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Bacterial diversity and community structure of Niyang River, a typical alpine

river in Tibet
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Abstract: In this study, we investigated the bacterial diversity and community structure of the Niyang River by high-
throughput sequencing, and found that there were significant differences in the bacterial community structure among the
upper, middle, and lower reaches of the Niyang River, as well as among the tributaries. The bacterial community of the
Niyang River was mainly composed of the taxa of Proteobacteria, Actinobacteria, Bacteroidota, Cyanobacteria, and
Planctomycetota. The dominant species were mostly unknown species, including Sporichthyaceae_sp. , Pseudarcicella_sp. ,
Limnohabitans_sp. , Flavobacterium _sp. , Candidatus _planktophila, Rhodoferax _sp., Candidatus _ nanopelagicus, f-
llumatobacteraceae , and hgcl-sp. , the discovery of a large number of unknown species provides possibilities for the study of
ancient bacterial diversity on the Qinghai Tibet plateau and the utilization of related biological functions. The number of

ASVs in the upper Niyang River was significantly higher than that in other river segments, and a-diversity index analyses
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showed that its Shannon, ACE, Simpson, pielou, and Chaol indices were significantly higher than those in other segments,
suggesting that the upper Niyang River had the most abundant bacterial diversity in the water column. Neutral community
model analyses showed that stochastic processes are more closely related to the bacterial community construction process in
the Niyang River than deterministic processes, and that the differences in bacterial flora in different sections were mainly
influenced by species substitution. Ecological niche analysis further disclosed that the Bahe River exhibited the highest mean
niche breadth yet the lowest mean niche overlap value, suggesting a relatively low level of competition among the dominant
bacterial species in this tributary. In conclusion, the Niyang River harbors abundant bacterial resources, which is of great
significance for the study of bacterial diversity in the Qinghai-Tibet Plateau and the development and utilization of functional

bacteria in the extreme environment of the plateau.
Key Words: alpine rivers; Niyang River; water bacteria; diversity; community structure

LA A U BR K AE P %) 5 B 2 A 0, 2 T B ] ] AR IR K R UR LA R M W R R A i b 5 T
PR RGP Y B MRE AL b h A EEAEA Y KRR EY RAKAES RGN EEAER, 723
TAEBSRGEPIHEDRER FEERY . AT FK R W) ZRe b TR 450, 4 Bh Tt — 2 st
HETE AR 52 ) PR 28, 1 48 7 T K AT A P RV (R A AL Tl 0 B A S % K A A A B8 1 0 8 S i
JE, LR TR RE A T PR BT A A A B 17 2 B AS (] ) ShAS AR PR ARRAE , I 1Ak 3 B AL IR b 2 R
M R T S5 AL AT VR Rl i A 25 R G A R A SRR ) T R SR 2R 1 b T b R AE B R 1 A 2%
P AR LA P A AR 5 I X A AE 3 25 S R T R DR PR I A U Sl R K
AR, 50 ML TR %) L TR S K AR SR A A R R S S fe A R

JE ] 2 A AT VT LA B K — 25 S, PRV KBl DAV B85 AR, T I 0 1) 222 P AR e 1], 3
AR VY 5 BE 35 24 230 km, pAGES K2y 110 km, HEHRES 2 53k 2080 m, 7K HUBEIEAN R 425, Wi A 79 e
CA A B AR, s AT — 5 R A IR A ok | 2 ) —— B b R 7, 0 5 3 A V15 2 T s L AR
BT LT g SR —— SR R AR DR PR IR S A RSO E A R, SRR R T £
RIS IEAF MR 2 ) TR T TR I e e 28 TR A A Ry =, A0 33 S AT ARIAGHS L M T bR S By
P I PR T A 25 IR 4 6 ST 73 1 7 ] B A | ) A 2 R B R Y T AR R
BHEENESIEERAAEE A ZREE 8 B RTxs T2 R s B 5 56 1 5 3= B v TR R Y /K Sy
E R ARG RRAE KA AR YRR ZT A5 ) i T R At A W e AR b AL TR YR LA
T MR BRI

ARSI T 3l TR AR S0 T R R AR A0 G 2R A B RE T 4544 | LB TR 3 43 B A R A
SEFYZ BI04 53 WFST 45 R REAE Ry e DR ] 3 A R ) 2E ) 2R PRI ST AR I S R S % S m R AR
IR AR S LRI AR , 20K Ay v SRR i PR 5T T B T B8 200 TR 9 D 1 T e B R P B8 9 ALt

1 #MRERE

1.1 W5 IR

JE TR (92°10'E—94°35'E,29°28'N—30°31'N) 4345 T Pk [ 15 XM i TAR VLR B\ —4
HEst A 17800 km? , BK 2 307.5 km' ™ | J& Tl AR A IR 2540 L JE PRI 137 22 v 1 sk
A, LABASHTSE h 3 | X B A RE S AR V% 25 0 160.57 m, FR RIS g e 45 5 G848 S A A, 22 it S R
R S AN AR V% 22 (BN 4.86 m, T i TR IE W) 22k 5 Rl i) 4%, 1) 18 22 5t AR R a5 (DI 3R 3 (8 fe 1K, R
2.50 m, ELTAISR R ST B 4 0 S0, SH I e R o 2 T T e T AR A 2491 e PRI SR T s R R A
7 SR IX AR EE R 6.15 °C AR F IR K B 7E 571.77 mm , /K B IRAB S F 5 M T oA P S5 K M i 15k
PO X AT R R AME ST e K I R R SR s B B R AR 2 R B E

http ; //www.ecologica.cn



15 1 BETHE A5 PG R 2 g L TR O e TR K A A T AR T 4 A 3

JE TR AR 5 AN RUE A vk 5 K, T 1T A R A K D 2 R A8 DU KXo A /200 S S e A B 2
PEEE AR K bR R R K S
1.2 JKFERAE K e il i 7

FE 2022 4F 8 X PRI K AR A R AT — R PR AR A 256 b B B S AR 22 5 W A JR T T T
BRI 20—30km &—ANFE B T 20 AR SR B X B B T 8 MR, B3k 28 AR R R
GEAMRE AT AR RBORE P T EU T2 JE ST 5 R 0 S0, BRI SRS R N e K B vk T iAa > Br A A 1
AT BRI T 8 AE s T AR REAS SR AR A 46 AN I X 3 N RE S, o 3 D ASTRITRBE I FEAS . R
P A A B B, B A5, A PR NY 1—NY7 SRE 5550 0 R Je PR3] L3, NYS—NY 14 S8 5.5l 434 Je 13T Hp
W, NY15—NY20 SkE 5 %15 R Je vE T i, BHI—BHS K S A7 T B B, Hodh NY13 F1 NY14 20 946 T 246
K HL Sk Y RN R Ui BHI A T2 SR ME/K Hi il . BH6 \BH7 BH8 43 il T LA W DX A 1 0 Lt 38 11
(E 1), 7EREESIT R 15 m A F K ACRBE R SRR TR EE 290 50 em (7K AR iy | 78 B8 15 v 00 DU ) F K A
KFERR T HIRAE TR 10 m 20 m 140 m B ZKARREA . R HE L BRAEAKIRFEAR 11.5 L, #ECIRFFTE 3
A TCR KRR AL M 523028 . B 1 L BY/KRE T 0.22 um JC 7K F uE M5t i vk & 82 Wbk, DB I8 T - 80°C K
FAURAT , MBI F IS 22 DNA $2HL, A48 AR A5 1 8RS 25 VRN A8 KL PR I 43 A B2 W1, XA 4% 11 DNA FEA
B 16S V3-V4 X ik 47 ¥ 4, 5| 4 A 341F ( 5'-ACTCCTACGGGAGGCAGCAG- 3') Fil 806R ( 5'-
GGACTACHVGGGTWTCTAAT-3") . i it BEERAT PCR P2 Wy atifb AT i 28 , G4 # 10 SCE7E I ¥ & F
AT

EUIETRES
Actinobacteriota
Bacteroidota
Proteobacteria

s *E%%Jﬁw%#n%mfwum B s, e
T AR M ME Gk .
SRR AT A e T T T
S adedEuEar R W G AR Armtimonadot
A BT (R T IR o il v -
I 757 L o RO A [ Hfw errucomicrobiota
[P e T TN @ Firmicutes
ellovibrionota
SRR i SRR T i SRR T i ; Gemmatimonadota
ASVHL @ Chioroflexi

® 20000 @ Patescibacteria

® 40000 @ Desulfobacterota

® c0000  @sars

. 80000 @ Campilobacterota
Fofts

B 1 REMKERESSHERITKELYHSHE
Fig.1 Distribution of sampling points in the Nyiang River and the species distribution radar chart at the phyla level
VA [l 8l R B AN R 126, ASV Bk LA B /N EOR AU R F BEHT 16 RUANTET 126, 3 5 BERURAIAZE N others

http ; //www.ecologica.cn



4 R

&t
4

#H 45 &

1.3 HdEab s ot

3 X AR B A TR 4 PFEE LA Qiime2 19 DADA2 B PFXS HEA At B AIHT , & 133 ASV (§HE 7
FEGIASAR ) FRAE R LA Ko ASV FJEHHE 454 SILVA V138 Quast et al. 2013 KO 50 40 3 EAT IR B0, AR
PEAbFLS 1) ASV Eidls , it R 4.1.2 vegan fH#EFT o ZHEESHT PCOA HEFF LUBAHIYE 53 BT (ANOSIM) |, %
() B ZAREVES ML adespatial ALEAF 5 ; HPEREIE LA 43 HF (NCM) 2 88 Chen 25" N385 104743
i, 225 R 4.1.2 #3147 Kruskal-Wallis #6368 Fl Wilcoxon FRAIAGES . Levins A= 257 T FE T8 51 B 5 IR
THILLAE S AT RS E SIS BOA A R 4.1.2 Y SPSS W7, LB R 4.1.2 ALK
Arcgis 10.88K 11T .

2 HREHSH

2.1 JETEIKA AN T AR PERE AR Sh I Sh

XHIKE T A0 B FP AT o007 BRI AR D AR A 2 U325 Others'™ | 122350 43 4l B =F BE 7E 2
PRI WA AR TEAS B A B 5 H R 12.95% ,1.59% . 1.45% 1.79% ., T FBEHT 149 1) ASV, JE ¥
TR R A Al B 17126 16 4>, 20 J& T 28 JE 1 1] ( Proteobacteria ) |, il £& B '] ( Actinobacteriota ) | I\ #F B ']
(Bacteroidota ) | i ¥ ( Cyanobacteria ) | 7% % F# | ] ( Planctomycetota ) . J& BE B4 [7] ( Firmicutes ) . ¥t 7 i []
( Verrucomicrobiota) | 1% 3 [ ( Bdellovibrionota ) , Armatimonadota . #% & 2l [# | ] ( Patescibacteria ) | 2§ 5. 76 1 ]
( Gemmatimonadota) \Z¢Z5 | 1 ( Chloroflexi) \FRFT 1 ( Acidobacteriota) B &[] ( Desulfobacterota) .SAR324
S 1 & 1] ( Campylobacterota) 354 JE ] K AR H A G =F B fe i3 T T 28 AR FE A 1] (34.25% ) , HoAe Je i3]
i e R U LA ET DX B AR S BE A3 R 46.18% (40.04% (37.45% I 22.49% ; LR AL H )
(27.55% ) , TE45 5 BER AN B 7 L AR 510K 4.78% ,27.01% ,20.95% 44.03% ; BRILZ A1 UAT B T] (25.16% )
SR D Y A AT =i R e 3118 Aot Vo I e SO SO S e O s b e 0 N M s3SI )
PE R DB PR R T T R T, HAZT BT T 8 4 R 7 ] DX B iU b AR J2 , W 4 /KR J7 1] i
SRR T VRN S T T AR T2 BEAE a0 b T B, AR 3 A T3 DB At BRG]t s T2 VT i,
I H SR (R K5 1) ) AR 2 BE AR AR

TEM G BT b ARSI i T A7 07 [l S B h A5 28 S8 Ak . Bl h s FE R 1T 5 1R 2
Sporichthyaceae ( 12. 52%) . Pseudarcicella ( 11. 08%) . Limnohabitans ( 10. 76%) . hgcl _ clade ( 8. 97%)
Flavobacterium(7.53%) , Limnohabitans 2 JE 740 T3 o 3 B fe s 1 TR B, 349 4 U oA 13.63% 5 ELIAT X B N 5=
& i 1@ R Sporichthyaceae (14.33%) . A7 8B I J& A6 JE VTR L Ui X B | Sporichthyaceae ( (0.62£0.19) %) |
Pseudarcicella( (2.68+2.26) %) Limnohabitans( (2.20+0.52) %) VA X hgel_clade( (1.57+1.14) % ) BYFIX =F B L
b F AR AHBE I T I, ERANE R 7 R BT 7RI A A i) (7.28 +
4.68) % .(19.36+8.39) % ,(22.35+8.37) % F1(8.62£5.05) % (&l 2) ; #E LT X B, Pseudarcicella J& W FERT =
MEE RS BH2 3 BHS 23 | [, HAHX £ AR S Sporichthyaceae WIARXT 2 FE AR I AR IE P B 22 5 (1K1 2)
TEJE TR ep T3 A o LU A 7 1) 2 I S a3 (181 2) . BT IX B9 R JZ (10 m 20 m 40 m 7K
TRTRFEREA b AT 1A 2 B LA R VE 25 2 RUAEREAR TR T 8k () 2) o Sk, JE PRI EliE &4
PR = AN B2 (HR e PR E LS TV X B Sporichthyaceae  Pseudarcicella , Limnohabitans 55 = 28 & #f
1) BB L (K 2) o

WIS HT R R AT ASV ZKSF- (4 Venn [ 3R, J& ¥ T 20 TR R = B2 Bl U O 1] S22 R AIEa 34, ik i
FEA AN TR ASV B0 (717) SRSV P48 ASV $0(382) 1Y 1.9 £5 JE VT R4 ASV $0(319) 1 2
LT DCBERE At (430) B9 1.7 4% [RII, PO K SR3EAT ) ASV #50 220 A, 588N ASY £ 27.30% ;)2
T IR A YR iR 2 | o5 B KRR AT ASV 1Y 34.45% (&1 2) ,

PO A DX 58 1 1 368 0 7 S 7 55 2% ( good _coverage ) Y1785 T+ 99.97% , 3 BN 3 45 SR RE A AURAE i rh iR

http ; //www.ecologica.cn



15 1 RS A PO BT g LR R K AR R A S R A A 5

. Others

¢_Cyanobacteriia

. Muribacter

. o_Cyanobacteriales

100 I I I I I I
L . =
r / ' F . Candidatus _Methylopumilus

. f Gemmataceae

. Polynucleobacter

o_Sphingobacteriales

. Arcicella
. Cyanobium
. Polaromonas

. Sporichthyaceae

. Acinetobacter
. Sphingorhabdus
. f Tlumatobacteraceae

FHATF JE Relative abundance/%

0 10 20 30 40 50 60 70 80 90 100
FIX) 3 JE Relative abundance/% . Rhodoferax
- Flavobacterium

JEFER L JeHE i JEFE N B I8 . heel elad
gcl _clade
\ ’ ’ . Limnohabitans
% . Pseudarcicella
. f Sporichthyaceae

JEHEAI g JEE T

{5 0 Je B

247

B2 Bk EkEAE AR

Fig.2 Bacterial species composition at genus level in the Niyang River
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Fig.3 Analysis of bacterial diversity index in Nyang River River basin

NYU  JEA L3 s NYM: JE PR Pl s NYD o JE ] T i ; BH : EL 3R 5 a b 2035 AR [ DX 3 18] 49 b 20 Ao P98 307 16 (35 22 57 (P<0.05)

2.2 ARIXBARERER S0 2 5

1833 T Bray-Curtis #2875 PCoA AT R AN [R) A S8 55 20 TR BE V5 45 40 25 57, 45 2R e DO 7K sl iy
JEAE SRy B, I ANOSIM A 5020 1] 25 53 2 B0, S [R] K S 200 B8 5 45 40 i 41 10 25 57 B 8 K TN 22 57
(R*=0.487, P<0.001) , BEHI S0 HICTH AL (18 4) o JRTETKIRRY B ZREVEREAR 47 & 28 W358k,
FEDUAS X B Ah R B 5o E W B 22 A HUE KT 1, 20500 4.12 1,65 .3.87 . 1.46 , R B JR I K AR A 8 20 1
FE A S 0T % 22 57 1 DTRR RS X K TRl 3= e 78 Ak i i 22 5, BV PRIRTAS [] DX B A TR ARV 2 5 R )
P die B AR ARG (18 4)

PR BT ARCREL (NCM) 7T 40T B 04 4 A 0o ) 52 B AL PR 3R AR ST il ool v e B V5 A AR R A T 3
A B JEFEIT_EE  hE TUE  ELTIX B L R AR AN B TS T 2500 B 82% \73% .67% 81% il 82% , it B
JE T2 T L BUATR SR  =E E 2 [R1 DG R AU A AR BE AT, b7 & T TT 7R AR 240 T R g e ) BT o R A DG
B, TXFPAR SV TR B 1) 2R T R ATR: 717 S 37 CE8 Y] DX B A0 P o A 8 ) L 3o A 8 A S M SR T e

http ; //www.ecologica.cn



15 1 RESHE A PR R LU I K AR T 2 R SRR S 7

a JBHEI BiE A BT W +xEExyr I vk
a JREEN P o B
NY1s ANOSIM R=0.487 P=0.001 100
0.35 - NY20
B]%_[HZAA ANYIS 90
0.30 + E\ o\\o
025 | NY14 NY16 5 8ot
0.20 N “ NY17 £
= e
' N9 A s S 70}
0.15 | =2
— v &
& 0.10 L NYS H-ré g 60
a A = =
= BHS 15
S 005} A Ny12 22 50|
< 0 NY11,,NY13 o =
o ) ﬁg% 40r
- L 2
0.05 BH4, A e ig
-0.10 ZE 30}
o
o
-0.15 1 NY4 BH6 1 2
NY3NX7A B{” Aﬁﬁs § 201
020k & BH6_3, o}
. NY6a pNYI BH6*23H6 p =4
—025| aNYs - 10r
’ ANY2
-0.30 k . . L . . L L . 0
-0.40 -0.20 0 0.20 0.40 NYU NYM NYD BH Whole
PCoAL1 (48.4%) 37 X 38 River area
B4 REANKEHAERRESREEERSN
Fig.4 Differential analysis of bacterial communities in different segments of Niyang River
Whole : %/ J& 4 0] i 35k
B (ES) .

2.3 JETEITK ARG A B A AL T8 RE S A A A 4R B AE X 2 S

JETE_EJiF R T I LA R BT DB ) 40 AR RS AL AN R 6 B, AR S B BE e R T X B (1<, <
10.94) , HURJE PRI F i (1<B,<6.94) FIhiiF (1<B,<6.96) , fie/INFIE T (1<B,<5.96) , ¢ W78 EL 0] [X BE 4N
W REF R B 2, T W A B RE AT A 55 b, JE i) i A= A0 S8 BEAR T 2 AN W b o e, it
AT IX B B0 058 B U5 A0 R A R o m e e, 305 I PRI ) RE AR 55 o 58 A DX B P A o £ 256
JEF- I R, W) DB A 25 9 B i e, LR JE T b 0 R el T T O 18 2 2 9 3 B8 e A1, R
EEL TR DX B 20 R o B 9 10 P ) TR LA B A B3 7 P B

P SV T B R AR TT 2 I 4 R A o TR e R 4 U ) R AR 0 L B P [ 5 4 g A B 22 S AR ST
HEIEOMT, R JE PR R T P FhE] 52l 2, JErE 45 X BUR M AE S BN 7 Fros, &
PR A 2 A A8 AR X 8] 24 [ 0.16,0.98 1, 7E 45 20 fn #4 A Ff [] Lo X v, A= 25 07 88 8 (B 5 K22 f
Sporichthyaceae 5 Sporichthyaceae _hgel (0.976) , i /N J& Limnohabitans _sp. Fll Candidatus _ Nanopelagicus
(0.164) , BN EEME Q,<0.3 FH 2 X, J& Candidatus_Nanopelagicus 1 Pseudarcicella_sp. ( Q,, =0.247) ,
Limnohabitans_sp.Hl Candidatus_Nanopelagicus( Q,, =0.164) , 15 B iX $e 4 Fh Ml F7E L 35 4450.3 <0, <0.6 1Y
FIXTAT 8 XF, i SR 17.78% , 1 B 1% 2 20 3 4y b (] 77 48 T 58 55 Q> 0.6 BRI AT 34 XF, ol B X 25 HY
77.78% , U WX L A1 T ) ol 8] 5o <l 210 T Pl o i 400 B4R A 25 6 FE B AR SO L 0.268—0.999, H
Candidatus_ Planktophila F1 Sporichthyaceae _ hgel W T & ¥8 B & = (0. 998 ), Limnohabitans _ sp. Fl f _
Ilumatobacteraceae /425 T B {H K (0.268) ;0,,>0.6 BRI XA 34 %, (5 BRI 75.56% , W Je 79 |
F X 22 KON T P b [ A7 AR AR BRI 5 5, JE I B LA P AR A5 A EE B AR BOE Y 0.575—0.998, AL 75(
HEH B BN f_llumatobacteraceae F1 f_Sporichthyaceae (0.998) |, H & AH f K 1Y A Flavobacterium _sp. Fl
Candidatus_Nanopelagicus(0.575) ,/E SN HESHLE 0.3<Q, <0.6 FFXTA 2 X, EXTE 4.44% ,95.56%
IPIFNFRXS QR T 0.6, H Q,>0.8 BYFXIAT 29 XiF, BEHHTEJE ] T Ji DX B 3 (] Xof []— PR 45 B 5 ) 5

http ; //www.ecologica.cn



8 JAE = 45 %

1.00
Whole °
Rsqr = 0.82 ...‘6;!..!; T
g 080 | =,
g o o
=
% 3 0.60 .
=]
333 040
5
=
g
£ 020 .
0 1 1
-6.00 -5.00 -4.00 -3.00 -2.00 -1.00
100 F vy 100 F\ym
Rsqr=0.82 em co o Rsqr=10.73 e s e oo o
0.80 FNm=1756 0.80 | Nm = 1407
= - e Kee
0.60 | S 0.60 L.
8 040" 0.40
5
=} o
=
8 020+ 0.20
=] ° o o0
f—
(=}
g“ 0 = o= L L L 0 oo L N L
5 -5.00  -400 =300  -2.00 -5.00 -4.00 -3.00 -2.00 -1.00
o
o - ecs @ - LX)
= 100 \vp 100 o
‘% Rsqr=0.67 | coms Rsqr=0.81
% 0.80 | Nm = 1526 0.80 | Nm =929
%R;[ ) LI I

0.60 | Pt 0.60 |
’ .o
oo
0.40 0.40
--- .
0.20 o o o6 oo o0 o oo 0.20 1
o oo .
0 e L L L 0 L L L s
=500 -4.00 -3.00 -2.00 -1.00 =500 -4.00 -3.00 -2.00 -1.00

g4I XS B Average relative abundance)

B 5 BEYLI R sk a mE s fnm
Fig.5 Effects of stochastic processes on bacteria in the Niyang River
TSR R AL A LA I, T 6 B2 3RIR 95% F A5 DB 5 1 BB =y TREBU T (1 ASV U (b iz, Hh BUBUARAR T84 FT 00 11
FHELL @R ; Reqr 7R R2;Nm FaRBEE YA Y HRE S

i T3 X B3 hh A S F A Q,, JEF A 0.254—0.994, Hdt 0, <0.3 B4 5 XF, b B 11.11%,
0.3<Q, <0.6 FFXTECA 15 X, di X5 33.33% , ERAH Q,>0.6 BIXTECA 25 %, di B X5k 55.56%
SR A A5 EE B R PR R I (0.832) >JE T R (0.758) > JE PRI 7 (0.570) , 16 HH A A5 3 BT /K it
5 )T MR, Ao (8] 55 52 TR 5 EU9RT DX B8 A 26 H 2 1 (0.623 ) A, 6 I 2% X Sl A1 4 e ]

SEFD.
3 g

3.1 JerER A w2 AR A

TR AEIR K R G AT HESATIAL A 25 2R G BUR B M RE S U 3 ) S B, S VA1 1 K B iR I i A A
RGOV T R A TRV X SN SRR SR AR A A BURR AT KRS PR B 4 s A SRR
JE VU PHCE P A — A% SR ) g LLATIAE , BT Ak 4 3t e S B BRSNS A 1 e (B IRl 2 B B B UK AE RS R

http ; //www.ecologica.cn



15 1 BETHE A5 PG R 2 g L TR O e TR K A A T AR T 4 A 9

UMD AR 11T HOK PR 4 o o 3 (34.27% ) Bk
EH T AT A M R L B e T

WTES SRR SRR, L ket
AR M T ARRI K ARG e 5

T VA B 2 0 R A1 P 1 e 22 0K A 2 25 2R 55 0
8.00
FEAE— S AR I . B PETT K A b e 28 1 1 o B ALk o

TASERI] . RBHEE M S 25 SR A Bl A= ) BoAT 25
ENE, A E 5 2 BN F R A K
R G+C Al (R TUE LA™ AR 745 n] LS Bl i
LR PR R0 3R B S AR AR G R i 5 Y LT X B
AR T B S, A — B BUAE NP i

H: A 55 B Ecological niche width

B kbR A TS B RS A R i S, Nh 4 2 5

56 K 197K 79 B IR 6 Bl 7 A A DA B 0B MU NYMO NYDBH

FEIRE 9652 I S A R ) 4 PP River area
TR T AN G B B 48870 R T R AJ0 i B 25 4y fefi 15 Ee6 REIZSSRAEESMEER

ﬁiéﬁ%%x% %ﬁ%@ , ?JI;IL 7j(?}ﬁj:7 W%ﬁzﬁﬂé ﬁi [/j‘ fﬁ[éﬂz—%l‘ Fig.6 Analysis of bacterial niche breadth in each section of
S EMANEREE D WA R U P K i e ?:;;ef e
S X B 5 R T E L, TR T o
AYE B S (NYM) > iF (NYD) > B iF (NYU ) B9 22
R, BTN R 2E 55, AT RE 5 S it Ul LA 55t DRI FE M /K H st | Fh A 22 A1 7K F il 45 )
EYi P

JE PRI 2K AR Fr AR AR 4350 Ky Sporichthyaceae_sp. . Pseudarcicella_sp. . Limnohabitans_sp. | Flavobacterium_sp. |
Candidatus_Planktophila . Rhodoferax _sp. . Candidatus _Nanopelagicus .f-llumatobacteraceae .hgcl _sp. . Limnohabitans
_sp.o JEVRIMARUE 2 BARETE VK1 FlK B 25 | B i e € (A5 24 L 200 11 09 IS8 A7 AR 25 Bk, JHe Ab 24 SV AT it
HNHET A4 YR — [FC AT, 3X AT RE R JE K AR TR 22 R R AP B SRR, 3 SE R IR AE 2 7 T v
BRI FFR G SR R AT BE S i T Ak O N B B A AF SR W . Sporichthyaceae_sp. . Candidatus_planktophila .
Candidatus_nanopelagicus .hgel_sp. 4@ T T H TR0 TR, BRISAKEE AR K AR i kA HL A7 A 4K
TS A T AR AE A SR s 55 7 AR B, A R G DRI R AR A AT A 3 B e 1% 7 Candidatus_
planktophila . Candidatus_nanopelagicus hgel_sp.J& TR ] hgel iX— 4332, BEWE F FH AR Fh AR ik B8 A BILAK |
HA i SR LA BDC R TERE ), JF BWIRSA AR BT 32 1, IR HA A 370 53 55 P A5 U fdi s
HAETF R /K e LA A AR 353 %0 38 o Pseudarcicella T #]H Kémpfer S NN 7K J7 R 1 & B, R K0
REMEREAMRLTAER ™ I B (V19 A A SR 72 2 PR e S B 34 vl R 5 FL B 8% AR T B 251 A= 4
T MU I , BRI RO FR BT R 638 B A1 9 Flavobacterium_sp.J& T-ELAT R AHALD)
REMY— 2R AT , 78 AU Ak B POl 3 204 1200 40 T B S RV S A, 0 A LA gk A 7 A 1
Iumatobacteraceae 53 A5 FEFE WA 00 F PR ME V0045 b BRI A B RE HEAT S 3R AR G, B BB
PO HTBFIEAR |, Rhodoferax_sp AEARIRIR B3 i A7 Bcsim Az fiy 1, B RAHALRE 17 5 SR 5% e 1 Tl 3 3k
MRS R 3R | 75 45 B AR B 41 1 22 REPE SORE 9 4 R R AIE A0 1 %o 32 Ml DX T It 0 P45
PRI~ A% 25 3t A B S et A5 DR R R AT AT, SHC A DR A SRR ) i 30 A 7 8 o D ol 240 T 2 RE T ST LA BT K
FHOCAE YD RS HE T T BE
3.2 JR TR A R A 2 R AR AL

it PRI LA AT 2 B, JE TR K AR A0 R VR PR B BE LM R S X Zhao 45 1S B MY 2

http ; //www.ecologica.cn



10 JAE = 45 4

Pseudarcicella_sp SRR i JEFE i

Limnohabitans_sp
Flavobacterium_sp
Candidatus_Planktophila
Rhodoferax_sp

Candidatus Nanopelagicus

f Tlumatobacteraceae

f Sporichthyaceae al
puwl
Limnohabitans_sp 0.60 g
=
Pseudarcicella_sp ST R i 0.40 ﬁ

Limnohabitans_sp
Flavobacterium_sp
Candidatus_Planktophila
Rhodoferax_sp
Candidatus_Nanopelagicus
f Tlumatobacteraceae

f Sporichthyaceae

Limnohabitans_sp

2 a5 285 % 38 8 g g 2 8 5 7 8 8 8
g g SI = 8 8 3 g g S‘ = 2 5 3
< = N s IS 2 = 0 s 0=
53 § 3 2 § S &5 53 § 33 B E 2
£ 8 =2 T 2 LT 8 = £ 3 2 £ S 83T & £
= 2 2 3 & B ISR = 2 3 3 8 = ISR
= T | S X 2 = = 9 = S X 8 =
o = 8% T =% ° o o = 8 T = ° o
=3 S S 38 3 £ 8 £ 2 3 S 53 85 § 8 ¢
5§ S 2 & = 3 2 8 5§ s S & = 3 2 8
& 3 § S WK = § & & 3 § S YR = § &
n 2 5 g 2 E @ n 2 5 g 2 E @
S I 2 2 4 B S 2 2 4
L3 s = L3 g F
s =+ S = -
s = s =
3 S 3 S
© S © S

7 REAHEABFHFERZREE
Fig.7 Degree of competition among dominant species of bacteria in Niyang River

PR e A DL 38T 130 A 2557 o (0 e B (S B BT TR €, AR 37 T DB (B T T2

BB R RAR TR, I3 P T 2 5 I 3R O K, AN PR R R B T T
RESZ /KWL TT [0 JE T 240 B AE T R s 5 ML R AR S P T A (EL S AT 52 B e Bt Lot e e ) 2 25t
P RAEASRTRAT EE , JE P 307 ) 20 B A O A A B 22 S BB AL P ZANSG . I nT RS vl T JE T L i o
(RJHEAAC VA 270 A ) S g T A DX, LA BT I, DK O S P i, 200 DR v ok ) SE RS R D A5 IR i, 18
17 DX B 20 TR R 753 A% RE 0 70 B i el e AR 32 DX Il 4 T s A 2 5 AT PR A S S T Je i |
Uie , FL A AT RE S T ET DX B A AR Lty | ELAT — E R KR ZE W), — 3% 1 38 /KA AR 2 Ak K A 8K
JINZ 0 S HTAE B, K H R SR, — s FLRE 1 RRAR T A RV I RS RE > SRV R R L R
MREIL RS A BEALEE R o5 LU AR, W] BRI TIPSl 1Ak T 2 2K 3 , il 3 B AR AR U B 5K, o074 400 TR T 4
BURE IG5 (RAE JE P B A7 A R, 38 M X 7 A o 18035 R 0y o 1y e A e — RE A 0 T 3 58 T 1 5
R RS JE PET T I T R TR A s

JEFEIN 2% DX BOK R A0 TR VS 4510 22 5 W] X, PCOA A 45 58 AT LUK 25 S s 8 DX 23T (U2 00 TR T 2 )
DX Bt BH2 BH3 A 555 CLA] DX BEHAL AR A5 A M 0 TR R 7 254 25 S R . BH3 A T SR AL it LS R A3
5 EASEAL , S-S R T AR 25 57 LA S g A BIK R i) 25 R A i B i 25 5 K IR 2 3152
W], R4 B ) 2 2 M 38 200 T A v 2 R ALl

http ; //www.ecologica.cn



15 1 BETHE A5 PG R 2 g L TR O e TR K A A T AR T 4 A 11

ABFSERT T ML L] i JE T K AR A B 2 SRR 4540, 45 2R R JE PRI K IR A B R F

AETRTT R ] AT BT e R e KR T R 12 AR T O JE R e
128 TR 1) A S T ) DB 2 B de i 19 1126 JE PRI AL 33 Fh 2 S RN Fh 5393 R Sporichthyaceae _sp. |
Pseudarcicella_sp. . Limnohabitans_sp. | Flavobacterium _sp. , Candidatus _Planktophila . Rhodoferax _sp. . Candidatus _
Nanopelagicus f~Ilumatobacteraceae .hgcl_sp. .Limnohabitans_sp. . JE VR 2K A 2 o B4 PR 2 el BE B PR A R

T, EVACR LA TR R 22 S A PR A X A A R 22 S ) TR 4 A [ JEUAS ) 40 B Y TR 22 S R S Wy b

ERROE. B BUK AT BT LR K R

£ 2 Xk ( References) ;

[ 1] KimH, Yeh P J, Oki T, Kanae S. Role of rivers in the seasonal variations of terrestrial water storage over global basins. Geophysical Research
Letters, 2009, 36(17) ;117402 ;1-L17402 5

(2] XIEW, XUBHE. g RIS HIR. =4 . 2008, (7): 683-92.

[ 3] ZgMe, Fame, JIRMG, Rpe. WY 2 I AT k. WNNER, 2020, 32(1) : 271-280.

[ 4] Chen WD, Ren K X, Isabwe A, Chen H H, Liu M, Yang J. Stochastic processes shape microeukaryotic community assembly in a subtropical river
across wet and dry seasons. Microbiome, 2019, 7(1) ; 138.

[5] ZhangQ Q, JianSL, LiKM, WuZB, Guan HT, Hao J W, Wang S Y, Lin Y Y, Wang G J, Li A H. Community structure of bacterioplankton
and its relationship with environmental factors in the upper reaches of the Heihe River in Qinghai Plateau. Environmental Microbiology, 2021, 23
(2): 1210-1221.

[ 6] BEW, ki, 8%, L5, WAl FET 165 rRNA W FFH R MY 75 8RS0 LA VR 2 RE . REERE, 2023, 44(1) : 262-271.

[ 7] Bk, BT SR CUME A S TR 4540 2215 Jeale B0 A AR 52741, 2022,42(8) :3216-3227.

[ 8] XIEME, JEMIR, B34, PNLER, 1LV, FBHER, 1%, PR, VUM R B A bl SR RFIE. A 5% 295k, 2024, 43(6):
1756-1762.

[ 9] k¥, LA H, ZRE0R, R, BRIEw, Jud, B, 250, Je ik /b 5 R AR R FE il I 3R SRR, 2017, 38(11):
4537-4545.

[10] Tl 256k, PREEDT, HEEE, Hidst. VHRECRE I F i e e i) X R R, FRR RS b, 2023, 37(4) : 137-145.

(117 SN, Bk, Sas, MRSk, SO, BESE, . JE v Tl il A o R T 1o 2 8 Ak K LG /K g i o7, B b 244, 2021, 29(11) :
2566-2576.

[12] 2557, VYRGS PRI 0K A AL WA 9T Bk B T AR X HEE i BRI PEAA [ D). P42, PEE K2, 2000.

[13]  ZEsilE, 43008, KT R ARSI R IE AR 5 05 F. K 01 & 4R, 2009, 28(2) : 35-40, 34.

[14]  SROUE, ZERE, XUEHT, BELG, IS JE T o s Mg 25 S0 AR R ik SRl e s BEBFSE. 2022, 41(10) : 2808-2820.

(157 XN, rhbsc, 50, kR, KRB, SR, 228, VOBUE PR AE YRR I S8 K GBI F X R 4.5 0F 3. #10
Bl 2016, 28(2) ; 370-378.

[16]  XUBEFE, #%, FokqE, WENDL, A%, Hobte. PUEUE RO i s YR S5 AR /3BT SREER2 ) 2020, 41(7) : 3249-3256.

[17]  EQRE, WRALLL, W8 2R JE B AR T JE T Al R 7K A T K e P A T80 T3 242 i ( A ARRRA R, 2015, 43(4) :283-287.

[18] ZhangM F, Ren Q S, Wei X H, Wang J S, Yang X L, Jiang Z S. Climate change, glacier melting and streamflow in the Niyang River Basin,
Southeast Tibet, China. Ecohydrology, 2011, 4(2) ; 288-298

[19]  EF. HB0 RN RS R S D], 20, 2 MR, 2023,

[20] Wul, Zhao Z Q, Meng J L, Zhou T. Analysis on water quality of the Tibetan Plateau based on the major ions and trace elements in the Niyang river
basin. Applied Ecology and Environmental Research, 2020, 18(2) ; 3729-3740.

[21] BIr#k, TN, wabhe, M, JAHRG, J7 7k, PHm0E A e 4 iy 3 T ik K (23 R0 A R AE . PHALAMBIR: K223 . AR
BR2ERT, 2023, 51(12) ; 101-110.

[22] RSP, 3EC, XUWell, AR, J5S7ME. TG T JE 76 T I 4o - dm 0L S 3 28 A 2 A5 KUR 40 AT K AR 3R 5T, 2023, 30(2) ; 378-
383, 430.

(23]  RAFTRE. ST A AR JE A AT B B A8 A0 S R IR B AR AR MmN [ D] 2200 . 22 MR, 2021,

[24] PRWEAR, fEU, #hif, JLDFE, AR, RRBIEHF @2 IS0 RS, 2023, 43(4) ; 1655-1663.

http ; //www.ecologica.cn



12 JAE = 45 4
[25] EHazr, MBIk, @EcHl, @A Ew, B, S8/0 5. GUIARTE R RIK SCHI K A B 15 5 R R . o E RS RR 2R, 2023, 43(4)

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]

[50]
[51]

2028-2038.

Liu J X, SuJ H, Zhang M T, Luo Z M, Li X Q, Chai B F. Bacterial community spacing is mainly shaped by unique species in the subalpine
natural lakes of China. Frontiers in Microbiology, 2021, 12 669131.

Burns A R, Stephens W Z, Stagaman K, Wong S , Rawls J F, Guillemin K, Bohannan B J. Contribution of neutral processes to the assembly of gut
microbial communities in the zebrafish over host development. The ISME Journal, 2016, 10(3) : 655-664.

Wathne J A, Haug T, Lydersen C. Prey preference and niche overlap of ringed seals Phoca hispida and harp seals P. groenlandica in the Barents
Sea. Marine Ecology Progress Series, 2000, 194; 233-239.

i, BEARTE, 20K, FERU, ZR0H. LR oK IR I AR R R A A RRE. AEZS A, 2019, 39(20) : 7592-7601.

Shade A, Read J S, Youngblut N D, Fierer N, Knight R, Kratz T K, Lottig N R, Roden E E, Stanley E H, Stombaugh J, Whitaker R J, Wu C
H, McMahon K D. Lake microbial communities are resilient after a whole-ecosystem disturbance. The ISME Journal, 2012, 6(12) : 2153-2167.
Zhou Z C, Tran P Q, Kieft K, Anantharaman K. Genome diversification in globally distributed novel marine Proteobacteria is linked to
environmental adaptation. The ISME Journal , 2020, 14(8) : 2060-2077.

Jeffrey W H, Pledger R J, Aas P, Hager S, Coffin R B, Von Haven R, Mitchell D L. Diel and depth profiles of DNA photodamage in
bacterioplankton exposed to ambient solar ultraviolet radiation. Marine Ecology Progress Series, 1996, 137. 283-291.

Warnecke F, Sommaruga R, Sekar R, Hofer J S, Pernthaler J. Abundances, identity, and growth state of Actinobacteria in mountain lakes of
different UV transparency. Applied and Environmental Microbiology, 2005, 71(9) : 5551-5559.

Jh, EARM, BEH, MR, 8, XU, /N7, AR KRN B 7 2 B T AL AR SRR R A A W 2 4l K A A W
#%,2024,48(12) :2055-2068.

MM, M, PAMERE, DY, T, REE, BRIE. ST SERIMA SR I EO U W 0 A AR AR SR R R R PR R 2023,
44(7) . 3864-3871.

Cruaud P, Vigneron A, Fradette M S, Dorea C C, Culley A I, Rodriguez M J, Charette S J. Annual bacterial community cycle in a seasonally ice-
covered river reflects environmental and climatic conditions. Limnology and Oceanography, 2020, 65(S1): S21-S37.

Hahn M W, Moore E R, Héfle M G. Bacterial filament formation, a defense mechanism against flagellate grazing, is growth rate controlled in
bacteria of different Phyla. Applied and Environmental Microbiology, 1999, 65(1) : 25-35.

Liu ] W, Fu BB, Yang HM, Zhao M X, He B Y, Zhang X H. Phylogenetic shifts of bacterioplankton community composition along the Pearl
Estuary; the potential impact of hypoxia and nutrients. Frontiers in Microbiology, 2015, 6. 64.

Kémpfer P, Rossells-Mora R, Falsen E, Busse H J, Tindall B J. Cohnella thermotolerans gen. nov., sp. nov., and classification of ‘Paenibacillus
hongkongensis’ as Cohnella hongkongensis sp. nov. International Journal of Systematic and Evolutionary Microbiology, 2006, 56( Pt 4) ; 781-786.
Simek K, Kasalicky V, Zapomélova E, Horndk K. Alga-derived substrates select for distinct Betaproteobacterial lineages and contribute to niche
separation in Limnohabitans strains. Applied and Environmental Microbiology, 2011, 77(20) . 7307-7315.

Chai X L, WuBR, XuZS, Yang N, Song L Y, Mai J J, Chen Y, Dai X H. Ecosystem activation system ( EAS) technology for remediation of
eutrophic freshwater. Scientific Reports, 2017, 7(1) . 4818.

TT, %, ki, RESC IR PR S SRR RN R . SRS PNA, 2022, 44(9) : 1216-1221.

B, Y TR R T S R R R ARSI B Y [ D). S EARSE . Bl R4, 2023.

Matsumoto A, Kasai H, Matsuo Y, Shizuri Y, Ichikawa N, Fujita N, Omura S, Takahashi Y. Ilumatobacter nonamiense sp. nov. and [lumatobacter
coccineum sp. nov. , isolated from seashore sand. International Journal of Systematic and Evolutionary Microbiology, 2013, 63(Pt_9) : 3404-3408.
Matsumoto A, Kasai H, Matsuo Y, Omura S, Shizuri Y, Takahashi Y. llumatobacter fluminis gen. nov., sp. nov., a novel actinobacterium isolated
from the sediment of an estuary. The Journal of General and Applied Microbiology, 2009, 55(3) : 201-205.

fapigdk, Jemit, WY B2 ( Acidimicrobiia) FIBTFEAEEL. THAEYIFid iz, 2020, 47(6) : 1945-1957.

AT, W, VEOL, TR, T ST R BRI AN B v A MR IE B I [ . AR ARAARGR, 2020, 39(11) : 3756-3765.
Zhao X H, Xie E. Reclaimed water influences bacterioplankton and bacteriobenthos communities differently in river networks. Water Research,
2023, 243 120389.

R, B, BHER, E5tE, Bl BOKEBREMERETE SHEMZBTSERE. WAuRl R, 2024, 63(9) : 73-77.

KM, BREE, RF3CE. B IRMK AT VR REE VERE ST MUK & SFREE0Y, 2017, 28(1) « 49-53.

Hu S J, Niu Z G, Chen Y F, Li L F, Zhang H Y. Global wetlands: Potential distribution, wetland loss, and status. Science of the Total
Environment, 2017, 586 319-327.

http ; //www.ecologica.cn



