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Abstract Water 4amples were collected in sunimer tum_n, winter, and spring iy Belha‘l Lakefor t,he analysis of water quahty and
microbial commumty styacture. It was found that tha.‘f'(a]:‘ter guality in summer and aup(imn was worse thn in winter and Spring; and TN #
and TP were the ot important factors dffectlng the water qudhty The microbial cm}umumty strﬂlpture was investigatedzusing ‘MiSeq
high- throughput sequencing. It was found tha/t the phiyld’ Cyanobacteria,, Proteochtena Avtlnoha(’terla and Bacteroideteswere
abtndant 4 n allthe samples, whereas their relatlve abundances differed among the four seasons. In summer and autumn, the mlcroblal
dﬂlverﬁtles were higher, and_the phylum Cydl’lOdeteI’ld was most abundant, with the genus Synechocotcus dominant. In winter, the
phylum Proteobac,!brla was'dominant. In spring;, Actifichactetia, amf Bacteroidetes were abundant, accounting for 51. 5% -64. 3% of the
bacterial gémmunity. The redundancy analysis ( RDA) fésults showed that the microbial communities were mostly affected by water
temperattre in Beihai Lake. Overall, the water quality of Beihai Lake was qualified for the use of landscape water. However, the
abundance of Synechococcus in summer may lead to algal blooms. Thus, it is necessary to strengthen the monitoring and estimation of
water quality in Beihai Lake.

Key words : Beihai Lake; high-throughput sequencing; microorganisms; community structure; environmental factors; water quality
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1.1 #F5E X AR R4 i
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116°22'58. 83"E) , i A el Gl T AR Y 5;4' % , (%%tc
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2014"1 01503 201504, 201505, 2 AU JT B A i Sy SHL TR (9 W ek e 1 R i

201507 201508 RO ARG AN ERAR, B RS RN, A TEA TR, & E
HAr) , % F55 50 k% (201409, 201410) , &5 {1, JUH— B9 EH4ERY 6 ~8 A, ok —h 3 4
(201412, 201501 ) , 2= (201503, 201504, 201505 ) A RSCHKME (R D) AL S RE 7 W
FIE 2 (201506 , 201507 , 201508 ). 44> Hf [ s 4 2R (http://www. bjstats. gov. en/tjsj/) $24t, B3 1
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Table 1 Weather and hydrological conditions

&S FE & G = KA (HK)/C FR () /mm KIH H/d
% 201409 INEIHREE/18 ~28 127.6 0
201410 B/11 ~17 12.0 0
% 201412 /2 ~13 0.0 2
201501 INE/ -2 ~2 0.4 0
201503 /8 ~20 7.7 0
F 201504 £7/10 ~29 34.5 2
201505 2 7/16 ~30 35.0 1
201506 [ /18 ~29 42.0 1
H 201507 W21 ~28 107. 4 0
201508 EHHEW /22 ~29 82.6 0
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WA 232, 2 mm, G AFEFERT AT 50. 6% 5 HR Rk
Zs PR 139. 6 mm, 5 4F RN =9 30. 2% ; K
R ZEATRETR AT RN, A RATEAHH 2 H B
TR R IR, A2 PR R 5 | ) T80 1 B 8. 08 .
1.2 JKJEFRFRAGIN

R FIE K BT 3 742 ( Hach , USA ) B3 5
IR (T) FIE R4 (DO) . HAb B8 bR (G55 1k 2
TR COD, LT E R BOD, . EBE TP AR &
TN) W FE K FEHT M1 5250 28 24 h 2 P 52, HARN &
JrEnER 2 i,

F2 KWNTIBFENE
Table 2 Methods and instruments
Ko § Jr kbR e a3 &
Cob T RERIL (GB 11914-1989) e
TP(LL P it) BHER B 43 G EE 1 (GB 11893-1989) AT A6
TN( LA N 3t) B A B R A1 ik 42 S5 Y6 T (H 636-2012) = NUWIRA 5160 0 47
BOD; T B 545k (H) 505-2009 ) R I TR SR A

1.3 DNA FY4E IO e £l

B2 300 mL /KFE, 1 0.22 pum AYJERR (47 mm
EAZ 1 3 K PE Durapore 2% 11 JE 52, 5 1 980 £ I 4
&}, Millipore , Ireland , UK ) 1 € , Y5t 5 — 55 318 5 17 13
AYIATE 1 b FESRBUE DNA Z AR U8 B AR A7 7E
—20°C VKA 9. JC TR BY T BY R 8 AR sk H
DNA $2BUR7 £ (Fast DNA®  SPIN Kit for Soil) 4L
JE. DNA B, 4 e B il A A7 1%
Bt IS W R L S 0 4 B DNA B B R
NanoBrop ND-JZOI.OO ﬁ B 3 Ot Eﬁ‘( Tﬁe}m(r
Scidatific., Walihdnd, MA , USA ) 2 it i LONA e,
FARIEF Y DNA (72T - 20°C kst . /-

—PCR 4116 K s 3 e 0 R AR 1

3385 YACTCCTACGGGAGGCAGEA-3! Fl/806R .5/~
GGACTAGHVEGGTWTCTAAT-3". 18/PCR B HiiF,
B AT barcode (5 ~8 ML IR IT A ) 1 LR 514
JF PCR #"#4. PCR #"#43%J TransGen AP221-02;
TransStart Fastpfu DNA Polymerase , B[ 4= &R Ff A% 442 B8
IER LRSI T , BEREAR 3 AT W IR —FE A
[ PCR FP=HITRA 5 FH 2% Bt i i U6k J5C v K AG: 00, 18
H1 AxyPrepDNA #E B¢ [ i 1257 & ( AXYGEN 2 #])
VI [ PCR 7241, Tris_HCI Yt ; 2% 35 iAo ok
frill. 7€ PCR #2868 5 K H Nllumina MiSeq
PE250/PE300 #F47 i sy, P26 Ll 2Es
AYNE BA R EAT W AR P A HEA T A 3 e R
JHR B RS E AT 404
1.4 HdEabr

ey 38 5 BT 45 (0 41 38 F QUIME (http://
qgiime. org/tutorials/index. html) AT R R A
% OTU ( Operational Taxonomic Units) 4325, PCoA
( principal co-ordinates analysis) RIS . JFAI 1 &
48 kBT Ao

K H TU4 53 B (redundancy analysis, RDA) J7
W TR MR RE 5 IR BT R 22 I A A OG M
Hrb gAY R LL OTUs AU, R R 18 & #47
P =

2 BREHE | .
21 Amirid |y / o=

eI BB L0, o 5 AR
HE(27.50) W22 00)  £R(1970) (%
(8. 0°C )J 2 B s F KR B B b o 3 AT L
Frofe B () GB 383872002 ), %L 1 k1 DO
TN, TP. COD A1 BOD; EATIFHr (% 3) ﬂ

DU BE ST (0 0. DO &k 740 ~

~8.86 mg- L' AP, 754 I IOKARE, HiAlh

3AEN N T 2K TN &84 0.83 ~ 1.67
mg- L™ A& 2R TN Sy, o VK, B MRS
AR, A IV IR bR, B 2 & i iR, (H AL
RFN MK ARAE. TP 84 0.04 ~0. 11 mg-L™",
Hoi g gt A7 A 2ok bniE, 2o 3 ~2T7
P2k, COD H10.2 ~22.1 mg-L™"  HpE
Tt A A VoK bR e, Hofh 3 AT 126
JK. BOD, Jg 2.7 ~3.9 mg-L™", B &5 8w, 77
A MZAKARE, oAb 3 ANZE o T 20K, 3R 3
SATRIED, BRE 2 COD & &3 i A1, TN Hl TP f& 5%
M) TV T A o ) T2 B PR 2R
2.2 AEYIREE S

W 4 fros, &ad MiSeq M, &4~ FE 5 Pk H
19 096 55 L J52 7 51 R 47 43 Ar. AW 5 4 A AL BE Sy
97% WIFHRI 50K 1 4 OTU, F3-17 ZREvEFE #it
BT FE S 7 55 B (coverage ) Y 99. 0%
FEOA AN BN P VR 3k B4R KO Bl T 5.
Ace £HEFRBOTH, B ERE N £ 5 ER R,
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x3 AREFEHETDIBUBREAKRITMS (FHE 2 57EKBZE) /mg-L™!

Table 3 Physicochemical indices of different seasons and water quality assessment (Mean +SD)/mg-1.~!

= Wi T/C DO TN(LLNit) TP(LL Pit) CcoD BODj
201409 25.1+0.16 7.97 £0. 02 1.28 £0. 02 0.08 +0. 00 15.4 £0.07 2.5 +0.01
" 201410 19.3 £0.26 8.89 0. 05 1.00 +0. 10 0.09 +0. 01 13.8 +0. 02 2.9+0.01
T 22.2 +4.10 8.43 +0. 65 1.14 +0.20 0.09 +0. 01 14.6 +1. 13 2.7+0.28
AT PEAL — I I\ I I
201412 15.0 +0. 43 7.80 £0. 02 1.13 £0.01 0.06 +0. 01 17.5 0. 01 3.7 +0.01
" 201501 1.0 £0 7.00 £0. 01 2.20 +0. 02 0.06 £0. 03 12.3 £0.01 2.3+0.02
X R 8.0£9.90 7.40 £0. 57 1.67 £0.75 0. 06 +0. 00 14.9 £3.68 3.0£0.98
IR PTA — I \Y I I
201503 14.0 £0.26 9.73 £0. 04 0.90 +0. 03 0.03 £0. 01 7.3£0.04 1.4 £0.01
201504 20.6 +0. 36 9.17 £0. 06 0.70 +0. 02 0.04 +0. 01 9.6 +0.01 3.8+0.02
# 201505 24.5 +0. 60 7.69 £0. 02 0.90 +0. 01 0.05 +0. 00 13.8 +0.01 3.9.+0.02
Pt 19.7 £5.30 8.86 = 1.05 0.83 +0. 12 0.04 £0. 01 10.2 £4. 66 3.01.42
IK A — I | II I
201506 27.4 £0.35 9.33 £0. 04 1.09 £0.01 0.10 £0. 01 20.2 £0. 02 3.9.£0.02
201507 27.0 £0. 17 7.56 £0.01 0.94 +0. 00 0.14 £0.01 19.2 +0. 02 3.8 +0.02
b= 201508 28.0 0. 17 7.65 £0. 02 1.24 +0.01 0.09 +0. 01 26.8 £0.01 4.0 20711
E 27.5 +0.50 8.18 =1.00 1.09 £0. 15 0.11£0.03, 22.1=4.14 3. 9;0 16
KA — I v S v =
i "{F ] 3 l -.,‘ o
— _ : § i #
R4 EHMEMTEEE SRR | Y
Table 4 Summary of thé richness z‘ind diversity indices of the planktonic micrqmrganism communities . g i i
FE45 KRS A OTDs | | Aee /7 4 Chao /% Shannon AL Sinipson 154K
F ; “ | £ fod 710 i ;P 4,81 0.0211( # _~
o 0 § 100 af' ‘rf 6 (677,762) 001 L (W7siass)  (0.0204,0.02177
) gy = 0 oY 7 680 - %463 0.0254 %
fuato [ 19096 o /(663 ]722) (653,723) 99"{2 B61, 466)  (0.0247,0. 026.1)
) ; ' el 639 - 5.12 0.0164
oy port ._19?96 4 g (620, 643) ./ (624, 669) o (5.10,5:14)  (0.0158,0.0171)
P ¥ F J - A - ;u__,.,-’
o 7 424 430 3.9 0.0358
F- 10y 19096 4 (386,483)  (381,512) 07! (3.90,3.94) (00350, 0.0367)
590 587 4.46 0.0273
201503 19096 476 (555, 640) (545, 654) 9939 (4.44,4.49)  (0.0264,0.0282)
. 609 643 4.47 0.024 5
# 201504 19096 469 (567, 669) (580, 742) 99-29 (4.45,4.49)  (0.0237,0.0253)
510 502 4.00 0.0442
201503 19096 405 (476, 561) (464, 565) 99. 46 (3.97,4.02)  (0.0431,0.0454)
677 689 4.39 0.0378
201506 19096 534 (641, 728) (642, 763) 99-21 (4.37,4.42)  (0.0365, 0.0390)
673 687 4.25 0.045 1
" 201507 19096 533 (633,730) (633, 772) 99-26 (4.22,4.27)  (0.0436, 0.0467)
611 603 4.18 0.0499
201508 19096 488 (574, 665) (561, 671) 99-36 (4.15,4.20)  (0.0482, 0.0516)

D 55 WFRR i MEFA R R (E

Ace TR T 611, MAZERBEZERMN M Ace LT Pl Bﬁ?‘éﬁﬂéhﬁﬂ(ﬁixﬁ BTG Je iR,
628,475 201501 FE&H Y Ace $REUE: ZKE 424. {E@%zﬁéﬂaﬂz A e PR aR | K By HAE
Chao F-5 £ 15 £ R BLI A 34N Ace $5 5I0H [F]. RT3 WEEETEIEY 2 ~3 K B-Pi5d 1 ~2 H a-
Shannon ZHERBET BN . B E <FS PiE,0~1 HETG (ﬂ““‘”. Fi I 10 U 9 A 4 4
7% < Bk 2%, Shannon Z FEVEFE BUR AE b —Fh A= JK R A2 JCT5 4. Simpson 2 HE M8 BB UK,
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TEVE ZREERR " R VR 2% | 3% 4 n LT
KW ZFEPE M S Shannon Z A M 45 B 45 %

WK 2 Jros, 4R 20 A T 10 AT
o i 2k TR T ( Actinobacteria ) | A8 JE B ]
(Proteobacteria) . # Zl &[] ( Cyanobacteria ) F1LFT
B 1] ( Bacteroidetes ) Z FIFE AN HE i th 3415 79% LA
b AH KR ] Y o0 A A AN TR AR A (BR
201506 #) , #5 40 B ] ( Cyanobacteria ) J& 5% — L 3
T, ARSI 32. 7% ~43.2% . XTI HE
B Bacteroidetes

@ Verrucomicrobia
B Planctomycetes

B Actinobacteria
B Proteobacteria
O Cyanobacteria

I"J ( Proteobacteria ) U #4 4l 7 ] ( Cyanobacteria ) , i,
NIRRT, b AR 34.8% ~40.4%.
HZ WA SR TR, ZTE T (Proteobacteria ) 1Y
PEEEAE FHREAG , i 7 1] ( Actinobacteria ) FIUFT B
I"J( Bacteroidetes ) [ AR =F B B 48 =, P& 22 f iy
MEFFE R 51.5% ~64.3% . HAWGAG IS A 1]
A0 45 P2 B 1] ( Verrucomicrobia ) . 7% % B [
2% 18 '] ( Chlorobi ) . %5 I ]
JEBETE ] ( Firmicutes ) F1AR #F 5 1]

( Planctomycetes ) |

( Chloroflexi)

( Fusobacteria) .
B Chlorobi

B Chloroflexi
B Firmicutes

@ Fusobacteria
B others

b .
= “Or
=
&
.
= 40
| I I
0 L
2014 09  2014- 10 20|4 12 20[5-{“ 20|5 03  2015-04 2015- 05 20]5 06  2015-07 20154 33
B*E L% HF HE
r ' L g N e
; B2 [14%EKFE
i Fig. 2 Relative abundances of the bacterial phyla
TEJE A ZSKF b 40 S Bt 215 AR B . M % &, H o9 ( Family ) Rhodobacteraceae |

M5 PR, FAZEEIS MM G4K ( Chloroplast ) J¥ 9 1E
AR T B &R R T 2.0% , Hrh 5 ZRE 5
M E A, AU 2.0% ~ 2.3% , 1 7E & K
(201501 ) A7 (201503 ) , HoAHNF F= B iR F] 15. 9%
~16.8%. %2 BR¥ J& ( Synechococcus ) 1 ( Order)
Subsection 1 7 & Z= Ml Bk & & = 8 & (5.0% ~
16.9% ) JEAFMBEFH R (0.3% ~4.8%).
W 228 )& ( Leptolyngbya ) £ B ZE FIHIFK (201409 ) 7
R, S EMEFSIR 4.3% ~15.1%
3. 8% , MAEHAFE & i) & 50 0.1% ~0.7% .
(Order) Subsection M 7EE & E X F 1.1% ~
2.6% ,WIFk(201409 ) % 4 0. 6% , i 75 H AW 5
P& RT 0. 1%.

BEAZEASIE A ] ( Proteobacteria ) )& 1) £

Albidiferax 1 GOBB3-C201 X A1E 425 fld5 246 5]
MK 7 B 2= M Ak Z= % U 2. Limnohabitans Fl
Polynucleobacter TE4ZEFEFF EFE, MAEKE T
RS BAL (£5).

LR 1] ( Actinobacteria ) W, hgel _clade 5 &
1 B AR I B 2 (15.9% ~ 20.2% ) , K &
(6.1% ~9.8%),H % (3.4% ~7.0%) Fl & 2
(0.7% ). CL500-29_marine_group )& BEAER 2T
MR hgel _clade FHAL, & Tt H & BRI
HZ(5.7% ~15.6% ) . #kZ=(7.7% ~8.0%) , %%
(2.6% ~3.4% ) . %Z=(0.1% ~0.2% ). iRl
(Actinobacteria ) FyHAW B EHR B B S,

A FF W 1] ( Bacteroidetes ) H1 Y ¥ ¥ # J&
( Flavobacterium ) FEAZEFIAR =T & BB &, 7030
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5

F

38 &

A,
7

0.9% ~20.2% F13.8% ~15.7% ,{H21r B Z=HFk
RSP RN 0.1%.
ARG v RS I B HE A JE B9 AF AR, AR SR e ]

( Chlorobi) H ) OPB56 F17% %5 I ] ( Planctomycetes )
) CL500-3 fNAEE K E S |, MEA
MBS B,

x5 FAEETHERPHARIE %
Table 5 Bacteria present in the different seasons/%
5 k2 X% HE HE
201409 201410 201412 201501 201503 201504 201505 201506 201507 201508
Cyanobacteria
Chloroplast 5.8 10.4 6.5 16.8 159 8.7 2.3 2.3 2.0 2.1
Synechococcus 11.8 16.9 4.8 0.3 0.4 3.5 2.5 5.0 10.0 7.7
(Order) Subsection | 13.0 121 2.0 0.2 0.3 1.2 1.1 4.8 7.8 7.3
Leptolyngbya 3.8 0.7 0.7 0.1 0.1 0.2 0.1 4.3 8.9 15.1
(Order) Subsection Il 0.6 0.1 0.1 0.0 0.0 0.0 0.0 1.1 2.6 2.5
Proteobacteria
Limnohabitans 0.3 0.7 2.0 5.6 4.1 6.1 12.3 0.5 0.2 0.1
Polynucleobacter 1.3 0.8 1.4 3.4 3.0 5.2 1.3 1.0 1.3 0.8
( Family) MNG7 1.1 1.7 2.8 0.2 0.2 1.4 1.0 0.6 0.8 1.0
Rhodobacteraceae 0.0 0.0 1.1 5.2 2.2 1.2 0.1 0.0 0.0 0.0
Albidiferax 0.0 0.0 1.5 5.8 1.5 0.5 0.2 0.0 0.0 0.0
(Family) GOBB3-C201 0.0 0.0 3.7 2.1 0.8 1.7 0.7 0.0 0 0-"‘;, 5 050
Paucimonas 1.6 0.3 0.3 0.2 0.6 1.1 0.7 1.4 1.‘4‘" 1‘ 0
mitochondria 0.0 6.2, 0.7 0.0 02| 0.6 01 0.1 0.1/ 0.0
( Family) Comamonadaceaed 1.6 1 3.0 1.1 2.4 0 1.8 1.9 1.6 1 ,4" & 1.4
Actinobacteria . # . ! \ [ £ "
heel_clade | 0.8 [%.1 0.7 0.7  4ls, v¥2  fov 159  202) ~174
61500:29_marine_growp | 7.7 | 8,077 @2 o1 26 T26W 34| 156 57 411
-~ (delry) Sporichthyaceac_norank | 101 07 k.“-" L6 2.6 103 #8919 .. 10 2 L1 0.4 0.8 _-
=5 Mycobacterium | 002/ " 07~ 8.8 52 18 23 ¥ ab 08 o302
7=/ [Candidats Aquitwiq. 0.4 /" 0.4 For 32 gdig W %29 04 03 W3y
. (Family) PeM15 it a9 1.0 0.6 0.6° 0.4 0.9 1.1 0.8 0.5
(Eamily) Sporichthyaceae| 0.3 | § 8§ 020 19 56 44 29 09 0.5 0.1
Buactepidetf.:,s'. . | [ Ao ;
1 Yyl @ " Flavobacterium 0.0 #H0. 109 202 136 38 157 01 01 0.1
i ‘ ! Sediminibacterium 0.3 0.3 54 1.1 0.7 1.6 2.3 2.1 0.8 1.0 0.5
i Arcicella 0.0 0.1 0.0 0.5 1.0 2.3 5.4 0.6 0.3 0.0
( Family ) Chitinophagaceae 1.1 0.5 1.0 0.2 1.7 0.8 1.0 1.5 0.8 0.8
Fluviicola 0.2 0.2 0.3 0.8 1.7 3.0 0.7 0.5 0.2 0.3
(Order) NS11-12_marine_group 0.5 0.3 0.3 0.4 2.0 1.3 1.2 4.0 1.5 1.7
Chlorobi
(Family) OPB56 2.5 0.8 0.0 0.1 0.0 0.2 0.6 5.5 5.8 3.5
Planctomycetes
CI500-3 2.4 1.7 0.3 0.1 0.0 1.2 0.6 3.4 1.3 2.8
Verrucomicrobia
(Family)LD29 0.9 2.2 4.0 0.3 0.3 2.8 1.2 0.3 0.6 0.6

2.3 RENWr

K FH PCoA 43 M i e HEAS [ A 7 4 Fh 4 B ) A
RLEE (& 3) A5 RR WIS 2= 3 A AR AN R
AN [R5y K AR [ Py ol S AR AR B R 25 57, AT 3
Al LIE 454 F 05 PCL LA K F 5053 PC2 #4753
B, 5 1 PCL AT PC2 X 9 Fh 43 A B 50 i R £ R

76. 64% . ERKTEVE MR S A AL i, & FF
BT VIR T S AR LR 5 | BR A =40 T — =5

A ERE S AU . R b m ol S Rk B A o o — 41,
BAZEN I —H. M A 4 Ace I
Chao F8EGHAT I 2200, 25 R R FRKE T FE
KT MR R EEZE R (P =0.03).

2.4 RDA #EEH T

K RDA 4387 75125 43 B b 1 38 7K A4 28 Ak Pk

XoF 2 R AR 7 45 1) 1) 2 T m@4ﬂﬂﬁﬁﬁ$ﬁ%
RDA1 5 RDA2 X 20 B ¥ ¥ 4514 43 A 1) B e Sy
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LS
| * u
06 AT 201412
04 |

201410
L]

PC2: 8.83%

201409
.

-1.0 -0.5 0 0.5 1.0
PC1: 67.81%

3 PCoA #iff
Fig. 3 PCoA plot

67. 11% . T XTI 7 4 20 B R v 235 440 3 i i K
HYKJE TP A1 TN, T F1 TN X 5 2= (B 201508 4h) #
Al IEAR AN SR G, TP XS B i B
(201508) £ IEHI K. &

*201505

T
20 - : 201504
g
2 ol apison- o 0201400 i
o ®201412
«
-2
-40 |- 201501 -1 -1
. L I I L * |
~60 -40 -20 0 20 40

) RDAL (26.14%)
B4 JEWEE Y SIREE T RDA 547

Fig. 4 RDA of microbiological and environmental factors
3 i

3.1 KT

JEVE K AT A WK B v, B RKZ= 5 K i 4
FHLZE. AU TN 252 7K 5T i) G4
PE, JCH A & 2= (201501 ) L& & ik 2.20
mg- L~ X AT BB T4 FAKIRAR, AR RUE Y
TR, S8 TN MR AR sl R g 22107 TP My
TKARAZ 15 YRR B 1) — A G A, Sk AR g &
Tt BRI KBRS IR R TP 2 K B P R TR fi
FEARUS . AR SCIRT 19 TR W19 8 SR 2, L IAE i)
KRR B N EE R, HEE NP ERN EE N
FOE TR TR B e RS Y™ A K AR
AW FHOK B AL HE b AR A B RN 2 —

HRPREVE R G 3%, 2007 ~ 2013 4F TN, TP %%
HE, W a0 78 2013 AR A AF ST R K B
“ONUEIN P RERCE E R LA TN B
k) 5 A R K A A S B L K B A 0 T
REA MRS Yy AW PR 3 05 Y, BT 77 2 4
YA AR 5 Y PR B R BT U £ 28 5 00
IR BB T 0 T BRI, A1 o 06 41y
SRR 20K TP R R SRR KA. W
Lo R IR A SCRIK 3 ) 2 B50E 1025 1k, AT
M AR A 1 SRR | Bk TR Y e
435 A AR T HEAY 50. 6% A1 30. 2% , B I e T A
FiZ S KRS TRL. BAMRES
YL T RES 1A S e, A [ S b s 44 A [
Z— HRUFREN (4 ~ 11 J1) 45 AR 2 2024 2
TEN R B | 55 A L 5
g R, AR b K e
S PR G 5 A HEK A O i e
TR IO fl [N 28 1 B B S 3
TR X T B | B 0 S5 AR G %
A 1k, B 35 T L 23 RO 1 i W 2
3.2 LA RS A e
éﬁﬂjl%l‘gfﬁé‘@%ﬁ%‘ﬂ Shannon %Fﬁ‘@%]ﬁlﬂ&%ﬁé
PELE A M 35 R AL M P o 8 SRR R 61
B AT A B Shannon %
BRSO 428 IEARDTGT S R 5 2 A AT

S Ace Al Chao B BEISRUNE TAZ

T E A P A S LA b Y A B B IR R T
WEARR , AER = 2 ) o o 1 2 AR T T i, S B804 2R
YR IS8 5 B T R A A A A A ZE T
YRR R TR 2

W 40 W ] ( Cyanobacteria ), L #F & I']
( Bacteroidetes ) | Jil & # '] ( Actinobacteria ) F17% £
T# ] ( Proteobacteria ) & 0 ¥ W) /K A Hh il 2 1],
3K 55 AR AF T 7K 40 TR RV S5 A4 1 SCBRAR B0
BRI BT 100 53 A 52 BT 0 2R 35 R AE, HLAH T 1Y
RETR 45 M 5 BB IR 7 S R B D).

Hi RDA J3 A Al 1, T %G 380 Gl 2 W e v 24
MR EROR, H 2 2= R 5 i R DA o0 A S
T H TP 5 1FE M & . Brogueira %' Fl Cameiro
SEUUAE Tagus T LTRITSE & B T U252 W i 26 )
VRATH (EEON IR M ERN T X2 TE
FRZ= T K D s, 8 3R ) 0RO ER T R U R
FBE RS, T B [ PRI T AR A 3 A= i
PEF 50 AU E K 71T W5 40 ( Cyanobacteria )
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Bt 2% 38 &

AR 3 B 5 e, TR PR 2 W 4l T ( Cyanobacteria ) 1
o PR Bl LA SRR R O A P
Zarina 55 A I 207 1R KAV IS M A B K B 40
# ( Cyanobacteria ) 75 = i N4 K HE R, — B &,
TP B+ #5411 ( Cyanobacteria ) B9 40 X 3= &
sy FIASBIESY K B L 2= k2 TP & B,
W2 B ( Cyanobacteria ) I8 AH XT3 B 55 g A 45 51—
| T TP AR Ak S B0l 41 1 ( Cyanobacteria )
FRE R A i — 0 5 T AU R AR A W R
TRASHIZ= AR L. KB BT 4t SRR I B/ ZK Ak
Hr COD B, =% 5t A 3 AN i 41 54 ( Cyanobacteria )
K BHE M AT 3 2 006G E A E. 1 CoD 1Y
A S ZRE A T VR A S A . JRER
¥ J8 ( Synechoccus ) F2& #8441 B B9 —Fi, S0 94
PPN EES 5E MG, EAESRENCEE
F L BRAE R B B Wt b B E AR T AR ME i
TEAS 2SRRI 2], 2 A AW .V 0 A o 77
PRIIR A T & BLZ B s K AR e i
) B AR ZETT KR B S BRE & ( Synechoccus ) TE
&, DR I X6 AR A T 00 R4 B sk i, AL 440 R 7K

LR RK. 7]“3?5% HHEEI Subsection 1 A1 Subsection .

I ':F‘sli ﬁ‘%ﬂ"](prder) Subsection ’I 5{5[] Olid,er)-
Subsection ]]I(%% 5)5 AR B AP ‘J*ﬁ_{u&f
M PRSI T R A B M . S
1 (Cyanobacteria )% 7341 A [f] Eﬁ%’li% ()

BT QO ROL S T 46 TERFHE  , BF
GEH XML Y (62 ) TR HE 00 50 0 AT e B

W I LA G, 7E 10°C AR 0 B ik B I
Sl

I [] ( Proteobacteria ) 18 & & /K M 45 A 3L
WERZAEY) 5 TOLE TR fbie A SR B Ak hE
SN TR, X S B AR K PR vt il A7 A OCHR
AR | SR K I TR S IR BT b L
SRR R AR T4 Z R v i I
#0]. Limnohabitans 1F 4 3B IR K IF £ W, TN
TP X HA K A EEMER . AR R
KIL Limnohabitans 7£ K Z=15 Frim £ 5, X AR
W R LR 5K R TN TP 5 s i R
ARAT. KAL) 422 Sz et R 2 1 K oA 22, 5K Jo
PEH 48 R AH — 20, PR 7 BBk 2= 74 B B in ik K J5i i
D3 B A KA R B A, SCER(51 ~53 1 20 ilAE R
HLRE] | EL PG Paraguaca 0] A1 B TR IR 2 IR 7K R &
L Limnohabitans KEAETE.

L 26 W 1] ( Actinobacteria ) F1 I #F B [

( Bacteroidetes ) 27K i B TAED) , AR EIK ARG
FARDIBE SR AT PR R R PR R
I"J( Actinobacteria ) H' %) hgel _clade J&1EFK Z=F1 2 2
RS A AR B (6. 1% ~20.2% ). X5 Tt
TR VT RS B B /K B 41 o BV R TR B hgel _clade
J& e i (16. 39% ) 45 B MM, hgel_clade E
A BRI W RR K A A AN s B S W 81 B
J1, BEAERNIRAY DO & i T AR A REAI (R /K
Mk Mk B W oA HL RS BT T
( Bacteroidetes ) 1 [ ¥ ¥ 7 J& ( Flavobacterium ) £ 4
K, BEVIAEFER 3 ABEB S &R (13.6% ~
20.2% ). FESHEDT R A YRR T R
DAPR S PR 25 A 8 2 0 BH ) G e O
e kB RS E WA EE
( Flavobacterium ) % %53 A1 FE IR /K WA F1 4 138 v &g
SIRA L AEAT , A )2 BT B 7 , (AR R A
— BT AR A S 35k AR A U ) g
1K 5% 0 B B 5 AR G AR A A, 9 4K, ST B
J& ( Flavobactérium) E‘J%&Tﬂﬁl‘ﬂﬁﬁﬁ@fﬁ 2 ';% o
SYAETEYARART K | T | e SR AN A4 i 2
YU, RISt SO 1 T 2 T
DA |2 I B R R, i S 4 L 7 S R e 2
A X T8 O 200 SR R,

i

4 i

ST A6 7K 76 S5 RRK 2R (1 K T i 2%
TN F TP s 52K B i) F 2R R, G i
PHIXREY], TN F1 TP A FRUAEY A K, &
5 AR P K B, A W G AR e
2 CO, , TS EOKR COD M4 &, 51 K i
RGBT 2 52 Wil Gl A= ) R T 45 A 1Y) OC B
2 B EAREK B R B 2R R,
g1 TSI Y (T WS () R P20 < W L B> Q- 1
( Synechococcus ) KEAFTE, Al fg &5 AL KL 2K,
DAL N7 P T A 7 380 7K JBE A A= 4 ) A DN 1B 7K
I RA:.

B 6 AE BT AR 2 B KA 5 AR A S B
YR R 25T 15 B 2 75 JBgH |
SRR
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