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monodon) kg FRit AT IR I ST, BEANIBGE ) TR LY
O 133 hm?, 3 NI RO IR 2001 4 5 3
H, FRFEFEH AR AT R, RIS A
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PUGEERE 15 AN 0.75 mg/L, 23k, 59 b5
SR RIS 2001 4 4 AVIE 7 HIE. BAGE
WY, AERE 7 ORAE— K. 23 AE B CETAT B 2 M TF
FEASER Ay L Tiik SRALRT IR AR B, &R
Iiy ARREAHER, SRR 20 X 104N g,
1.1 KEEAEF KR

AT NI H AR K . SR SBWIEE . pH.
K WEE(DO). L2 FEA = (COD). H Ik
(NO,-N. NO;3-N. NH,-N. PO,-P)%%. {r4F/ MR
(19 DY ) ¥ 5 [ 52 KA s A AE KR 50 emAb 7%
TN 3 LA N ERER K S KA, B Rk AR IR
BB, AKBE R ARAT RN A5 FREE R 1 43 Bl o2 34
P CEREIRIIRNEY WU T VAT . A e RS
FVE 5 R A S0 Z I 58 1, 1y Her 201 H AR 370
SETERG A T YIE .
1.2 FsAPpemie

TR I 52 R R AR, RS 2K D 2R
1 000 mL VEA/KFE 1A, B 1.5% % aF B
SE, ARl THE 24 h s, T BRI
BEREAT PR % e FELR b o VRIS R 510 i
TE AR AN Rt DY JE B35 R v K TRV 3 AR 40 I fR
JREREHIER, S K 4 DM, WAEFH 5%

F1 AEHENENEATR

Tab.1 The basic situation of experiment ponds
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AR ES PRI S, SR e (0] S 36 S R T RS 3 5 A AR

B
13 FaAsy S HHBEeTH

T AR I 22 R R R 4 50 BE v SR A
Shannon-Weaner A =X f1Pieloul ! 24 Sk 52 .

H'= —_% Pilog2Pi

3= H/158,8
s HARIE Z FEPEIRE SRS I FP S S L
Pi A BRI 1 B S BAAREUR B A I Fh Y
SIBEs Y ARAE: NSRRI EG N EA
B iR S VRIAE & 0 1) HH A
2 #R5w#
2.1 RIHIE ) FANFAE

R WA KR 27.2~32.6°C, #hAEE 1228~
29.60, B K 40~210 cm, pHiH A 7.15~8.92,
WAREUR IR N 3.42~10.61 mg/L (*F}J 7.01~
7.71 mg/L). 3", 4" F1 5”3 AN yECODF-IME 43 7))
Jy4.84, 3.05, 4.91 mg/L; NH,-NJFERKE FHMH
I3 373, 4.89, 3.39 pmol/L; PO,-PJTiE k&1
BIHEAY K 2.42, 1.77, 3.49 pmol/L(F 1).

HH : ﬂyﬂziﬁ%’ .

3 4 5
Kl CCH 29.40+2.20 29.6+2.40 29.94+2.70
R 20.34+7.46 19.84+7.56 21.06+8.54
% W JE (cm) 125485 125475 125475
pH 7.99+0.85 8.08+0.74 8.12+0.81
DOC(mg/L) 7.01+3.61 7.11%£1.31 7.71%+2.67
COD(mg/L) 4.87+4.06 3.05+2.45 491+3.73
NH 4-N(pumol/L) 3.73+2.74 4.89+2.82 3.3940.74
NO;-N(umol/L) 10.66+7.84 18.37+15.37 2.43+0.47
NO,-N(umol/L) 1.25+0.88 2.68+1.95 1.31£0.71
PO 4-P(umol/L) 242+1.62 1.77+1.37 3.4942.99

2.2 FaAAMm R LR
221 FIFHEDEE

AT T 3IN2ZH, Fem 1 M~HG He H
26 H 5 FHW, 2 AR5 v R s i) v i A ) A
Wi — R4 0.96 X 10°~3.13 X 10°4~/L, M 6
TIPS, 2 ANERE0 I (1077 i R B0 S s 1 KR
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A, Hrh4Me H 12 Hib 6 H 5 HIK T3 20 1%,
39T 5% 6 H 12 Haphltk 6 A 5 HIEK T 9.6 1%
M54 %, LUE 4N80e SR K AR, 27 H
10 LUE, BRIEARELE 50X 10°~160X 104>/L
R ZUKT, 3N A Bt A E Kok
A, IYERRAER s B KO T o B i 57
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Fig.1 Dynamics of phytoplankton density in three

culture ponds

2.2.2 FhBAREAREF

WIS TFURI 5~6 HHI, FEIEFEDIR A4
DLRE#E RN F, FEMAMER KT EE
( Thalassiothrix frauenfeldii ) . 2% & i £k ¥
( Thalassionema nitzschioides ) « H A~ 2 FF %
( Asterionella japonica ) . Z S
(Leptocylindrus danicus) . # ) 4% 5 ( Skeletonema
costatum). ¥ K ffE# (Chaetoceros lorenzianus).
X995 E (Nitzschia  delicatissima) %, 3 4Nt
K ORI ARt 6 HhaILlUs, #b
RPN FZE L ER RN =, P I B xR
[f) 2Bk (Chlorococcus sp.)~ HFF1I#: (Scenedesmus
xR 2 3IAMFINFEMIZFEY S HiER R SE

REPORTS

sp.)~ S2EK% (Pandorina sp.). BB (Penium sp.)+
HALHE (Pediastrum sp.) FIMEESEZS K 1 B 45

FEAR /N IR (Cyclotella stylorum) V46 3 35 T 5 5%
27 (Nitzschia lorenziana v. densestriata) 2%, 7K
0 5L PR RO RN B A 00, TR I ™I AE I 390K £ )
SIS ERRIE G, BRI T BRI A
F PR (Oscillatoria sp.), HEAE 7 HJEK
IR AR, ARSI 3R 4RI H LK
TG OL(E 2).
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Fig.2 Dynamics of Cynophyta density in three culture
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2.2.3 ZRMURERBINE

3 ANFRENIBTR I 22 FEPE R ORI 38 &) BE (1 AR
WAEIEAR BRI IR AT R, FRAE )5 1
Bt 5 00 S o 10 TR S 5 1 S BT AR PR 3, 37
471 ST REESR BT 1 20 50 2.1341.60 A1 1.92,
YIS 5900 0.51. 0.38 FT 0.46(K 2).

Tab. 2 Diversity indexes and evenness of phytoplankton in the three shrimp culture ponds

H liﬂ 3# 4# 5#
(H-ID) H J H J H J
05-06 3.14 0.73 2.44 0.59 2.64 0.62
05-22 2.83 0.67 2.18 0.52 3.14 0.73
06-05 3.16 0.74 245 0.61 1.84 0.42
06-12 2.12 0.53 1.32 0.31 1.78 0.44
06-19 2.33 0.58 1.35 0.29 1.81 0.43
07-03 1.95 0.5 1.17 0.29 1.55 0.37
07-10 2.10 0.59 1.28 0.31 1.47 0.34
07-17 1.15 0.29 0.98 0.21 1.46 0.35
07-24 0.59 0.14 1.19 0.3 1.26 0.29
07-31 1.12 0.27 1.24 0.27 1.78 0.43
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hE AR, b 30 et EELE 7 H 10 DUE HEARYE
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10°~30X 103N /m’ I LK -5 TAE o s i 5#
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i, MHBT R, AR RO NEE, R REEE
AT BB 1/4 24 (- 3).
2.3.2 FRAR

3 ANFRGE M R SR S s B B
R /KPR RIS AE, LA Eh IR ER A 7
IS AR o 32, 2 ARG 0% e it ) o
RN SR ERBEA 3 N 3 D2 KR
B ) b AR 2 T o Y, RGP B A
BTN, JTARR SRR, M DAUT R A
h A BTG EANFRIE A AR R B R, b
A A AR, I 2 IR R KR 2R K
Flto 3 ANFREAMIE L IR sh ) 5 A BE 17 JR R
B, LB SRR R ERZ, 9 M HIKEEM
K, A 3Fh RHRFFE S RS 2 B, 8
HRA 1FPER 3).

F 3 FINFG I UNFRE M E R H e Y AP S 4R B
Tab.3 The species composition of zooplankton in shrimp-growing pond, Donghaian of Shenzhen
Fa R . ”ﬁfﬁ .
HFEHAg Ciliophora
% Tintinnopsis sp. + + +
LR N Rotatoria
TR R4 d Brachionus ureeus (Linnaeus)
B RRfe Brachionus sp. +
Btk Copepode
WIRH A K% Eucalanus subcrassus Giesbrecht +
SRV 7K 2 Paracalanus crassirostris Dahl
WKV K % Schmackeria dubia (Kiefer) + +
st i o Acartia southwelli Sewell +
YK & Acartia sp. +
KISk % Oithona sp. + + +
HhaE K Acartiella sinensis She et Lee +
AR EESIIK Cyclopina heterospina Shen et Bai +
HoAb B Other Copepod + +
FHH Chaetognatha
55 8 1L Sagitta delicata Tokioka + + +
JEJRE 55 H Sagitta enflata Grassi +
iRy Sagitta sp. +
TR S B Larval Plankton
Z BRI Polychaeta larva
YA YL Nauplius larva

e HRIR L
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2.33 RFF BB
3 ANFRIE M AL Tl 2RI BT 391 RN i 097 AN
[, BEATRIE AR BB BRI W R AR
AR IESK & BTG XA VE KA
J 4l A, AFRIE AT 2 e H 55 Hi A, Ja
SO IIA 22 11 T A 9T 1 DR R K AR R M IR
B HURMULES HUA5 o S AL BAPAE % IR B I DL A Fi
A 4.
R4 FHIPORBHREREEIELY
Tab. 4 The dominant species and dominance indexesof
zooplankton

e
e . Tjﬁifﬁ"t?aﬁl .

TR e 0318 0.407 0.194
VAVSEAIRE 0.200 0.124 0.135
KIESIK % 0.192 0.228 0.382

P9 K 2% 0.102 - .
XA VFIK 0.095 0.223 0.160
UL 0.085

RS 3AMXARFEMIFE RN SRR S E

REPORTS

3 A B PR B R e (R IR R A e, R
NS A KSR & 438 H R B = i
e AR E R, H e K IESIK &R 147K
s ST FE R R s R KSR &, Hk
g AR e A VF K 25 .

2.3.4 EYEZHMERBISE

3 ASGTHFFEGE R 2 R PR AR R S 38 5
(AR W PE LR 5. 3T REPESR Br I
1.1693, B A TFHh 0.5699; 4% % R4
HOP o 1.1283, RIS R 0.5561; 57t
ZREMESR R O 1.5981, FRlRIY AN
0.7603. P32 FEPESR S B ST i, 2L
W3, ARG RIS P E R R B
5Mb>3"h>4"h . (RS, 2 REMEIR RO
5, FHHA 1.1~1.6, HAREEXANY, X35
5556 R SR A I AT B K I (9 R (08 2 K RV sl )
SR RILE FEA 08 5 I FE A AL T3 IR AS AT O,
(HRRRI AT W =, 5 AR A Y.

Tab.5 Diversity indexs and evenness of zooplankton in the three shrimp culture ponds

31 3 4 5"
(H-H) H J H J H J
05-06 0.723 1 0.361 6 1.181 4 0.590 7 1.504 2 0.752'1
05-22 0.644 6 0.277 6 1.5053 0.648 3 1.829 6 0.788 0
06-05 1.240 4 0.5342 0.069 8 0.044 0 1.7958 0.8979
06-12 0.237 8 0.1500 1.048 1 0.661 3 1.221 4 0.6107
06-19 1.388 5 0.598 0 0.626 1 0.3950 1.543 2 0.771 6
07-03 0.8090 0.5104 1.2558 0.6279 0.856 7 0.5405
07-10 1.546 1 0.9755 1.593 4 0.796 7 1.5889 0.684 3
07-17 2.061 5 0.887 8 1.773 3 0.763 7 1.856 3 0.928 2
07-24 1.3522 0.676 1 1.0599 0.5300 1.8271 0.786 9
07-31 1.689 7 0.7277 1.169 5 0.503 7 1.957 4 0.8430

135 1.169 3 0.5699 1.128 3 0.556 1 1.598 1 0.760 3

2.4 FiEhMEFHEHEHGIRX K R

241 FEBRUHIRER
M) 5 I R B CE AR A 2R (] 4

K 5. B 6T AR H, 3 B E 3 AL i AR

N5 Frp 3P 4NR I A 2N SR 1 L

ROP K MR, #lERJEM 10d, HEEIERIR

YERFAE T RPIRAS IR 7 T sl M) 1) S R
Bt i R B T AT € RE IR R R
242 FHEMEHEFIHXR

K 7 e S A VB T 38 A8 5 99 5 7 3 A
P i A A ) PP S A A T 2 PR [ o0 Mo R
WY, SR S T R (R DR AR AR KR g T 2
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Fig.3 Dynamics of zooplankton density in three culture ponds
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PSR, L RBCPEH] 0.724 0. 3 AR TR TIT
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JE R BRI, 3T S B (R A 5 A
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R EETE AL B Bk e L R B R 2, B
FERMEK, FHsht KESG, s
WIS O RORZS S IR B S (T,
I TR T ARG, Wb KA
0, (Rl TR EAREK, NIRRT sh
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TERRHE T 4 254, AERbxar i AR KM g 570
St e TN I S 2 E IR A B K
Lol A S s, I T i sh M i A A
Ak, R IAR S B e R R
2.4.4 35 A BT HR bR A W) B AR SRR R XA

R

MR “RER A KR SinsRA “ R4
27 AR SRR RS A A, A TR
RIS KK AR KR R PR . A 3 N2 H KRS
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(K1, TRURET SR RERE R, TRUFAEA (0 Rh 2 4 R LA
B h AR T, JEoRME SR
B, PP ) USSR S R BRI SRR i T £
Rz, “FIAEZR” BRI ERNEH S EK, i
3"t A 47tk 0 W B 10 ST S B, W R
B 20% LA N, FLAS(EIEE S B R (R RN 4 3E)
MERERAER, JFORREP RS K FPIRZS, mRE N
CRIAZE [t HE Tt ) A 25 V8 A8 1 B A e e 2 L
BAKEE, BT G I T OB R e, 15
B EERBCE 60%, BTGP,

R A A By T T R % R A LB
TR I X 55 A AT B I R, PR R

®6 HMHSFRMAEEHFRBEYR LR

==
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EPORTS

fift FACENT, A a0 SR B SR E IR T
#, PTUAEERE RSO AR A, b A 5 B
7 [ B B B R R A AR e 059, B B E G
R a BRI AR KR S0, LA
PXT R S5 S0 A 2 T B B e D S Ol T 2
T oA AT T BRI AL 3 B T AT 28
SRR, R SRS NS S R A
B IR AN FCRNER T
SUIBNRCRITILY P ORCRII LY [0k ) G (s I L a e id
BRI E K AF, IR a4 Fy
FETRIE KT, B EEILF] 25X10° ~30X10° A/m?,
T AN AT 2 o A 40 %) T St PR 3 3 ) ) 6 i AR
A REAR AP K, (H S IR HAR RO, 1
HLJE BAREAE V7SS IR R BT T B
245 BHEEYZHERERYSE
PEAFRUFJA AT SR T IR ik 2 Vi B0 )
H2 R8BS, AT 1.6~2.13, 5%
BT 11~1.6, b ASRIFIX AR 2 FEEFR IR,
— M B AR IX Lt AR A RS (1R B ) 2 AP A
A 2~2.87MY, BT R b 2.78 T,
MRS 2 PR ECP N 1~20 X2 5 X0F
FEIH AR B KIS 1 I DR (8 25 R 21 8 W) S 4l1)
FAEAEAN FRIE E ISEA AL T B RS OG, (HFPE
WS R R, 5 AR AR
2.5 #kE REA S A W R R R
W 6 o, BB G AR P FETE BB 150 R i
K, MUK, e, TRLREUK. mH, B
XHUMEERR . ¥5 00, K/NSA), IREGERIEN, #
HAINIRAE, WK PUE I, WA, Rk,
WM. T, CERAR SRR, ARG A
TIEFRI P BE TR UR AR RO G R, BFH RS,
TYEACOTS DR, RS0, TS B AR Rk

Tab. 6 Comparison of culture effects of test pond and control pond

— PR FEE I (7] FEE A DA Akt

(J7 /hm?) (D (kg/hm®) (R/kg) (%) £l
5 52.6 99 6375 61 73.89 1.28
o 52.5 99 5529 65 68.45 1.38
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Abstract: The influences of probiotics on ecological characteristics of plankton in the shrimp maricultural ponds,
including zooplankton and phytoplankton, had been studied for three months. The results showed that
phytoplankton densities were lower in prophase and dominant species was diatom, but it increased rapidly in
metaphase and reached a maximum in anaphase, biomasses of phytoplankton were 70X 10°~160 10°cells/L,
the dominant species also became chlorophyta. Compared with test ponds, Cyanophyta biomass of control ponds
increased rapidly at later culture stage, it was indicated that bacillus could inhibit the Cyanophyta reproduction,
and promote the growth of beneficial algae. Zooplankton densities of test ponds increased steadily, biomasses
were 25X 10°~30X 10°Ind/m’, and maintained the highest level in metaphase and anaphase, the main species
were euryhalinous and coastal species and the dominant species were very evident. However, in the control ponds,
the zooplankton biomasses were relative lower and not stable. There was a close linear relationship between
zooplankton and phytoplankton, the density changing trend was similar, and the average linear correlativity
coefficient was 0.724. The diversity index ranged from 1.1 to 1.6, lower than nature waters and species evenness
was higher at 0.5~0.7, similar to natural waters. In conclusion, the effects of shrimp culture in test ponds were
better than that of control ponds.
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