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HR 4 77 5E 16 68 1% 18 26 K &R g8 T2 i # (1A
1), R Geh 77 58 &L 8 W20 25 AL O AL AR i i =X
TR A Wi g A% (5 SORRICR I8 4%, IR TR)) B
TR HL EE AT KT A 55 BT . SR A L N B A
YRS G, GLA HAZ N 1.50 m, &K 0.78 m, 3%
ARG H 2014 4 5 H IR Lk, 21T E . i
TEIRIEA 3 R 1T 2 ASHECA FIB) R 8B 45
T3 B, N A W IR A A AR
Y B 5 A3k D8 g Dy 1R AL T, UEEHIR 50 em, O ~
5cm.20 ~25 cm 40 ~45 cm AR E XN E Lo
Tz

1.1

S
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wain e, A B
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fluidized bed filter
SRS
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liquid mixer
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ultraviolet light|  |cooler-heater trickle filter

1 ERAFHERELZREE

Fig.1 Flow chart of recirculating aquaculture system

1.2 #&EYWHRIRIE Biolog 77 iXi21E
2014 4F 11 J ARz 17 Fe 8 1 46 58 g 25 K 3% 5l
REWALIRI A B L Rk Lo T2
a2 ~3 g ERE, R R AR s fR i O
MITEY o BARD IRy, SC 50 g b 25 R T i 15 28
TROKE L AT K AL 3R (121 °C,20 min) ;65 fir B
HORE T 50 mL JC R A= 3k 7k (0. 9% NaCl) 1,
XPVR A W P R ¥ (% 40 kHz, M) 2% 100 W,
ANAE R AL B 4 Y, BRI LS s ) I BEURE R T Y
A= W S IR % o w3 A B ER K b, T R AT R B R
P, WA BB KM AEY BT REE
600 nm T 190 5% BEAE R 0. 05,

A58 3% F Biolog EcoPlate™ il 7 faf A 41X
PRFIE 121 MR A 3 31 Fle U RN A5 R R, &3
MEE 8 IT(AB.C-- H)12 5 (1.2.3-

12) Hi A, 3631 96 L. HUH B J5 B ok 2E ) 2 W LA
AL 150 pL A 2% AL b, RS # P RCE T
25 CHEREEFAA P AR 10 d, G MME 12 h
Biolog H 3l il 4 ¥ % %€ % 4t ( Biolog, 3 [H ) | €
96 U fL7ES90 nm T Y SGE
1.3 HiEHSWAE

25 K6 DN A5 3 1) A WR T B (1 KAl R o A )
XoF Al Y5 AR FH A o AR B, 3 i ) 25 S R Bl O
¥ fn B {H ( average well color development,
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%1 Biolog &£ 751R 6 FKwE"

Tab.1 Six carbon substrates in Biolog EcoPlate™ "’

TES BHER KA G ZRY Ty i 2 JHe 2
carboxylic acids amino acids carbohydrates polymers phenolic acids amines
PRER AR P i L5 &R L B- I JE-D- i A B i N-Z [t-D- i % & i3t 40 2-FR AR TR R

L- [ ~ = . Ny ey = -
VTR o DoRALBN- Al D27 WS AREETE
57N
K HERR L R D-AK 1B ATAT B %;ﬁ
H
a- TR L- 25 R - R EER o-D-FLHk liigii
D-3R R L-JR & iR D-H & HE D, L-o-fFR Hl
5 -7
- AL
AR
D-fFLHRRERR
I8 —o— okibs- B2 —— WORIER-PE A BERIER-TE

trickle filter-top

LOT —o— Wifbh-A
tank-A

SR R
average well color development

trickle filter-middle

—e— JifbIK-B
tank-B

trickle filter-bottom

Q= N 0 O T AN O 0
ES8ZSRSE Rt b
A ES BHR  WAKLEYW R ES JiE2%
carboxylic amino  carbohydrates polymers phenolic amines
acids acids acids

FESATIUR ] /h time

B2 FREEESMEDI 6 KR F AT

Fig.2 Metabolic response of micro-organisms for

six carbon sources

EcoPlate 31 # 5% & &9 ) A H oL giit1g 3|
AN TR BRORE g B0 A %o 31 Ffisic s 1) R L 3 BH 4 1)
WH(FR2) . RMREMARERR D-2F: LR R , 2
FR ) LK 2R (- K )& BE e \L-22 %1% , ik
KALG Y P D-1 #8 B D-ABE N-Z t-D-4 45
Wi, Z R Y b gtk 40 ik 80, B PR 2
JHi X5 RE B A AR i A A A P AR A R T CBH M R

B>10) o MK v- BT RR A o- T BRI R DL I
KA G D, L-o- B2 H A 1-% 52 6 4
it U] B A A BE BT A7 A i P B Bl 2R R T (B A
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Tab.2 Numbers of positive metabolic results for 31 carbon sources

10) , WAL R B HE IR 8 b J2= 30 0 A
REA 28 IR (FHPE R B =0) o

BH % i E /YK carbon sources
W TiAbHR-A HiALK-B TR U8 £ - 1 )2 kg 25 - 2 kB -T2
times tank-A tank-B trickle filter-top trickle filter-middle trickle filter-bottom
KRR (17) KRB (17) KRB (17) KA (17)
1175 80(16) 35 80(17) 175 80(20) I 95 80(17) 75 80(16)
i 40(16) nkiE 40(18) nki 40(17) i 40(16) i 40(16)
HZHE(19) HZHE(1T) HZHE(18) K (20) HZHE(19)
N-ZBt-D-AA R (19)  N-ZEE-D-A4 8= (19) N-ZEE-D-Ai4 R (11)  N-Z.EE-D-Aj4 8 (19)  N-Z.Bt-D-A 44 (20)
LR T4 R (20) LKA (19) LR T4 (19) LR T4 (19) LKA (19)
L& (18) LSRR (17) L-2Z 4 (17) L-2Z 4R (18) L-Z & (18)
LK 52 (18) D-AHH (16) L5 (18) LK 52 (19) L 582 (18)
sy DB D-H#8(19) DA (14) DA (14) D-AHH(13)
D-H#mE(19) D-2fFLHEE R (18) D-H#EE(13) D-HEEE(17) D-H#EE(19)
D-2fFLHEEE R (19) D-£F 4 4 (18) D-2fFLHIE R (18) D-2f FUMHEERR (19) D-2f LR 2 (18)
D-£F4 4 (18) a-D-FLHE(13) 4-FHEHEPFR(19) D-£F4E =4 (17) D-£F4E i (18)
PRI T  (19) HAEB-L- A M) E(12) PATARIR T (18) PR R (11)
2RI (17) A-FIEHI R (16) 4-FHEAER R (19) A-FIEHI R (19)
D-2f UM -y- P i (11) 2RI ER(16) 2-F LT ER(11)
DR (15) «-D-FLHE(17)
JFFH (20)
JIFA%(6) L2 PN R (7) R (6) I (6) iR B (9)
12 ;x 4B AR (8) L-2Z 5 (8) LT B (7) iR (8) L35 (8)
R B R (10) D-4F 4 i (9) HAB-L-AREB(6)  KHER(10)
iR (3) JEHE (3) PR T (4) JBME(4) i (3)
D-3ER (2) PHTRRE TR (2) o Tl (1) D-3ERER(3) D-3RR (1)
B-IL-D-IZIMEF (3) - BRAAHINE(3) D-F LM y- AR (1) B-FISE-DAIAIHIT (4)  L-BRRRTIAIE (1)
- BRI (2) o THI(3) JFFRE (1) BB (1) B-FLE-D-R AT (5)
S i REEREL(3) D-fFLMEER-y- AR (1) L-JRaEm(1) L-JRE(5)
JFFH (5)
B- 1 3L-D- AT 15 (4)
D, L-o-BERH il (1)
R TH(0) YT (0) Y THE(0) Yy TE(0) Y% TH(0)
D-ii R (0) DR (0) D-i iR (0) D, L-o-BER H i (0) DR (0)
D, L-a-BiERH i (0) LB BRI (0) D, L-o-BER H 11 (0) a- IR (0) D, L-o-BER H il (0)
AL 28 (0) LSR5 (0) AL 48R (0) - THIER(0) H A BE-L- 4 28R (0)
Kwp o THIER(0) D-SAER (0) T i () a-D-FLI(0) RS (0)
MA «-D-FLHE0) 2-HHHEF R (0) a-D-FLHE(0) L-JE R 21 (0) o TERAR (0)
LR (0) LB BRI (0) D-2fFUME-y- R (0) LT (0)
LB BRI (0) D-SER (0) D-2 SR -y- P i (0)

L-77 22 (0)

2-FHARR(0)
B-H! Z-D-FEHIFF (0)

T« 3R PR 5 N BOT 3R 2 DL 7 B P TR

Notes:the number in table means the times of positive metabolic results.
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BRI RA S AWCD {8 2 BCE P X)
O IR B8 U5 £ 2 A i 0, G I D 9 B AL T B
WL B A B U R L R R i 4K 3 I B AR
FEU L SEREOR L RT 24 h B i bk ROA Y
AR F B T — G B3E REVE 5 24h S5 I P03
DL F 3 B 980 5 7E T 96 h P, FAL IR A M
T 2Ry 2 B L g R A0y S R BE TR MK DB 2% B2
T A U RE VR T P B 255 96 h S, IR DB B8 2
£ Do A 0 TR PR I P DA 8 i 1 2 T 3 R AT
I M AR A B ;240 h R P1E PR TR,
DATHCER U 2% v 2 (o 2 0 0 ki, LR 0 R
ERUESE TR ALK A M Bk U 2 12 SR
K B A A W) P A A R (03) .

—— WERUEAS- LR —e— WiLK-A

trickle filter-top tank-A
= ERER-HE —— BikKR-B
1.4 trickle filter-middle ténﬁz_}?

| —— HERIER-TE
trickle filter-bottom

1.

N

SRR
average well color development

FESAIETE] /b time

3 AEBERRBEY AWCD EfEEFRETLER
Fig.3 AWCD changes during incubation of microbial

community from different sample sites

B E A & Biolog 4= Z5 AR A 6] ## FL
P PR I 01 82 748 Al i 40 5 I 3 A 9 08 AR O e 58 119 £
WEANA G A o 22 WA TR RFL P 1 T ' 38 I 8
I [v) 22 A i 2k, e B AR 0 0] ik B M) 3
4 RGO 4) O AR P RE B A %
U, AR R SR I 0 i SOl LA s e vy sk JBE 4T, R AR
PR B, G0 R U R B P X N-Z 8 -D
AR AR A 5 @ B W % s U5 Y 1 7 220
B A I ] (48 h) & IF ba A e R, B — M
it BB A I (1) 38 B 5, W0 BER BE AR R JE B
Pt L-35 G R A A 5 G T2 Wy s I i) A1 T K
PEAERE SR JE W] (29 156 h) |, WAk BE A% EJZ
WIS B-HY JE-D- A 0 B AT @ U A
AE (EREEASANRE ) A I R, Bk U A B2 R

Pox y-32 T R 04 A AL e Bl A DL o it 4 R
DU AR R T U ) ) T 38 e A AE B 3R IR 1Y 24
FWA ) 205 2 24 h 135 0 A RE T B AR
B b M) A O B¢ 9

—o— L-7FEMR (ERIES T)2)
L-threonine (trickle filter-bottom)
—&— N-ZB-DH A (BRI 1 )2)
N-acetyl-D-gluco-samine (trickle filter-middle)
—=— 5 TR (WERIES L)
v -hydroxybutyric acid (trickle filter-top)
201 —o— p-HI3E DRI (WBkIER L)
1.8} B -methyl-D-glucoside (trickle filter-top)

A
average well color development

FESRLES[E] / b time

B4 REMNARBRENEEZNAENX
Fig.4 Changes of absorbance for four different carbon

sources during incubation

2.2 WEYHESHEMN

NGRS R POR T/ E A (X6 A NN
K AH W FE R W] B FR 0 A R 4L T AWCD i 45
SRR R LA JR AT A AR R I R
i Biolog A= &t 353 132 h K H LG (132,144,
156,168 180,192 204 216 F1 228 h) £ 55 F- 15
{E 43 %1 it 5% Shannon-Winener £ #f ¥k 45 %,
Simpson i # i 45 %, Pielou ¥y 5] JF 45 %4 A0
McIntosh ZAEPEFR R (£ 3) o 45 R Bon, Bk Uk
a2 R E ST R ALK A R A B A 4
#£ 55 2 [a] i) Shannon-Winener $5 % . Simpson 1§
% Pielou ¥ 5] FEAR B BA W B 25 57 (H IR &
TREkuE FE (P <0.05), WERkiEdH T FZ
) Mclintosh 45 %% & 2% & T Bk i & L2 (P <
0.05) ,JifkIK A B f# ) Mclntosh & %153 51| 5 1%
gy LR E R (P >0.05),
2.3 HEYHRBEEREY

A AWCD {1 fifi 55 7% i 18] 22 46 17 00 ith £,
72 hiij JE W't BE K BE i R R b R i AN [ SR R
SRR 2 S0 BRI 72 hoR I o
FEAERRAEAL G AT F 005 43 B o 3 BT 6 A~
T 53 B W) 46 R AEAEL ( eigenvalue ) KT 1, 5200 ) B2
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Tab.3 Miroorganism diversity indices of

different sampling sites( mean + SE)

HURE 5

sample sites

Shannon-Winner £ £ P 48 %k
Shannon-Winner index

Simpson It #JiE 5 41

Simpson index

Pielou 4] BF 48 %

Pielin index

Mclntosh 22 ¢ P 5 %%

Mclntosh index

Tk pE - L=

trickle filter-top

kU A -h 2

trickle filter-middle

3.010 +0.034°

3.303 £0. 022"

EkuE -T2

trickle filter-bottom

3.283 £0. 012"

TALIR-A tank-A

Ak K -B tank-B

3.279 £0.010°

3.273 £0. 007"

0.945 +0. 002°

0.961 +0.001"

0. 960 +0. 000"

0.959 +0.001°

0.959 +0. 000"

0.877 +0.010° 5.506 0. 125"

0.962 +0. 007" 6.735 £0.315"

0.956 +0.004" 6.272 £0. 116"

0.955 +0. 003" 6.063 +0.256

0.953 +0. 002" 5.229 +0.233°¢

TSR /NG T B FRRALE P <0.05 KF RSB ,n=3,

Notes ; different letters indicating significantly different between sampling sites using Duncan$ multiple comparison( P <0.05,n=3).

B3 AT RAL 86. 6% WY AR BRFAE . Hoh s 1 E
B (PCL) AT fff B 49. 3% M9 505 22,56 2 F R4
(PC2) ] fi# F% 13. 1% 19 B J5 25, LA PC1 fl PC2
P RAE AN [ SR A Bl 2 0 ¥ e AR EB A
(B S) 05— A TRy, R U8 & L2 oA x
RGN 5 oA 4 A RAE R E B T2 —
A FEW GRS P RE I B-H 2E-D- 4
BiH D-H 87 ¥ \N- £ It -D-4 45 % 2 1l D-2F 2 —
B IEAR G, HAH PR B0 5 SR R KK i D-
- LB T R A A BR R, PR R P I LK &
MR L- KA Tt 1 A L-22 B 1R, I 2 v 1) IS i 52
AR (£ 4), Bas TR,
R uE AR 2 ML IR B R Bl 28 0 X ik R A A
75 B TR DB A T R AR 0 g A
MZESFAKCES) . 454 PCL A PC2 40 #r, i 2k
HEAR PR R R FAAL IR A KR AL B R B
B S 1) 2 ) A 22 5, RHADURE B, T AR BR U8 i
JZ I A A 5 At R R A Bl A Al 22
i N

3 3t

3.1 A X R B B Y R R A AE

Ji SN B X b RS B KB RN
e ) U P LR R I AR A P E S R B
Tl 2By O 7 ) )L R 26 R A8 L R 2 ) I, T
WER AR IR A 2 o A58 A [ RORE 2 ) o 2B
WYXt 6 T IR 9 R T 22 5 e, HL il A 9 9F R
B X — R BRIR A D B o (9 AR RS R Y
A HER (D~ FL B R AE 1 7 9 i A W R

1M y-52 T W 58 e AN RE WA H] o

Biolog /= 25k E3EAT S Fh i WA SE R A 1 Fib
] B IR, e 3 R s BE R (L-KE &R (LK 1)
KW L-22 5 1R ) REAR 4F M #k G AR ) R T, X 3
T JE R 1 Jm TR W W B R, Horh L-22 R s
TR E IR, L-K ) 4 Tk i 2 R M 2 Bk 12
M LRSS B e R AR A A X
Bih ( Ctenopharyngodon idella) 3 5 ith 3 A= W) fik
IE6] 7 T80 A P A 5 Ttk 136 0 BT IS, ¢ S0 A ) i
3 PR FERR A B, X 5N 4 R — 2, 1
P h N T BN SRR N SN S GRS
AREW RIS W) B A TR R A R Dy 1.1 ~
L2 W K= IR sh M i & B YA 80% (T ) 4%
DLTE W 03 R W0 1 T 2wl H A A0 3E A K
A1 i3k e K ol M P Y B2 A K A R i 43
kP ERAEGY S =T, TR EAY
I | S R S A A Y R AL . Bk K AR B Y
D- AW D-H 5% i N-Z Bt-D-#j % 4 202 # 1F
2T 4 2O 220 45 Y TSR BE Bl AR W B
Mo D-ARBELE H AR A& 54w, Rt ik 1 2
R EEPRZ — AERN AR RIFR R L2
—, D-H &8 B R M R AT E R R R
1A s N- £ Bt -D-4 % B 28 & — Fh & JE 0, B F1 D-31,
W ST JSG Y N- £ T i B T S A T 4 i B 25 4
ZHNE 72— W LT B K 20 i
R R 22— 2R P IR 40 kiR
80 FI AR o Wk R 1L B 5 R R i
BB 2 B M TR, nkoR 40 2 A% A MR AR,
T 5 80 2 il R ' b i T A Ay S 0 3 A A i
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2.5
* MERIELS- LB
trickle filter-top X
= UERIE ST Z
trickle filter-middle ° 1.5
—~ | ATERVES-T B
3 trickle filter-bottom X
S| e
5 0.5
>
k) * o
X Q
I -0.5
=1 Ia
£
o JALIR-A £
tank-A -1.5
x ALIR-B
tank-B
2.5
-2.5 -1.5 -0.5 0.5 1.5 2.5
PC1(49.3% of variance)

B S FREERMEDEZFRRKCEH N PCA 217
Fig.5 PCA analysis for microorganism from

five sampling sites

PR B 73 5 , AR WF 9 F 2R R A 0 o i )
Mot , 2 W AR 0 R s A 23 i IR AR . AE RS
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B4 -0.971 E4 0.442 C3 -0.472 G2 0. 099
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Carbon metabolism of microbial communities in biofilters of recirculating

aquaculture system cultured with Anguilla marmorata

LIU Ying', LI Li"** , SUN Dachuan', ZHU Yunhao', TAN Hongxin', XU Ben'
(1. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China
2. The Key Laboratory of Mariculture ,Ministry of Education , Fisheries College ,Ocean University of China,Qingdao 266003, China)

Abstract; The carbon metabolism of microorganisms in biofilters of a recirculating aquaculture system
(RAS) cultured with Anguilla marmorata was investigated using Biolog Eco plates. The biofilms were
collected from two different tanks of a fluidized bed filter and three different depths of a trickle filter( top,
middle and bottom ). The results showed that there is no significant difference for Shannon-Wiener index,
Simpson index and Pielou index among the biofilms collected from two different tanks of fluidized bed filter
and the middle and bottom of trickle filter( P >0. 05) ,all of which was significantly higher than that in the
top of the trickle filter( P <0.05). The average well color development( AWCD) and principal component
analysis all demonstrated the carbon metabolism of microorganisms in the top of trickle filter was different
from other four sample sites. Microorganisms in all sample sites didn’t show any preference for any of the
six categories of carbon sources. However, the Itaconic acid, D-Galacturonic acid,L-Arginine, L-Asparagine,
L-Serine, D-Mannitol, D-xylose, N-Acetyl-D-Glucosamine, Tween 40, Tween 80 and Phenylethyl-amine
could be well used by microorganisms from all the sample sites, while y-Hydroxy butyric acid, a-Ketobutyric
acid,D, L-a-Glycerol Phosphate and Glucose-1-Phosphate could not be used by most of microorganisms
from all the sample sites. Some carbon sources such as D-Glucosamic Acid, a-D-Lactose, and 2-Hydroxy
Benzoic Acid could only be used by microorganisms from certain sample sites. The present study illustrated
the properties of carbon metabolism of microorganisms in biofilter of a RAS using Biolog Eco plates and
gave a new possibility for water quality control in RAS, which will promote the microbial community
changes through regulating the carbon sources in the system to manage the water quality.
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