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The plant community structure of burned Pinus tabuliformis forest in Taiyue

Mountainin the early ecological restoration stage
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Abstract: To study the community structure of understory herbaceous plants in the early recovery stage after the fire, the
burned Pinus tabuliformis forests areas of Taiyue Mountain in March 2019 were selected to investigate the plant community
structure at the early ecological restoration stage. The community similarity index, diversity index, stability index,
TWINSPAN, and DCA were employed for analyzing the structure, diversity, and stability of plant communities. Our results
show that in the early restoration stage, the shrub, and perennial grass were dominants in the communities, among which
the hemicryptophytes accounted for the largest proportion. The dominant species were Carex lanceolata and Lespedeza

Sfloribunda. Furthermore, the similarity coefficient and diversity index of plant community in seven sample plots were
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generally small, while the evenness index was comparably higher. However, the plant community feature among seven plots
existed heterogeneity, and all indicators of plant communities in plot 6 and 7 were relatively higher than those in other
sample plots. Moreover, seven plant community patterns were identified by the TWINSPAN method, including I. Carex
lanceolata + Artemisia eriopoda + Sanguisorba officinalis community, II. Lespedeza floribunda+Carex lanceolata+Oxytropis
bicolor community, III. Lespedeza floribunda+Carex lanceolata+Gueldenstaedtia verna community, 1V. Lespedeza floribunda
+ Carex lanceolata +Adenophora trachelioides community, V. Carex lanceolata + Artemisia stechmanniana+Aster hispidus
community, VI. Artemisia stechmanniana community, and VII. Carex lanceolata +Aster hispidus+ Artemisia lavandulifolia
community. The result of DCA ordination suggested that theplant community structures at the early ecological restoration
stage of burned areas were simple; only a minor change occurred with plots and slope position. Among them, only plot 7 and
the other two groups of plant communities were significantly different. The results further depicted that in the early recovery
stage, the plant community was in an unstable state; the stability indexes in different sample plots were much different,
with the highest value in plot 1 and lowest in plot 5. In conclusion, the plant community in the burned Pinus tabuliformis
forests areas, whose structure is under dynamic changing, was still at an early stage of succession accompanied by poor
stability and low diversity and similarity, but the dominant population has a high similarity, and the plant community
structure is still in dynamic change. Our finding shighlights the characteristics of the plant community structure in the
burned area of Taiyue Mountain at the early stage of restoration, accumulates ecological data of the plant community in the

burned area, and can provide a scientific basis for ecological restoration in this area.

Key Words: burned areas; early ecological restoration stage; species composition; species diversity; community stability
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Table 1 Basic information of the sample plots

Bt G Eai)iey SR ez HHEE ANRT4k
Sample plots Longitude/E Latitude/N Altitude/m Slope/ (°) Coverage/ % Human interference

1 112°12'44.42" 36°5032.02" 1502 40 10 TR
2 112°15'08.72" 36°50'38.33" 1602 25 15 —

3 112°17'52.83" 36°49'16.25" 1372 20 25 —

4 112°21'59.21" 36°51'10.22" 1530 25 20 T
5 112°21'36.19" 36°49'25.74" 1525 20 15 L
6 112°21'44.61" 36°44'0.81" 1225 25 30 Eie
7 112°22'03.58" 36°47'19.40" 1330 35 20 Eie

£2 MR C ) SR

Table 2 Similarity index classification

2544 Classification 1 2 3 4 5 6
# X Mean A AN AR Hp R AR R R AH B SEAAH
C 0.00 0.01—0.25 0.26—0.50 0.51—0.75 0.76—0.99 1.00

J

2.2.2  WIFh ZREMFEBGERL Shannon-Wiener $540, Hoi T AKX K
H =- Z P.InP, (2)

K, H' 24 Shannon-Wiener 1645 ; S A NYIFRNEL P, R i FERETE Th A ARXS B 24E , Ot A . P =
(CAHE 22 B+ v + AR 26 18 ) /31
2.2.3 Wk Pielou 321 EEFEEL( ) TR N
J = H'/InS (3)
2.2.4 BEEREMENE
K Godron BTk HA" ! M FHEEE b A AE A R B B2 73158, IR R BB E 43 1
S x B, DA BB RE A o i, ST R T 4 BRI S R y = 100 — » AYAE s A, R AR I RE V%
FaE 0, ST ARBRBREIT (20,80) , B PA e Ml ey 2 ST R ZR AR
y=ax’ +bx +c (4)
2.3 BEAbFE 55t 0
K EstimateS 9.0 B2 il £ A AE MR ) 2R B B SR 07 BoE i BB 8. % F PCORD 5 {4
TWINSPAN S X A M B Ev A5 B0 2025 . R Origin 2016 3R A4-22 il A= 36 B 20 B R 7 Kt -pe ) B
M2 A fee tea Bt 2 . 00 Rstudio B4 25 FE 1) 2 REPEHE BOIAT 22 8 LU A0 By ARG 36 22 5 W
TN RIS L HIAR B B TR I 2 e 35 434 151 B DCA HEFF 18]

3 ZBRE5SH

3.1 WA AL
311 AETE R AR

WX 7 D REHAEIE 5% 124 B, 208 T 43 B 100 J& , Hoh LG R o =5, 4 18 J& 24 A, Hik
EORH8 B 16 F) FERH(12 8 15 Fh) X 3 BHEYI R EC S SR LT 44.35%  3X 124 FPAEY) R AHE
Wy 31 AR EBE 25.00% , P TR AR 7 Bl (S RREBUR) 5.65%  HEAK 24 B, 5 R SERAY 19.35% ; BAKEY)
93 A, LA ALY 75.00% . KA Raunkiner 2E 1 A 22 5ok L AAE Y A= 16 RUAL AL (1 2) , 30 K Rl b Ak 52 4]
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lancea) .S 4E,
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F4E 10—13 .23 29 34 37—41 43 44 46—48 50—52 .56 55 19 MFETr, EE M AGLEREHD 5 FIFEHD 6, 1%
T TEFEL) 10% , 34975529 0.10 m, ARHEFP N Z LA R BB 2250 PR AR £ 20 H s | AR db R
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VI FIEE A
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Fig.2 Plant life types in the burned area of Pinus tabuliformis

forest
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3 EM-ABMXR
Fig.3 Relationship between Simple plots and dominant species
KP4 EZEHE | Carex lanceolata ; ZAE AR T, Lespedeza floribunda ; 3 J& , Adenophora trachelioides ; X 114% | Gueldenstaedtia verna; 5, Oxytropis
bicolor ; il , Sanguisorba officinalis ; FAEE , Artemisia stechmanniana; $¢4- )L , Erodium stephanianum; 3§ %%, Rubia cordifolia
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Fig.4 Dendrogram of the TWINSPAN classification
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Fig.5 Two-dimensional DCA ordination diagram of quadrats in

burned areas
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R3 TREEMEMEERE

Table 3 Similarity coefficients of community among the plots

Fe 1 Feith 2 Feith 3 Feit 4 KL 5 FEHb 6 FEHb 7
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7
FEHL 1 Plot 1 1.00
FEHD 2 Plot 2 0.22 1.00
FEHb 3 Plot 3 0.19 0.31 1.00
FEHD 4 Plot 4 0.22 0.26 0.29 1.00
FEHL S Plot 5 0.24 0.27 0.19 0.32 1.00
FEHb 6 Plot 6 0.20 0.32 0.39 0.30 0.22 1.00
FEHL 7 Plot 7 0.20 0.28 0.35 0.25 0.21 0.39 1.00
3.4 YR A
341 M BCE-Y R R BRI
RS S R, 16 45 R B 25 D 5 (9 34 or

Yy R BCRTEZ G N (18 6) o &SRR L AT 4 45 19 1)
PR 413/ ELAFAE 225 FEdh 7 W) Fh i 26, ARl
5 MREY RS SR/ HE M 3 IR I 6 W) Rl -F i B A
IR 2, ] WAL W, OF5E XN AR ) )
il 2 B2 I AR AKF
342 ZREERRE

XTI FE X 25 A FE H ) Shannon-Wiener 15 %% . Pielou 4
KIS BEARE A = FE AL Oy 5 BE E AT o, A R L 0

30

20
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N N N . 0 5I ll() 1I5 ZI() 2IS 3I()
K7, BEM 1 FEHL 3 FEHL 6 FIEEML 7 A9 Shannon- FEJPECR Number of quadrats

Wiener $& B4R, FLAY 3 /N RF 1 0 AR X 4241, 1 L
FEHL 7 1) Shannon-Wiener +8 8058 5 K ; £ FE Hu 1)
Pielou ¥4 EEHREUEA DR (A E RS Pk
M1 REHD 4 FEHD S FURE ML 6 AHXTER S, FEHE 2 FIREHL 7
MR Z  FEHL 3 B35 FEEFRBOT- Y (i e s HLR E AR T ERAE L 2 S0y HAR 25 e b 5 & FE L B 0 b =F & FE A7 T
ZE5t REHL 7 B E BRI FE R 1 RR D 3 AR 6 YR, HAY 3 A FEHIAR X ARG, LAY 5 A4 Fl
F 8 YA RN &R AR R I8 55 B SR LI/ FOr e 7 B E 55 R S A K HL B 2 S TR
H1 6 Z AN A REHD  FEME 1 (OREE 35 5 Y (E /N L B IR T BRRE D 5 AMA A REM , 25 B Rl 20, FEHL 6
FIVEE I 7 R BT A5 O AR ARG 55 w8, T L R e b P R A B O R A5 R R X A 0
3.5 PRERCEME

MNIEL 8 R £ 1l 1Y) SRR X1 B2 -2 SRR 40 3 i 4 15 L 4k ) A8 o5 R S AR A ( 20, 80) AR AL
FaREMER/INHER AR 1>FEHD 2> R 4>FEHb 6>FEH 3SR 7>FEH 5, 7] ULREHD 1 AR S BEVE e M AR X
i, FEHD S FRRUE MR, DB LA RE Hi A E 75 2 b 26 R B B, 28 T 156 B A R i Wk 52 4 3 A )
HETE A F AR BT B B

El6 HAYE-MHRERFEXR
Fig. 6  Relationship betweenspecies cumulative richness and

quadrats quantities
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“NS.” R P>0.05;¢ = "3R8 P<0.05;“ % * " FI/R P<0.01;“ * % = " FI/R P<0.001

PR 5 (] S 7 A O 0 5 O 1 R 285 R (728 A 5 AL ARV OB e M — R B b S et 45 A Tl B ]
ORI | 25 Fiaie [B] 1) A2 Ak OC 22 ORI T AE MR 35 A R B Sl R AR S I A 1, P AR i S8
PRAEIRARYE . BT LAABI R FH LA L3 SE4R bR HEA T UG JCReii Mk 52 11 AR W iV (0 2t b B AL
4.1 FEEYIFhH BURAE

Xof A LLHAA MR K e300 1 W 52 400 300 R A A A P o 4 R 5 28 B, F 9 IX N 4 ) L SRS 3R 3 AR
TP X ORH 5351 40 AR D FRLEAFERL BT WL beiis b R 52 40 A 4 — O 1 1 KRR Y S — 5 i )
DRRELFIEAFIEL B, 5 /N S BRI 4 R B X AT RS T R T R R A O B )
A R BRAIE T 45, BESEEETY X A2 K W e 8 = e K T 9 T A D BT (O I T AR T L 2 S, v
XA AT e T A0SR T A G I Y — 7 [ #1725 AIF5E XN DA 2 AR AR REAH ) O 32, Hovh SR
b TET 2R T o LB R 5 45 AR AR RIS S AR ] (B34 Z AR A A, H IR M 2 AR T
YEXFRIAFN 22 S0 B IT R IR A SRR 1 R v SRR T AR A A, IR 2 )y U 2
PEECE  ARBFSE TCT A TG T2 A 2 AR ZEL 3 ) B 1 | KR bk 2 0 30 D 2 AF AR Al ) O 32 X 8
T T SR AR 3 52 KBERE RN AR K ZEAT AR BRI 0 & 2E G, T — 4R A R S B ) o R K i AR TT

http ; //www.ecologica.cn



10 1 il AR LHMAR AR JCBE I MR 2 AL M RV S5 A AR 4191

SEA, 1A B2 T 00F 9 X 8] [l A0 A2 A AR, — 44
SRR, LU R PRI 7l AT R — s 207
L RHAGF T —AF A R T AL |
4.2 BEIE TWINSPAN #0255 DCA HEF

BV 5T K B K bl Pk &2 400 0 A 2 A Pk
B 203) AKTFST F TWINSPAN 4328 705 K 58 575 b ik
BV AR Z R B o0 T RIS R KA A
B BRI 6 ANIEE 2P T DL R R
SEAVIARE YRR AT B — & b1 AR AL A A

—o— ffH ]
—=— 12
—— 13
—— 4
—e— 1S
—o— 16
—— K7

EYAviRop ;S
Accumulative relative frequency/%
N
S

PIREVEAA, REH 7 ORETE ISR A 6 REHL 2% 5 0
HIFER, BB & <V VI VIT? 3 AN S48 DCA GBS TP S

- e . N o Accumulative inverse of species number/ %
HEFP 00 55— RN SR o0 ) B AR S e 1 RV 2 B B A
M I A8 Ak, FEZ5 JER TWINSPAN 432K 45 LA M8 sREnEEREL

EljiEo Zilﬁl %{, %4 % "J' DCA ﬁF r%_ ﬂﬁ EI/‘] EE j& ﬁﬁ: $% 7@% Iﬁj El 4]% Fig.8 The stability of plant community in sample plots
25, 0L DCA HEJF i A A R 2 UM B 93 1 S B 9E
XoF G eI g R (R TRl A7 AE 22 57 TWINSPAN 232801 DCA HEFF 45 548 22 B JCRe s Pk & 40 30 45 F 1
TR TE B A AR AL, RBP4 Ry B — 3k — 25 SR T R IR RS2 DR AR R B I8 A4 o e 1), DR Ry R4t — A
BRI, KIS DFE AT AR AR T — 5 R KR IRIK A ZAE Y, ke 7 5
FB R R YRI5 AEAE 2500 3X T RE SR I 7 M THAA MRS FR B, 32 KOBesim BB/ AR 2 SR A A P 1) B A R R
BRIEE A X,
4.3 FEEHLIE

TEVE AR 1 AR ) sl RF s (R AL b 2 BB AR LR BE | %5 FH Jaccard AHIYE RRECRFR Bk
oW XA REH 2 6] 1Y Jaccard AR BB FLARAIR , 7E 0.19—0.39 2 [H] , 3% Al BER N 4L 22 Bl MAA AR Y
J AL A B TE R AL B, TR T P A5 RS A TRD i 2 KRV K T 35043 AR 258 A LAR SR b, i
SO T 25 FEHLZ ] A EVE AL . il 1 5 AR M 2 [R] X SR B0 A A AL, 3 AT B R TR 1 A9 30 88 o
TR A N EAAPR A ER R T RE, 53 Ah  BER AR DA RO Hb ] A B Bt — B R IR
I R b TR AR LR 2R B, B e 6 FIREM 7, 31a) IR RE | 098 A A 5 DR o 2 5 M R ) ) A 7 A
R, B AnFE D 3 AL 6 MARAHFRAE , (0 LA S AR L, BEIS A M R BB R, BEE AR B0 4
5 TWINSPAN £ 5325 F1 DCA HEP 45 RAFE—E 22 5 X & I TWINSPAN #6432 F1 DCA HEJF i H
Bl R AERE DT T BT R = 95% (WAl (E X LU B T RIFSY X AT P AE VR 1O DR SRR AR (R 5 v, (EL fh 484
AR A AN [R] 20 DLA R DA AR AE | S S50RE I8 D b R B A AR AL P A1
4.4 FERZHAE

MIYIREIE ZREVE VT RE S 2 2R KAy T BT E Z N R, FRIX 7 MR EYE
Py ARG S AR 25 5, AT DAL R M O SR SRR TR, B MO oE SR I, A B S v Xt
YIRS ZREME e R A B AOME RS, Anl&l 7, BE9% Shannon-Wiener ZREPEFEEIUR 42 5 B H8 B0 K8l 43
NV BUAEHD 1 FEH 3 FEHL 6 FIAEHD 7 A Shannon-Wiener Z2FEE 8 U4 A, T HEAY 3 ANFE Hb I AH X 45
JIN 3K TT R A A A AR SR Ml B A AR B AR AR B DA G, ZE TR AT BHERER 2% 4 AR b AR P RS AH X
L HA YRSt Rl R SR 1 AR EL Ay 3 PR A A S A PR R e, 0 78 4 I TR e R v Rl 1
WA IR I8 K 2 S ARG NS 5 2 AR MY Pielou 37757 BEH8 £ st i, 156 BH K e b ik 52 400 ST b v 45 BV
[i] ) AE A 235 R AR AL, 3T BE RIS 1 SR A AR A B R U A AR R OC R RIS & BRI M 8 5EK
ARBCARIT | I LASA A BERE R s FEHE 7 BTV w2 b 3 o T AR b, T R R At 7 Jir A4 Tl P PR % B AR, A

http ; //www.ecologica.cn



4192 JAE = 41 4

I AEPIREE F LR, N2 — R BRI, AR AT A s S LU R . B2 A IR T ke
PEAR RO AR R 6 FIAE I 7 HEP I P A TR D XA i iy, (EUR R I AL R - e 53 , i /K
(R Z AP AR RE SRR B TREIE™ | HRR UK 2 AE AR R A 5 K A2 AH X A5 B, 33T g
B OB R E AR ARG R o BT 55, K 58 38 K 52 00 301 # A JZ AR ) HE P B Pielou X520 2 45 %k
Bb A ZREHERR B R 3 SRR 22 55 BT 4 R — 2L
4.5 fEERRENE

AW RIIFRITE S A AR T R R 2 R R e 1™ . ABFFER T Godron
FeuE PR M T, R4S FEHAEVA AR LU AFZE 25 (20,80) , 1T L Sk J58 520 bk 52 0 J0 A 00 A 45 00 i T i o
TR A B AL SO BRI SC 28 VR IO AS A IR AR E |, DRl R b B 5 A Ak T s s e rp,
ARSI R BLIMAA MR IR S P 2 R T AR PRI T4 TR RS o 33k W AR PR R B 5T
DAL AR B R v 2o R T B, R PR Bl IR = RO TR AT X8 . ANBIF S i e BRLAS R i TR A AU 1k
FEAE2E 5 UL [R) AR IR (R AR 35 B A [ S KB AR ) R P A 2 R N R 2 — . AR RE A B I
Wl LSS AR AR UL RO TR AN R] , B AR MR R B ME R BOR ), AR 1 RV B RS E 1
F B R BRI SRR AR, I nT RS RO R 1 SRR B, SO S O B — AR AR v R T
WD FE 5 AP RS M R BR /N, AT RER N REL 5 INFFAEIRAT Pl S5 LU K e TREN A 22
PR BT, S BRI I BB 20 Wb ] 5 RS 2% Vs AR TR AR
4.6 XHEPHER R

KA I X AEMER 2 MR GERA T B, By KRRl LR A ) e S A ARG A ), T ELBR T A SR AR
B AREE By KA FRAR K G AR B A1 9 A o AR op W8 B — SRR, AR B R ( Cotoneaster
acutifolius ) FVEE R BUFHEAR AL S AR FUR L B3R Pebe S8, SN ZE I M K th 1 9B, B 7E 42 T R L
AR TR I A 2 WIS X AL R v 2 I 22 A A REASARL R 0 A I A A AL A 5 8 1 8 S5 vy AR A v
B BIRSEEBRANMARE R A L DX AT ZRARIE VS A T2 2R ESEPR B iZoit X s T 8 b e X, K70 260
R SEA PR LR 2% FFANE FLR (R R TR A, INZ TR AR A A SR, S A 12 DX K el i A 5 et e v
AN RN TR T, T 2 UM B, B bt A TR BC B AR KR e M ) KR8 SiR JBE HIE H 3 | IE
JCRRAE RN, WA B MWD I , LR s SR s B 08 D A . I B BB | - R B3, Bk
PR U B B i 5B L B R P 5 R 58 52 A 3P 5 2 1) B TR P ST R [R] st ] 1
TE S35 BEAAE AL R FERE T, ORE AT RUIARAR B S RE AR, SCRT s SOl ik 32k | 3 ihe i 2 et
(Z3=

5 2% 3Lk ( References) :

1 ZERAE, BN, TR, T, AR DR T A SR g o7 S RS AR 254, 2013, 33(4) ¢ 1219-1229.

1 ORECE, XUEM. BT PASHTIE. BTS2, 2004, 15(10) ; 1703-1710.

[3] T, ik, sbihl, i, 10, 5. 2001-2017 SRR E MK R 23 A REAE. A2 4R, 2020, 31(1) : 55-64.

1 EARFR. AR A et RARHE R, 1987 69-78.

] R, BEE KR, AER, 54, TR B LR EREE R 2R S R YR R R, AR, 2007, 26

(11): 1697-1702.

[ 6] Maffei C, Menenti M. Predicting forest fires burned area and rate of spread from pre—fire multispectral satellite measurements. ISPRS Journal of
Photogrammetry and Remote Sensing, 2019, 158 263-278.

[ 7] LeeB, Park P'S, Chung J. Temporal and spatial characteristics of forest fires in South Korea between 1970 and 2003. International Journal of
Wildland Fire, 2006, 15(3) : 389-396.

[ 8] Edwards A C, Maier S W, Hutley L B, Williams R J, Russell-Smith J. Spectral analysis of fire severity in north Australian tropical savannas.
Remote Sensing of Environment, 2013, 136: 56-65.

[9] Brse, XEfE, Pide. BT ZumootiBiRa bk i K2 KGR BEIRIZO ST, 424, 2018, 39(22) : 8630-8638.

http ; //www.ecologica.cn



10 1 il A R I RARR KR8 YK S SR R v S R R 4193

[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]

[20]
[21]

[22]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

T, WIS, Wi, TARIL, EAGE. KB 3R K MRS E AR AR K SCHL B TR BT, 2019, 46(6) : 40-45.

R, BWAR, WA, P ARy UF R 2006 5 KOpe il bt + IR s Ul . AR 2244, 2019, 39(21) ¢ 7950-7959.
B, Bk, Wik, /N, SR A TARICEEE A R B Be b /NG 30615 e 3h W 2 et A 25543R , 2013, 33(8) : 2531-2544.
XMRES, Mg, EEF, 2245, HRE, SN KPexd B AR T RS MR HUBRAL 7 (5200 . A2 25443, 2018, 38(15) : 5374-5382.
PR, P4, BREE, #EAEEE. STILIDIIR B AR ORI DI AR K Bl b b AL 2 BRATST. L RUIMRE 24 HARRIAML, 2017, 53
(5): 582-586.

VRN, s, ke, I, EEM, IR, KOG TR IR AR IR X 1 el KR B R R R SRR, 2019, 39(21)
7977-7986.

WaRk, XIS, BB, XUDGR, ARGE, ARAR0E a1 PGS0 1)1 5 LI BR AR PRI s 1 SRR AE S HS i LR Mol B, 2018,
54(2) . 18-29.

WL, WS, P JE. PR TR DRI AR L NP IR B SR A S5 AR, 2018, 38(8) ¢ 2915-2924.

ZREE ) JAMy, FAOAK, BT, RMGE, IAECANYE, F1I s, FERAT DGR AR S bR COE AT AT, AR IR, 2012, 21
(12): 1950-1954.

Nowak S, Kershaw G P, Kershaw L J. Plant diversity and cover after wildfire on anthropogenically disturbed and undisturbed sites in subarctic
upland Picea mariana forest. Arctic, 2002, 55(3) : 269-280.

Collins S L. Fire frequency and community heterogeneity in tallgrass prairie vegetation. Ecology, 1992, 73(6) : 2001-2006.

Bakhtar A J, Haidari M, Sagheb-Talebi K, Mohajer M R M. The impact of fire on the plants diversity in Iranian Oak forest. Global Journal of
Biodiversity Science and Management, 2013, 3(2) . 249-255.

EETE, M, MR, B8, NS, TR IR MBI X L S MR 1 5 )
(17) : 5201-5209.

WEARZA. B DX 7 AR KBS M VR MR L S AR HERESE[ D JbaT: JEmtkll k2%, 2019.

R KBERHIAL RAAMAR T A S LI AYsZm [ D] F b ilipggl k2%, 2016.

K, sk A, R T, LIRS, AR, B B L AR IR T S5 A S AR U R A S IR, 2011, 20(5) ¢ 843-848.
EgE, BEHFEY, WAL, BIOF, MEE. KGRI MR IS HBE B R BT R, A5 2ea, 2004, 23(5) : 35-41.
Godron M. Some aspects of heterogeneity in grasslands of Cantal. Statistical Ecology, 1972, 3: 397-415.

— LU R 1) A . AR SR, 2013, 33

Gamfeldt L, Snill T, Bagchi R, Jonsson M, Gustafsson L, Kjellander P, Ruiz—Jaen M C, Froberg M, Stendahl J, Philipson C D, Mikusinski G,
Andersson E, Westerlund B, Andrén H, Moberg F, Moen J, Bengtsson J. Higher levels of multiple ecosystem services are found in forests with
more tree species. Nature Communications, 2013, 4; 1340. https://doi.org/10.1038/ncomms2328.

MRasdn, D, B, 2k, XOJRPE, FEIY, kA, PG 2 Bl ERAREE VS 41 S5 A B IX R RAE. ML BR, 2019, 55(2)
159-172.

BN, ZReTin, SER, TOR, BRMG, 2R, ANIR] Jobesm BE v bR T E R MR A KL S D T B 56 R PEALRIY AL, 2020,
40(1) ; 130- 140.

OGS, =W DX B A T Y A AL R 9 2 (B0 Jm S AR BB R A [ D). T BR . ob R 22 g R 2 (b R e T PR 2 (8 RE ORI 5T
k), 2017.

ZRRE, I AR MR L X AR RS JOBEIT M AR P SRR A S, SN 2014, 32( 1)« 40-46, 57-57.

£ 3 M. ARVAT T KBS TE AR LA E Wi sh A AR AL AT [ D] R R . ISR ARAL K2, 2016.

WOmEL, FRTE, TR, /NE, 228, T, RISCH, ZE0F0T. FLEE A SO R BGE  2E SHER. RS, 2018, 38(13)
4779-4788.

TR, BWRRZ, SRR 7. AN b s 52 MR AR B I gE . A2 4, 2000, 17(6) : 554-558.

BRI, e, RLn, BRI, FREE JIRIE S RS A B i s B ZREETE Y . DA AR IR 6. 2B SRR IR S, 2019, 35
(11) ; 1420-1427.

Fowler M S. Increasing community size and connectance can increase stability in competitive communities. Journal of Theoretical Biology, 2009,
258(2) : 179-188.

XSt BRICSE, BRI, JRBEIE. RS 2 RS AR R S5 AL 5 AR N A 2 BRI S, R XL R R . AR, 2013, 34
(4) : 90-94.

WRCE, JRSOME, T, B SCHS. AR LR X RRARAE 7 E TR AR R RIS M. AR5 % R, 2018, 38(9) : 3165-3174.

http ; //www.ecologica.cn



