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Research progress on community assembly mechanisms of
fungi
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Abstract: Fungi, as an important component of the most abundant eukaryotes, widely distribute
in nature and play important functions in biodiversity distribution pattern and maintenance,
community assembly, and material circulation and energy flow in ecosystems. With recent
development of the DNA high through-put sequencing techniques and bioinformatics, researches
on diversity distribution patterns and community assembly of fungi have been greatly advanced.
This paper reviews community assembly mechanisms of the selection, dispersal, speciation and
drift processes based on niche theory and neutral theory and quantitative contribution of
determinism and stochasticity of ecological models, and their use in recent studies on fungal
community assembly.
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HEREZEYT A ZHERFEE
Wz —, Tz i T RS, AN 2
A 54 dr BEE AL Y R S R R AR
RAFE LS REER R 2012; 58 R FRFIH
F/R 2013), Hawksworth (199 1) 2% [ £ 51 1Y
LA 5 5 AR A P P R g (6: D) IR A kAT
150 TR LB, KRS8 Ak R A T &
R ZFEE, B2 AR 1232 (PRSP T4
BRZJAT 220 J7-380 Ji Fl EL 1A (Hawksworth &
Liicking 2017), i T R A /DLW E R IME i+
SEARFITE N TR FRIE BA K A 58 )y T4k L
AT E L R AR R B 2. HEr, R
FE B A FPAN 1.25 J7-2.79 T3 Fh (G T R
$1Z 2010; Fang et al. 2018), M4t A HiRE T
24 14.7 J3 FpEL I (https://www.catalogueoflife. org/).
rhEf T2 30 TTREYIETAE 2010), Tt
FYaE WA 620 £ J7Fh E [ (Baldrian et al.
2022), UL, FRATX Y Z R K
W—Af, W& FAEYFROR R R, e s

14 EYEFR

—f{ DNA il HOR FAE D E B2k
&, WRHES) T i e R it e, i
TN W 22 B 53 AT R S 5 A R L ) 25
TIERE R FEAISE RAR 2013, 2022), ASC AL
ST T ARSI L AR L B AT AR AR
BREAY R LA JL R R A ok 8 o 1) SR A 5
P

1 WA B RN

AW TR 2 FEVE I SRR ARG LR — ER
A O R R AR R, o, AR HE S
(niche theory) A A ¥R 45 12 1€ 5% 3% £ (environmental
filtering or selection) 1A ¥ AH B4 F 556 e 1k
F(deterministic process) £ 5 T HEVE M4 ; SR,
HPE S (neural theory) A N T A W FhE A= 25 3
RE IS, MRS 22 A0 W
Pl /2K 6 T3t % 19 Bl AL i 7% (random  process) $5
il Vellend (2010)4% 5 M fie 75 F4 22 1 IR 2R A 90
4 FERE . BEPE(selection), ¥ HI(dispersal).
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B A (speciation) FITE AR (drift)
11 EEFERE

TEFERE TR PR Y i g T A
R A AT R JCHLIR 2R (R . SRS
AR (EM RS, BE—Fre By ik s
PIREAR LAS B 23 1], DA K 2 sk [a) B 52 i iz A 4
PR ECAE DA AR A7 B — DI 1 SR . BT AN T
PRI A 2 M P AR 38 5 B (fitness) A 22
St PRI AE DA s 4 1 2 e 0 o0 5 ) o 5 8
TRAE o PREEIEHE AT 432 [R] BT 1% 4% (homogenous
selection) 157 i 1% £ (heterogenous selection), [F]
JoT e RS A B 23 TR A R AR P SR 5 AR 1) 1)
HARIE AR, T 5 Bk e 46 i 25 op
St 1R AR YA BTN A Y 6] BARTE U S B T 5
S Jo M S i A A 2 e R R R AE S 8] Al B
AN SV R LA e, g Al AR W P A 1 25 1] S
ST AN A ) (B )25 ) S5 ot s ) S Joa 7k )
R AR o s 2 . Hirp, ik $e
SO E s € G st b AR N W =S N T i
TE B o A ) 25 T SR A W BE K A2 TR]
(Stegen et al. 2015; Huang et al. 2020; Jiao ef al.
2020; Fodelianakis et al. 2022)., 5 i & £8 A0 [F] i
VERE L FEXT AR W BT 0 52 o Y g T AR S B e
A E 1 1 5 (Zhou & Ning 2017).
1.2 AR

P HUR A8 A= WA A AN [R] 25 8] (4 1 7% F A
NAETH « AR R BRE T 00 25 57 5 W 1 VK 45
o, PR AR HORE T BRI T A HHE V% (local
community)Z [A] i) 5246, S 1A A B2 A 11
B % J8 %% (turnover) , B 47 H FR il (dispersal
limitation), AHELFshHEHr, AP MRBN,
P HLRE Sy, DR M A W B A s 8 4 2 4 R A
A9 52 W % /)N, U0 Baas-Becking (1934)f2 4 T

“everything is everywhere, but the environment

selects” AU . & B FR XS HESS (1952 M 5 LR
JEA . BRI i 2 S B R A T

1Mij [6] J5i 9 #Y% (homogenizing dispersal)J& 4§ Ff 7%
TR A S YR ), AR RIS ) S 2y
Ak, v R BT R e, BV v AR S 1
K (Stegen et al. 2013, 2015), 4 bR X sk
P v 1S E H S RS R R IR OG . e
DI AR RE A BBRGAE FECR, e/
ORI INRUEE EE8/N . T3 RS () s 52 20
FEPERBEPLE R 752 me DR B BT EOR
il AT DL e et A L B AL R B A
L SRR 2R Z B ST N O R
BEHLIE IS FE(Zhou & Ning 2017), A=) T2
B IR SRS 3h S S A R R A
SYHL, A DR R Y AT DU i S 52 B
B IR ) £ 8% #% (Jones & Lennon 2010), H
i, AR W1 B B A DA HE R 2D (Peay
et al. 2012; Adams et al. 2013; Cline & Zak
2014; Chaudhary et al. 2020; Paz et al. 2021),
R 2 BT 5 R AR A 0 B4 0 A KA I 9 i A
(Nemergut et al. 2013),
1.3 pRpigiE

A = I N7 s D D A A A S
(diversification)id B, J&FZMAHEIK ) B2t 7
A L Z R AR HL AL A5 R 978 R K
Y5k S0 ds . B KV JE TR 5% 7% 55 (Taylor
etal. 2017), PRULEMEAER/ NGB REE |, A8
el Z AL I R AR PRV 7 AR R o T A
R S AR 7 AR A AE W o ANy R BEALAY
AE R, T ELAT I A URh . 25 52 B W e 1 AN 4
YERIRYSZR s R, RORPE AR TS 45 H Y
S L P AL R VR A (R i et 2
)8 5 V1 B A5 I (Zhou & Ning 2017). 4R 1T,
T REAY), SUEYIRNRE BATBoR R | 1A
JRI AR L B 3 A 72 S T AN SRR S R, TR T 7
AR PRI P 0 12 A DU A A 4y R i 3
W, ST G 0 U o R X 9 A 2 1) DT R 3 e

ZINH,
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1.4 FTidiE

IR TR Y PP AH X 2 J (relative abundance)
() BF ] Bl A5 A BEAIL I 21 (Gilbert & Levine 2017),
WAL 3 R X Y5 A EE 9 /E B (Zhou & Ning
2017). A A IEARAE A FVRE R/ M PE, Fh
BRI, W R, W BERLE: ) k)N 5
T 4 TV A /N Bt A, A 25 A o TR 1) S )
K, SEBEYLYETFE (Vellend ef al. 2014), 5 4b,
FERBVEYIREIE D, SR, BEVLEASVEH
R 5 T AR 2 i AR RS, M BEAL
BN Bl e R A K A B R,
B ARV A A At bl AL 1) 0 e P e R A | T
HFEHLPE R 5 RS R/ NG, R AR
BARTER Y AE KRB R SO VR A
TH&(Gao et al. 2020), HTF7E BRI FxELL
YR ARG I ol 2 D W b i g A 2SR, IR AR 2
AR XA DI RETS M STIRA B = R IRA
(ISR o

2 REBHEMAENEIER

A WV AL RT BE s[RI 52 B 2 AR 3
TERRAVE R, T EAS R A9 AR S R FEE AN [R] RV
F v AR TTHRAFAE 22 57 o O T faos A A= 2
T FEXSHE I A 0 DTk L, G S S o b
(principal component analysis, PCA), FAkpRr5>
#r(principal co-ordinates analysis, PCoA). }2
% 43M (variance partitioning analysis, VPA)FI
Bt £ JC J7 22 53 FT (permutational multivariate
analysis of variance, PermANOVA)ZAL4: 17k,
W7 2H LR 5 A0 300 53 Sy H B 45 74 8 i R 1 S
43 ER 25 () 222 0 A R 1A B 4 R RAEAS [ AR A8 2
T X} B 7% #4922 TR W] (Tuomisto e al. 2003 ;
Cottenie 2005; Legendre et al. 2009 ; Zhou & Ning
2017) SRT, IXLET7 N BE PR W 7 Al
TR . P RO AR B o PR X S T VA Y
o SR AETES TR SRR, BICH X 43 FF i 22 H R

16 EMFR

SR A R 5 BE R G, MRS AR B R RE R B HE
B o AR 250 T LR R - AT RB X AV 1 4
BCELAT I8 J 2 A ), (A I w8 3 o
K, DA B AR it (Y R R i A e D oy o SR, A
FHAE SR 4341 AT L) BHOAS [) A 250 R X A %
PR DTER B T T4 4 R RIS R
A BT AR S ERL(E 1),

2.1 HFHEEEERNCM)

Finlay & Clarke (1999)#2 i T 2L Wi v& 4
LS (RRAR AT NS B A 1
TR, Caswell (1976). Bell (2000, 2001)
A1 Hubbell (200 1) Bbifif7 72238, M1 A RE
HASEET R T, A T
FRAGIR, rhit R 32 S A B A T T A Rl Y
AR RIEASER, HANREE 2R R, B
RIS, R — IR T ST, 2
FHHE 7% N AR R o A S AR A A DU IR
25 AL, e IR [, M3 T Bl i)
H B 7% 458 (neutral community model, NCM),
- H RS0 T ORI A W R 2 B o AT I
R AT AR S R BENL R, AR BRTRE
RAERER A R EAE . 2R, X Tk
Pk X AR 1R 2% 12 A T AT SRR SN i HL AR
AR TR 2 W% T 4 ) B L BRI R il 7 )
Fe RIS J5k Sloan et al. (2006)7E{%- 84 T
PERLT ) T d2 AT R DR S  SE R -, ik
LRk C Y R I WA R Y s X e R 2 I ]
HA RV AL R 2 3K, DA I e 3 il
HOARRAF I KA A D T s o TRIEF, A 2
ok R A T, PR AR 22 B 5 R A R
IR OCR . L, YR 2R 1
A AARFE 1A 3 P KA B A (Pr)
HRAKXA ). 2)F(3):

Pr(N,+ 1/N,) =

N;—N, B N,
(NTJl:mpiJr(lJra[)O m)[NT_lJ:| (D
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#im >0, FEPLE SR

m e (0-1),
VR R R If m > 0, Stochasticity
| (NCM) o [T AT O O A Q9 D e §
(0-1), R, JUMREMLY:ME AR

Neutral community model

L The!

e larger R, the stronger randomness

~ BNTI >2, RfikE#

Heterogeneous selection
ANTI <=2, [R5k

- Homogeneous selection
 [RCy| > 0.95, HEZIEY T
Probabilistic dispersal

IRCyp < 0.95, EFFidRe

£l 7 A7 AL
{(ER2Z.. 2710

RCy> 0.95, 3 HRR I

Dispersal limitation

RC,, <095, [RFEYH

Homogeneous dispersal

Hid fredhle Hd VA
By R, BILTER)

Undominated process

- (Drift, diversification, weak dispersal, weak selection)

~ BNRI>1.96, SHit#E
Heterogeneous selection

ANRI < -1.96, [RJEERE

IBNTI| > 2
el
Bt SR TS Determinism
|| (BNTI)
B-nearest taxon index |ANTI| <2
e Rl LA A
g Stochasticity
= =
K 2
w5
= 8
g
=
=
: LT ARG I IANRI > 1.96
g FERAGEE R | | SER
&} (iCAMP) Determinism
infer Community -{
Assembly Mechanisms by IANRI] < 1.96

Phylogenetic-bin-based
null model analysis

ML A

Stochasticity

J\' RCyy,> 0.95, #"HBR i Dispersal limitation

NST > 50%

BRI AL NS Ty | (| PEPLEELE
L Normalized Stochasticity
stochasticity ratio NST < 50%
ek

Determinism

El1 BEEMEMNESKREER
al. 2019, 2020
Fig. 1

~ Homogeneous selection

IRCy| <0.95, %8 Drift

27 Sloan et al. 2006; Stegen et al. 2013; Zhou & Ning 2017; Ning et

The framework of ecological models for assessing community assembly (modified from Sloan et al.

2006; Stegen et al. 2013; Zhou & Ning 2017; Ning et al. 2019, 2020).

) N. -1
Pr(N,/N,) =2 mp, +(1—m)| =L | 4
00000) =3 03
[NN_NJ m(l—p,-)+(1—m)(NTN‘T]f1‘lﬂ @
Pr(N,~ 1/N,) =
N, N;—N,
Nr{m(l )+ (-a)l- m)[N_IH 3)

Horp, N BARHEEVS (local community) N4
i MR, pi RS (source community)
IRl 1 AT 2, Ne AR HLEETE A B AR
B, mSEYAN 1 SR TS BRI TR Y A T

B 7 BB R, o YR i SE RIS
B, W o RIEME, T ARG T Y
Fi i 22 BRI 1 AR ansRR ), DIHE
B2/ A

7 FH Db 2 b s ) v R A R 5 2o AR A
P 2%, R T R H 5 0 AU YR
BT, Sloan ef al. (2006)EHZAERIETT N
A4y, Ho, PrFh i A Z BN xi= N/Nr,
x; IR s di(xi, 1), ¢if&—1 beta (B)
Sy AT IRE SR FE SR A IR 1 R A AR

EMER 17
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JE KRBT, d R PIRD i AR 22 5 A A AR I

Pr(species i is present with a relative

|
abundance >d)= IQ (x; Ny, p;,m)dx.
d

¢ x5 Ny, pym) = c(1—x) " g Nt “

(] m BN R T SB35 vh Rk 4 22
JEE TR 1 A A X R PR R A LS R
R (H 3 R m LA BB AT, m (KT 0 B,
FRBENLS BRAERE A R R (A 1)

NCM FERSa] i T2 s W e v 1) i 22
R, AT R, HA A T RO
Fr, ARZREEY 2o i m Al T B AL FE AR VR A
ARG o
2.2 BMNTD. BNTI F RCpyqy HREY

N T SR b E PP AS ) AR S R
REVE A B A TR, Stegen ef al. (2013)JF K T —4
BE TR A VR AR O3 B 1 S i AR A 7
#: ——QPEN (quantifying assembly processes
based on entire-community null model analysis).
S, ZINEAEREE N R Rk, e
o FH A A BB R 7 BIF T 28 0 v IR 6 P45 1 25
[A] Rl 520 1 “IEHE” A CPTRLRRE T, I it
vt “EEE” AOMER . CPTHLRRMT &
AR AERT, DA R “[R B 87 #1 BT 1Y
FPRAE T o IZREZERGIR T X R it e
FA) T A 00 R A A ) e 1) P B A R 1 S ] 4
MR, Rk, Mames “dEE WEHEA Y
AEDR -t n] DA™ St 2“9 iR B
R XA IF R

PMNTD: R Z AL B F 15 i 7326
AT (the abundance weighted B mean nearest
taxon distance, SMNTD)ZS ¥ (b V& [A] 1T 3% 2
[B] ) 2R 42 & & %% (Fine & Kembel 2011 ; Webb et
al. 2011), BIHEAL—"NHEvs NEREY AP OTU)
AR Z T A 38A% % 7 IS () MRl (B OTU)Y
5 HAESE AR TP i R Z B e K &
FEES (m). THAEAFKAT

N ”
BRAE

18 EMFIR

BMNTD = 0.5 3"/ min(Ai, j,) + 3. f, min(Ai, j,)
i=1 i, =1

S5 kMR A 1R (B OTU) A AH
XF 2 BE s i 56 kAT T Fh (3 OTU) 14K
min(Aiy,) & k & 1 PR EC OTUYFI m iV
HH T YRR (L OTU)) Z B /N B

MOCHERET NS R I 2R SR B
AMNTD #] L&/ T RF a8 T WU B i
REFLRE BRI, 24 AMNTD WLEAE AR T HUI(E (E
BERUE) I, WiZO= R Tl ATy “E8” 1
FTYFh (@ OTUs) M5 | A FREE S5 F X0 Fif v 21
S A R AR A 5 10 AMNTD WS R T Fiti
(B, BOZAE ARG 5 S B A A
RE B PRI OTUs) 4L M A TETE o BRI,
SMNTD WS i 25 ZAR AL ) SR (R A T2 2 AT LA
W OCEE R T AEL OTUs) A A7 PR
TRV S A B R

SANTI: SMNTD ZAE R (RS R X R 4
KB WA i B W b AN 22 BE AT REAIL AR AR 999
W, A —REBAIE) AMNTD, fH. B &
VT4 ZEFIUFREU(P nearest taxon index, SNTI) &
SEBRUEI RN SMNTD gy {E- 5 Z L) AMNTD,
BB 22 ) 14 25 Bk DA 22455 38U 19 45 M 25 (standard
deviation, sd). 7155 /A3CUN T (Stegen et al. 2013):

BNTI=(MNTD,,, - BMNTD,,,) /sd(BMNTD, )

M4 ANTI>2 B, 2B SERRULIN i) R 48 & B 8
HBERTHMNREKE A, 4 pNTI<-2
ff, B SZBRUIN R 50 Kk 7 A e S 2 /N T T
ARG LT ¥

RCpray: ANTI AL e PRI A RETE A
A RVER, (B S R  E EAT E
T RRIRIEOL T , KRBT A e S50 48
BEULEAE R 75 i 25 FUMEL A 5 L o SR, M 1)
4, Raup-Crick f5EURIRAREfF R FP(EL OTU)
(IR X 22 ) (Chase et al. 2011), {HJ& & fitBeA:
Al A9 F15E B (Anderson ef al. 2011), [HI,
Stegen et al. (2013)F&F Bray-Curtis #5745 %k
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TR TREE Z B YR (EL OTUYHN 2 &
JnALE) “Raup-Crick” #H 57 P45 % (Chase et al.
2011), AT DABR AL v Ji A o o 1 i o T o
F R Ry B 2% T 25 7 B — R I T R R
TEARBEALHLIES T 1 999 Yk Mg, It Hd—ik
14489 Bray-Curtis A5 (Bray-Curtis dissimilarity)
YA AUH o RCoray S2 MEZ 1Y Bray-Curtis A 57k
1B 2B AE 2 17 s 22 (9 b A , AR Ak TR
ETE—1-1, TEEARBMAERIES, |RChry[>0.95 1
IR S O 25 TOUIA 1) SR BB R, B 2 e A v
) o 2 T PR e A RIRR ] - R ] P B
J B AR 5 1024 R Corgy|<0.95 1, fiff
SRETE B ) i SR PR TSR () B A H (Chase et al.
2011),

FTF I, BF ANTI I RChpy HIZSE AL A1
AR YIANTIS2 i, FIIWEERIM 2 4
R Z [A) Y J e RS bl R 4o o 1
A, H ANTI>2 B b BB e,
SNTI<-2 I hy [A] BT 4% . 24 |ANTI<2 i, FRERE
TN HZFENLIE SRR, [RIBTE R Coray[>0.95 B
BEAREY L, o RChwy>0.95 B4 HBR T,
M7 R Clray<—0.95 I Ay ] JFT 47 5 5 1M1 7[R Coray|<0.95
WEoAAE AR, EAREE . ZRE . ST
G e, A ] B U O AR S I R (A 1)
(Stegen et al. 2013, 2015),

ANTIL FEAGSR “Bede” MR B A,
T8 T AN AL R Y PR AR B0 45 SR R
SR, BNTI A] LU AR s 5 AR AR b Al pir
A AR R T ARSI, R T RS
Ji:(in VPA. PCA. PCoA F1 PermANOVA %)
Xof 2L 5 B N SRy T 1 PR A P A e 110
faro (HJE, HAETHHEZREA i “EsE” m
T, WA FE TR EAE; ZHEZEXS &
B R B AN E R o Z2FEHEARAL A5 PR 28 s
FI 2 7 PPA 28 A A 280k A5 1 A o7 Bk AR
P B HEVE B0 i R e R Al . AR, AR AR

TR (AN A AR e R Y 1 R TR R AR
JEWEEAT, BrLL, fEREASREVE R WA T R
PR E SEPPAE R AN HERA Y, AT EE AR
AN ZERE /1 F5 v 2 e 45 AR HG Al A 2 R Y
I,

2.3 iCAMP {RH!

HI T AMNTD S AL 7 1] 0 53 2 [ 1)
RGRE W RN IRZm TR, R
1M, ANl A 25 72 Can B AR IE %) B A T3 H 2 7E
BN R AT, WNEER R BIFARE , A2
RAACEEARETE D o AR R YRR B HAT 194
I GIVAINE 2 = X s ey I A I D YN TP LN
TEHE R 7 iy i AN R, HL% 25 SO0 RS HEVR
Bl h U ik, S8 7R AR 2T R T
FEF A B E BT A A 7EBRIE . I, Ning
et al. (2020)JFK T —A 2T R YLK F 734 (bin)
(1) 2 55 BUAFE T A V% A4 LT (infer community
assembly mechanisms by phylogenetic-bin-based
null model analysis, iICAMP)#EAY , F T M ids
HAS AN MR A0 J e, DT S i 1 O3 BT R P A
AL . BT .

S, RERF M HERE A
MRS LFR, FIM A RNA (RNA))
IR B R B S R ST A Y o R Gk
T, RIERG A FM, WP T W 3 Fh R
—MONER T R G R T A (1) WKAEP A EIAE
XF 2 AT AR () IRIEIREIIE REK
FREHHEATAAE (3) IR AR RE K T IR
BT A6 o3 RE R H B2 W) — 2 AN B 5
RMARGZLTES, I Mantel £ 5ALN R
B8R T IE B AR B Ml e 22 S RO AH O A, 2 B IR R
IR E R>0.1 H P<0.05 B4 N HAT LY
RGRBESH, Jral DUH TR

S0, BRI FRRRLRZ.O R
By BENLITHL , B ERE A B R G L W B
BERLAL I RP RO R TR R — 04 B Z Y

EMFR 19
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gk
5

fi. #R¥E ANRI (beta net relatedness index)#l
RCray KB EA R 7, SRR
O3 AN [T R 0 A PR B T SR AR
RGBT RR 2R B A
Br, BRI AT

_PBMPD,, — SMPD, i
Sd(ﬂMPDnulluvk)

N n
-5 e
Z”':‘ (uvkj_l

N,

ﬂ NRIuvk

RCuvk =2

1 BCY™)  <BC,,
3" =20.5 BCU)  =BC,, ,
0 BCY,,>BC,,
SMPD_, = 72?2%“&% ,
22 Ful
BC,, = Z [t — x|
2, +x,)

Hrpr, SNRIw KB u AR v H o046
k ) ANRL, AMPD, KR F T u FIEVR v Hh 48
k HPIFRE R RS R B IR, AMPDouna
FORFERRFEHLAEE ) SMPD, sd FRonbrife
2, RC #/RBIER RC HHES, Nr FRHEHLIK
B, —BR 1000k, 8V FRIIA RC {HME
BAF, BC,y 727 Bray-Curtis FF4E%50, BCouor ™
FORFEREIIEEIE u v P44 k BEHLES n IRAY
Bray-Curtis A1 PEFEEL, £, F £, R YIFN 1 ERE
% u MR j FEREVE v P RARN 2, S FRoR o
Rk PIFRECRE, xi, M X, RONPIFD 1 FEREK u
v I 22 B8 IR BRI AR Y S5 B BEATL R R
T YIREL, 1R, B RIR T4
R FRELE 2 A

=0, A TR ARG AR dEd
AT FE AT 22 B2 SR AT A 434 v 2 AR
AR BRI 25 R R VAL B A A R AR
AT B AR B BRI
Sl

Wk
P=—,
* Zm fuk + .f:/k

uv 2

20 EMEFIR

k
P = ﬁ:k + f;/k w
w Tuvk ?
k=1
m

2
PTUV L
Z = = zf;{ I)Tk
m k=1

Hrp, Py R o MRS BRAERE S 4E k
FE— BT N RV A B, Py NG ¢
A RRAE RS RIS o ARV v Z 8] JR S5 (R A
XN, PR o MRS R i — 2
7 N A AR X S, £ TN S BN A05R Kk FE
HEE u A v RRBIAEXT Z B, W TR0 k
PR« DA RS, B Whesuks Whosuvk
Witk Whdak 1 Wora, K RN IHFA RS,
m Fon— AR N BCAT LB, £ s AE
k TE—ZH BT N - YA 2

454 BNRI Fll RCopay fili 5 HAR R A2 250 FE
M4 |BNRI>1.96 B}, 2= B V& A0 26 0 Tl 72
H v ANRI>1.96 B b 5 Jit & 8 &f # , 1
BNRI<—1.96 B A [A] Jfi k£ #2 (Fine & Kembel
2011; Stegen et al. 2015), 4|ANRI<1.96 i, %
BRE 2 BEALIE IS AR, T H. RCoray>0.95 I
HAHIRBN L, [RCoray<0.95 W2 “IEAZ" 3
B, Hem, AR QUFRIEEAR . b, 559HK
FFGHEEEAEH . RCpray<—0.95 By [a] B Hiad 2
(Stegen et al. 2013, 2015) (] 1),

& ANRI Fl RCpray Z 5, iICAMP & A] £ 565 %
BRS04, U ERB S EART B IES
AR, i “confidence” #E4T iE E TEKEL,
TR A HAT A IES A, % “ANRI+RC”
AT B EMEVEAL

ICAMP FETUAE A6 0 N 52 & LU ) A=
POSUR IO D0 B O 2 N N % £ NP TITR A <A
ARG R BIEE T RN ZE TS REKEH 5 M
FRAEREESF, iICAMP HA & E SR
PERREHAEE . SR, iICAMP J7i% o A/
FHMERAS SRR v 3 s ok, AR P e) s A T
SREIEA R, iICAMP 7 A SR — %
2 TG SR A A ) R 2ok D8 RN A 4 1) A

P =




Review

22 January 2023, 42(1): 13-25

Mycosystema ISSN1672-6472 CN11-5180/Q

HAEMIOES o YA RS F 1R A LR e B E T, W]
REF 28 NI X G AI , H iICAMP 23
AL A

2.4 FRAELREHLIEEERNST)IREY

HTRGEK B RABEVNYIELSY
BOARRL, EATTEAR A PR e 2 T A iR
AT BB L TR A v, DRI, PP IS TR i
T () A R 5 2ok 0 ) A BR TE W] B A BE A5 AF T 4
SRV BRI, BT R B R B A5 A T HESh
TEIA ME . AHEEZ S, Hofth— 2L B PR 2 (n
T P AVE IR B )R S IR I A 5,
Rk E EHAMMYAE TREHREN, &
ARER AT RER T IO . (H2, WREHHF
il R AR L a5t A% R 2 G B H A R TR 4 e
FTITEIAARET, Sege A ml Re A5 v B AR
ST, Ning er al. (2019)FH TARIEILBENLIE L
X (normalized stochasticity ratio, NST)# %!, % H]
TR, AR ug | 524 | FR5E
M s 12 () RUBE , A f i M el R R B LAt
TERFIE M E P E R . BRI 5 LT 2
Tl 5%«

SO, QR REVRJ2 H AT ARV AR 1R
BOMARIR SR 7T £ 5, A i fj iR Z
() AR AL 18 W0 DU AL (Cyp) I 32 R T AR B 1 - 34
{E(E, ), ARSI E (D) /N TR AR -2
{H(G,).

ssi=S b e sE
i C ’lf |2

i

E. —
A _ A _ .
ST =1-88;/ = 1.if C; > F,

Cy RS 1 REVR IS j SRR Z IRl AR L
(O-D)RWLIIE , D, Fn HAR SR, B D; =1-Cy;
(E; )RR FAR AR 7 2 [8) i AR DA 1 - 2448,
G, F/R B RRIBETE 22 (6] (AR Sk (-S4, B
G,=1-E, ; SS; 3N i REVEN j B & 2 IR L4511
SREE(0-1), FRPE A RIgEHE. ST ARFRAXT LY

BEHLYE L%

S RO, A SRR 2 R T DLV AR T
FOMASE PR N R, B4 i M R
V) AF AL A 00 S0 1L (Cy) 17 32 /1N T Z A5 TR 1) - 1)
{EL(E, ), TAH S R (D) I R T AR AL 1y
TE(G,)o B, SEBRULIIA 5 2R 80 AT Tl
DUAF S 2R B0 100 () 25 (B, s 1k PR P ) 1
FRCR SR . SS,) ) AT ALEX RIS T, AH
S R B RT LAk S AL R B SR BE (ST ),

De‘/ _ij _ Eij -G

B i . Il
855 = D, l—Cij/, 76 <B
G. 1-E. _
STE=1-8§88="4="_"1 irC <E,
y y D” I_C” f ) y

BEE n I n® 4353 by RV 18] E AR (B0 22 55
RF AT R EAE, IR AR 7% (8] BT X He A
(¥t n=ntn®, A RRIBESE . B AHIBEREAIL

TR P25 A -

>SSy
sst == —,
3.s;
55 = ;73/ .
m—1 m n’ n®
SS = Zi:] Zj:i+1SSﬁ _ Zy SS; + z;,' SS;
- - 4 B
n n +n
BE AL A R ) - 57 3y
3, ST
ST ==,
3,77
ST® = ;173’ .
s ZaST 3T

n' +n®

PRAE PRS2, A RAE v A A Z AT A Bl AL
b AR5 HL 56 4 el o () B e R o 32 R
LIEFE IR R BN XA 100% . T BEALYE R 2L
WKy 0%, RZIR8K. (HZ, TEAESERITAR SS
ST HIFARELE 0-1 Z[8], X2y ZF R
WL EL ) F-2IMH E, FFANTE 0-1 B IR A (R,
A B A 14 A 8 S (NSS) AR HE AL Y BEAIL L

EMFR 21



FiE F /HERESRENHIARER

£k

R (NSTHs REGE I RELE 0-100%, AANF

NSS4 = M _
bgst 7554

zl’_fss; - mkin{z:g( E;nj}.j.)}
3, (1-F,)-min{3" (£, )

SS8-Tss5
NSS" =5 g7 Tss7

Z;”SS: —min {Z;KSE(E;/M’E@/ )}
57 (B)-min| 37 €(50.E,)|

SS-Tss
PSS -TsS

YA(GE)- mjn {sz‘f(Ei(fk)’E'f )}
za‘f(DCL‘/’E@/)_m,fn{zi,-‘f(Ef(fk)’Ef)} ’

e lCijZEj ’
OC!./.<E!./.

NSS =

i

0 x2y

fony)="— 5:{

NST =1- NSS

Horp PSS F1 7SS 43 51 Ry 78 A0 e PR T 1Y
W AR FIBEHLYE L 2E (R (. NSS* A A KR T g
WAL BESR Y ; NSS® R B 80 bRife Ak ik 2858
B NSS NPHFR AN BAREERR R . &2
NEIAE SS;; 78 I iff o P o) o sl o B AL A )
FEEF T L REL

M NST>50%H}, FEHLE S|P 2
R FE e m LR Bl Y
NST<50%H}, & HEHFEER % £%
B8 EPEE R (B 1) (Ning et al. 2019).

NST #2715 A ZAAUAH LG (140 RCoray «
PANTI F1 pNRI), LHEEMRGKEES TE
PR A A M R FIAB A BRI R B, W)
FhAH (5 . 454 Jaccard 1 Ruzicka AH{IM: 2%k
PR BT B RO H At AR BE AR B 1
YERRCR LY, R4 NST BRI A] GE2s il
BEATL I A ) bR AR RS ) RUBE T s fe IR =
WEEME R, NST WHEe hAaRE, FHik, %
BT b 4538 A o0 BT 488/ RUBE (CUNE ) 7K SF- 1 ik
A YIRETE 454

1 x<y’

22 EMEFIR

3 AXEAEREHEME T

DL b 4 P SRR AR DA, TR IR A AL
Tl 52 7% F(Chen er al. 2019; Gao et al.
2020; Jiao & Lu 2020; Huang et al. 2021;
Stopnisek & Shade 2021 ; Xiong et al. 2021 ; Aslani
et al. 2022; Lan et al. 2022; Ma et al. 2022;
Prieto-Rubio et al. 2022 ; Wang et al. 2022 ; Zhang
etal.2022). 4N, A NCM %%, Chen et al.
(2019)i i 18S rRNA F [Kl {14 =5 38 20 > B A A
I8 T AR ERTT VL Aoy T i 5 22 T 28 B R
Yt Ts DI s 4 sy | 25 SRR BEH LM 1 AR A4
At T I LA G A A o Ay e o R 4 A T [
FE Zhang et al. (2022)%F NIEIES H B R HEVR 4
AT TS, R IR i A EL DA A I )
W R AR .

FIFH ANTI#E KL, Jiao & Lu (2020)i# 2 ITS2
rDNA 7 Bt i) e i i 5 B AR 43 B 1 v [ ) 7
FEEEAH . BRAR, B RV AR S RGN
TR RIS AR R &
B2 BN BRI 0 BT R A A R
5 b 27 3 [ s B i 1 e ke R R4 o AT
Xiong et al. (2021)F]FH 1TS2 (1 = 3 H i 7y i A
WFFE T AN R oK -/N A SRR R R K- R 2
YR H R G AN [ ISl T 3 AR AR
I I PN L TR OIS 254, e PR EL T RV A 7
F 2 B M BRI E

FIF iCAMP #i5Y | Aslani et al. (2022)85%
T AR 193 Oy TIEAE G R IR R RFIR S5, B
TR R K Bl 4 R ORUBE T - 18 EC TR R v A 8 1) A
HEERAR, MY RO —EE A ST
Ma et al. (2022)F] 7 TTS2 A4 & fil e 4 A4y
BT iR 2 FhRE AR B TR AR VK BTN
THUKIE R 2540 , A AR AL VKB rh T HICR ) 2 52
M) L P ARV P 1 T 2 R 2R (ELAE i K A



Review

22 January 2023, 42(1): 13-25

Mycosystema ISSN1672-6472 CN11-5180/Q

] 5T e e F2 B A 5 i EA S FI R R AR
ARG 22 5, B[R BTt B2 s m A 35
HEVE P BB B, TR AR . BB i A S
Jo A2 S W s AT L T AR P AR i B . Wang
et al. (2022)F|H ITS1 () il e H AR 43471 T
P FRHT 2 AU o ] P AR T (BESE . D2 B
s WA ) TR A, KB
TR I R P Ao R e [ 90K 2y B A RV A, (2 i
BLS AR BRI RN R AR ) &7 3 AR

FIFH NST #%5 , Huang et al. (2021)i@ 14 18S
FEDR )l P E AR SE TR 4 AN
114 /4% H SR LR IS A B 25 Rl s ey, R
BEALIE R T T R iR, (R
PRSI A7 FETE v 45 B S (i e AR Bl
g ) i T A R AU AT (A R B ) o
Prieto-Rubio et al. (2022)F)FH ITS1 A Bt &
S PR ARG T b o i VY B F R AR IR AS AR
PEEL Cistus albidus FIRRJE Quercus FHYIAR R4H
A AR LR RIS 254, e BB AL R X A AR P AR
LA TR 2 B TR B o T e R

AT HT T BEVR A e 4R L 8. Al
FRFIERAR 4 A3 BRI it 43 B AR AR Y S 3
AT FLTR A 7 10l v 0 9 ol I i e o A%
B8 1) 5 T D0 2 1) AR B8 0 23 (] [543 B 04 12 (A
PCA. PCoA Fll VAP Z5)MELLE L . 41 HuHE T
TETE FL R A PE A REALYE SRR, 1 NCM
SNTI, iCAMP Fl NST 454 SRR Al DLSE 12 53 Hr
1 2 P N BT S R0 7 ) S R AR X BT K - AR
17, E AT A0 A v 2 1 A 2SR A 5 3 b
FHRIH B, HH AR A SR (R A PR R 25 14
LB RAFAE 25 57, AT BB T BO0 [F]— i 1
AR TAEEEA—BEE R . 7ok, BRAE
A TEEAR 1o R R B B 22 kR X T A A R
MR T R EAER A2 H TR Jo ik EA A
IREE U W W b i Al AR ) R RN R R Bk 2 R
R, RIE, ARk oY T e g vy M PR

Hh AR 0 0 o ) AR e R A R B 2 R A
i, R R S R ARSI T o A, kLB
V5 58 35 AT AR A58 5 R g A A A A5
DA 5 X6 AN [ ol A O A 9 45 ) 20 B g I A2
GUETE 36

[REFERENCES]

Adams RI, Miletto M, Taylor JW, Bruns TD, 2013. Dispersal
in microbes: fungi in indoor air are dominated by outdoor
air and show dispersal limitation at short distances. The
ISME Journal, 7: 1262-1273

Anderson MJ, Crist TO, Chase JM, Vellend M, Inouye BD,
Freestone AL, Sanders NJ, Cornell HV, Comita LS,
Davies KF, Harrison SP, Kraft NJ, Stegen JC, Swenson
NG, 2011. Navigating the multiple meanings of f
diversity: a roadmap for the practicing ecologist. Ecology
Letters, 14: 19-28

Aslani F, Geisen S, Ning D, Tedersoo L, Bahram M, 2022.
Towards revealing the global diversity and community
assembly of soil eukaryotes. Ecology Letters, 25(1):
65-76

Baas-Becking LGM, 1934. Geobiologie of Inleiding tot de
Milieukunde. van Stockum & Zoon, The Hague.

Baldrian P, Vétrovsky T, Lepinay C, Kohout P, 2022.
High-throughput sequencing view on the magnitude of
global fungal diversity. Fungal Diversity, 114: 539-547

Bell G, 2000. The distribution of abundance in neutral
communities. The American Naturalist, 155: 606-617

Bell G, 2001. Ecology—neutral macroecology. Science, 293:
2413-2418

Caswell H, 1976. Community structure: a neutral model
analysis. Ecological Monographs, 46(3): 327-354

Chase JM, Kraft NJB, Smith KG, Vellend M, Inouye BD,
2011. Using null models to disentangle variation in
community dissimilarity from variation in o-diversity.
Ecosphere, 2(2): 1-11

Chaudhary VB, Nolimal S, Sosa-Hernandez MA, Egan C,
Kastens J, 2020. Trait-based aerial dispersal of
arbuscular mycorrhizal fungi. New Phytologist, 228:
238-252

Chen W, Ren K, Isabwe A, Chen H, Liu M, Yang J, 2019.
Stochastic processes shape microeukaryotic community
assembly in a subtropical river across wet and dry
seasons. Microbiome, 7(1): 1-16

Cline LC, Zak DR, 2014. Dispersal limitation structures
fungal community assembly in a long-term glacial
chronosequence. Environmental

1538-1548

Microbiology, 16:

EMFR 23



FiE F /HERESRENHIARER

Cottenie K, 2005. Integrating environmental and spatial
processes in ecological community dynamics. Ecology
Letters, 8: 1175-1182

Dai YC, Zhuang JY, 2010. Numbers of fungal species hitherto
known in China. Mycosystema, 29(5): 625-628 (in
Chinese)

Fang R, Kirk PM, Wei JC, Li Y, Cai L, Fan L, Wei TZ, Zhao
RL, Wang K, Yang ZL, Li TH, Li Y, Phurbu-Dorji, Yao
Y], 2018. Country focus: China. In: Willis KJ (ed.) State
of the world’s fungi. Royal Botanic Gardens, Kew. 48-55

Fine PVA, Kembel SW, 2011. Phylogenetic community
structure and phylogenetic turnover across space and
edaphic gradients in western Amazonian tree
communities. Ecography, 34: 552-565

Finlay BJ, Clarke KJ, 1999. Ubiquitous dispersal of microbial
species. Nature, 400: 828

Fodelianakis S, Washburne AD, Bourquin M, Pramateftaki P,
Kohler TJ, Styllas M, Tolosano M, de Staercke V, Schon
M, Busi SB, Brandani J, Wilmes P, Peter H, Battin TJ,
2022. Microdiversity
phylogenetic clades in the glacier-fed
microbiome. The ISME Journal, 16: 666-675

Gao C, Guo LD, 2013. Distribution pattern and maintenance

characterizes prevalent

stream

of ectomycorrhizal fungus diversity. Biodiversity
Science, 21(4): 488-498 (in Chinese)

Gao C, Guo LD, 2022. Progress on microbial species
diversity, community assembly and functional traits.
Biodiversity Science, 30(10): 22429 (in Chinese)

Gao C, Montoya L, Xu L, Madera M, Hollingsworth J,
Purdom E, Singan V, Vogel J, Hutmacher RB, Dahlberg
JA, Coleman-Derr D, Lemaux PG, Taylor JW, 2020.
Fungal community assembly in drought-stressed
sorghum shows stochasticity, selection, and universal
ecological dynamics. Nature Communications, 11(1): 34

Gilbert B, Levine JM, 2017. Ecological drift and the
distribution of species diversity. Proceedings of the
Royal Society B: Biological Sciences, 284(1855):
20170507

Guo LD, 2012. Progress of microbial species diversity
research in China. Biodiversity Science, 20(5): 572-580
(in Chinese)

Guo LD, Tian CJ, 2013. Progress of the function of
mycorrhizal fungi in the cycle of carbon and nitrogen.
Microbiology China, 40(1): 158-171 (in Chinese)

Hawksworth DL, 1991. The fungal dimension of biodiversity:
magnitude, significance, and conservation. Mycological
Research, 95: 641-655

Hawksworth DL, Liicking R, 2017. Fungal diversity revisited:
2.2 to 3.8 million species. Microbiology Spectrum, 5(4):
FUNK-0052-2016

24 EMEFIR

Huang X, Wang J, Dumack K, Liu WP, Zhang QC, He Y, Di
HJ, Bonkowski M, Xu JM, Li Y, 2021. Protists modulate
fungal community assembly in paddy soils across
climatic zones at the continental scale. Soil Biology and
Biochemistry, 160: 108358

Huang ZJ, Zeng SZ, Xiong JB, Hou DW, Zhou RJ, Xing CG,
Wei DD, Deng XS, Yu LF, Wang H, 2020.
Microecological Koch’s postulates reveal that intestinal
microbiota dysbiosis contributes to shrimp white feces
syndrome. Microbiome, 8: 1-13

Hubbell SP, 2001. The unified neutral theory of biodiversity
and biogeogrpahy. Princton University Press, Princeton.
1-448

Jiao S, Lu YH, 2020. Abundant fungi adapt to broader
environmental gradients than rare fungi in agricultural
fields. Global Change Biology, 26(8): 4506-4520

Jiao S, Yang YF, Xu YQ, Zhang J, Lu YH, 2020. Balance
between community assembly processes mediates
species coexistence in agricultural soil microbiomes
across eastern China. The ISME Journal, 14(1): 202-216

Jones SE, Lennon JT, 2010. Dormancy contributes to the
maintenance of microbial diversity. Proceedings of the
National Academy of Sciences of the United States of
America, 107: 5881-5886

Lan GY, Quan F, Yang C, Sun R, Chen BQ, Zhang XC, Wu
ZX, 2022. Driving factors for soil fungal and bacterial
community assembly in topical forest of China. Applied
Soil Ecology, 177: 104520

Legendre P, Mi XC, Ren HB, Ma KP, Yu MJ, Sun IF, He FL,
2009. Partitioning beta diversity in a subtropical
broad-leaved forest of China. Ecology, 90: 663-674

Ma JM, Ma K, Liu JL, Chen NN, 2022. Rhizosphere soil
microbial community under ice in a high-latitude
wetland: different community assembly processes shape
patterns of rare and abundant microbes. Frontiers in
Microbiology, 13: 783371

Nemergut DR, Schmidt SK, Fukami T, O’Neill SP, Bilinski
TM, Stanish LF, Knelman JE, Darcy JL, Lynch RC,
Wickey P, Ferrenberg S, 2013. Patterns and processes of
microbial community assembly. Microbiology and
Molecular Biology Reviews, 77: 342-356

Ning DL, Deng Y, Tiedje JM, Zhou JZ, 2019. A general
framework for quantitatively assessing ecological
stochasticity. Proceedings of the National Academy of
Sciences, 116(34): 16892-16898

Ning DL, Yuan MT, Wu LW, Zhang Y, Guo X, Zhou XS,
Yang YF, Arkin AP, Firestone MK, Zhou JZ, 2020. A
quantitative framework reveals ecological drivers of
grassland microbial community assembly in response to

warming. Nature Communications, 11(1): 1-12



Review

22 January 2023, 42(1): 13-25

Mycosystema ISSN1672-6472 CN11-5180/Q

Paz C, Opik M, Bulascoschi L, Bueno CG, Galetti M, 2021.
Dispersal of arbuscular mycorrhizal fungi: evidence and
insights for ecological studies. Microbial Ecology, 81:
283-292

Peay KG, Schubert MG, Nguyen NH, Bruns TD, 2012.

ectomycorrhizal dispersal:

Measuring fungal

macroecological patterns driven by microscopic
propagules. Molecular Ecology, 21: 4122-4136

Prieto-Rubio J, Garrido JL, Pérez-I1zquierdo L, Alcantara JM,
Azcon-Aguilar C, Lopez-Garcia A, Rincon A, 2022.
Scale dependency of ectomycorrhizal fungal community
assembly processes in Mediterranean mixed forests.
Mycorrhiza, 32(3-4): 315-325

Sloan WT, Lunn M, Woodcock S, Head IM, Nee S, Curtis TP,
2006. Quantifying the roles of immigration and chance in
shaping prokaryote community structure. Environmental
Microbiology, 8(4): 732-740

Stegen JC, Lin X, Fredrickson JK, Chen X, Kennedy DW,
Murray CJ, Rockhold ML, Konopka A, 2013.
Quantifying assembly processes and
identifying features that impose them. The ISME Journal,
7(11): 2069-2079

Stegen JC, Lin XIJ, Fredrickson JK, Konopka AE, 2015.
Estimating and mapping ecological processes influencing

community

microbial  community Frontiers  in
Microbiology, 6: 370

Stopnisek N, Shade A, 2021. Persistent microbiome members

assembly.

in the common bean rhizosphere: an integrated analysis
of space, time, and plant genotype. The ISME Journal,
15(9): 2708-2722

Taylor JW, Branco S, Gao C, Hann-Soden C, Montoya L,
Sylvain I, Gladieux P, 2017. Sources of fungal genetic
variation and associating it with phenotypic diversity.
The Fungal Kingdom, 5(5): 635-655

Tuomisto H, Ruokolainen K, Yli-Halla M, 2003. Dispersal,
environment, and floristic variation of western
Amazonian forests. Science, 299: 241-244

Vellend M, 2010. Conceptual synthesis in community
ecology. The Quarterly Review of Biology, 85: 183-206

Vellend M, Srivastava DS, Anderson KM, Brown CD,
Jankowski JE, Kleynhans EJ, Kraft NJB, Letaw AD,
Macdonald AAM, Maclean JE, Myers-Smith IH, Norris

AR, Xue XX, 2014. Assessing the relative importance of

neutral stochasticity in ecological communities. Oikos,
123: 1420-1430

Wang YH, Li SF, Lang XD, Huang XB, Su JR, 2022. Effects
of microtopography on soil fungal community diversity,
composition, and assembly in a subtropical monsoon
evergreen broadleaf forest of Southwest China.
CATENA, 211: 106025

Webb CO, Ackerly DD, Kembel SW, 2011. Phylocom:
software for the analysis of phylogenetic community
structure and character evolution (with phylomatic and
ecoevolve). User’s Manual version 4.2.
http://www.phylodiversity.net/phylocom/

Wei JC, 2010. The biodiversity of pan-fungi and the
sustainable development of human beings. Biodiversity
Conservation, 25: 645-650 (in Chinese)

Xiong C, He JZ, Singh BK, Zhu YG, Wang JT, Li PP, Zhang
QB, Han LL, Shen JP, Ge AH, Wu CF, Zhang LM, 2021.
Rare taxa maintain the stability of crop mycobiomes and
ecosystem functions. Environmental Microbiology,
23(4): 1907-1924

Zhang Y, Shen F, Yang Y, Niu M, Chen D, Chen L, Wang S,
Zheng Y, Sun Y, Zhou F, Qian H, Wu Y, Zhu T, 2022.
Insights into the profile of the human expiratory
microbiota and its associations with indoor microbiotas.
Environmental  Science 56(10):

6282-6293

Zhou JZ, Ning DL, 2017. Stochastic community assembly:

&  Technology,

does it matter in microbial ecology? Microbiology and
Molecular Biology Reviews, 81(4): ¢00002-17

(B Hr 325 & 3Tk

WER, Fol=, 2010, PEEHCHFE. HYFHR,
29(5): 625-628

R, SR, 2013, AMEREREE SN
AEFEPLTI TR . A ZHEPE, 21(4): 488-498

FFE, SRR, 2022, UZEVIMIR 2R BRI E ST
RETRIRBIIT . AR Z A%, 30(10): 22429

R, 2012, PEBAEYYF SRR, Y%
R, 20(5): 572-580

SR, HEA, 2013, FARETE R 26 200 s i o7
. AR, 40(1): 158-171

BULHE, 2010. WY EM RS AR IR R R, £
AR, 25: 645-650

EMFIR 25



