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RERP, A EHH e RARGMEERREE S, EXHREFARRERE
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JEWEE TR AEHRE Y, T AR HE T 5 em
By im B HEM Y, BN 3 em BE, M —Imit i
[] o5 — v PS5 Y HEE ) (), HEE 9 5 K
BRI 19 500 mL $8 & B E 17 e, il 4 SE HE
J5, FFLAR K 125 pm) A 55 40 00 (2 397 48 >
A AT U AL R, HEWE S g KW TE (KR
10 35%) TG A $KH4E (Dreure Féill) 264€, 78
4°C %M TR H . SR HVERY RIR) &
TR A IR IR AR K I, TR BORE IR SR AR KC-
TR B #% (H #£=6.5 cm, KC-Denmark), 7
WK R ZE 4 om BV LA R 125 um
B4 AN 455 4 D) 7 0E 4 7 0o D A B, K DO AR Y
KAE A Sy RS oy TCHLOR Y g4, SR
FHICH SR ARBEAS | FE 4 °C (R O EHER VKA
(F}22 NUNC AR HRFEE RS2 00 2, sk G i
[l f14 30 R e 1 D A T i A R R T R
SEASR, AR ITRE, DU AT
KB WAL FE (121 °C, 25 min),

I 3R S FH R 5 YR FH Ak B
Je B FEFEIK (5 UTR B, 5 — 20, BURERT
K H B48 Micros-7K A R AE 2% (Monotube, HYDRO-
BIOS, Germany) #17 [z &2 HUFE, Ay add 8 451 KR 1Y
TG SR Y AT R Y, R FHFLAR 10 pm AR
B (TR R AT KRR TAL B, RS
T H 40 v KRR 1) vk e AT VR R AL B, 38 (]
SLEGE A T RT3 S B R S I i R
g 2R R i L O R B SR R, R T
JK A 1 mL 4R 44 (NaNO;, 0.16 g/L) #h 75 &
P, AT mL BERR S 4P (K,HPO,, 0.07 g/L) %b
FUBEUE o (R B A B ok BT K P R A 2 A
YIRTHE, EALBRJE XHS KA T KRR (121 °C,
20 min), &b BE K B 5 S5 5% 57 CEE A 5 An
1o WK SUURYIRAERIE T, A3 KA
4°C £ PR MY,

ARG E B AR IRAR AT B8 K F 2
253 Tl A 3 KA Y R I A 3R 4 KRR A (] S 56
T, T KR A G T A o A M R AT 4 B A4k

Fz1 LEEMXBEFRBLMER
Tab. 1

experimental culture medium after

Physical and chemical properties of

treatment of lake water mg/L
AL ALV T COD
P DIN SRP Mn
7.02 17.81 0.96 15.70
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2 2 ¢ 8 11 L 2 b 21 O 28 K TR 9 SE 56 HH G R IR
i, IFETCA N T BE R4S T (MMM Climacell,
Germany) }5 5% 25 d, Kig i H TR 30 °C, St M5k
B 50 pmol/(m?-s), LA A5 TR X ] 2 T 3 e R A T 4
REEFE . FY RIGEFR A B WA 1000 mL 45 €8 =
AN, WA E DR CEMHEY, 16 cmx16
cm) J5 i E T 4°C. BEEAMF3 A (8R
VK46, BCD-471WDEA), fii I # 2 FiFw, W
25 ) 25 R IR A U8, R I I 1 S 9 R 1Y S A
JiL (PRIRAR) e B, &AM

1.2 S HZE

B =Rkt 52 T3 S I ¥ e B R B
XTREZH (CK) #EAT 44 5050, 7 (o HE ) S5 50 40
i MP 4L, fHEE Y SC 8 410 SA 4, [FIAT iR %
— YR A HE I S5 4 Ol MP-SA 4 (M4 -
fils HE AR BUEE R 1 s 1), DUAS i HE B 5 R
Xt RRAL (CK), SE5ad f 4 AR 1 3% 3 4-F
(g

XF T SE g A, SR B A IRl AR A T AR
15 300 mL ¥4 5] -Gl 7 AR i [RAT R 3 0 4% 1L (L AR
15 cm, {5 50 cm) JIEH, PR 55 4 200 mL BT AR
55 50 mL ¥ s HEE ) (R 5 2145 B 25 mL) #l
50 mL i 23 3 B AR IR AR BOBIR ) B3, SRS
oy 30 A ) AR B S R L (T 1), B BRI AR

LA T A ) AR RS 600 mL., 56 6000 mL 5
560 H 5% 3% 0T 59 A 5 i I B 2 48 i A B 5 4%
ML, fe e F G 54T 4RI (B4 25 cm) #E4T
WEEESR XX, K 50 mL F HUTRYI
50 mLF o - HEME Y, OF JH i BR B (NaNOs,
0.16 g/L) FI# fR & — 480 (K,HPO,, 0.07 g/L) I8 75
AW L, 15 45 92 30 20 Hk ik RO vk AR
M BT S R B R TN TR R A
%5 (MMM Climacell, Germany) "' %5 5% 24 d, 18
58 B2 10 pmol/(m?-s)(*5 & Bk =19 B A1 W1 VA U
P2 A REIRARY), JEREIE ol 12h: 12h, &
10, 15 F120 °C 3 /N BE AR B

EN-PiN e 1 IV IDNG 3 3 I R A
W32 R B P XU R A 2% (Beeker, PU-
SEN) Bt 5 g UUA), 1 g Tl 5 UURL 40 1 Fb
RESEFRN 7 L, 4 g 700 2 T RR ) v 4 2 A 2
BEARBR ARV BE (4R o RoR); WU -K
PRSI (SWI) BUK BRI 5 mT 75 TCHL AL (dissolved
inorganic nitrogen, DIN, mg/L) Al 7] ¥ ¥ 76 14 B
(soluble reactive phosphorus, SRP, mg/L), L\ DIN/
SRP 1 b 0B L (B (N/P); AR R I 38 38 18 1L I
BRI mL KFE (B, . /KA 3 mL
TR2T) Mg 52755 Y A S PR e e vk B2 (JHIMH 4 K
FoR); VR SR (DO, mg/L) B33 Vs fi S
SEACS 3 5E o

e N
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Fig.1 Simple diagram of recruitment experiment for M. aeruginosa

The bottle numbers 1, 2 and 3 in the figure are CK, MP and SA groups, respectively, and the bottle numbers 4 and 5 are MP-SA groups
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5 TR DU FE bR A 3 R AN 1 Uk, R HORE
K i 8] R 24 R 4F 10:00, A B 1k 3 5 45 0L e
T 22 52 I 1) A o FRl A8 9 4000 - V348 4 T % i) b
B K e U v U I MERR R, R 3 KR
D52 J5, DN BE 355 g 0L o P 3528 il o 4 4l 113 5500
mL 7K, P 256 3 37 Wb 70 28 5 %0 3 b
kst yE R, FAUKART S N KA R T i A
JHL ¥ B Sk iz K DA RO S VR B 2 R, A T S
fil s B R LA 1,

AR VARG E AR IRAR GG F 3 H
45 ) 53 A T B 3 0 L0 R 40 o 1 A 2 o 2 e
PRAR M 2 4l ok, DA DOR ) R it 28 3R a R
J& (Chla FHF 457 GUB ) Hh i) ) 2 206 8 R IR
WRE) TR 4 M4 vk, BRI S RS R
Verspagen 5¢" (7 04T, B[R A TR 3% 535 %
ML Hp FH A3 80 BURE #% (Beeker, PU-SEN) Hit 4 g T FH
Y, SRS 16 mL REAESETFM percoll (30% percoll
BCHil . 30% (1 percoll J5 I +10% 1) 8.5% [ NaCl+
60% YA ZEK) #EATFE4r IR AT, DL 1 800 r/min £
L 15 min, 2.0 JE# SRR LR (F)Z 8100
) HFLAE R 25 pum I TS R 2T 2 D8 R (B8 2 F1I 4T
B 25 cm) HEAT L 08, B4 3K A0 4 R 4 AR
MR A5 5 mL 5256 B FR M AT S0 IR S, oF
RIJEAT M4 2 o W BE RGN

WA EEKY T atheR WL
TR v 4 o ol 20 e R IR AR Ik 55 I 8 /K FE 52 95
F14) A 257 ol 20 i T 0 B VAR B 2 A R o S SR
TR, MEEE o WREERIN R T ER$2 0L . /)
FHRWAR (FF AW, 0~1 000 pL) M HL 2 mL 5 4 4%
T 20 T R IR A s ] % 1k 288 95 5 O T M 1Y) R TR
T 8.0l (1% [ eppendorf, 5430R) 1, 7E 12 000
r/min {21 FEL 5 min, FBBAR T % EIHHR,
P T W BEDE (B0 J5 035 240 M AT) A 2 mL 80%
PITTE (RETI, AR) #EATEB BT, HHSH
BB LY, IFERDE. KIR S5°C &4
T /K% (OLABO fH 7K i3 5% HH-s4) 30 min, K
£ 12 000 r/min A 5544 T 2.0 5 min, Wi B
et 2 AniE 10 mL 21 B b, H 80% TN R
Z%E 5mL 5 AT WA ERE T (5 UV-2600)
TEPE K 663 nm bl 2 WO BEAE , D e 45 SR 4 BE
CA=ODgg35, HHHIMEREN S (mg/L), YA
Py v A g A 9 T A IR R R B 3 5 K T B B T
I 3 2 1 R (mg/L) P B R DU RR W rp - g
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2 a YR BE (ng/g FW, FW 32 75R U0 B W) ff 1),
HAA A BE 2 I Berrendero S5,

B mABRLEMES &2 =P
SR IE B3 R BRI AR LR 3R )2 Bt
T 1 g UEAT 40 R R 8 R O LR E L AN A
TR 2 A 2 R FH A R 20, BIER 1 g U
YIRE S 2 7 IR AT JE I ACE] 10 mL JG B 2518 /K
(25 mL 20 B4 R AT R BE AR R, DAy
WA BERR YT Bl 107'~107, M ASFRBRAR R 10°~
107 BE S R W 0.1 mL T FWA MR K 15 35 5
08 T B Fr AR A BR T2 W) AT P AR IR A
R 9% 48 h J5 s B 530 M 0 B AR AT T B, X
Wk AT alifb )5, K FH 16S rDNA i AR UE 17 40 7
Iy FAEY RN (AL R0 R BOR B B A R
O EIRE ). AR TR R A AN S R P T 3
FHE GEBOR T 3055 T 2% 1B AL # B i 1 f 34
WRE, P DL LS A B DO RO
HiEE (%), ASSCH: MP 41, SA 4 Fil MP-SA 41
15 TR PR IR B R VR EE 23 1R 5.2¢10°, 4.5%
10° F1 4.7x10° cfu/g.

SWI Bk 5 s g fon & BOLRW-K
K L K AEJEFT SRP. DIN K2 DO %5 B AL 5 bR i
FE , SRP K FH AR i 4y 6ot Bk st A7 i e, D
B 63 50 mL HIE 64, 435l inA 2 pg/mL #
iz £k R R L=, AR ARIEW W 0.
1.00. 3.00. 5.00. 10.00 F115.00 mL, fil 7K i B¢
Ehrgk, M4 LGS TINA 4 mL 50 mg/mL i B
fig B0 (5F m R A AL TR T, AR) IR, RS
THf# 30 min, BEHHBEEFRZ (SO0mL 4b) 5, %t
B 1 mL 100 mg/mL fAFTIAUMLER (K HE 40 K
fb2f 8w, AR) W, 30 s 5N 2 mL AR &% (K
AL RWALZEA ), AR) W, FEIMRA). #
B 15min J5, fEFEIR20 C &4 FH 30 mm H
M, DIKsSERESAE NS, HEITI
A3 EE T (55 HE UV-2600) 2 W 6B, Ff2
KM TAEMZ . AKEEZFLAE N 0.45 um 1Y 8 B3
U, REIEIERKEE, 25 mL KAETF 50 mL
oo rp i B8 22 4 A o T4 il 28 A9 28 3R b AT
D72 o DINR FH M aok A R B 0 2, 0 20 R
L5 SRP 251, HPSE FH A AR h AL (R Rk 25K
T, AR)10 pg/mL i o 5 0 00 £ A o 140 o 2%
(fF 120~124 °C F {4 f# 30 min, Zli/KA/ES &
W, R IE R W B 22 i b o 42 ) . A6
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JKARE I 56 AL A2 0.45 pm i iR 4F 4 i (B £ 7
Wr, HAE25cm) g, MEEE KM, R
T 2 22 20 BRARAE A BRI £k 1 A R AR
AT PE T HL A R . DO SR FEHE R £ Th ek
5 A (HACH-HQ40D, USA) . # %E . Z HE L
K I DIN 55 SRP ¥ & 2 HAE I bR /R 280 (N : P=
DIN : SRP).,

oM HSRREEEEE N A RHR
T L AT . B DL RO R A I R T B 2B
LA 2 5 1 22 (mean+SD) 71, B 4 [52R
FH Excel 2010 4, #0485 1150#r % F SPSS 14.0
B, S 56 0 ) 4% G 48 B 1) 2 25 A8 R 1 R
HEA R 2R 208 (ANOVA) & Duncan [K £ & [t
BN HTALER, D) P<0.05 1F R 25 5 i MK F

2 4

21 FRIBEETEAEBNGZHEZKREXER
KR

T BE R BE 10, 15 F1 20 °C 45, MP,
SA. MP-SA il CK 4 4 & 1o 2% 788 PR HIR 1R 47 I 565
6 KRR E S, NI RZE Bk A L8
KR (E 2, Bl 3), FEIRIE 10 °C & T, MP,
SA Fll MP-SA ZH 4 4 {8 e AR B A4 52 95 38 4t 25
BT CK 41 (P<0.05), H MP 41 % %% T SA 44,
N 2 & F MP-SA 41 (& 4-a), 7RI E 15 °C %%
FF, MP. SA 1 MP-SA #H 4l & 13 4% 8 PR IR A4

—— X CK —e— #Hf MP
0.8
0.7
0.6
, 0.5

—a— fif SA

B RWY W EE T CK 4l (P<0.05), H MP 4
i # 5 T SA Fl MP-SA 41 (P<0.05), SA #il MP-
SA Z A U6 B M2 (P>0.05)(&] 4-b), 525
T BN 20 °C I, MP 21 AR IR 44 B2 35 %6 B 35 v T
SA. MP-SA fill CK 4 (P<0.05), {H SA. MP-SA
I CK 2H P 2 [6] T Wi 35 1R 22 5 (P>0.05)(&] 4-¢),
A BE IR B SE G, CK 4 M2 56 20 (HE
Yy2H ) Yo bt IR BE %) v LR IR A &2 95 S8 s A T
7+, 7E10°CHf, CK. MP. SA Fll MP-SA 414
2 T e AR IR AR S 95 3 03 5 Ry 14% . 45% . 36%
H128%; 1E 15°C Yy, H IR 53510 43%. 60%.
51% F1 50%; 7E 20 °C iF, & 75 43 Bl Ky 49%
61%. 52% N 51% X FXF BRLL AN 3 4S80 41 (HE
P4y, 15 F1 20 °C Z& A4 T MR IR 1A 5 95 - 1
2R T4 A TE 10 °C 4514 & 95 3% (P<0.05),
A4 417E 15 F1 20 °C 25 F T MR HR AR & 95 R 34
TR FHMEE R (P>0.05)( 5).
22 AEIBEEFGHTEXRAREERER AL
A 52 56 21 BT AR AT 200 R R A
FE . X T MP 4, 78 10 °C i, 3T
WA B AR A (Pseudomonas) . #21H (Fuso-
bacteria). FEAMUFFH (Bacillus). I (Vibrio). 7%
JE W (Proteobacteria) )& BE W (Firmicute), %% H
FEVTRR W TR TP 7 b4 3k 33% . 13%. 9%.
7% 4% Fl 4% 2), P35 R 70%(%] 6-a);
TE 1520 °C B, RPMEEE . BB . ZFEATE .

—a— Hf-fif MP-SA

0.8

2R a WRIE/(ug/gFW)
Chl.a
MR a WRIE/(ug/g FW)
Chl.a
o
~

36 9 121518 2124
Ff)/d
time

(@)

36 9 1215 18 21 24

2442 a R/ (ug/g FW)
Chl.a
o
i

3 6 9 121518 21 24

i al/d Fe )/
time time
(b) (c)

B2 FREIRE TR PR HERARARE
CK R X AL, MP %R AL, SA Fm el mAL, MP-SA FoR# MBI IIE G4, FH. @, (b)F (0 2 HFRRE

FE 10, 15 f120°C %4, B4, B7HME9H

Fig.2 Chlorophyll a (Chl. a) concentration of dormant M. aeruginosa cells in sediment

CK, MP, SA and MP-SA indicate the control groups, M. piceus excreta groups, S. asotus excreta groups and mixed excreta groups, respectively, the same

below. (a), (b) and (c) are different temperatures of 10, 15 and 20 °C, respectively, the same as Fig. 4, Fig. 7 and Fig. 9
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568 KopE o R 45 4

—— W CK —e— FHfL MP

—a— fiff SA

—m— fa-fif MP-SA

H4EE a WE/(102mg/L)
Chl.a

MEE R o WIE/(10 2 mg/L)
Chla

M4EE a #E/(102mg/L)
Chl.a
o0

6 6 |
4t 4t
2t 2|
0 ¥ e 0 —
36 9 12 1518 21 24 36 9 121518 21 24 3 6 9 121518 21 24
I8 a]/d I [al/d I} ) /d
time time time
(a) (b) (©)

3 ANELRET LBk ik o 4 6% B R a0 4B K

Fig. 3 Chlorophyll a (Chl. a) concentration of M. aeruginosa cells in overlying water

100 100 [ 100
o g 80 I = % 80 I b =3 i_é 80 I b
Sz o6l b <= 60| c ¢ Sg gl a -
B2 c o 7 ¥ 2
RE 40} d RE 40 | RE 40}
®E ®E ®E
© 20} a e 20t o 20
g 2 0 0
CK MP SA MP-SA CK MP SA MP-SA CK MP SA MP-SA
2H 5 2H 51 255
groups groups groups
(a) (b) (c)

B4 R—ERETSHERAEHNEERREEFRREZESH

B AR NG PR ORI R 5 R B A B 12 57 (P<0.05)

Fig. 4 Recruitment rate of M. aeruginosa cells at the end phase of the experiment at the same temperature

Different lowercase letters in figure denote there was significant difference in the recruitment rates of M. aeruginosa among experimental groups at the

same temperature (P<<0.05)

SN BRI S BE B TS AL T AR AL, T AR B AR
BRI, WINFEE (Exiguobacterium) 1 R T
PR (e 2), 15120 °C 414 T A3 5 Ee 4 il
h 61% 1 54%(5] 6-a); 7F MP 4, &SR 2
r A B TR Ak T o O Sy, (B IR R
L, AR R, SRR S I BT (R 2), X
AT fiE 5B BR L A L 2 A AT B A T AR I PR AR
FX, MT SAHU, 1E10, 15F20°C &4 F, UL
T R DL SR 24 R ZE AT 1R . XUBCHFT B (Bifido-
bacterium). FLERTE . JERET . IR MR AT,
PEAEE 7 HL a0 64% . 50% Fil 42%(&] 6-b); 7
3ABEEERERMET, X UL 3B R ZE AT
FIXEFF B, BEREW LT, £ AERET
(4 2 B2 A0 7 EZR ) T . X MP-SA 41, 7F 10,
15 F120 °C 454, UURU I DL 34 B 2 o 2 4
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FRER . BUSEAF B . FLEREA . JREETE . AR P A
R, B TR B P A 50% . 45%
F1 43%(5] 6-¢), Horp i X O 34 B Ry J BE B R 2 10
FROR o RN . ZFIRAT I . oI 5 R BE B 7R
SEEZ MP. SA M AE TARF LA (K 2), U
S A 2 T 0 - B i 18 HE Y P 3R A AN TR 2R
HOE@ XA R AAEZE 7 7 MP-SAAH, 1E
MP FI SA Hft b T 4 X HIE S b A7 1) A5 B i 17 1 2
FEUFF TR o L2 B N R, T JEERE A AL T 4 AR
P AT o S A TR I L R B Y B
T E B FE W RE n, HL 15 R0 20 °C B9 B R vk
JERE T 10°C (P<0.05)(El 6), 7E10., 15 F120°C
FMET, BB G TE N S R AT 12d
(55 0~12 K).
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WX CK AR CK m i CK
10 o wp 1001 O sa 100 r oo Mpsa
\°§80 \°§80- Ab Aa \°§80- A
S = S = | Aa S = | Aa  AafX?
M‘ é 60 M‘ g 60 Bb Aa M é 60 Ab
R £ 40 RE 40 R é 40 |  Bb
® 3 ® g Ba ® 5] Ba
o 20 o 20 ¢ & 20
0 0 0
10 15 20 10 15 20 10 15 20
IRz C IErC R EZ/eC
temperature temperature temperature
(@) (b) (c)
E5 FAREETEHEASHBASHRILREZESN

R B _EAR R K S 7 B R oR A RN B[R 42 i) B 35 22 7 (P<<0.05), AN[F) /NG 5 B 38 7 M [RGB R S2 96 20 45 50t R 4 2 i) L
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Fig. 5 Recruitment rate of M. aeruginosa cells at the end phase of the experiment between

fish-excrement and control groups at different temperature

Different capital letters in figure denote there was significant difference in the recruitment rates of M. aeruginosa for fish-excrement or control groups at

different temperature (P<< 0.05), different lowercase letters in figure denote there was significant differences in the recruitment rates of M. aeruginosa

between fish-excrement and control groups at the same temperature (P<<0.05)

T2 TREBEFHTIIRERBEHRSLLL

Tab. 2 Dominant bacteria and proportion of each experimental group under different temperature conditions %
B C e MP fifi  SA HH-fif MP-SA
temperautre WHE 54 R4 B Akt R4 B ea
dominant bacteria rate dominant bacteria rate dominant bacteria rate
10 RRIEE  Pseudomonas 33 TEMUAFR Bacillus 20 EHINFTE  Bacillus 12
W  Fusobacteria 13 MEAHFE  Bifidobacterium 13 XA E  Bifidobacterium 8
EMFTE  Bacillus 9 B Lactobacillus algidus 10 JEBETE  Firmicute 14
INE  Vibrio 7 JEEE  Firmicute 10 AL Proteobacteria 7
AR Proteobacteria 4 N Vibrio 7 FLEZE  Lactobacillus algidus 6
JEEEW  Firmicute 4 B Pseudomonas 4 MU Pseudomonas 4
15 R Pseudomonas 25 FFFE  Bacillus 18 HFE  Bacillus 9
W  Fusobacteria 9 MEAHFE  Bifidobacterium 9 XEHAFE  Bifidobacterium 5
EMFTE  Bacillus 12 B Lactobacillus algidus 7 JEBETE  Firmicute 15
INE  Vibrio 5 JEEE  Firmicute 9 AR Proteobacteria 7
TW/NFR Exiguobacterium 5 N Vibrio 4 FLEZE  Lactobacillus algidus 5
JEEEW  Firmicute 5 B Pseudomonas 5 M Pseudomonas 5
20 PR Pseudomonas 22 FFFE  Bacillus 15 M Bacillus 9
W  Fusobacteria 8 MEAHFE  Bifidobacterium 8 XEHFFE  Bifidobacterium 6
EMFTE  Bacillus 12 B Lactobacillus algidus 7 JEBETE  Firmicute 13
INE  Vibrio 6 JEEE  Firmicute 7 AR Proteobacteria 7
TW/NFR Exiguobacterium 4 N Vibrio 2 FLEZE  Lactobacillus algidus 6
JEEER  Firmicute 3 B Pseudomonas 3 B Pseudomonas 2
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Fig. 6 Proportion of dominant bacteria in
total bacteria of each experimental group under
different temperature conditions

(a), (b) and (c) represent MP, SA and MP-SA groups, respectively
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1E0~9d, FLWmARFMAT IR TR, H15
F120 °C Z54F T BB AR 0T R B LT 10 °C,
12 KRG ¥l oy, EE R A 28 TR ik
T, TE3 MM AT, CK AR M E S
WA, A 2R TR B (B 7). TESE
R EE 10, 15 F1 20 °C 44 F, MP. SA il MP-
SA L TEFEA S5 B B (1) 7 0 i AR o R B 0 3
& FXF HR 4 (P<0.05), H¢AEFE 3~12 d L5 B B
(B 8)o FEMIXT AR EE 10 °C 1, “R{L MP., SA
F1 MP-SA 41 5 CK 4 2z [8] - ¥4 %5 fift 580 & A 1F
M2 R (P<0.05), 3ANSCEG 4 2 At A H L
AW EVEZE R (P<0.05)(F 3), BENTHE A S
MR BICHE K R CK>MP-SA>SA>MP., i 7£
15 F1 20 °C W, 3 4SS5 41 B 2% i % =
FAK T X B4 (P<0.05), 3 NS2EedH =z | 2 B
AR FEEES (P>0.05)( 3).

2.4 SWI RUBLL(ETS L

TES IR IR 100 15 F1 20 °C 564 F, 5%
JF#EH MP, SA Fll MP-SA 411 N = P {H AE 5256 By
BLES 0~9 RPUEE TR, 2 9 KAl JE ik 2 A,
8512 KRG B m b, 1524 d FEARLERRE— &
(7K, (A A LR 2R TR Ll . 75 3 8B
FEWEE T, %5 0~9 K, A N/P AT R iy o2
MP 4, HIRMKIK K SA, MP-SA ZHAICK 41, CK
HON/PAEATC B &2 (81 9), HprB 3 45k
205 CK 4 N/P {H 1A AE i & M 25 = (P<0.05),
3 ™S5 21 2 () A% AR A AR B 2 25 R (P<0.05)
(F 4. 15120 °C &M, SHH N/PE T FE
BRI G 10 °C, HA A ) e/ N/P R
WA F [ 10 °C %4 T N/P{H, 15 °CH} MP,
SA Il MP-SA 41 N/P f/IME 4351 4 10.1, 12.5 Ail
14.5, 20 °C BR/MAES 510 9.9, 12.4 F114.3, 1
10 °C B} fe/IME 4> 0 12.8 . 15.0 F1115.3 (K 9).
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Fig. 7 Concentration of dissolved oxygen (DO) in the sediment-water interface of
each container with different fish-excrement
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Fig. 8 Analysis of the significant difference about average DO concentration between

the control group and the experimental groups

Different capital letters showed significant difference between the control group and the experimental groups (P<<0.05)

®3 TEEBEEFHTEIM RILUARABIRESENERERSESH
Tab.3 Difference analysis on the mean value of DO in the experimental period of

the 3rd-12th day under different temperature conditions

23 groups

R/ °C

temperature S CK F MP fii  SA FHa-f  MP-SA
10 6.140.42° 3.61+0.25" 4.3240.28° 4310.32¢
15 6.09+0.31° 3.92:0.22" 3.96+0.24" 4124035
20 6.11£0.37" 3.89+0.31° 3.95:0.33 4112029

I FIRA TAR/NG TR R R 4LE 2 5 1 B35 (P<0.05), TR

Notes: different small letters indicate significant difference between groups under the same temperature conditions (P<<0.05), the same below

(RJ8) FRZMAL, Nt fWetpiRiREzE ETRENASIHRER RN, HKEN K
FOBT L IF 2 EEDKAR LTI Y RBIEIURL, ] 29 35 5 2 B3 e AR IR AR 19 2 95 T AT
D) aDh 2T 25 13 A B KR [0 T B S IR B B . RAAUD AR i e AR IR A A2 08 B R S

R 3R T2 7K A A T 0 2 il 20 98 R IR A A= K 1 ARSI S B B B SRR R O 10 °C
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Fig. 9 Dynamics of N/P ratios in the sediment-water interface of each container under
different fish-excrement conditions
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Tab. 4 Difference analysis on the mean value of N/P ratio in the experimental period of
the 3rd-12th day under different temperature conditions
B/ °C 2H5]  groups
temperature X CK o MP Fa-fili  MP-SA i SA
10 18.31+2.12% 12.71+2.03° 16.43+2.46° 15.33£1.95¢
15 18.35+2.34* 11.93+1.95° 15.7542.19° 14.27+1.88¢
20 18.2842.27" 11.89+1.34° 16.01+£2.32° 14.81+1.79°
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Effect and track of Mylopharyngodon piceus and
Silurus asotus intestinal excreta on the recruitment of dormant
Microcystis aeruginosa in aquaculture water
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HAN Qing', WANG Wenbin', YANG Pinhong '

(1. Collaborative Innovation Center for Efficient and Health Production of Fisheries in Hunan Province,
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Hunan University of Arts and Science, Changde 415000, China;

2. School of Life Science, Hunan Normal University, Changsha 410000, China;

3. Division of Plant Sciences, University of Missouri Columbia, Columbia MOG65211, USA)

Abstract: Microcystis aeruginosa is a kind of cyanobacteria that can bloom in freshwater lakes and slow-flowing
water, especially in freshwater aquaculture waters. A large amount of feces will be excreted by benthic fish in the
growth process, which may provide conditions for the recovery and increment of M. aeruginosa. To explore the
effects and track of the fish intestinal excreta (Mylopharyngodon piceus and Silurus asotus)on the recruitment of
dormant M. aeruginosa from the sediment, and to find potential factors and mechanism, simulation experiments on
the recruitment of M. aeruginosa cells from sediment were performed in the presence or absence of the fish intest-
inal excreta. The intestinal excreta of M. piceus or Silurus asotus were fully mixed with cells of dormant M. aeru-
ginosa, and then they were all buried in the lake sediments. The co-culture and recruitment experiments were car-
ried out at the gradient temperatures of 10 °C, 15 °C and 20 °C. The results showed that the recruitment rate of
dormant M. aeruginosa cells in M. piceus excreta group (MP), S. asotus excreta group (SA) and M. piceus or S.
asotus excreta mixture group (MP-SA) were all significantly higher than that in the control group (CK) (P < 0.05),
and the recruitment rate of dormant M. aeruginosa cells in the MP group was significantly higher than those in the
SA group and the MP-SA group. At 20 °C, the recruitment rate of dormant cells of M. aeruginosa in MP group
was significantly higher than that in SA group, MP-SA mixed group and CK group, however, there was no signi-
ficant difference in the recruitment rate between SA group and CK group (P > 0.05), and there was no significant
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difference between MP-SA group and CK group. From the point of view of gradient experiment temperature, the
recruitment rate of dormant M. aeruginosa cells both in the control group and in the experimental group (excreta
group) increased with the increase of temperature. At 10 °C, recruitment rate of dormant M. aeruginosa cells in the
control group, the Mylopharyngodon piceus excreta group (MP), the S. asotus excreta group (SA) and the mixed
group (MP-SA) was 14%, 45%, 36% and 28%, respectively, and at 15 °C, recruitment rate of dormant M. aeru-
ginosa was 43%, 60%, 51%, 50%, respectively, at the experimental temperature of 20 °C, recruitment rate of
dormant M. aeruginosa was 49%, 61%, 52%, 51%, respectively. For the control group and the three experimental
groups (excreta group), t recruitment rate of dormant M. aeruginosa at 15 °C and 20 °C was significantly higher
than that at 10 °C, but there was no significant difference in the recruitment rate of dormant M. aeruginosa cells at
15 °C and 20 °C (P > 0.05). At the same time, the main recruitment period of dormant M. aeruginosa was from
day 3 to day 15. During the experiment at 10 °C, 15 °C and 20 °C, the dominant bacteria of MP group were mainly
Pseudomonas, and the dominant bacteria of SA group and MP-SA group were mainly Bacillus and Firmicute,
respectively. In the MP group, at 10 °C, the dominant bacteria in the sediment were Pseudomonas, Fusobacteria,
Bacillus, Vibrio, Proteobacteria and Firmicute, which accounted for 33%, 13%, 9%, 7%, 4% and 4%, respectively,
the proportion of dominant bacteria was 70% in total bacteria. They accounted for 61% and 54% at 15 and 20 °C,
respectively. For the S. asotus excreta group (SA), at 10 °C, 15 °C and 20 °C, the dominant bacteria in the sedi-
ment were Bacillus, Bifidobacterium, lactic acid bacteria, Firmicute, Vibrio and Pseudomonas, which accounted
for 64%, 50% and 42% of the total bacteria respectively. For MP-SA group, at 10, 15 and 20 °C, the dominant bac-
teria in the sediment were bacillus, Bifidobacterium, lactic acid bacteria, Firmicute, Proteobacteria and Pseudo-
monas, and their proportions in the total bacteria were 50%, 45% and 43%, respectively. The concentration of total
bacteria in the sediment of each experimental group increased with the increase of temperature, and the concentra-
tion of total bacteria at 15 °C and 20 °C was significantly higher than that at 10 °C. 0-12 d was the period of bac-
terial proliferation. The physical and chemical indexes of the sediment-water interface (SWI) were measured and it
was found that the the N/P(DIN : SRP) ratio of MP group, SA group and MP-SA group were significantly lower
than those of the control group during the period of day 3 to day 12. At the three gradient temperatures, in the same
period of 0-9 d, the nitrogen-phosphorus ratio decreased the fastest in M. piceus excreta group, followed by S.
asotus excreta group, the mixed group and the control group (CK). There was no significant change of nitrogen-
phosphorus ratio in the whole process for the control group. In the same period, there were significant differences
between the three experimental groups and the control group (P < 0.05), and there were also significant differ-
ences among the three experimental groups. During all experiments, the change trend of dissolved oxygen (DO)
concentration was basically the same as that of nitrogen-phosphorus ratio, and dissolved oxygen. The results
showed that the intestinal excreta of M. piceus or S. asotus could promote the recruitment of dormant M. aeru-
ginosa, which may be the result of the decline of N/P ratio and dissolved oxygen concentration caused by flora in
the excreta during the growth and proliferation period, and the effect of promoting-recruitment was more signific-
ant in the lower temperature range (10-15 °C). The results are of theoretical significance for the recruitment of
dormant M. aeruginosa cells, clearing the pond of silt, and the mechanism of bloom outbreak of M. aeruginosa in
spring. It also provides a new way to prevent and control the bloom of M. aeruginosa in aquaculture waters.
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