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Commumty in Subalpine Lakes 14 o
LU ﬂ)]m X.lan ,'LIf€ui’*, LUO Zheng- mlng WANG Xue , BAO Jia-bing' , CHAI Bao- feng

(1 SHanXi Key L'_aboratory of Ecological Restoratlon on the~ Loess’ Plateau Institute of Loess Plateau, Shanxi University, Taiyuan
0300064 China; 2. School of Environment and Economics?, Shamu University of Finance and Economics, Taiyuan 030006, China)
Abstract ;! The composition and diversity of fungal communities are essential to maintain the ecosystem balance of subalpine lakes. The
aquatic fungal communities at different depths from the subalpine Pipahai (PPH, 0, 2, 4 m) , Mayinghai (MYH, 0,2, 4, 6 m), and
Gonghai (GH, 0, 2,4, 6, 8 m) lakes were studied. In addition to that, the distribution pattern and diversity maintenance mechanism
(determination process vs. random process) of fungal communities were explored using high-throughput sequencing. The results
showed that the physicochemical parameters of the water were significantly different among the three lakes. The pH, electrical
conductivity (EC) , ammonia nitrogen (NH," -N) , total carbon (TC) , and inorganic carbon (IC) of GH were significantly higher than
in the other two lakes. The fungal community was mainly composed of Ascomycota (0.82%-21.05% ), Basidiomycota (1.26% -
11.79% ), Chytridiomycota (0.42%-4.26% ), and Rozellomycota (0.11%-0.33% ). Cystobasidiomycetes, Dothideomycetes,
Chytridiomycetes, and Sordariomycetes were the dominant classes shared by the three lakes. The a-diversity index and the relative
abundance of dominant classes were significantly different among the three lakes (P <0.05) , but there were no significant differences
between the various depths on each lake. The results of the ANOSIM analysis showed that the B-diversity of the fungal communities
were significantly different (r=0.99, P <0.01) among the lakes. There was also expressive differences at various depths on MYH (r
=0.98, P<0.01) and GH (r=0.25, P<0.05), but no significant difference in PPH (r=0.23, P >0.05). The analysis results
of redundancy and variation partitioning showed that the B-diversity pattern of fungal communities in small region areas (‘among the
three lakes) and local areas (different depths of MYH) were driven by environmental selection and dispersal limitation. However, the
relative role of environmental selection was more significant, with water pH, dissolved oxygen (DO), TC, and EC being the main
influencing factors. The results of the null model analysis showed that the interspecific interactions promoted the maintenance of the 8-
diversity pattern of the fungal community in GH. In summary, the B-diversity pattern of fungal communities in the subalpine lakes was
mainly driven by a deterministic process.

Key words : subalpine lakes; fungal community; high throughput sequencing; diversity pattern; maintenance mechanism
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Table 1  Brief description of the sampling sites
miH PPH MYH GH
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BT /m ~4.5 ~6.4 o83
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Fig. 1 The a-diversity index of fungal communities in three lakes
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Table 2 Physical and chemical parameters of water in three lakes
TiH PPH MYH GH
T/C 3.23 +0. 160a 3.68 +0. 109a 3.60 +0. 190a
pH 6. 86 +0. 040c 7.48 +£0.027b 7.94 +£0.013a
DO/mg-L~! 6.68 +£0.701b 8.37 £0.377a 8.90 +0. 248a
EC/pS-cm ™! 494. 11 +1. 006b 439.33 +3.517¢ 963. 27 +3. 653a
SAL/ng-L~! 7.19 £0. 735b 8.41 £0. 322ab 8.64 £0.044a
N03_/mg-L_] 0.01 £0. 002a 0.01 £0. 002a 0.01 £0. 002a
NO, /mg-L~! 0.02 £0. 001ab 0.01 £0.001b 0.02 £0. 002a
NH, /mg-L~! 0.01 £0.001c 0.94 £0.07b 4.21 £0.047a
TC/mg-L~! 75.10 1. 075b 59.87 +0.387c¢ 119.53 +£0.496a _
TOC/mg-L"! 25.71 £1.177a 16.28 +0. 576b 18. 94 10.,.596'5.. s [P
1C/mg-1.! 49.39 +0.264b 43.59 £0.262c 100. 60 +0. 4034 / |
802~ /mg-L"! 18.69 £ 1.239% 16.28 2. 659t 19.72 £ 1.3104
PO}~ /mg-L ! 0.23 +0. 091'ab” 0.11 =0. 053b | 0.45 £0. ,09“'83};" i
D) BUOTPHE bRe2 , R s P <005 AP Exsta, Bl L ] | & <
] B - S T ' P
~— rd J =3, 3 A%ﬂ EFZ‘T_J Fﬂdﬁﬁ’]iﬂ{—t«‘?‘iﬁl = :
/ ’ ) ; Table 3 Phy%l(’al and cheﬂ{:‘al-"parametele of water at dlfferent depth% in th)ée Lﬂ(e@ — 3
; iy = PPH s MYH i
A :  O0m 2m‘r“ y f  4m 'Or.ﬁi‘ " 2k 4m A
/%€ 2.60£0.061b  3.50%0.001a) © /3.60£0.001a  3.07£0.092b  3.87x0.033a 3.90 £0. 002a
g L/ 7,02 £0.013a 6l82 +0lo21h  © 6.76 £0. 013c 7.43%0.012b 7.43 £0.011b 7.45 +0.013b
DO/mg-L-1 | 4@ 3.8840.071c 7.93 £0.01167 '8723#0.012a  6.28+0.031a 8.69 +0.001b 8.96 +0. 001 ¢
EC/.}LS'CIn”;Ll ‘ 490. 33 £0. 672¢ 497.00 +£0. 001a '495'.'60 +0.001b  449.67 £0.881a  443.33 +0. 882a 442.67 0. 33a
SAL/ngl:"Ilfl 4.25 +0.073¢ 8.51 +£0.011b 8.81 £0.013a 6. 81 +0.053d 9.23 +0.012b 9.51 +£0.001a
NO; /mg-L~! 0.01 £0.001a 0.01 £0.001a 0. 00 +0. 003a 0.01 +£0.003a 0.01 +£0.003a 0.02 +£0.001a
NO, /mg-L~! 0.02 £0.001b 0.01 £0.001¢ 0.02 £0.001a 0.01 £0.001ab 0.02 £0.001a 0.01 £0.001a
NH, /mg-L~" 0.01 £0.001a 0.01 £0.001a 0.01 £0.001a 0.93 £0.013b 0.92 £0.012b 0.96 £0.012a
TC/mg-L~! 73.09 £0. 122b 78.43 £0. 153a 73.79 £2.322ab  61.28 £0.365a 59.41 +£0. 152b 58.05 +£0. 133¢
TOC/mg-L~" 23.56 £0.507a 29.04 £0. 502a 24.54 £2.753a 18.20 £0. 253a 16. 54 +0. 484b 13.28 £0. 552¢
IC/mg-L~! 49.53 +0.382a 49.39 +0. 486a 49.26 +0. 673a 43.07 +0. 123b 42.88 +0.321b 44.77 £0.553a
S0~ /mg-L~! 15.48 0. 621a 19.25 £0.452a 21.33 +£3.013a 15.27 0. 833a 20.10 +£8.232a 12.98 £2.992a
PO}~ /mg-1.~! 0.21 £0.112a 0.46 +0.201a 0.02 +0.001a 0. 15 +0.032a 0.25 £0.201a 0.04 £0.021a
WiH MYH GH
6 m 0m 2m 4 m 6 m 8 m
T/°C 3.90 £0.001a 2.50 £0. 152¢ 3.33 +£0.031b 3.47 £0.032b 4.30 £0.061a 4.40 £0. 152a
pH 7.62 +0.062a 7.87 +£0.012e 7.94 +0.001c 7.91 +£0.001d 7.97 £0.011b 8.01 £0.001a
DO/mg-L"! 9.57 £0.032d 7.92 £0. 042e 8.18 £0.011d 8.36 +0.012¢ 10. 10 0. 023a 9.94 +0.034b
EC/pS + em ™! 421.67 +6.893h  975.00 +5.572a  973.33 £1.673a  970.00 1. 161a 957.00 +3. 462b 941.00 +3. 221¢
SAL/ng-L~! 8.09 +0.041c 8. 64 +0.092h 8.72 £0.011b 8.88 +0.012a 8.48 +0.033¢ 8.48 £0.041c¢
NO; /mg-L~! 0.02 £0. 006a 0.02 £0. 000a 0.01 +£0.001b 0. 00 +£0. 000¢ 0.02 £0.001a 0.02 £0. 002a
NO, /mg-L~! 0.01 £0.001b 0.01 +£0.001d 0.03 £0.001a 0.02 £0.001b 0.01 £0.001¢ 0.02 +£0.001cd
NH, /mg-L"! 0.95 £0.012ab 3.94 £0. 022d 4.38 £0.023a 4.07 £0.011¢ 4.37 £0.033a 4.26 £0.042b
TC/mg-L~! 60.72 £0. 083a 119.20 1. 751a 122.10 =0. 352a 119.37 +0. 173a 118. 87 +0. 842a 118.10 £0. 313a
TOC/mg-L"! 17.09 £0.102ab ~ 20.02 £1.733ab  21.76 £0.492a 16.52 +£0.423¢ 18. 14 £0.942bc 18.29 0. 354bc
IC/mg-L~! 43.63 +£0. 045ab 99.22 £0.834b  100.37 +0. 593b 102. 87 +0. 582a 100. 73 +£0.292b 99.79 £0.593b
S()Azf/mg'L’1 16. 78 +8. 055a 20.47 £2.913a 16.15 +1.735a 18.06 = 1. 706a 17.70 1. 176a 26.23 £3.625a
P()i’/mg'L’l 0.00 £0. 004a 0.87 £0. 105a 0.09 £0.036¢ 0. 66 +0.253ab 0.46 +0. 218abc 0.19 £0. 044bc
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Table 4 The a-diversity index of fungal communities in three lakes
i W/ m OTUs Chaol F5%L Shannon F§%% Simpson 8%
0 256.00 +6.028a 289.63 +9. 816a 2.26 £0.005a 0.28 +0.010a
PPH 2 229. 00 +26.083a 250. 93 +36. 635a 2.15£0.115a 0.31 £0.031a
4 271.67 +18.586a 301. 84 +18.534a 2.12 +0.043a 0.33 +0.017a
0 293.00 +17. 388a 325.61 £24.912a 3.07 £0. 026a 0. 08 +£0. 004b
MYH 2 335.00 £52.767a 344.21 £51.088a 3.09 £0.177a 0.12 +0.011a
4 260. 00 +12. 490a 271.58 +11.260a 2.70 £0. 108a 0.13 +0. 024a
6 367.67 +£37.489a 411.08 +£59. 137a 2.78 £0.099a 0.18 +0. 024a
0 162. 67 +£6.333a 192.53 +9.961a 1.58 +0. 069a 0.36 +0.024a
2 139. 33 +£6.936a 161. 60 +2.793a 1.58 +0. 123a 0.38 +0.072a
GH 4 147.00 +3. 786a 172. 09 +3. 225a 1.63 +0. 187a 0.38 £0. 082a
6 162.33 +£9.905a 191. 19 +£12.223a 1.64 £0.075a 0.40 £0.041a
8 179. 67 £27. 835a 198. 16 +32.365a 1.65 £0. 055a 0.43 +0. 020a
: 3 A3 AT THEA AR flﬁﬁﬁ%ﬂ’l?#[l“d)]
s £ B 8§ 5 g B s 2.2.2 REFERENL
r ©w o] ] o = w B~ 7]
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Shannon 1 . . . oz BE R O fﬁl ( Dothldeomycetes ) :tz‘r lil P_‘J
OTUs 081 1 . @ . e ( Chytrldlomycetes) i e ( Sordanomyqetes) (@
Chao-1 0.74 099 1 . 02 = 5) %TE;JZIEIQW r%@léﬂfﬂ;ﬂem%%m*ﬁﬂqiﬁ
_— 4 BT MY'H 5N Wﬁm%éﬂé’]*ﬁiﬁ$f7f GH. %
50, . .
NRE 6(a)] 7(“PPH ('3 AR I K T
NO. | - -0.2
S ‘ A R A0 1. w5 ~5.919% ) b
Simpson 095 057 -08 1 y -4 10, 16%0~2.17% ) . EEMN(0.17% ~2.28% ) |
r . 06 TRHETEINA (0. 02% ~2.45% ) , FETEHMIFHXS F
o Dl IRk, HoA 3 MBI A R

-1.0
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Fig. 2 Correlation analysis between physicochemical factors

and a-diversity index of fungal communities
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SC A 2N B AT = B VR K TR s b, TR HH R AN
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SRR I 0 A 1) A O S BE RS R IR B 22 S R W
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[Fi) 325 8P
2.3 EEFEEN A [0S )R
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Table 5 Results of ANOSIM analysis based on Bray-Curtis distance

@ Chytridiomycota
W Rozellomycota

WiH All PPH MYH GH
r 0. 994 0.232 0.975 0.254
P 0. 001 0.215 0. 001 0. 046
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well as the totdl effect (E'+S) components of the fungal community based

u"‘ on the Bray-Curtis distance/%

% ALL PPH MYH GH
E 43.4* 4.6 47.0* -0.4
S 11.3* 2.1 12.9* -4.6

ENS 17.6* 0.1 23.0* 15.8

E+S 72.3* 44.8 82.8* 10. 8

1) BT « FR P<0.05, ™ FR P<0.01
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