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IKBHR R U ) S TS AR A, 5 SRR A B LK AR 4 (DO) & A pH b T B 3 T 0 B
2 P ATAERF S AL (NO, -N) & i AERARAK T, 230 25 R B AR #R (PO; ™ -P) BB S A (NH,-N) 5 i i 3
R T (P <0.05) o A WA E ZAENE KIS IR BUR R TICHL (P < 0.05) s PRI AT 4 2] i
BT B E AR 2257 (P < 0.05) o AN HER A /AT R R, Joe SoAT B o — IR w1 1 o 2
B[] (Proteobacteria) \JAZK ] ( Actinobacteria) , JoA= W)Xk BAZH 7351 o AT BT ) FIJELBE B 1] ( Firmicutes ) 5 240
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2100 ) S A S R R B T I 5 R
58, LW KR & TR AL

I FN R AR S R G5 — L TR
SR TFCHE X, 2R A B R il I % 5 A T
X, XRS5 T W EAR R Wi RAE T LD
ABIFSE 5 FH A BRI ( Turbo cornutus ) 1% A6 G 1Y I
MREEFR £ 18 JGL A4, LR 42 38 48 89 ( Chrysiptera
parasema ) A WLEL FARM KRR R |, SR 5 ) I
K o BRI T K 25 A A R B ( Caulerpa
lentillifera ) F1 40 & B Bt 3% ( Eucheuma
denticulatum ) W) £ " R #  ( Caulerpa
sertularioides) " g 7 3 58 6 £ FR IR KR
G, RIT R ILHEHN A /K GAR 3T 1 4 ) S
FaE PRS2, LA S Ay gt A B 45 B ELASE 1 7K
TS WUBEPE R 7 T RSB Al o

1 Me5I5k

1.1 EMERBEREFREH

S PR MR 3 ( Caulerpa sertularioides ) %
T SCE TR PV R K T DR OT 2 R
TR R A ARG ), W U Ja B AR B FR T L
25~ 30 (26 = 1) °C J ot B8 i 25. 00
s) A & Mo S AR ( Turbo
cornutus ) 5§l 4> 8 42 84 ( Chrysiptera parasema ) Wi
B LR IE ST, 38 1] 50 50 & 4858 I M 77
J&, THEYEE 25 ~30 R (26 £ 1) C KOt R
25.00 pwmol/(m’ - s) ST,
1.2 WFEHERFHEE

A S KRR R B4 S ORI PR &R 48 1 300
LKA, B i 8 W 2 s, i B v ) B
AEE IS MR AR 4 mm FLIH , SRIE A 51
IKIARAZ i g s 6T 12 W) LED 4T (120 BT
BR) L A VBT R BT A2 06 R ik B 4 A 7 25. 00

pmol/ ( m -

pmol/ (m® « s) ZE 47, JE R I 120 12, DA4EHE
HIE# AR ik FPGFR KR M, Fs 3 000 L/
h, KARERE R 27.5 £1.0 JRAEE R (26 £1) C,

ST 3 LI, o B T A AL B
WA BEHCAEDA) , BHB 3 AT,
T TS A5 H AN [ AR ) 1) R B B E A 182 ST 4%
HAEYRCE MR 1 iR, SCRILHEITT 4,4 H
S ) ) 4 3 4 SR R RL 11k
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LEDT (12 W) LED lights
W &M Bk¥E Caulerpa sertularioides
¢ IR Turbo cornutus
(2) R4 W&LS Chrysiptera parasema
J&W Coral sand
KA M Circular flow direction
L] #& Algae box

Bl BFEHERZEMEE

Fig.1 Construction of the microcosm system

®1 IBRALYEE

Tab.1 Biological configuration of experimental group

2/ 5] Group

Caulerpa sertularioides/ g

Turbo cornutus/g

il 4 8 72
Chrysiptera parasema/g

BT

25 {4 % iR Control
JCH4H Without algae
A ¥4 With algae

JeHEY4H Control

AP U With organisms

- 50 = 1(£430 ) 40 = 2(425 &)
150 = 5 50 = 1(£930 H) 40 + 2(Z25 &)

H K
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1.3 H@RRES55H

S ) 43 R AT KA R AR, LA 58 UK IR 25
AL AR AR A3 BT o KA Th g 3% 2R 8 K B 3
34 ( Skalar 3000, Hollend ) il %€ , &5 fi# 4 ( DO)
5 pH i 1 Z S H0K Bk 4L (Hach HQd, USA )
MZE . 557 RREADKIGH E.p R 3 2K
R RAPATALA R AEEWAL 5 L AR, 3 3 4
B PRI AE RGN RIS TR, g R A
(18 AL HEAT 0. 22 m I8 IR L 25 Hl UK, 18
-80 CZ&A/F T IRAF, B fF DNA 425,
1.4 DNA {2EUK PCR §-i&

B 1.3 1 R B BY R IS, 2 IR DNA 35 £
(TruSeq™ DNA Sample Prep Kit, | 5% 1 B/
A]) AT HCHE A 2H DNA, 1L 2. 0% Bt fig 4k e

JCHLTK 7 BT REAS DNA 1 SE 8. 1Yt ansk
2 iR, i EHESETE A A RS . PCR K (20
pL) :5 x Fast Pfu Buffer 4 pL dNTPs 2 pL( &
JZ2.5 mmol/L) Em5IH)4E 0.8 wWL(LHkE S
wmol/L)  Fast Pfu % & 0. 4 pL, DNA ik 1
wl BSA 0.2 pL, #h K WFEK % 20 wl. PCR
FRZH:1 % (95 C 3 min) s fEFREL(27,35) x
(95 C 30 5,55 C 30 5,72 C 45 s);72 € 10
min, 10 CH LR, 7P DNA BEK it
& (Axy Prep, AXYGE A #]) [l zlifk, >R H
56 E 7 2 %0 (QuantiFluor™-ST , Promeg /A 7] )
PEATE AN, IEAEAH N 8% . PCR 2™ Wy 22
F6 ST LR WA T i Y

F2 35|¥igit
Tab.2 Primer design
FeA Wy X35, Gl 51¥)5 5
Sample Sequencing area Primer name Primer sequence
338F ACCGATAGCAAACAAGTA
JNEE Bacteris
AT Bacteria 338F_BOOR 806R TCCTTGGTCCGTGTTTCA
= . LSU335F ACTCCTACGGGAGGCAGCAG
> [5
B ZEY) Plankton LSU33SF_LSUTIAR LSU714R GGACTACHVGGGTWTCTAAT

1.5 HIERQESSH

JK ST {# A GraphPad Prism 7. 04 4b ¥ Jf:
2 EUE 5 Sl W e v 2 B2 23 b b S %60 1y A
(CCA)HIfEFH R 4.0.3 5250 {8 ] SPSS 23. 0 i
TR Z J7 2507 (One-Way ANOVA) ,P < 0.05
RRERTFE,

T W) B % 22 RE M I 38 5 B AR Bl
Mothur 1.30. 1 31845 5, 38 Student ¢
Brvk (Student” s t-test) #EA7 P 2H 8] 22 55 46 56, #H
KA, Shannon F5%7 .

Sesp,  m,

Hypn =3 10 (1)
S, W SEBRINEN Y OTU 0 H 5n, NE i 4>
OTU Fir & 1P 50E N R FIn A iR P S8R

Shannon even 5% .

Jammoneven = H gannon” 10825 (2)
A H o IR ZAENERE R S AR TP B
KB

Coverge F8%X ;

C=1-n,/N (3)

Kpon, N HSAH—FFF OTU X0H s N 9l
FE BT SIECH o

2 4

2.1 KIREETF

SR HINA] , 4% S5 2H K AR A% T BHLAL A s 1 B
AFE S (B 2) o KIKERA(DO) &
1 pH /) SRR e e sh BT, i s BRI
WA A DA TCEAE2(a) K2
(b)Jo H WA KKBERE (PO, -P) SR
(NH,-N) &N bl 55 7 R 28T 08
H(P<0.05); OB 4 Kk 5w, H
JRgtE TRELE 2(c) (B 2(d) o A B4R
THAS R (NO, -N) i 7E S5 0 A ZE 15 B AROK T
FA S A WA T TORELALAES 3 ~5 Rk
A NO, -N &4 b & 2(e) | #54b 2T
AUKRTE S R (NOS -N) 5 i A — & R 19 I
3y (HER T RIS, A BEALUK AR NOy -N & & B2
TIBH (P <0.05) [ & 2(H) ],
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9.00 ; = 2% Control -s-7# With algae 8.2 - %*H Control —-=# With algae 0.08 —-%5q Control -=f# With algae
—— 3 Without algae —— i Without algae o ——JC# Without algae
a 2
S 8.75 = 81 - 0. 06
= ]
>~ &
S 8.50 % ~ 0.04
i & 80 -
@ 8.25 & 0.02
g 1 1 L 1 1 1 ]
8053 1 5 6 7 S 1 2 3 4 5 6 1 % Tz 5 4 5 6 7
BFRH Days BEFRRH Days FEFR R Days
(a) (b) (c)
—— C ] - With al —— %% Control - 7G¥% With al —e— 727} Control -=~7#: With algae
0.04 *%g w(j)rtllizzt a]gafﬁ 1h alese = 0.010 —— HE W(i)rtlhzﬁt algae e A 0. 150 —— T Without algae
E" 0. 008 e
g 0.03 S & 0125
éﬂ T 0.006 =
0.02 =i 0. 100;
& = 0004 E
® o.01 g 0,002 g 0.075
0 = 0 0. 050
0 1 2 3 4 5 6 17 0 1 2 3 4 5 6 17 0 1 2 3 4 5 6 17
HFRRH Days BEFRRH Days HEFRRH Days
(Y] (e) ()
B2 KREFRFETUER
Fig.2 Change trend of water environment factors
2.2 RGEPHEMSHEESHT T AEAH S A A i R s Y S B
2.2.1 Y R WBHEEF(P<0.05), HICHEHZHEY R

A5 AL A TR AR S 20 TR R VR T 2 RE PR T B
5L L3 3, FF(d ] Student’ s ¢ Ky 35 75 64T W 41
(B 25 A o TR FR i 1 B 55 5 ( Coverage ) Y
1t 97% , FREITICE Wy TR B A R, A s mT
HEo A URL Y 20 T T TR 22 RV S S FE AR AL
FRTIOBA (P < 0.05) , AT REAE B T7E 0T 1
Hh Rk 3 KA A AR AL T R A R R R
MR BOK 2 P 4R T V% 2 FEPE T R, A
UL, IR TR 226 B 34757 B v v 2R CH T
4> TEYIH > A,

x3 AEZHMEEH

Tab.3 Bacterial diversity index

FEARZ R Sample Shannon  Shannon even Coverage
ToAW)H Control 5.612 0.717 0.973
ToE4H Without algae 5.871" 0.755** 0.975
A4 With algae 5.218* 0.677** 0.974

TP < 0.05 fRiC * ,P < 0.0 HRICA * = .
Notes: # P < 0.05, # * P< 0.01.

2.2.2 FIEYM 2R
A REBRLE KRR dh I 0 A WA T 1 2RI
FRAE R IR 4, I (A Student” s ¢ K5035 2EAT
P2 18] 22 5 K B o P A A il 1 B S R B
99% , F Tl E I Py DR BB w7, T A i vl

http: //www. shhydxxb. com

SERFERTAHBEA(P < 0.05) o BV, K
PRPFUF A W) Z2 A S 28 20 B2 oy e B O A= 1
> B > H B .

x4 FHEYSHEEELY
Tab.4 Plankton diversity Index

FEARZ FR Sample Shannon ~ Shannon even Coverage
e Control 2.128 0.409* 0.998
JC#4H Without algae 1.715 0.333* 0.998
A ¥4 With algae 1.301 0.243 " 0.997

P < 0.05 FRicH * o
Notes: = P < 0.05.

2.3 RAGHhMEMYTAR D
2.3.1 EEEYIR AL

ntE 3 fros ARG 0 2 BT 4521, 25 92 5
LS R Il S I o T e O < s
il g 22 JE B 1) ( Proteobacteria ) | Ji £k I 1]
( Actinobacteria) . fJl #F & | ] ( Bacteroidetes ) | J5& &%
] ( Firmicutes ) . Patescibacteria., i% ik ]
( Dadabacteria) | ¥ % I# | ] ( Cyanobacteria ) | &% 25
Hil] ( Chloroflexi) . JE % 7 ] ( Verrucomicrobia ) .
B2 A ®i '] ( Acidobacteria ) DL K 7% % I [
(Planctomycetes) . JoA= ) 2H A8 B I 7] 5 J5 B
TR 100 R B — L R3], RO TR A ] A
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AT FE T B P 2s — AR T I
VFICE TR, HLWG 5 32 B Z FOAE 40 T R 7% b o
60% LA b e SR 8 — AL T BB
TSR], HLAT o5 Ll 7 65% DA b FE0C
B AT B P S T ] SR T BT o b
I EJEERE TR [ A BT 1) T o7 LBl A /N o
FEJE K438 I, 45 Kb B2 200 1 1 % 4 4 22
S, HOAH T R AL A R TR (B 4)
Enterovibrio TEA B0 R 55 AR @ , £ L4
B, TETC A YA R K 5 Gilvibacter TETG
AW b R o AR (B A T B T R A

Pseudovibrio {EICHELH P & UK, 72 B
R A BU IR B ( Shewanella) | & 6 B &
( Photobacterium ) | Vogesella . Halodesulfovibrio J
Sediminitomix TE TG AW H P A H, S 7]
AT H & ( Mycobacterium ) YR Jg& ( Vibrio)
Je X A8 ( Gordonia ) 55 41 R EVE TE TS A= P 41
WS R, 5 JC B A AT B A A ) 22 S AR
(P <0.01) ; ZFAFF @ ( Bacillus) } OM43_clade
TETCBEL B AT B4 P & B, 5 e A Wy 4 1) 22
FRE(P<0.05),

5%\1'6' WA HE ] Proteobacteria
N 8 W B4 ] Actinobacteria
H g B AFE ] Bacteroidetes
Ro JBEEF ] Firmicutes
B Patescibacteria
@ JXIAH ] Dadabacteria
& mE#E ] Cyanobacteria
frec) m B H ] Chloroflexi
=N WP Verrucomicrobia
s = BB E ] Acidobacteria
Ha_g N EEWI] Planctomycetes
s Desulfobacteria
= mHAh Others
8
i . .I
#@“
s
=
0 0.2 0.4 0.6 0.8 1.0
TI7KF & SRR A A B A (A 2 B
Percentage of community abundance at the Phylum level
3 K ELEAEEENENFEE
Fig.3 Percentage of bacterial community abundance at the Phylum level
*5 ERBANEIZERE
Tab.5 The main genera of bacteria with great difference
8% Genera ToEA TodEd fiEd p
Control/ % Without algae/% With algae/%
I RAT & Mycobacterium 1.042 7.410 6.972 0.001
YR @ Vibrio 0.039 2.811 8.547 0.004
A JE Bacillus 9.831 0. 660 0.219 0.000
norank_f_norank_o_Dadabacteriales 3.505 5.970 0.881 0.000
X B S Gordonia 0.348 1.112 4.382 0.008
Pseudovibrio 0.151 1.277 4.084 0.012
Wt F IR HE & Nocardia 0.654 1.540 3.179 0.015
unclassified_c_Gracilibacteria 0.001 0.286 5.012 0.005
norank_f norank_o_Actinomarinales 1.492 3.072 0.432 0.003
R H B Ruegeria 0.103 2.089 1.899 0.006
OMA43 _clade 3.824 0.056 0.002 0.014
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3et2
4et2
- betl
- Tet0

l 8e-1
le-1
OM43_clade

unclassified_c¢_Gammaproteobacteria
norank_f norank_o_Candidatus_Kaiserbacteria
norank_f_norank_o_Chloroplast
FHUFF )R Bacillus

Gilvibacter

ST IR Mycobacterium
SRR Vibrio

Enterovibrio

AWK JR Shewanella

norank_f | i
unclassified_c_Gracilibacteria
Sediminitomix

KE KR Gordonia
Pseudovibrio

Nocardia
unclassified_f_Rhodobacteraceae
MR 2 WUAT R Fictibacillus
norank_f Methyloligellaceae
norank_f _Caldilineaceae
AR Streptomyces

TR HMLE)R Pseudomonas
norank_f norank_o_Saccharimonadales
W5 AR Coxiella
Methyloceanibacter
unclassified_o_Chlamydiales
Cognatishimia

norank_f norank_o_Gaiellales
norank_f Legionellaceae
unclassified_f Hyphomonadaceae
BB Muricauda
unclassified_f Flavobacteriaceae
unclassified_f Rhizobiaceae
Vogesella

S NI Brevundimonas
KRGS Salinisphaera
Halodesulfovibrio

Actibacter

IR R Novosphingobium
norank_f unclassified

norank_f norank_o_norank_c_KD4-96

FEA

With algae

TAEMH
Control

IR Sphingobium

4R KHB Ruegeria

AR Erythrobacter
Sva0996_marine_group
unclassified_c_Alphaproteobacteria
RIHFHE Photobacterium
norank_f norank_o_Dadabacteriales
norank_f norank_o_Actinomarinales

REFFHE Acmetobacter

Without algae

4 EAKTLFERSWARBEEFERE

Fig.4 Heatmap of bacterial community abundance at the Genus level ( Top 50)

2.3.2 A YREK YR AL

WES Fros, ARG Iy 82 BT 45 2R, 25 92 50
RSP E Y T 9 F 204 T 8 AN, 41
SR 1] (Bacillariophyta ) | A 73 28 1) EL B | F-
BER 1 (Ascomycota) ARIPREZAEY) LFET]
(Ciliophora ) | £g ¥ ['] ( Chlorophyta ) \ 4 L H ']
(Foraminifera) L & # %:] ( Euglenophyta) . i
SEH AT RERET], = A SR
TR E Y REVR £ 40% DL b, B84 s —
PEFATTIA BTN, JCAE W 4 K 4 S BT
THHRR KB ALY, A H TR
ITo TETCAWA D FRER ]S BN, HRK
AALAGETCHEA PSS /A 1% BAAL
MO ERZ TR TCHA A BT, F5H
WESE NN 2 b7} g n 1l NI S N7 3]
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NS}l L

TEIR K026 b, 45 b 20 V7 ik A M B VR 4
M 2E W, B A A AR (E6) ., £
SR v AR — LR 2 H B R (Melosira) |
B B =R B A AR, HA A=A n i
7% 45 B 55 A Bl Glabratella 1 fw £ & 2 )&
(Apokeronopsis ) 18 JC 4= ) 2H vh R K 1, i 3 &
( Tetraselmis ) . Cryptoperidiniopsis 1 J5 B+ B J&
( Metaurostylopsis ) 1£ JC ¥ #H & K ¥ H,
Cryptoperidiniopsis Fl )5 &+ H @ 75 A e 4] ok
¥, 3 H B 3 6 w1 Hl. Poterioochromonas .
Poteriospumella , Engyodontium F1 Rhinocladiella 1F
T L, 5 0 AR W 2H AR B AH A ] 2%
WE(P < 0.05); M E ( Micractinium ) Fl
Psammodictyon TEICHEYI L P 5 L, 5 TC B4 I
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AHEHA R 2 7B (P < 0.05),

M #:#(] Bacillariophyta
M Unclassified_k_Fungi
B 7#E ] Ascomycota
[ Unclassified_d_Eukaryota
B 4[] Ciliophora
£#]7] Chlorophyta
W AEFLH]] Foraminifera
[N ##]] Euglenophyta
W LA Others

ToHEMA
Control

g vil

HEEA

With algae Without algae

0 0.2 0.4 0.6 0.8 1.0

FAXTER Abundance

BS IkFLFHREMREEHENEE

Fig.5 Percentage of plankton community abundance at the Phylum level

2et4
le+3
-let2
- letl
let0
le-1

B IR Melosira
unclassified_k_Fungi
unclassified_f Debaryomycetaceae
FeWE g Acineta

JitBEJ8 Tetraselmis

BLBEIE Micractinium
Cryptoperidiniopsis
Psammodictyon

J5 FeKE U8 Metaurostylopsis
BB Dictyosphaerium
Diplonema
unclassified_c_Trebouxiophyceae

Uronychia
unclassified_d_Eukaryota
Labyrinthula
Japonochytrium
Bryophyllum

Plagiotoma

unclassified

Spumella

unclassified_f Pfiesteriaceae
Bakuella

Protocruzia

HLTUIR Acremonium
VKR Rhinocladiella
Vi 4R Glabratella
Poterioochromonas
Apokeronopsis
Poteriospumella
Dimastigella
Arcticomyces

AEIE Trichoderma
Exophiala

W85 I8 Engyodontium
unclassified_c_Oomycota
Hortaea

Fereydounia

Yamadazyma

Talaromyees

FRHER IS Ochromonas
Digitaria

Ml 218 Aspergillus
Cadophora

unclassified_f Thalestridae
unclassified_f Normanellidae
4L U Trochammina
I 75 Thraustochyriun
classified_c_Conoidasida
2R Nitzschia

HHIE Penicillium

T 4 b v ik
Control With algae Without algae
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Fig. 6 Heatmap of plankton community abundance at the Genus level ( Top 50)
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Tab.6 Main genera of plankton with great difference

4 s Wy
Ji4 Genera (?Eif?/g Withoiul{flie/% thﬁﬁzi/% P

Poterioochromonas 0.076 7.488 0. 004 0. 035
Poteriospumella 0.072 4. 654 0. 009 0. 037
Tkt || Micractinium 3.049 0. 001 0.39%4 0. 047
Psammodictyon 1. 691 0.298 0.016 0. 001
WA ff )@ Rhinocladiella 0. 004 1.789 0. 145 0.018
5% )& Engyodontium 0.197 0.842 0.210 0.015

2.4 REPREVERERFHXER

VR (A LR G AR Vs TR e 1~ 15 {2
Je W20 TR S e A 3 () e, % 2.1 19
H1 6 A PRI R JE AT B0 X5 1 430 A7 (CCA) L 56
— HhfAR R A 73.28% (K T) .

CCA 2R BR A YA AR AR —
Bh RIS TCAEYIA, A A R e B AR
TEAEEE M oy IF . TCBE A M AR AR B
FEHERBTEEEMLEXR, 5HEMSA
(DO) K pH ARG, RUKAR IR A 2%, h ¥y 1
Zhf K 4k DO M pH 2 2 % T H AL ML (P <
0.05) , H /K& o & & 2 3 & T H At Ak 31 20
(P <0.05) ;4 B MAR I, W AE DAL eV
J£5 DO Je pH BIEMHK KR, SERB G EHA
o WK 1A, B IR R & X # 2
¥ # )8 ( Bacillus ) I 30 W J& ( Enterovibrio ) £
TSR, 5 pH 2 IEAH I OC R L A FhHE 7%
B Zs N E Y OKE B R, LB
Poteriospumella }% undenfied Funji 5% pH 5 DO
SERBCR AR 2 58 R & IR R
KF
3 it
3.1 KREUGENKRIELIER

RAEVEEROCAVEFIREREIL O, , BRI K iy
AL (CO,) T B 5 (H' ) ki, T2 &
pH A1 DO 3 HL, K700 i 3 R 6 Wi e s 4y ik
TRCEN K AA v 8 ARG 7 ) LA B B P fide T e T )
EIRERDY NIk B Ak A s A B VR
KK DO &1 Fl pH i BRI A B4 %
HRZH Toded , R BIEF I BR A B T4 M T
HKIA DO K2 pH ;A B KK NO, -N & F 755K
5631 P9 R 2 R IR SR, HL POL™-P NH-N &
H TR, 5 TANAKA 251 J1 IMCHEN 2512
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AT R AT s F BLAEEE 7 K, Jo e 4145 I
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M1 ~ 15: Mycobacterium; Vibrio; Bacillus; ( Order )

Dadabacteriales ; ( Order )
Photobacterium ; Sediminitomix ; Gordonia;; Nocardia; ( Class )

Enterovibrio; Chloroplast ;
Gracilibacteria; ( Class ) Gammaproteobacteria; ( Order )
Actinomarinales ; ( Family ) Rhodobacteraceae ; Ruegeria.

Pl ~ 15. Melosira; ( Kingdom ) Fungi; ( Family )
Glabratella ; Poterioochromonas ;
Apokeronopsis ; Tetraselmis ; Poteriospumella ; Acineta ; Micractinium ;

Debaryomycetaceae ;

Cryptoperidiniopsis ; Psammodictyon ; Acremonium ; Rhinocladiella
Metaurostylopsis.
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Fig.7 CCA triplot of the environmental factors and

dominant microorganism species ( genus) ( Top 15)
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TENEI R AR g | AT AR ) 25 3 MU R G
TR A5, ELAE GO o P S B I R X
MR s Z R RIS RA R EE W, A
BFE 2 Fe A, KR 8 — T A A LA L 20 i 1
SR AT R A I WS AR o — T
T, LA P FRE R 400 B ) B e — e R |
SRR B ORI, R
A REREAK AR T A B RE P 2 e, IR HL TER
G R FR OR Y I 3 0 S U R U A RV 7 A
1T LA
3.3 WFHEPHMEWRSEENSN

Hi 40 & RE % 45 M or B, R B T
( Proteobacteria) 2k #i | ] ( Actinobacteria) L #F
1] ( Bacteroidetes ) J& {51 H A EZ LA AT,
5 AT P 40 TR 75 4% 10 9 SCRRAR 012,
(ERNEVGS N N G 33 =
SCM T T A T A5 B ). TEJB K
V- S I 2H A TR R VR A A L B s R
OISR T & ( Mycobacterium ) 2 0.2 K UL 14 455 Jit
B AR A P R A BT R
H(P<0.05), 82X W AT H RS
A7 B L IR B ( Virio) RETS A2 W) W35 8 T AL
PIZL(P < 0.05) , FH AU i e 5 AT BB 47 BUR
WHEA T R G, BAAAE IR A 5 3
Y, (H Sy sk o G g 15 00, 500 3 A VA T
FEIHVE. 2 A BB (Bacillus ) o X8 I &
( Gordonia) 5 FLA7 ¥ Ak 7K J5z F1 0 R 75 Gt ) 55 2
R AL AT AE 45 A B eh AR S E 4 A A
B, 2R AT B s fE A B4 v A i A, RO IR
WRTEA B P & 5 w2 w T HE WA, v fE
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H PR A ORI 248 43 T , 45 A B ZHL 1Y) 25—
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LR AL () FRETE ] (Ascomycota) 75 A7 JE2H
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B TEAE S RGO EZ 1, T
CCA G5 R BOK A 4% R 2 3, Tt Al TG
A WA E D SRR S5 A B 225
JC ARG E ) AU A DI T m o0 A B Hi, 2R
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diversity in seawater polyculture pond of shrimp and clam

Effects of macroalgae on the ecological microcosm'’s structure and stability of
aquarium

ZHONG Yiyun'?, GAO Xiaofeng'”, XING Hao'*, LIU Wei'?, CHANG Jianan'’, ZHANG Jianlin'?, HE
Peimin'*? ,SUN Bin'*"
(1. Marine Ecology and Environment ,Shanghai Ocean University, Shanghai 201306, China; 2. Institute of Marine Sciences ,

Shanghai Ocean University, Shanghai 201306, China; 3. National Experimental Teaching Demonstration Center of Fishery
Science ,Shanghai 201306, China)

Abstract; Construction of a stable and efficient multi-nutrient-level landscape ecosystem is a hotspot of the
aquarium industry these years. In order to explore the changes in the structure and stability of the microcosmic
ecosystem after the introduction of macroalgae in aquariums, water quality indicators, bacteria and plankton
community structure analysis were carried out in different treatment groups. The results showed that: The
rising trend of DO and pH in the algae group was higher than those of the non-algae group, and the content of
NO, -N could be kept at a low level. The content of PO, -P and NH," -N was significantly lower than those of
the non-algae group (P < 0. 05). The bacterial diversity and evenness index of the algae-group were
significantly lower than those of the non-algae group (P < 0.05); the plankton community evenness index
was highly different among three groups (P < 0.05). Bacterial community structure analysis results showed
that the first and second dominant bacteria phyla of the non-algae groups and algae-groups were Proteobacteria
and Actinobacteria. The abiotic control-groups were Proteobacteria and Firmicutes. The first dominant phylum
of plankton communities in each treatment group was Bacillariophyta, accounting for at least 40% of the
abundance of plankton communities in the sample. The first dominant genus is Melosira. CCA results showed
that the abundance of dominant species in the non-algae group had a positive correlation with the nutrient
content and was negatively associated with DO and pH while the algae-group was the opposite. The results
indicate that the microcosmic system plankton and bacterial community composition of different nutritional
levels are different. Cultivating Caulerpa sertularioides can effectively improve water quality of the ecological
aquarium and affect the microcosmic structure, which helps to bulid a stable and efficient landscape
ecosystem.

Key words: bacteria; plankton; microcosm; Caulerpa sertularioides; ecological aquarium
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