PN REBREE C. naegelianum
HASRIMAESE M. aeruginosa
LR BB O. chlorine
Bl TR ERE Sp. platensis
VUFf 84S P. tetras
AW B Cy. Delicatula
BHEMESE Sc. obliquus

701
60 -
50
40t
30+
20+

DL A BT T 43 H

percentage of dominant species/%

B . .

|

09-15 09-30 10-06

10-13

10-20 10-27 11-03 11-10

H 4 Date/ H - H month—day

B3 S EE O.chlorine
B iE RS C.ovata

O 5k ELF 43 D.aciculari
MBI C.depauperata

O FE I/ Nk C.pyrenoidosa
MEENFE W Cy.aequalis

B 1 | SEZFENIBMOSES

Figure 1 Dynamic succession of dominant species of phytoplankton in the pond one
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H#f Date/ 1 -H month-day

OB HtEE Se.bijngatus

O i AAHE C.simplex

M TGAR 253 Cy.cymbiformis
E 2 2 SEZFHFEDABEHNHNTEE

Figure 2 Dynamic succession of dominant species of phytoplankton in the pond two

B AE 3 Na.minima

AT Tsuperba
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*® 6 R BREZFHFENEENTEHEE(x10%ind- L)
Table 6 Mean density of phytoplankton at different phases(x10*ind-L™")

W3 Pond %5 1 5 Phase one 25 2 I Phase two 5 3 111 Phase three 5 4 Y Phase four
0 m’-h™(P4) 371.57+85.74A 793.26+124.63A 1343.26+182.28A 1146.96+165.78A
20 m*+h™'(P1) 270.24+67.25B 529.29+98.45B 784.19+123.30B 917.11+142.49B
40 m*-h™'(P2) 250.18+66.42B 538.48+102.31B 791.42+124.76B 995.17+149.66B
60 m’-h™(P3) 252.85+66.53B 465.76+94.18C 654.18+112.62C 788.36+123.94C

T RAPRGIAFR S PRI R E 22 5 (P<0.01). FIF].

Note: Different uppercase letters express significant difference in the same column(P<0.01).

xR ERNBREZFEDEYENFHEE(ng- L)
Table 7 Mean biomass of phytoplankton at different phases(mg-1")

3 Pond %6 1 B4 Phase one %5 2 B4 Phase two %6 3 B4 Phase three %5 4 B4 Phase four
0 m*-h™(P4) 4.24+0.85A 9.29+1.76A 14.38+2.45A 16.41+2.87A
20 m*-h™'(P1) 2.43+0.52B 5.32+1.03B 8.11+1.52B 8.29+1.58B
40 m*-h™(P2) 2.44+0.53B 5.26+1.02B 8.07+1.50B 8.34x1.63B
60 m’-h™'(P3) 2.57+0.57B 5.35x1.04B 6.85+1.20B 7.53+1.42B
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