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BRI By T AR S, HEA AR S o
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240 g/m’, HLIAI AL 20 m*/m® A S FE ALK 5 m,
9 1 m, KA — R 5E %, 75 —Im By i 0. 05 m

x0.8 m KSR

SIEB0 A M T AIR A v AT B2 D At 3
17, A 52 56 % Wiz 2 /) & 4E £ ( Oreochromis
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PRI IEAVE N A W R B 37 R B8 . FR BB K
TERZRILIK , 223 U0 VE I T A L 39, 3t % 1o AR
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Fig.1 The diagram of ecological basis layout
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1.4 HEFHE

B AL A (AWCD ) 7R A W I il AR
Prxs e IS R PG 0 , A 28 B 136 M 1 o 32
FEbR o TR EEHR A Simpson F5E( BRI
F5%0) . Shannon-Wiener 7§ %% . Pielou 145] B 5% .
MclIntosh $8 0 TR WUEYI 2R, 11505
B T ik
L5 FitaHhAmE

ARG F1 22 6 R B Microsoft Office ¥17,
5353 B ( Principal omponent Analysis, PCA ) %
JH Canoco 4.5 317, #4 & ( Heatmap ) % [l GPS
heml 1. 0 R fF #4725, G211 53 B >k ] SPASS

18. 0347, S v A A dle o = FBCF- 1 = At
22”7 (Mean + SD) , i 81 [ 3 J7 22 73 HT ( One-way
ANOVA) , % J1] Duncan £ LA, AHEZ
)Y 22 5 5, MK P <0.05,

2SR5

2.1 tEKFMERER R IBUERHEN

TESEI ], K IR 4E 772 30 C 224y, pH 4k
FR1E T ~8,D0 BRIFTE S mg/L DAL, M 5RAE
152 ~166 ms/cm Z[8]/Mg R 3, SPC LA fa 2
1250 ity , ansk 1 s

F1 EKRMERERL

Tab.1 The characteristics of the water in fish pond

i ]/ w K/ C T/ (mg/L)

H5#/ (ms/cm)

Time Temperature Dissolved oxygen Conductivity pH SPe
0 34.80 +£0.46 6.16 +0.63 163.37 +0.38 7.92 +0.01 251.23 +0.38
1 32.93 £0.12 6.38 £2.74 165.95 +2.11 8.07 £0.51 252.07 +7.82
2 32.40 +£0.10 7.35+1.95 159.90 +1.72 7.99 +0.39 246.03 +2.97
3 34.60 +£0.40 7.14 +£0.93 152.10 +2.34 7.33+0.23 253.70 £3.65
4 30.53 £0.06 6.96 +1.25 166.18 +0.99 8.04 £0.25 255.77 +1.45
5 31.37 +£0.16 5.40 +0.84 164.02 +0.38 7.64 +£0.11 252.17 £0.99
6 29.47 £0.15 7.86 +0.26 166.62 +0.75 7.15 +0.06 256.33 +1.24
7 31.17 £0.06 5.39+1.05 165.53 +0.75 7.56 £0.12 254.83 +0.95
8 32.23 £0.21 6.48 £0.48 166.18 +0.38 7.95+0.03 255.47 £0.42
9 29.37 £0.06 8.85+0.35 163.80 +0.00 7.42 +£0.07 251.67 £0.15

SIS AR AR A B BB RN & 2
o M2 AT LLE Y, SC 50 TF 46 B 45 0, S AR
SRR E 3 1) Hy 7. 45 mg/L F1 1. 69 mg/T (A
F0.66 mg/L F10.25 mg/L, LR HEEET
91.14% 1 85.21% , B A B UF 1Y K BRBOR s i &
R—HATBAREEE , I7E 2 mg/L DR WA S
RWE—HALT 0.2 mg/L LIN GG MEEK;
AR RO B AE S 50 0 ) DR AR K ALER 7 A
I T BB, 45 R R AR R R R U R
A FHENT BRI S Y 25 B SO S S A I A AR
RS SRS K B bR 4E R — 2 srmkPEH o
2.2 AEYIRMEDHRIE AWCD

K3 A&, 7624 h NBR 745 8 Jil AWCD {H
W v — mi, LA JE] AWCD {HICH] W 22 5%, 7 24 h
J& , AWCD {HFF i FE Pl e, 3] 96 h Z )5 # T
V22,5 144 h ZJ5 AWCD fHREEARF R E . A
()R A I 1) i A 00 Rl A= 0 ok e T 1 4G a0
FETEMI R 22 55, FRIN SR 3.5.7 .8 Ji A= Wy A
IEVEAL T 7KF, 565 012 ) AR W AR s
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Fig.2 Concentrations of total nitrogen, total
phosphorus, Nitrate nitrogen, Ammonia nitrogen
and Nitrite nitrogen in the pond water during

the experiment
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2.3 EYIRMEMB RIS HEDT

M2 AT LUE Y, A RRAE L2 E) S Al
RO R 22 5% (P <0.05) o Shannon 45 %5
5.7 JK V-, 55 0.1.2.9 JKP ARG, A7 AE i
225 (P<0.05) ;Simpson 58055 1.3.4.5.7.8
Joi Sk 2 e A A, 2% 5 .35 (P < 0. 05) ; Pielou
WIS EEHR B O JldRerm , 26 1.2 4.6 9 ik, K
b 7K AP 55K s MeIntosh $5 %022 580K, 55 3.5,
7.8 JEKAV-IE T HAR ] 5 R A (R A
TEHERRKZER 5w >Tw > 8w >3w=4w > 6w >9w
>2w>1lw>0w, BRFEINGE 3.4.5.7.8 FLH
PEFREUE T R K-

R2 EYRMEMEESHEELY

Tab.2 Biofilm microbial community diversity index

Hﬂ;!igw Shannon index Simpson index Pielou index Meclntosh index R?;fli‘}ii;ex
0 2.440 +0.024° 0.876 +0.034* 1.216 +0. 0731 2.360 £0.314° 7.50 £1.05%
1 2.480 £0.095* 0.948 0. 107 1.135 £0.086° 2.576 +0.459° 9.17 £2.04%
2 2.527 0. 141° 0.891 £0.020* 1.080 +0. 084" 3.248 £0.341" 10.67 £2.07"™
3 2.728 +0. 101" 0.918 £0.009% 1.008 +0.035* 4.439 £0.241¢ 15.33 £0.82¢
4 2.802 +0.092° 0.924 +0. 008 1.034 +0.027% 3.793 £0.362° 15.17 +1.83<
5 3.066 £0.067¢ 0.965 0. 0301 1.001 £0.015° 4.903 £0.427° 21.50 £2.43"
6 2.692 +0. 113" 0.911 £0.013" 1.033 £0.022% 3.602 +0.558" 13.67 +1.86d°
7 2.968 +0.043¢ 0.940 0. 003 1.016 £0.026° 5.130 £0.377¢ 18.67 =1.51%
8 2.801 +0.098° 0.926 +0. 008 1.015 0. 008" 4.334 £0.226¢ 15.83 +1.33"
9 2.575 £0.205% 0.909 £0.011* 1.041 £0. 026" 3.993 +0.320% 12.50 £1.05%

T R [l — S0 oA ] 5 B b ARaos 225 (P <0.05) ,n =3

Note : Different superscript letters in the same column donate significant differences between treatments( P <0.05) ,n =3
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Fig.4 Relative utilization rates of biofilm microorganisms for six carbon sources at different sampling time points
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Fig.5 Thermal diagram of biofilm microbes for 31 carbon sources utilization
H4. J& iz (Putrescine ) ; G4. 2K Z, i ( Phenylethylamine ) ; B2. D-A## ( D-Xylose ) ; E3. y-¥8 T & ( y-Hydroxybutyric Acid) ; G3. - T B fig
(a-Ketobutyric Acid) ;F4. H & Bt-L-2 % FR ( Glyeyl-L-Glutamic Acid) ;C1. 5 40 ( Tween 40) ; D2. D-H % ( D-Mannitol ) ; G1. D-£]-4
“Hf# (D-Cellobiose) ;H2. D, L-o-f % H i1 (D, L-a-Glycerol Phosphate ) ; A2. B-H 3£-D-4# 45457 (B -Methyl-D-Glucoside ) ; G2. a-D-7
%41 -2 ( a-D-Glucose -1-Phosphate ) ; E2. N-Z, f-D-7j % 4 % ( N-Acetyl-D-Glucosamine ) ; F1. iF-## ( Glycogen ) ; E4. L-75 2 B2 ( L-
Threonine ) ; B4. L-K[]& Bl ( L-Asparagine ) ; H3. D-3E B g ( D-Malic Acid) ; E1. o-FR R M4 ( a-Cyclodextrin ) ; F2. D-75 8% & fig ( D-
Glucosaminic Acid) ; B3. D-2EZ|BEfiE R ( D-Galacturonic Acid) ; A3. D-2 3| B2 N IE ( D- Galactonic Acid Lactone ) ; D4. L-2Z % 1% ( L-
Serine ) ; B1. PN ERER F g ( Pyruvic Acid Methyl Ester) ; C2. -7 & ## % (i-Erythritol ) ; H1. a-D-¥|## ( a-D-Lactose ) ; D1. It i 80 ( Tween
80) ; C4. L-ZE A& 2 ( L-Phenylalanine ) ; C3. 2-$2 378 H iR (2-Hydroxybenzoic Acid) ; D3. 4-¥2 57K H fig (4-Hydroxybenzoic Acid) ;A4. L-
KGR (L- Arginine) ; F3. &KX BERR (Ttaconic Acid)
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Microbial metabolic characteristics of biofilm communities in polyculture
pond

CHE Jianfeng'?, LI Zhifei>®, WANG Guangjun'>?, CHEN Chengxun', XIE Jun®’, YU Ermeng™”’,
ZHANG Kai®*

(1. College of Fisheries, Tianjin Agricultural University, Tianjin 300384, China; 2. Key Laboratory of Tropical&Subtropical
Fishery Resource Application and Cultivation, Ministry of Agriculture, Pearl River Fishery Research Institute, Chinese Academy of

Fishery Sciences, Guangzhou 510380, Guangdong, China; 3. Guangdong Ecological Remediation of Aquaculture Pollution
Research Center, Guangzhou 510380, Guangdong,China)

Abstract; The microbe attached in biofilm carrier material could ulitize different carbon sources in high yield
collection pond. In order to understand the metabolic characteristics of these microbes, the Biolog-ECO
technology and water quality analysis were used to analyze the change of microbial carbon metabolism and
water quality during the formation of biofilm (0 =9 w) in high collection pond including grass carp and
tilapia. The results showed that; (1) During the test, using biofilm in polyculture ponds has good removal
effect of total nitrogen and phosphorus, and has good effects on maintaining water quality stability; (2) For
different sampling time points, the metabolic activity of ulitizing carbon source displayed obvious difference :
3,5, 7, 8 w biofilm metabolic activity at high levels; In the biofilm formation process, the trend of the
biofilm microbial metabolic activity first rose and then reduced; Richness index, Shannon index, Simpson
index, and Mclntosh index performance for 3, 4, 5, 7, 8 w were significantly higher than other weeks; (3)
Studies on the use of six kinds of carbon sources indicate that biofilm microbes have the highest utilization
rates for carbohydrates and polymers ; Along with the formation of the biofilm, adherent microbes of glycogen
increased obviously, such as n-acetyl - D - glucosamine, beta-methyl-D- glucoside, 1-phosphate glucose
utilization of carbon sources; (4) Biofilm microbial metabolic characteristics of principal component analysis
(PCA) shows that the different sampling time points of samples gathered in three different areas, including 3,
4,6, 8,9 w microbial metabolic difference is small, Ow and 1w as a whole, 5 w and 7 w as a whole, but
there were significant differences between the three concentrated areas. The results would provide some
reference for further utilization of carbon sources to strengthen biofilm formation in aquaculture.

Key words: high-yield polyculture pond; biofilm; Biolog-ECO; carbon metabolism
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