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Diversity of culturable filamentous fungi and its relationship with
environmental factors during winter time in Lhalu Wetland, Tibet
GUO Xiao-Fang DEJi" LONG Qi-Wei BAI Bin-Jin WANG Hao-Jie CAO Ya-Pu
(School of Science, Tibet University, Lhasa, Tibet 850000, China)

Abstract: [Background] Lhalu Wetland was the highest and largest urban natural wetland in
China. Studying on microbial community structure in Lhalu Wetland could provide theoretical
basis for exploitation and protection of biological resources in Qinghai-Tibet plateau, and lay
foundation for the study of microbial diversity in wetland ecosystem. [Objective] To investigate
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diversity of mycelial fungus and explore the main environmental factors which influenced the
community structure of filamentous fungi in Lhalu Wetland. [Methods] Fungi were isolated from
11 water samples, and identification of fungi were completed using the sequence analysis of
nrDNA ITS, combining with traditional classified method. SPSS and CANOCO were used to
examine correlations between filamentous fungi diversity and environmental factors. [Results]
Myecelial fungi isolated from Lhalu Wetland were belonging to 6 genera and 13 species. Mucor,
Cladosporium, Galactomyces were the dominate genera in the wetland. M. hiemalis, M. racemosus
and G. geotrichum were the dominate species. Statistical analysis indicated that TN has
significantly negative correlation with the counts of filamentous fungi at the Lhalu Wetland
(P<0.05), moreover, TN and TP had significant effect on distribution of the fungi, which positively
correlated with M. racemosus but passively correlated with M. hiemalis. [Conclusion]
Environmental variable has been one of the major factors that influencing wetland microorganism
community structure, therefore, it was crucial concerning to study the relationship between

Microbiol. China

environmental factors and diversity of microbe in Tibet.
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2016 ARG DL, 456 I &
AR 225, TERIEIRIERE 11 MR SUREE K
(# 1), HICHRAERTEI /KRR Z) 100 cm ibitk
TIKFERSE . B HERAEL b LAKFE, Jeid%
FERFEHIM EKAE pH. REE . BIARREIARE . B
FRMEREE, SRIFRERE KA BIZEA 2 T
BRIl . — 17K 2055 2R =R R A FRA R
ME AR (R BB, 2R . 1k
St R VBRI, T — Il Bl S = S B
Iy B 2R BT
12 EERFIFMEE

PCR 57l & . DNA & il &, muilA4
THRHEABRAH ; DNA marker, Jb gt 3SR EY)
BHEABRAR . BidTAES, Mgz Aa R
Al BRIERKESE, R ETRHE A RA
Al; PCR X, 78 [ HE & 2 {0 s e fn 28 vl 5 H
VKA BEREARAN, A6 B AR Ik S A TR
NS
13 KAELRKEEMHSBRAK

14 0.45 pm BEFRET 4k R DB E THhiEm 1,
B 30 mL KFEIEATHMUE , SR IR E B TR R0t
(FatE PDA ¥ 5L . RBCH 3537 50 R kA 715 5% .
REFRHEAR Ay D SCHR[15] . B Ab 3 3 N E A

F1 NERHKKEESMNE
Table 1 Situation of water samples in Lhalu Wetland,
Tibet

FEri S i

Sites Longitude Latitude
1 91°06'02.87" 29°40'02.40”
2 91°06'21.03" 29°40'02.93"
3 91°06'21.07" 29°40'04.95"
4 91°06'14.80" 29°40'12.16"
5 91°06'15.36" 29°4022.55"
6 91°06'05.81" 29°40'35.00”
7 91°05'59.58"” 29°40'33.62"
8 91°05'36.73" 29°40'02.02"
9 91°05'01.99” 29°40'08.85"
10 91°04'51.71" 29°40'01.64"
11 91°05'12.86" 29°39'57.99"

1.4 2REFEREUE

WMERTF L 22 R B 7E PDA 55373 F TR TE
g, Bk, BihAE, IR DG BB AR 2R
HITEA.
15 ZREEWDTFETE

K CTAB DM bR A SEINZ DNA,
5% ITS1 (5-TCCGTAGGTGAACCTGCGG-3') #il
ITS4 (5'-TCCTCCGCTTATTGATATGC-3")4 1 H i1y
FBE nrDNA ITS 4751, PCR WA ZR (50 pL):
T5 Super PCR mix 25 uL, b, Fi#547(10 umol/L)
£ 1L, DNAf#Hg 1 pl, dH,0 22 uL. PCR JZJi;
ZA%F: 94°C5min; 98°C10s, 55°C15s, 72 °C
15s, 30 MEFR; 72 °C 5 min, PCR #4714 1%
TN B R 5 P K R 5 % A e L R A R
RN /A T o

HEIXTERE IDNA ITS JEIIINF 255 N TR S
1E GenBank il Hh il AT EUXT o 5 2 HIZ2IR TR T
BRI FIAAUEE A 99%LA I (At Ay TR —Fr, AHARLEE
h 97%—99% It i S [l — & , AT A 224K LA
() A HEHA
1.6 HEIRHKEELEFNE

MZZ BN E R . pH. #hE .
SRS R (TDS) ML 38 (EC) . BVAL. Sk .
AR SRR . bR R R A 6
IREEFE bR 00 5 R P v R A BR A /AT .
BB (TP) B &L (TN) Fi1 2 & (NH,-N) 2 ff
TU-1901 4N AT WA T Tl , 7kl
SERBR B A 6 FE 1 (GB11893-89) | Al i A R
T i 2R A 66 (HI636-2012) A4l FG ik 5] 40
S BE 1 (HI535-2009) 5 fh~ 75 4 it (COD) ARl 2 >k
FH % BR £ 15 (GB11914-89) 5 4 i 48, (DO) ) I 5
K F AL 22783k 15 (HI506-2009)
1.7 BURALIES S

ZAEPEFE SR (Simpson . Shannon-Wiener Z2FE1E
TRECF Pielou X5 BEAREO) BRI Excel 31,
HARA A SCHRA7IRTR 5 A3 Rh sl e 5 J A p 3
JE (3 BUAAE S AR R FE SRR A/ INT 2% 5 25 4k

e
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TR A SPSS 19.0 Duncan Kyi&i:, i ny
Pearson F 0L W H FAHSCH: T s RT3
(Principal components analysis, PCA)FT FH % 4N
CANACO 4.5,

2 ZR54h
21 HWERMETKALREFTHZHMESHR
211 HNEREHMEFKEALKEERBEZHRK
FHE

L AR K AR Hh 2 B I 22 R LT H T8
6 J& (Cladosporium. Fusarium, Galactomyces .
Mucor . Penicillium F1 Phoma) 13 Fh(F 2), 224k
BLEAPELEH A . Cladosporium 43253 5 M,
Mucor 4325 %] 3 Nl Penicillium 23255 2 b,
HoAth 3N J@ ¥ 3 B3 14 Fh

A3 AN ] L R A AT (R 2), M. hiemalis
H BRI R B 5 (100%) , Hi S M. racemosus, i F1
BRI 50%; G. geotrichum FiI C. cladosporioides
SIAWEL Nz, AR RO 5 AT A,
PSS R 1t 30%; C. macrocarpum 45 5 i EL TR
AAE— A 53 B 3 o ARG = B B R (3R 2),
M. hiemalis %t & £, FE N 4890%; M.
x2 NERHKALEFLREFN BT

racemosus AH XT F B &, @ 20%; C.
macrocarpum %5 4 224K FRE L5 2 3 1Rk o AR
FHE 5 U RLE A R, bR K AR 22 R B
RO AP M. hiemalis, M. racemosus #1 G.
geotrichum, iX 3 R EL G ALHBE 4351k 48.90%
12.45%F1 4.27%; HL#HJE N Mucor (IL#HE N
71.53%) . Cladosporium (i #\ B Ky 4.31%) Al
Galactomyces (fL#E K 4.27%) .
212 HNERMEFTRKFELIKERHRABEE
ST

KT b A 2R T A v 2H R A A AR
PE, THE T & KFELARETE Jaccard AL REL,
gERLNFE 3 . M 3 AIAN, g iR KEE
RETEALE ZEGERFY 0.11-1.00; 3. 6 F111 5
IKAETIARLLEE 2850k 1.00, JEMEHIML; 10 Z/KEE
PR [F] g 25 AR481.(0.50-0.75), L5l 18%; 16 41
IKFEPI PR FRSEAARL, Rl 29%; HAthoKAE
(AL 5 %4<0.25, MARBEEAHARL, LLBIH 47%.
BRI, PrEmHass 10 D /REERIZ2R E R F
FEARFAL L ik 76%, T LUE iz g 22K B R
3 A AR A S ) 2 1A R

Table 2 Distribution of filamentous fungi isolated from water samples during winter time in Lhalu Wetland, Tibet

Wi HE . Sites H R AHRS =
Species T 2 5 4 = 5 7 @ © mwlm Occurrence frequency Relative abundance
%) %)
Cladosporium asperulatum 1 1 18.18 1.46
Cladosporium cladosporioides 2 2 1 2 36.36 511
Cladosporium macrocarpum 1 9.09 0.73
Cladosporium oryzae 2 9.09 1.46
Cladosporium uredinicola 1 9.09 0.73
Fusarium avenaceum 2 2 1 27.27 3.65
Galactomyces geotrichum 2 1 2 2 6 45.45 9.49
Mucor circinelloides 1 2 18.18 2.19
Mucor hiemalis 3 5 15 10 1 3 6 10 8 2 4 100.00 48.90
Mucor racemosus 3 1 8 7 6 6 54.55 22.63
Penicillium commune 1 9.09 0.73
Penicillium expansum 1 1 1 27.27 2.19
Phoma sp. 1 9.09 0.73
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F3 HERHMREKKHLIREER Jaccard FBIUE R

Table 3 Jaccard coefficient of filamentous fungi among different sites during winter time in Lhalu Wetland, Tibet

FERi
e 2 3 4 5 6 7 8 9 10 11
1 1.00
2 0.16 1.00
3 0.16 0.40 1.00
4 0.20 0.50 0.67 1.00
5 0.29 0.13 0.14 0.17 1.00
6 0.16 0.40 1.00 0.67 0.14 1.00
7 0.60 0.14 0.17 0.20 0.29 0.17 1.00
8 0.16 0.20 0.67 0.25 0.14 0.50 0.17 1.00
9 0.60 0.14 0.40 0.20 0.29 0.40 0.60 0.40 1.00
10 0.11 0.38 0.29 0.33 0.22 0.29 0.25 0.14 0.11 1.00
11 0.16 0.40 1.00 0.67 0.14 1.00 0.17 0.50 0.40 0.29 1.00

213 HEEMEFKEFLRERS HIHEE
M 4 TIAL, FrERH 10 SoKEEZAR B R
Kz, 4 Swb, 1 59 SLLREARMBRZ .
BEERR, 8 SRR EUTL R £ (P<0.05),
HR N 3 5KHE, 19Kz R Bt RD, 5
3. 7. 8 F9 SIKHEA] 22 7 i 3% (P<0.05), Simpson
ZREMEFESE(D) . Shannon-Wiener ZFEEFEE(HY) I
Pielou HJ5] FEFE 4L (3) B8 (55 4), 1. 5 1 10 ‘S /KA

x4 HNEBEHEFKELRERNSHIEEL

D {4, 3 Si%{Emfk, 0 0.29; 55/ 10 %
2 ANKAE H (e, 3 S9KEE H (ARAR. ATLLE
i, Simpson ZEEMEFE R Shannon-Wiener ZAE4:
EECEEA 3, X 2 MEEEGEA R, 55105
2 DIKFRLLR R ZHEMIRE R . 5 SKFRLLRE
WM i), Hakoh 15Kk, XS 3 5K
B i A5 BRKRE, 5 SKFE2ZRILEZ
PR E Bt s,

Table 4 Diversity indices of filamentous fungi from water samples during winter time in Lhalu Wetland, Tibet

= =
ﬁéﬂj %ﬂ@( 2 Filamen%iffii counts . %E?}:Tﬁﬁ& 74&;&.*5& Pieloﬁj(:je%n*:s?{index
Sites  Species number Genera number (CFUIL) Simpson index (D)  Shannon index (H) @

1 4 4 99d 0.72 1.32 0.64

2 4 2 231cd 0.64 1.17 0.51

3 3 2 1353b 0.29 0.57 0.19

4 2 1 957bcd 0.49 0.69 0.24

5 5 2 429cd 0.78 1.55 0.80

6 3 2 396¢d 0.51 0.86 0.36

7 4 3 1 056bc 0.58 1.09 0.47

8 3 3 3861a 0.38 0.69 0.28

9 4 4 990bc 0.57 1.07 0.42

10 6 3 594bcd 0.72 1.52 0.59

11 3 2 297cd 0.66 1.08 0.39

T [FZAREA 5B A B 8] 5 225 AH 514 (P<0.05).

Note: The data marked with different alphabets indicated that difference were significant (P<0.05).
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22 HNEERMEFKABUEFELRETS
MMM
221 HEEMEFKABUEFERMESH
PLERH KA IR (R S)BUERI, eI
H 10 A AKFE AR bR EAN R R B A 22 55 55K pH
M5, Bl R R K FE Y st (pH 7.42-9.12),
1 SKAE pH (B, 7 S7KEE pH (R, 11 4K
FEIR] pH {HIEAERf77F B35 25 57(P<0.05); 44T EC.
TDC FIEREE AT UL, 11 ASKFEAR b H—2, 11 5H
10 SRR T HABK AR, 6 S /KRR iR/ IMEC
Jy 213-362 pslem, TDS i 151-257 mg/L, hEH
98-168 mg/L); LAAFIZ A E L R BN, PrE iRt
K ZKK MRy 2.30-6.70 mg/L, RAJLHEN
157-19.40 mg/lL, H 6 SUkEEX 2 M
(P<0.05), 8 57Kt EAEmRAK, 10 5/KHEA AR
i BB 11 SOk, 3. 7. 8. 9 S /KA
ik, SUASER N 0-0.23 mg/L; =FEY) o HrkH,
7 SIKFERIF IR B By, O 45K, Hipthk
FERBA BB 25 55 5 P 1 oK AR il 8T Lk

x5 NEBEMEKEFEUETFEREST

4.45-7.75 mg/L, 8 SUKFEEARAIR, 7 Sl
bt A R E Ll 76.75-95.28 mg/L, 4 S/KAE
AR, 10 SIKFERAR .
222 PEEHZTKEIEBNEFEEX S

6 Bl LM, hiERAATIKA EC, TDS
FER B 3 AL IR 7 7 PR ] 2 4 2 0 A ¢
(P<0.01); TN 5 TP i) 2 i 2 IF A 5¢(P<0.05) ; TSP
5 DO [a] 2 23 71 #H¢(P<0.01); COD 5 EC,
TDS Fi#hE 3 A AL ) 2 8 % 7A ¢
(P<0.05), 15 K A2 AR & B 3% 1EAH 2 (P<0.05);
pH 5L 0] 5 {2 3% 1E AH 56 (P<0.05) ;. HiAhBEALIA
TP I AH DG A B35
223 NERMETKELREBSHMIEHE
XM ST

m= 7 Fin, FEEtK IR 2R EE RS
H DR J [ 2R % IEA 6 (P<0.01), 5 D )%
W EIEASE(P<0.05), ZREFEHE"S D MED#
A (P<0.05); D, H' LIK J WipE[a] S4B 2% 1
H2(P<0.01).

Table5 Difference analysis of environmental factors among water samples during winter timein Lhalu Wetland, Tibet

T R 22
= £ e vE BF r—f’\/f 4{: o YRR
ﬁ,’ﬁ @ﬁﬁfﬁi@‘t EEE‘F? [Eﬁ?% J]]].E /JJ]IE SR %fl‘ ;E\@‘% %’ﬁ*ﬁ% {’Eﬁ@ﬂ /ﬁ%
Sites oH EC - Salt Temperature TN NH; -N TP (mg/L) - DO R
(us/cm) (mg/L) ) (mg/L)  (mg/L) (mglL)
(mg/L) (mg/L) (mglL)
1 9.12a 272.00cd 193.33cd 125.67cd 11.20c 4.60d  3.50def 0.20b 4.67c 6.97c 85.24g
2 8.65b 246.00de 174.67de  113.33cde 11.33c 4.00f 2.70g 0.10cd 4.33c 7.09c 82.38i
3 827e 236.33ef  168.00ef 109.33¢f 11.60b 4.00f 3.40ef 0.00e 2.67c 7.02c 88.10e
4 8.20e 241.00def 171.33def 111.67def 11.83a 460d 8.50b 0.20b 19.33b 5.91g 95.28a
5 8.45d 231.00ef  164.33€f 107.17¢f 11.67ab 380g 4.93c 0.07d 4.67c 6.53f 88.73c
6 856c 213.67f 151.67f 98.53f 11.00d 6.70a 19.40a 0.13c 3.00c 7.42b 93.37b
7 7.42) 289.33c 205.67¢c 132.67c 10.07g 4.10e  4.00d 0.00e 103.67a 4.45h 85.75f
8 7.69 271.33cd 193.33cd 125.00cd 9.70h 2.30i 3.70de 0.00e 2.00c 7.75a 82.73h
9 7.78h 258.33cde 183.33de  118.33cde 10.37f 333h  3.03fg 0.00e 6.00c 6.82e 76.84k
10 8.06f 323.00b 229.33b 148.67b 10.57e 580b 1.57h 0.23b 10.33c 7.45b 78.41j
11 7.96g 362.33a  257.00a 168.00a 10.97d 5.30c 3.50def 0.30a 5.00c 7.03c 76.75k

T [RIFBREEAS A7 B g Edh A 52 2 25 A1 5 1% (P<0.05).

Note: The data marked with different al phabets indicated that difference were significant (P<0.05).
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F=6 HNERHEEEZKIEIELEFERY Pearson tHXMEFREL

Table 6 Pearson correlation coefficient of environmental factors during winter time in Lhalu Wetland, Tibet

. i B : . . REEE  EE
_ -Pcl?t | RENE  HSR it i EE BAR A ey Wil wiR
), 2
nvironmenta pH EC - Salt  Temperature TN  NH;-N TP DO U
factors TDS TSP R
BRI pH 1.000
5 EC —0.386 1.000

MysfRih TDS  —0.388 1.000** 1.000

L Salt -0.373 1.000** 1.000** 1.000

TR 0.674* -0.391 0394 -0.371 1.000

Temperature

BATN 0.341 0.139 0.134 0.145 0.301 1.000

2% NH,-N 0237 0512 0514 -0.508 0.187 0.567 1.000

B TP 0.366 0.527 0.525 0.541 0.337 0.678* 0.086 1.000

Bk —0.536 0.172 0.174 0.159 —0.360 —0.052 -0.081 —-0.269 1.000

TSP

#if4 DO 0.372 —-0.005 —0.006 0.001 -0.005 0.096 0.070 0.212  -0.893** 1.000
fbdEat cob 0333 _ggoqx —0.720% -0.711* 0.522 0.207 0.676* —0.095 0.094 -0.269 1.000

TE: *: 18 0.05 ACF-(RUM) EEAHIG; **: 7 0.01 K- (XU B4 K.
Note: *: There was a significant correlation at the 0.05 level; **: There was a significant correlation at the 0.01 level.

F 7 HNEEHKEFLRKEEZHFMERELER) Pearson tHXMERE
Table 7 Pearson correlation coefficient of diversity indices of filamentous fungi among different water samples during
winter time in Lhalu Wetland, Tibet

WiE IR B _ HEHOR T %‘Z@Eé& _ﬁjfﬂﬁiﬁiﬂt
Items Species number Genera number F”amiztonutz fungi Simpson index (D) Shanrzl(i{r])mdex Pleliz:ee):ﬂ(a;r)]ess

LA 1.000

Species number

JBEL 0.450 1.000

Genera number

B —0.294 0.116 1.000

Filamentous fungi counts

SERE PR 0.680* 0.222 —0.653* 1.000

Simpson index (D)

FRYE 0.873** 0.343 -0.548 0.948** 1.000

Shannon index (H")

BB i 0.799** 0.323 -0.494 0.907** 0.956** 1.000

Pielou evenness index (J')

Hie > £ 0.05 ACFCUUI) BEAIE; **: 7 0.01 /K- (RN B EAH K.
Note: *: There was a significant correlation at the 0.05 level; **: There was a significant correlation at the 0.01 level.
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224 HNEEMEFKFEBEURAFSLREES
MR RUBAR X M S A

= 8B N, PrE R AT KR S S 220k
LR 0 (] 52 35 £7AH G (P<0.05), i EE 5 TR B H
[ £ {2 2 A5G (P<0.05), HAt 4] By W1 AH
Kbk,
225 HNEEMWEFKAEBUEFSTIRILRKE
EJELEES S i

MR 9 WM, PR AAZKIAE TN, TP 5
M. racemosus g 3 IFAH5¢(P<0.05), TSP 5 C.
asperulatum £ F. avenaceum 2 i 2% [F4H5¢(P<0.05),
HAb AR 75 2R B R O] ARG

C. asperuatum #I C. macrocarpum , C.
cladoporioides #il F. avenaceum %t & 2 1F AH %
(P<0.05) (% 10),C. macrarpum #1 M. circinelloides .

C. oryzae Ml C. uredinicola & H% & 2 iF #H ¢ 1
(P<0.01), C. cladoporioides #il M. racemosus JIJ & i 2
TAHKAE(P<0.05), HABLZIR FLRAIAHSCHEADIE .
22.6 NEBMEFKELREREEHF

N E I 22 R B S B R E R, R
Jl CANOCO #fxf —# A7 T HEF . e & B
P HE PR, Se EAT 25 8 %t i 43 A1 (Detrended
correspondence analysis, DCA). Z=3A%] 1 43 Hr4
RIRER 1 HP R s B R (o 2.839, [KtiE
PR (1) FE B AT THEY . F Rt
(Principal components analysis, PCA)45 %20, 451
HEFF- ot e b A8 B AR LU 54%, 46 2 HEph
N 32%, —HEALAE] 86%, EUIZHANTEAEA L
SRR A AR R -5 2R FL B R G R

*8 NEEMLFKFELETFSLRERSHIMEIELA] Pearson XM RE

Table 8 Pearson correlation coefficient between environmental factors and diversity indices of filamentous fungi of water

samples during winter time in Lhalu Wetland, Tibet

Er— g O o o e o
Wi H Y BAH B A ARAREL FARTEEL 5] AL
Items Species number Genera number Filamentous Simpson index Shannon index Pielou evenness index

P fungi counts (D) (H) @)

BRI pH 0.052 —0.090 —0.545 0.311 0.247 0.356

HL 53 EC 0.237 0.239 -0.045 0.334 0.301 0.093

M foR A 0.237 0.240 -0.040 0.332 0.300 0.093

TDS

ERE Salt 0.228 0.222 —0.051 0.336 0.299 0.093

TR -0.172 -0.618* —0.589 0.130 0.027 0.096

Temperature

MA TN 0.086 —-0.268 —0.656* 0.288 0.201 0.084

24 NH, N -0.418 -0.384 —-0.140 -0.204 —0.318 —0.238

Mk TP 0.030 —0.236 —-0.532 0.496 0.318 0.175

J=§sSE2: bR )| 0.058 0.099 0.009 0.025 0.030 0.025

TSP

4 DO 0.069 0.084 0.173 -0.089 -0.026 -0.063

M2 -0.455 -0.574 -0.042 -0.302 -0.380 -0.202

COD

TE: *: 7 0.05 KCHCUUN) B EAHI; **: 7 0.01 /KF-CUU) A1,
Note: *: There was a significant correlation at the 0.05 level; **: There was a significant correlation at the 0.01 level.
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®9 NEEMZFKRMBEUETFERRLIKERE Pearson HAXIERE

Table 9 Pearson correlation coefficient between environmental factors and different filamentous fungi of water samples

during water time in Lhalu Wetland, Tibet

— s . e e SO =SEZ R 4
WRIEE OB BSE AL HRE RE MR |m BB wE
Filamentous fungi pH EC TDS Salt Temperature TN NH4*-N TP #d DO LA
TSP COoD
Cladosporium —0.464  0.436 0.437 0.421 —0.443 0221 -0.249 0.020 0.696* -0.444  -0.221
asperulatum
Cladosporium 0.166 —0.153 —0.153 —0.158 —0.002 -0.299 -0.219 -0.249 0.105 -0.271 —0.117
cladosporioides
Cladosporium -0.093 0421 0.420 0.414 -0.177 0.383 -0.248 0.369  -0.053 0249  —-0.343
macrocarpum
Cladosporium 0.173 -0.279 -0.278 —0.268 0353 -0.169 -0.024 -0.138 -0.116 —0.086 0.205
oryzae
Cladosporium 0.173 -0.279 -0.278 —0.268 0353 -0.169 -0.024 -0.138 -0.116 —0.086 0.205
uredinicola
Fusarium -0.031  0.119 0.120 0.106 -0.315 -0.135 -0.206 -0.180 0.603* -0.559  —0.108
avenaceum
Galactomyces —0.308  0.550 0.548 0.558 —0.160 0.018 -0.089 0239  -0.259 0.288  —0.473
geotrichum
Mucor —0.006  0.262 0.263 0.261 0.000 0.278  —0.242 0.280 -0.103 0191 -0.224
circinelloides
Mucor hiemalis  —0.326 —-0.242 —0.240 —0.243 -0.006 -0.486 —0.137 -0.493 0.003 -0.054 0.169
Mucor racemosus  0.111 0.148 0.145 0.158 0.328 0.749**  0.498 0.716* -—0.188 0.154 0.249
Penicillium 0.309 -0.165 -—0.167 —-0.167 0.189 -0.114 -0.172 -0.037 -0.119 0.117  -0.132
commune
Penicillium 0.546 0.186 0.186 0.183 0.090 0.207 -0.348 0.387  -0.186 0.284  —0.294
expansum
Phoma sp. -0.345  0.028 0.034 0.025 -0.596 -0.582 -0.106 -0.342 -0.145 0.358 —-0.114

*: 7E 0.05 ZKFORM) EAHIG; **

: FE 0.01 K- OOU) &k 2 AH .

Note: * : There was a significant correlation at the 0.05 level; **: There was a significant correlation at the 0.01 level.

B ARG RN (B 1), 11 AKEEIEACR K,
BHES, ARSI BERS, X5 Jaccard AL
RENSERIEA 2, ORISR K AR 220K B
(1) 3 A1 25 ) S o MR 2

TN F1 TP X465 90 b 24 2 /K 1A 22 0K FL TR 43 A
RIS . X 2 R EEAL 75 M. racemosus
[ IEAH et i i35, 5 M. hiemalis 5558 (1 i AH
XtE, COD 5 M. hiemalis 5850 4 1F AH 6
TSP 5 C. cladosporioides #1 F. avenaceum [i1] #H &
Phtgesg . kg RS Pearson AHIGME 44l R
HAYE

HEJF B 08 55 B0 kb s iz 2B 35 O S5 A=
P2 L BSR4 G o AL 1 AT A

%5 1 HEp# SR M. hiemalis 1 G. geotrichum 4
IR TAIR LR LR IFAF, 55 2 HEp il &
AH M. racemosus W 2iZ BRI, X 55L2PREL
A —5 PrE KRR LR ITELE 11 K
FER) AR HE P B R A5 21 T HERf IR . IAIA]
1A LI H, M. hiemalis 7£ 3 77J(1¢ﬁ7\%ﬁﬂ‘§, H
KN 4 SH 8 SKFE, T8 5 SKFE MR,
racemosus 7E 4 S/KFEMiiEZ, Hik R 6. 10,
11 57KFE, X 53R 2 Z2RMYIG

PR LR EEABR LISL, 5 I?Iﬂ*ﬁﬂé@fﬂf
FrlE rh s 3 —E R A 0. (& 1 KB TN F1 TP
REFEIEMNK, DO 5 TSP REFMMK, X5
* 6 Z5 R A3
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Figure 1 PCA ordination diagram of filamentous fungi
community associated with environmental during winter
time in Lhalu Wetland, Tibet

. EC: SR, Temp: HE; TN: B%&; NH,-N: &&;

TP: GiWE; TSP: LEFEKY; DO: 4 COD: fbi
A

Note: EC: Electric conductivity; Temp: Temperature; TN: Total
nitrogen; NH,"-N: Ammonia nitrogen; TP: Total phosphorus; TSP:
Total suspended particulates; DO: Dissolved oxygen; COD:
Chemical oxygen demand.

3 WiE4i

SR HUEIEHR A 0 25 TR BALERHL 11 3K
FEMZIR TR, FRRTEHGE T T 028 45 R IR, i
ERHAK IR LRI IE N 6 N8 13 Rl L
ZW], M. hiemalis. M. racemosus #1 G. geotrichum
3 P IT A HE 10 Hh AC ZE 7K AR 220K LB L 345
Mucor . Cladosporium Fil Galactomyces “Ai%¥f522
RECEILEE ;. PrEn A Z K IR DA S 2RI
R ) £ R 25 1A G (P<0.05)

FRACIR 725 S AT s 3R, bR A2
ANFEKAERRALI 722 5 FU SR 2, 4n pH, DO K&
COD %, i Jifi 22 5 iy Ji PR — 5 T AT g Pl i AR 2
RGKEILCTPATS, 53— 5 R FARIREZAS
RGN AT S PSRN A D RS, i ELie b
A (] DX A g A 3 2 R 1% 2 S A P BB AR R R 32

A AN N TS e S I 7 S 2 & § 72

IR IR BRI A 22 5

M FEKIREE T AR SR I H AR ERR(E R
[ -V 2K b7 A hnifERR A 15-40 mgl/L,
R B E bR MEBRE 4518 0.15-2.00 mg/L Al
0.2-2.0 mg/L . ASSEEMIFS 93X 3 FhFRAL R 7 Hda
FRITBRAEL, VAR B s R iy i K T
BSOS R . BT IS R, BT
AEH T Zhr & 1 SR Le A s K IR B Z b2, KA
Tflk, FERFESFIEATHUREI JCTA DR RIRZK,
AARRIBIR AR, FrLL S s—se B Ak 74
Z BTN G MK AR B bR e R, (Rt
ARSI 55 A DR - 5000 T S S e 6 1 b K AR
HIHRRRE, (BRI SRR s in &, X
SRS EAT VRN RN AT A S

RT3 W b AR LT 22 R T AT 5 SCHR K
A TR B T AL AR . T . AR SRR
KM OCTERE, HASIEE R T IE . R
11 o LAE N, e 22 B 50 & TR
(£ N T R N T I 7 1 D 9 &b TR (S
S A, BRI R H AT, R
WAL BT e AP KR B R R 2 T hi
BT L % N TR ER PR T B RS E AVR =T8N )
BHMMZES, —JrHnBeRERERE AR, 3C
BRI81E M, I IR th /K 1A B 2 EL TR Jd % H e
2(15), HUCh#FE(12), HFmP11), ATLE
B KA EE SR NAE—ERR, HTZ
SCHRA A 72625 Sy AP 8 s K R FT IR AP 2R B 5T
D] T iy 1 K AR 5 5 PRI b K AR 22 4R L
AR TILAL, (A 12, 2 MK AR
RBEEH R 2E 5 SRR HA —E LR 75,
H R BT 2E ST R S E 2 MR KR LR
PR AEIE AR . P i K A nT G 2
PR W b AR AT AL & R, BT R R R
RERE BT 4 AR RN 2% R T A
IIATEARTE . 0T 11 55N LNRAK ISR B
PURTTLAE Y, BRSPS S A A
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Table 11 Introduction to research on freshwater fungi in China

R = Sy SRHIE EEREY ik
. oun enera . . .

Region (CFUL)  number Dominated genera Method Medium Time References
B0 5000 - - Diluted plate  Martin medium In the winter of  [18]
Jialu River method 2009
5, P - 11 Trichoderma, Filter paper ~ Martin medium In the spring of  [8]
Wuyiling Hypocrea, method 2010
Wetland Aspergillus
Br A 1-ym] - 13 Mucor, Penicillium, Filter paper Martin medium; PDA In the autumn of [5]
Ashihe Trichoderma method medium 2010
EaRU0) 9 - - Diluted plate  Martin medium 2010-2012 [19]
Nansha River method
TRV 212 28 Cladosporium In situ PDA medium with penicillin; In the winter of  [7]
Chenghai Lake cultivation Martin medium; Acidified 2013

YM medium; oatmeal agar

with penicillin
A 680 = = Diluted plate  Martin medium In the winter of  [20]
Kizil River method 2015
e 330 - - Diluted plate  Martin medium In the winter of  [20]
Gaizi River method 2015
i A [ 1300 = = Diluted plate  Martin medium In the winter of  [20]
Tuman River method 2015
R0 740 - - Diluted plate  Martin medium In the winter of  [20]
East Lake method 2015
EaR(i 700 - - Diluted plate  Martin medium In the winter of  [20]
South Lake method 2015
EA =R 933 6 Mucor, Concentration Acidified PDA medium; In the winter of  This article
Lhalu Wetland Cladosporium, method Martin medium 2016

Galactomyces

e - SCEPRARKHE.

Note: —: This kind of data was not showed in the article.

J&, BEARJE AR AR AT L B .
Z, KR ELTE RO AR A 1 2 K R AR,
WORMSERY | SRAEZENT | 08505 . HhBRALE KR
BERZRSE, Jioh, PrEieH i TR A b 3 R
PR, AR 2RI I A 5 HAb K A4
FAEW] B 25 5%

R T A S 5 T A IR 2K PR v 22
ARITEECR S22 5, WGl LS 7 380 I K 14
B 2 R TR 2 IR DL T 8, AR 7
e D K A B 3 22 R TR AT T TR X AR
D, AR TURAR G SCEE . 1 A P R L 4
B R IR 07 VRN T ) TP BT R S 2 AR T T
W5, 7 Ei3 18 ANJa 45 DR FL G T A,

— SIS TU R I R A A T VI P b K A
i, 4n C. cladosporioides. M. racemosus Fl M.
hiemalis ; % #F, Phoma sp.. Penicillium sp. #ll
Fusarium sp. %5 {776 T 57800 MK 74 (1) 220k B 7
HIFH W 25 el A, R8s
Fsk . KRR FAAAE 2, g ShiE
IR LR AR AN EA — @ AR . AT
PP | R P 22 R BRI 5
B IAETEN R 225, B0 70 FL 5 ]
RE AR OC, (BB AN Rl 2 i i 2
SR FELERERZ—.

A5 2% B 6500 A ZR K MR R RS B B
A ARG, Pearson A 2%k —0.656,
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33X 15 T 9 0Bt 2 P T 9 9 v R M - 3 B 1
FELE T, H s S PIE J X R [ i 3 SR
el 3l A 25 () A FRAE AR STt R, 5 I
15 #ARb H R S R AR B T R
PO ], TN BRI LR I B R
R ALK AR S RGBT
YLLK v g P i DX 2 A 8 4 B RO S
AR BFIEAG, SCHR[91RW], FvK IR E
SR RS e B R S R R B IR, R
AN [R5 DX 3 L P 400 5 R RE SRR DG A TS
6], (HZERT AR R U R ) 398 sl K AR B PR 45
P FEEHRRZ —.

P AR M K AR B AL AR R - EE M
hiemalis, AWF5ERB], mIEBINA . &R 6 R
b, A FHSAHPIAR bR A Rk - BRI 1
PRI o L AP DA T B ThY | S it
AT 20 BRI R R B, XE AN FEE R
3.24% . K 14 POk ORI S LT bR BT X 2R
FKRYW, HREBENEAETZAS P —F R,
B T A2 ORI B AR R A2 e e 1, IT
T AR B A 9 A3 M A R B
VR BRI S P g R B Ak B
0748 AR VS R L AR A 9 v Dt b - 35 v
R L BEP ) R Bl Mg R
D5 P 5 IR L [ R PR X K AR IR K L )
ZREHIT TR, IR HZERBEEK
B 2k & AR L E&E S
BE LTI A TR A Z K ARG S R AT RE 1
PRI DA B VIR 2R s Jidh, Pk 4
{14 D B A1, PT 2 32 P R L 22 R B TR B 2 1
JAR Z—, 1 TSR gin b 24 RFE KL
TG, FEOKFEREE R Hp R SRR IR AR
U6, NI AT RE(E R LR BT 25 20 A K TR - B bk
KBS . RS Pearson AHIGHESHTES S B BT
AR AR FRE R 75 05 - B R0 B g Ak, (A
PCA %553 W] COD iz ] S ¥ — 3 A 1EAH G
T 11 /KR COD 34 s, s Xty

EFEGR L EER B BERZNREEZ — 1A,
O3 Bk RO IR SR R S BOR T K A
FIATRESR R . TR T 5% EREA 2
BRSSO D b W O B B 11 T oo
A JE R 43 B 1R L B B TR R A A2 B AR B A AR
PESFIATIRSE, DAESEsgm HA A ) 22 A

$7 B A AR DA 2R L R ) 2
A9 (P<0.05), 5 M. racemosus £ i 1EAH
K(P<0.05), A HEJGHEAE T hr & K A4 oA =
JE £ 15 (48.90%) (19 M. hiemalis 57K 44 i %0 IF] 5 P4
S 1) 67 R S (—0.486) , B A SE M A 155 T
B G O B R TR = RUTS: Ly b7 AR RTS8 S ks s N 5}
FRISFNA3 A A ] ki S bt 2 3 A ZRA TG A5 . RS
H AP 10 A DA A, SR T8 RO DX 35,
TERE TG R | KRV R 5 52 NS T Bl i 4
o AL, BERNE K IE AR — B T A T S8
WA G 1% i R i 55 A5 I v e . X
i IR AR S R G E W AR T AN NI, IR
il A BRI PRI R S FE e 28 e E
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