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Characteristics of bacterioplankton community with relations to environmental

parameters in upstream and midstream of the Luanhe River, China
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1 Beijing Key Laboratory of Traditional Chinese Medicine Protection and Utilization, Beijing 100875, China
2 Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: In river ecosystem, bacterioplankton are major contributors to nutrient transport and energy flow, whose
composition and diversity are affected by the riparian environment, while little is known about the bacterioplankton
communities in open lotic water. In this study, based on high-throughput sequencing technology, we acquired
bacterioplankton community data of 21 samples in the middle and upper reaches of Luanhe River and analyzed it combining
with remote sensing data and water physical and chemical parameters, to study the relationship between bacterioplankton
community and water environmental factors. Results showed that: (1) Proteobacteria and Actinobacteria were the dominant
phyla in the Luanhe River. (2) Chaol richness index and Shannon diversity index were significantly negatively correlated
with distance from headwater ( P<0.05). The abnormal increase of Chaol richness index in the middle reaches suggested a

large influx of allochthonous rare species. (3) Distance from headwater was the most correlated variable with the
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composition of bacterial community. In the case that the distance from headwater was a control variable, only total nitrogen,
nitrate nitrogen and ammonium nitrogen were correlated to the Bray-Curtis dissimilarity matrix of bacterial community ( P<
0.05) , which indicated that the residence time represented by the distance from headwater and nitrogen nutrients had
significant influence on the composition of bacterial community. (4) Among the four land use factors, only the area ratio of
the urbanized land was correlated with the composition of bacterial community (P <0.05), regardless of whether the
distance from headwater was used as the control variable. However, after taking nitrate nitrogen and electroconductibility as
control variables, there was no significant correlation between area ratio of the urbanized land and composition of bacterial
community at the significance level a=0.05. With total nitrogen, ammonia nitrogen, pH, chlorophyll-a and velocity of flow
as control variables, the area ratio of the urbanized land was no longer correlated with the composition of bacterial
community at the significance level a=0.1. Results indicate that the urbanized land can affect the composition of planktonic
bacterial community directly by changing the nitrate nitrogen emission, or indirectly by changing hydrological , physical and

chemical conditions of the river.

Key Words: Luanhe River Basin; land use; bacterioplankton community; diversity
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TN F DK EERIK BT K R, AR E % i 13.3x10%m> 270 BIF 5% IX Ak e 769 305 2 K i P 2 XL
DX ZARE R R 6.1°C; AFBIR 7 A & (21.9C) , 1 H&RAK (-12.0C) . 4F-FEFEK & 444, 1mm
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Fig.1 Distribution of sampling sites in the Luanhe River basin

1.2 FEACREE

WA 5322 SR S I A 7 5 RT3 v L it Ry 5 2 b R T 2R Y | ] B T R T A [H) AT Y
Yyogik s kS N R FA IR 21 4, T 2018 4 4 A—5 H (%) BT /KEERE RN T .

(1) T E K B Aa bR B AR A 1L A8 LB B SR K 28 78 SRAE 5T 767 )0 s R B3] 1 5 m AbiEAT
KRB (TREEZ M 0.5m) 2REE 3 WIFTERA T MR EG . BHREIE IR R 2 1y, — 1 I ASAT AT A £
(R EAKRE 5 53— (R K BEZS FLAZ S 0.45 wm ) Whatman GF/C B¥BEZF4E I ( Whatman , UK ) it 98 , 15185 B 98 f
VR IARAE , T2 4% R a(Chla) FLEETEREAR(SS) o PR KA A BB R (H,S0, ) PRk %
TF o BERIKFERY R SR TSE H 1:10 ShFRVA TR i 240, FHZE IR /K YR IF i1 ; 3% 38 21 7 22 8 i il e 7
450°C TR ML 6h, IF T 43 2 — KA FREUCH B, DAL 5 22 By v R R I 2, K ER R IR AR A AR
W S S (R YAz [E]SEEG | 7E-20°C I 551 R R R AT

(2) FHF 16S tDNA U3 A /KRR A R T 5 1 B 0 19 3R S i e, SRR TR [R) I, A s B =40 F
TFREA (B 0.9L) o /KRR SS 5 2 AMFLAR I UERE (2.0m, 0.8wm, Whatman , UK) #4755 0E , LA B AP BRFN
Ju o, SIS SR SRR AR A K 2RO RIE R E s T RS LA 0.22um BUIR A AR 4E R K
JBE( Whatman , UK ) XF 7K A 3 47 52 08 6 77 U0 40 o S FE DR B b 8 AR T 4R 9 0 28 0 DR A7 78 WAL v
(-196°C) .
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TR BTG BRI R 4 Sk B0 R S 06 A B P R 43, 2RI e 12 AR RR . (1) I R S (DO) fif RS

LU E A (YSI Incorporated Company , USA ) iM% ; it ( Vel ) fif 3/ ( FLOWATCH, JDC Electronic SA,
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Switzerland ) ] 5 ; HL 5 R (EC) . pH FI/K & (Tem) i Fi 1 5 R { ( METTLER-SG DUO, Mettler Toledo
international LTD, USA) gt o (2) SEBRATAT . o R 45 K ( CODy,) . BVE(TN) FEHE (TP) i IR iR K
FEDIZE 3 COD,,, R AR FRER T 5 7 5 TN SR FH SR AN YTl M 2% s TP R B BB P40 OB & U (NH,-N) Al
SR ER L (NO,-N) {5 FH 2 S8 KRR 52 s NH,-N SR FHAH I L 275 5 NO L -N SR TSRS NGB v s B b [ 4
(SS) FM-4 3K a( Chla) i FHUEAR b A5 R HEAT I 5E 5 SS SR FHFREE B 5E 5 Chla SR HI PN R 430606 B 2 AT
st
1.4 27 16S rDNA {4 AL B

VB T U A B Y 0.22m TR A £F 4 Z IR % T 2 mL N ( Beijing Chemical Works, A.R.) H, fifi ]
E.Z.N.A. Water DNA Kit {7 & ( Omega, USA) #£H DNA, i a3 PCR 5[4 799F" "  Fl 1193R "™ %t 4111 1
16S rDNA FEH AT AR X V5—V7 #E47 PCR 73, B A =417, RN AAFUTR . 98°C A8 P4 30 s;98°C A8 4
10 s,55°C 51 155, 72°C 1EAH 60 s, EFR 25 Y 72°C HEM 5 min, W PZHIVE NS — 46 PCR (04 B4R, R |
FEA Mumina F3 FFEEEXTF N5 D158, ol SO0 AR W58 58 PCR W=t el b iR A, 15 5
AN RSO SCERAZ R IE KA HiSeq 2500 IIFE-F-4 (1llumina Inc., USA) HE17 5 il B

i QIIME1.9.1 USEARCH 10.0 4bHH 16S rDNA 551, Z 5 551R % 1% 75, i X453 3414503 255
i 781 (CEY RN EEAR 65664 45, e/ IMEL R 27829 4%, T RAE M 100572 2%) . LA 97% 4 R % 1 51 it 47 3¢
2%, 153 18360 MEAE 4325 B0 ( Operational Taxomic Unit, OTU) , f#fi F PyNAST J5 7% 2<BRIE AN 4 19 16S rDNA
)5 495 15856 4 OTU , fdi i} Usearch 10 £ OTU %, OTU F i MREAZ B FAIEE Z 30000 54 )F
GIIREA TN LA OTU B BEER LA 30000 FUREA RN 3155 OTU BYAEXTF . ] RDP 4 %2 %5 OTU
RFEFFHNIATHRE, NI 25 A PFME B OTU £,
1.5 ZS R4

b A A SR U v R BT TS 25 A B TP B BB s I S5 5, £ T 2016 4F 30m 43
FEZ ) Landsat TM/ETM 5214 (http : //www.cnic.cas.cn/) , EHUEFFHAREIE R 6 KIS, (1) Mo, 55T AR MRAI
TEARMR (2) ARl b, A0 452 1 SR el RO A A T4 5 (3) AU M, f 46 R 2858 Rl A ol T 5 (4) BT
Hh 5 (5) K3, AL 3G T3 R M K R 5 (6) FLAth A b, AR 4 55 [ Hb 5t 98 A5 J5) (1 30m 43 B R 400 v e A AR
(DEM ) 2R HHT 38 - 443 B FIHBASE 2580808 (hip - // glovis. usgs. gov/ ) , 5T [ SRl 2R A 2 .0 9 1:250000
Ram K R EREUK 25085 (http . //ngee. sbsm. gov.en/ ) |, i A AreGIS 10.1 W #Y 7K SC43 T ( Spatial Analyst
Tools-Hydrology ) FEHRH HUREMFE S LI AE /K X, XT8N RE s 7K DX, SE AR HE T i 7K 2 &1 A 3L 250m
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X Chaol F & FE+8%41 ( Chaol richness estimator, Chaol )
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F1 Shannon’s ZFEVEFEEX ( Shannon’s Diversity Index, SHDI) /E N EETE a-Z PRI RAE . BEFEITIEAHFEA OTU
JK I ) Bray-Curtis 1725 ( Bray-Curtis Dissimilarity ) 554 /E X B-ZAEME I RAE . {1 Spearman #H5C 7 #T
TGOS & T AR IR K A SE R | 22 AR P BOR BRI Sk PH B 22 18] A AH G, R -2 R PR 2005 /K 3R
BT A R - Z R ARG . (] Mantel #2501l Mantel 556 , 115540 E HE 9% 19 Bray-Curtis B 25 4H
W R b B 2 ) DR (RS B ) KB b ) P R g D e 8 i e 2 ) P A S

2 HREHS

2.1 A5 K R R RRIE

PRI A K B bR s (R 1) ke bR pH 340 8.54 , B 5551 ; /K i (Tem) V174 13.82 C ;Ui
H(Vel) 24 1.35 km/h; HL R (EC) -1 8 417.78 wS/em; B L EMA (SS) SE44 4 30.36 mg/L; IR 4,
(DO)F210 8.91 mg/L,iAE] 1 27K 5T ; Rk FRELTE AL (CODy,, , ) 110 5.22 mg/L AN MK BT, i & 57
HAatarh, B (TP) P28 0.11 mg/L, iR 2 MK BT BA (TN) 38 2.63 me/L, h45 V 2K ZA
( NH,-N)F-¥54 0.30 mg/L, i85 1T 27K 5 ; iR ER AL (NO,-N) 3594 1.82 mg/L, EYFRFRIT4EE a( Chla) -
#112.71 pg/L,

F1 FAZKEIEIREHE

Table 1 Characteristics of water quality parameters in Luanhe River

£zt FBE AR AERE R/ ME 5N
Indexes Mean+SD Minimum Maximum
pH 8.54+0.33 7.75 9.18
7Kl Temperature (Tem)/°C 13.82+3.39 8.10 21.90
Wi# Flow Velocity (Vel)/(km/h) 1.35+0.86 0.00 2.80
15 Electroconductivity (EC)/(uS/cm) 417.78+148.69 100.40 671.00
B IFE 1A Suspended Solid (SS)/(mg/L) 30.36+26.52 5.00 113.00
R4, Dissolved Oxygen (DO)/(mg/L) 8.91+1.54 5.92 13.81
R TRERFE L Permanganate Index (CODy,, )/ (mg/L) 5.22+1.19 2.78 7.36
S Total Phosphorus (TP)/(mg/L) 0.11+0.05 0.02 0.22
A Total Nitrogen (TN)/(mg/L) 2.63+1.43 0.40 5.20
Z A Ammonia Nitrogen (NH;-N)/(mg/L) 0.30+0.22 0.04 0.78
fifREL A Nitrate Nitrogen (NO;-N)/(mg/L) 1.82+1.32 0.06 4.38
M£%2 a Chlorophyll a (Chla)/( pg/L) 12.71+10.72 2.69 38.48

2.2 R bR A DRV Y A R

fiiFH RDP $5040 FEXT B> OTU B9AER P AN AT TR, X AT T T 208 K- 7325, FEda il Y 15856
A OTU Hp 4G 34328 b 57 A AR 40 1 5 28 1] (Phylum) (72 40 ( Class) 113 H (Order) 265 B} ( Family) £
936 J& (Genus) , HAAEJET ] ( Proteobacteria) TR S AR 2, R IEAZME A tRNA J¥ 51 17 22 55, 8 H AR5k S
A, A AE L o By D Fil e BTEL, METFHFST

WL E 12 DR HAE (W), EATEZR D — DA PR R T 1%, RS FREERR
INHERE , 4359 R < 4R T 1] ( Actinobacteria , “F-34] 28.95% ) . B-ZS 1 B 4X ( B-Proteobacteria , -5 28.90% ) . a-ZE ¥
1 44 ( a-Proteobacteria , *-44 10.62% ) $UFF 1 ] ( Bacteroidetes , *F-3 6.14% ) y-"2 I 1 24X ( y-Proteobacteria , *F-
¥5.57%) . 8-7% I B #W ( 8-Proteobacteria, -1 4.51%) . J& B F ] ( Firmicutes, “F34 3.93%) . B F1 # ']
(Acidobacteria, ¥4 3.87%) . Z¢ 25 (] ( Chloroflexi , -4 2.24% ) JEi## ] ( Verrucomicrobia, 144 1.06% ) 7%
# 1] ( Planctomycetes , -3 1.01% ) A5 ALIRFT T ] ( Nitrospirae , -5 0.75% ) , HA4% 20 FREANEE ] (40) ARl T
A BERE 20 1.46% , AL BT TR T TR BIARXS B T 50% , 72 BT 13t b o5 48 00 3 (o2 19

B
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Fig.3 Composition of bacterioplankton community in upper-middle reach of Luanhe river

T e b R AN AL O RIS A 209 S OTU, 5 OTU S8 (15 856 M) 1 1.29% , JE 585 w7 51 %k
1 43.04% , B0 REE BRI 32 BE o b5 RE RSk BE 28 A7 7E 2 35 IEAH O, Spearman AHSC R EH 0.909( P<0.01)
AR HLADIR ZK 43 2 TFE A BA () AH X =F B 5 BRI Sk R B A7 A 48 35 UM 5K, Spearman A5G R %A -0.935( P<0.01)

2.3 R LA AR B - ZARTERAIE
Chaol & BEFSECR Shannon's ZAEMERSEG TR GEITHAFAELTT (R 2) .
R2 OFFEAREEE o SHERERERST
Table 2 Descriptive statistics of a-diversity Index of bacterioplankton community

R FEME e/ ME NIt A5 FRAL

Index Mean Minimum Maximum Coefficient of Variation
OTUs 3895.56 6881 404 0.487

Chaol 6165.99 15461.43 554.41 0.529

SHDI 6.44 7.81 3.77 0.201

OTUs . FAEA 280 Operational taxomic units; Chaol; Chaol F & FFHE L Chaol richness estimator; SHDI; Shannon’s ZREM: 8 %0 Shannon' s

diversity index

OTU %A1 Shannon's ZAEPEAR R BUGTBRIR T B3, T Chaol =F & 215 X0 £ 0] 3t h BE 1 et K, Bl

Je B (B 4)
OTU% Chaol & B Shannon 22 ¢ 45 %k
15000 | e -

@g 6000 | Q $$$$ 8 &
ﬁ,s é— = $$ & 7t
§'§ 4000 $ $ 10000y $ $$ $ Qﬁ ; B
QEE EI ﬁ F$ o E| or @
s
%% 2000 | $ ﬂ 5000 ¢ $é z 5T é

>

T e LI_J—$$$ 4 L ="
O L

IR A Flow direction —

B4 o-ZHEEHERREEL

Fig.4 Variation of a-diversity indexes along the flow direction
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RPN E VR a- ZREMEFREUS STAES K T 1) Spearman &R/ INEE 3 Fis

PEVR K IR B M 5 H (URBAN) (2 & (NH,-N) FEPREE A (NO,-N) BA(TN) (S F(EC) HE
TFIEAR(SS) FIEf#4A(DO) 5 OTU %4 . Chaol =F & FEFE U Shannon’s Z2FEPEFE ] P47 AE 1o 3 HAH & (P<
0.01) .

Fh 5 H (GRASS) 5 OTU %4 Shannon’s Z2FE 4840 (P<0.05) A Chaol & B 8 B A7 7 1k 35 1E AH 2%
(P<0.01) ; 17 B8 (TP ) N5 =8 AR A AEAE A S

R3 FHAEEE o SHMERSNERFM LM AR FREXES

Table 3 Correlation analysis between a-diversity index of bacterioplankton community and environment and land use factors

o-ZREHETE R
fabR2eAl Eis Index of a-diversity
Type of index Indexes OTU % Chaol & JEHE 4L Shannon ZFEPEFE%L
Number of OTUs Chaol richness estimator ~ Shannon diversity index

iiiﬂj o BRI Sk B S -0.914** -0.729 ** -0.905**

THLE TR A T A -0.770** -0.609 ** -0.744 "

Inorganic Nutrient factor B R AR 2 -0.772"" -0.546 " -0.763""
BA -0.806** -0.748 ** -0.813"*
R -0.284 -0.281 -0.364

AL HF MR -0.841** -0.695** -0.833"*

Physicochemical factor BRI [ A -0.705 ** -0.639“* -0.719**
ey i -0.648 ** -0.549** -0.556 "
K 0.405 0.396 0.296
M4 a -0.278 -0.110 -0.290
TR R R A 0.199 0.209 0.244
pH 0.111 0.278 0.275
L 0.079 0.045 0.055

F A H AT AR H -0.529* -0.490 " -0.306

Land use factor T TR o LY 0.731** 0.710** 0.547"
HEHb I AR 5 L -0.043 -0.179 -0.010
ARHb TR (5 LY -0.168 -0.121 -0.222

# x NIZIERIE S T a=0.01 (EBFEHKY EBE, « HIZIHERIRE H T «=0.05 B EFEKF LR35

2.4 PERTR LR AR R TE 1Y B- AR AR R L 5 K AR R R R R R OC R

T Bray-Curtis H B 19 32 AR T (PCoA ) HE/R T T Hh 3045 B A T BT A TREAS o 41 B RV 1) 0 A
K (K 5) ., HEBETE PCoA HEF EIMIAE —Hl (PC1) &S — 3 (PC2) 4> FIRE MR 55.27% F 16.27% ) Fh 2%
St Hod PO il P RSk E B A A 3 TR 56 56 2 (Spearman A58 R %0-0.891, P<0.05) , FEA N =34%
A THE R A M A REAR , B U5 Sk PR B H50T , RO BEVE o LA, i i S B R /K 4 R A B o Lo i s 1 THEF
P e AN A RE AR, B U S B B e | A O B o7 EL e o8, T AR LR IR K 7 SRR AN BT o LA . 37 Tk e P A
FIREAR | 57 T-Ia] BE A HR 38 , LA R A o A B X 7 R R AR (O TR v A A e — R A 22 5, MR e R 1 )
FHAIE

{8 1] Mantel 4635 F1 i Mantel 4655 , % #5 J97K PR 58 A (14 B B 22 R I AR 400 71 4 % 2H B Bray-Curtis B
B R TAR SRR I8, 45 SR s < I U Sk 8 15 00 TR TR VR 4 A7 T S S AR G M S R AR 0.723(P<0.01)
FEKG AT AR il AR B J5, B IR AR B B HHOE (P<0.01) (£ 4), TR HA MRHA 24 8
BRI FARA SRR a pH B 0 R RV 2 AT A S R G (P<0.05 ) 5 1K I T S I 8 1 Ay s il
At E, R A R A A 20 BRI AL AE 35 AHOC (P<0.05) 3k BEAH X = Fh U H 3R b8 45 L
P i AN SE A 7K A ) AR B80T RACAR A7 A A TR) S

http ; //www.ecologica.cn



5110 £ EF ¥ W 2 &
S01 :
I BRI Sk B B
S016 S019° 5010
O™ e i
|
|
S009 S009
so16 1 S012 © !
S014 L5012
02 | sot \é@o o @
S01 S011 | W
| 013
S015 OQOso1s | S
S019
|
s0150 O | o
s017 O I S010
9  ©
RN
N |
o
= |
8 OF———— === = = = = = = - == - — - — — — — - — - — — = — — — — — —Fhy —
[ |
I |
3 |
H |
5} | ®
! S006
|
|
S017 |
-0.2 1S017 S018 :
S019 |
|
S020
|
sozog |
|
SOZIO |
S021S021 |
. L 1 L
-0.50 -0.25 0 0.25
FEKAH PCI (55.27%)
B 5 SAmimEE RS EITHEARIERAEEEEMN PCoA ST
Fig.5 PCoA analysis of bacterioplankton community of parallel samples along the river
R R TATREA SISk B 8 o 3 B e o | BRI Sk BE B SR (M AR AR 452 S001, DA IS4k
4 B Bray-Curtis 2855 48 B 5 7k B E FBR = EE 55 45 FE 9 Mantel #6:58
Table 4 Mantel test between community composition and water environment factors excluding land use factors
Mantel £ 5 JAH & Mantel 5 56
i Mantel test Partial Mantel test
Indexes il A i
P r Control variable P r
B 9 S B 0.001 0.723 CODy, 0.001 0.735
Distance from headwater TP 0.001 0.723
Tem 0.001 0.722
Vel 0.001 0.714
pH 0.001 0.709
chla 0.001 0.708
DO 0.001 0.697
SS 0.001 0.684
NH;-N 0.001 0.627
TN 0.001 0.571
NO;-N 0.001 0.532
EC 0.001 0.531
EC 0.001 0.584 Dist 0.168 0.089
TN 0.001 0.571 Dist 0.008 0.220
NO;-N 0.001 0.596 Dist 0.026 0.171
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12 1] XU A AU P L 30 R 00 A R A 2 S R [ R 5111

Zk
Mantel £ 5; fRAHSE Mantel 55
T Mantel test Partial Mantel test
Indexes 3 2 7
P r il )Lii P r
Control variable

NH;-N 0.001 0.504 Dist 0.016 0.225
SS 0.001 0.342 Dist 0.132 0.124
DO 0.008 0.291 Dist 0.170 0.117
Chla 0.024 0.213 Dist 0.601 -0.033
pH 0.025 0.231 Dist 0.177 0.111
Vel 0.036 0.166 Dist 0.405 0.021
Tem 0.107 0.108 Dist 0.245 0.080
TP 0.321 0.036 Dist 0.330 0.040
CODy, 0.670 -0.053 Dist 0.973 -0.196

W R 5 LA S AR s B VR Sk BE S 5 A TR RV 2 AT A AE AR DG (P<0.01) (R 5) . T
R T, JA # B &7 F (URBAN) 5200 B B 7% 2H AT 7 S 35 A1 G (P<0.05) 65 I U Sk I s 4 o 4 ol
A, D A7 S AR R AR AE 0=0.05 ()R EEAKSE EORFRAE I (HAE a=0.1 /9 2 3 MK B
SRAAE (P<0.1) , 156 IH 15 FF M ok &40 R 9% B0 5 R A7 A6 25 i) S vk

VAR R | R R AR HE BRI AE s il ARt fe |, e b 7 LS 0 R T A AR SR A AE B A G
(P<0.05) ;¥ SR VE A pH M ER a PR EAE 6 A2 i 5, a5 b5 20 R R VE 4L ZE @ =0.05 1Y
WEMEACE LA HTE a=0.1 B9 5 HACE_LARIRAH G (P<0.1) s IR h Z RN S 38R 5 i AR
Je , EER b o LS A R T A BN T AEAE S A O K 10 I A AT T g b i, S T P b T e % R
P HEI, DL B s i  pH SR AR , X6 4 B R I 2L ™ A S

5 B#% Bray-Curtis BEE S L ithF) A FFEUEEE 5 FE 9 Mantel 1258

Table 5 Mantel test between community composition and land use factors

Mantel 556 i AH & Mantel 646
A+ FH R Mantel test Partial Mantel test
Landuse factor P . PR As » .
Control variable
R 0.001 0.723 URBAN 0.001 0.630
Distance from headwater GRASS 0.001 0.732
AGRI 0.001 0.633
FOREST 0.001 0.635
JEBTHLE AR 5 L 0.036 0.178 Dist 0.094 0.167
Area proportion of urbanized NO;-N 0.513 -0.018
land EC 0.266 0.058
TN 0.078 0.159
NH;-N 0.066 0.179
pH 0.062 0.153
chla 0.056 0.168
Vel 0.052 0.165
DO 0.048 0.177
TP 0.043 0.175
CODy, 0.039 0.177
Tem 0.037 0.178
SS 0.035 0.231
FH T AN L Area proportion of grassland 0.108 0.144 dist 1 -0.493
HEHL T ALY L Area proportion of farmland 0.587 -0.023 dist 0.343 0.030
M E B 5 e Area proportion of forest land 0.991 -0.132 dist 0.964 -0.149
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3.1 FRIRDIA I Kk (0 R TR I A TRV AR PR RS2 R

P VIR S B 5 5 AR v U A R R Y 1Y) Bray-Curtis 5 75 0 2 1] (1) FH OG22 800 45 UK IR 858 7 o B e
(Mantel R=0.723) , HAWAH G/ ATaE RATI 25 o IR U050 S B 8 532 Wi 37 0% 240 T Y0 0 b i) s B8 ) () 200 o 7 5 2
BAFAE AR A MR ) ARl 3 B, SR b R 2SI SRR R A v A R [ K AR R 4 4
PR 22 RE A e 2 T P A% O TS — Bk 1 U5 Sk BREIE 19 25 8 A W ISR )22 40 e i B A /]
FABE TN, DATRT R ] 320 PR B 5 AR U7 A KA ) 20 TR 22 A A6, 32 W e T b 35 1 R K B 58 P A 0 9 200 TR
JRREUR,

WEAb, BRI ES ol T (R F B i A S R SRR ) T 3 R R A DB AR R ) A e (R A
SERAROGHE , 025 28l s IS Y CRUBESE ) | R TE— s FRE 10T LUAR R A B e i K SRR 9 4 8
R EN T b A By SR MR TR bR, AR 7 ) R R SR AR A R IR M A 5 R JRORE LA
B ARPETT X, T TR S S S 2 AR E IR BT R AR R = ORI T 3R 43
A RER PR R L XA AR v | VR U 20 B A 0 Hht 22 R M i 0T ) AR T 70 DAy ey /K 0 T o 3
Mo A A 2 ZEARBEE T AR BUAETR Ty 1, o- ZRE MRS B BRI SR SRR K 4325 5 HE
REAS, DA JAZ DR i L T 122
3.2 JKEREE K 0 e A0 TR RV AR PRS2 R

VR o-ZREEIE RS A A IR A BRI PRI VA A SR AR 2 A TR OGOk
F o SRR B IR ) 2 B TUROC R ITE SR B R BN v] RE 2L T AR S Ak, S BERS E AL
FIFEFRER B LU T it A DR AT 5 A T [ A AT Sy KA e (9 — 308 4 240 7 i A2 2 B 2 [, A m)
U A BT A 1l D RO BENE 2K A O L™ PR P BORE AR SRR [ A A
BCANF BER) 22 | X Hi 45U [ 25 A 41 14 ( particle—associated bacteria ) BYVF 2 #2459 LIRS E AEAE I 45, 41l 40 B-
ZE T TR AR FIADURT BRI A A BT 72 Tk 2 20 A1 1 2 A 8O 7 R A R B2 LA 2 T

GRUE IR XTI 0 VR U A0 DR R TA S5 A0 11 . 255 0 O 2 IURF S Al 0 A LB U5 Sk B 8 Ay s ) A5
5, KA T AT DU IR R A A A AL ZON AR A KRS 57 48 I TR IR S RETK Bray-Curtis 2§ 5
AR A G (P<0.05) X R IIFESAT b 17, A HERCE A0 BE U5 Sk B 8 R 84 A 56 42— 2, BIDT:
AE A SRR T A f] 5 R B AR X ARA ] B2 AT 3 i 2 ) S P Jli e o
3.3 AT b ORI TR A TR RV AR PR RS IR

Chaol -5 BEHEHUZ—FxeH 8 DR 0 BUR Y 2 REPEFEHC |17 Chaol 55 BE R BT h i (1 8 3 , R WA
FETRT I 1) B AT AR AE RS AR P A8 DL A0 240 TR A | T 3 6 20 TR A AT B TGV ARl () 5 4 v ik
PR SR ZUA PR T T GE I T SN TR R Il A G, AT e 5 v B iy 45 FE s AL T HUE A i A
FHE A OC , AFFE X By rh B TP I b sty | 5 B sh it i 30 B g Al 1 78 el 3
A MRS R AE Ty T A AR B 22 5, 3K 88 SR 25 1 19 2 2 0 0T i 140 JHG At A0 50 200 T i AN 1) )
REPERY

WA FERIFSE X B A it Jo 10 9T ot G o DX v, B0 b R A 35 T ot i o 1) LU ) S AR M B A AR S, A
MR R FEAgll -3 R E I VED R A 25 FIALAE A0 T, DA SCHLAR AL B 2 + 3 S5 s | 25 e + e iy 3
AR, TS T - 3B A B S AR ZS T RE X — R A A0l 38 530 A SRR 55 T 1Y SN o 4 e
TREVA G AL 177 1 25 22 57, AT X b 3 8 T 3 A7 AR P AP 0 BT i A 7= A S >0 PRk, Yo B
A5, Chaol =5 BEFREAY 579 Thimi , AT LLIA A 2 R 250 22 5 DA S A= st R I ) e A AR JR I 25 B 2 45 2R

TERRE IR ER BRI SRV AR i 5, At o LE BRI B9 0 M S5 TR Bray-Curtis B 25 46 B[R] 114
FHOCHEAS 535 3 15 B - b ) P 5400 1) 038 X SN EME 78 Tt AR 52, 7R I3t 7 LU 2 1 3
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X, HARIX 3k & 52 555 Fl A+ HOR AR AL 207 30T & U SSHE R B3N 3o ok sk 2 i+ e B R R
S A A R Y R R I, R T M (LR R R R ) A R U Sk B
FEAFEAELAE I ZR X U8 BB 9 73 A B SR ) T U 22 () 3 B LA A R AN 2 58 4 R P 11, T 3X AT B
SRS EIN EBR RN X B T EIE bR AR LU RS BB P AR RS A0S PR AN R A 2k A fal 4T
FEAE I ARG JE A,

FENGF AR I | R A R AR 8 A0 TR P R VR R S 4 ) AR S, I FH b 7 e A R B A R S
HEYE Bray-Curtis #7250 B 8] AT SRR AR B35 (P<0.05) |, 33X 3¢ B 150 FH i 5 3 2 23 g o) o 7 405 4 114 2 i -
ANEA, BRI SR AR pH AR a FEAE AR 5, E s 5 E B R I B B
HEV% Bray-Curtis B 2546 R 7E a=0.05 A9 PR TR 2 R EAH X (HANTE a=0.1 R EHKE T 25
FEAADC , F B A P b B 138 A 5 e b DR ) 4225 i 2 i 40 TR A1, 3 T B gk L 0N 5 e A T Ui
MR .

R AR 4R 51 T s el T S AT L b %) SR S B AR 1, 461 5 YR A YT B 1 A e Vb AR ik T
BB SR Tb R AS s A R B e O A K X AR B K 2 5 HE (Watershed % 1C) 53T fk
by DX IR 3L A8 4 B R U DG R D), A ORI P S5 R 1) 30 T AR AR R R v b R AN B K Z T R Ul s
T KV 1T K A AER DA T ) S 40 R A R e AT Y L R RIS L R A T L R R
FRE T UL BN Y 22 57, AT BE W) K AR R [RI AP A BRI Rl . 55 N5 D A 17 T 400 7 R 0 56 i ) R 45 G 1Y
R, 23 Bl — 3 A RIS (AN P9 A8 TR A T ) S bl B Rk BB AR R s AT e

4 Lt

(1) T v L T R 0 A A - RV SR AN B 6, WTRTIRLT 1), B~ R AW AU B
VAR = HE TR TN, TR 1T =81 B AR X = B DR AR, A T SR 200 i A AR X = B 0 B 2 S B g
RGN B . B ZAE P UAE A T E2h - A AT R ] o U o A v 254, 5
TGRS (T 200 B v A AL R B

(2) TR H L i 8 O D A v AL s B K Y (R TR BRI TR) ) (RS JRER M ZR G, e
UK B 5 0 T A ) R TR P90 200 T AR P 2 M 1) T2 D3R AR T R P B A 40 B i /I P () 84 i i i
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S e 3R Fh T T b 4 S ) e TR 3 A B
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