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Cyclobalanopsis glauca community in karst hills of Guilin, southwest China

LIU Runhong'?, CHEN Le'”, TU Hongrun"’, LIANG Shichu'’, JIANG Yong"”* , LI Yuejuan'’, HUANG Dongliu'”,

NONG Juanli'”

1 Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Minisiry of Education, Guangxi Normal University, Guilin
541006, China

2 State Key Laboratory of Grassland Agro-ecosystems/School of Life Sciences, Lanzhou University, Lanzhou 730000, China
3 College of Life Science, Guangxi Normal University, Guilin 541006, China

Abstract: Niche and interspecific associations, which are significant quantitative and structural characteristics, reflect
relationships among species in a plant community as well as community stability, and thus providing an important theoretical
basis for forest vegetation restoration and reconstruction, forest management and biodiversity conservation. In order to

understand mechanisms underlying the formation of niche and interspecific associations of main species in the shrub layer of
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Cyclobalanopsis glauca communities, a total of 100 shrub plots were established and investigated in the Cyclobalanopsis
glauca communities in karst hills of Guilin. We selected 20 shrub layer species on the basis of their importance values. The
niche characteristics of main species in shrub layers were quantified with the indices of Levins niche breadth, Shannon
niche breadth, Schoener niche similarity and Pianka niche overlap. The interspecific association was researched by using a
set of methods, namely, variance ratio( VR) , X* test, Pearson’s correlation test and Spearman’s rank correlation test. The
results showed that: (1)the Levins and Shannon niche breadth index indicated that the niche breadth of Cyclobalanopsis
glauca was the largest among the twenty species that we have studied. It indicated that Cyclobalanopsis glauca had a stronger
ability to compete and utilize resources in the shrub layer, with the absolute competitive advantage and stronger ecological
adaptability. The species with larger importance values generally had larger niche breadth, but the rank orders of them were
not exactly the same. (2)the mean value of niche similarity of main species in the shrub layer was 0.156. There was a lower
degree of niche similarity among species within the community, indicating that they had a lower similarity in resource
utilization. (3) the result of niche similarity proportion and niche overlap was similar but not the same. The differences
between them suggest that using similar resources are not sufficient to cause competition among these species. (4)the W test
showed that the overall interspecific associations were significantly positive associations among the main species in the shrub
layer. This reflected that the Cyclobalanopsis glauca community in karst hills of Guilin was in a relatively stable succession
status. (5) the results of the X*test, Pearson’s correlation test, and Spearman’s rank correlation test showed that the
significance ratios of the species pairs were all lower. The species pairs with insignificant interspecies correlations accounted
for the majority of the species pairs in the shrub layer, reflecting a weak association among the various species pairs in the
shrub layer. Most of the species showed an independent distribution pattern. (6)both Pearson’s correlation coefficient and
Spearman’s rank correlation coefficient showed significantly positive correlations with niche similarity and niche overlap
value. In other words, the species pairs with stronger positive association generally had larger niche similarity and niche
overlap. On the contrary, the species pairs with stronger negative association generally had smaller niche similarity and

niche overlap.
Key Words: Guilin; karst hill; Cyclobalanopsis glauca community; shrub layer; niche; interspecific association
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H X ( Cyclobalanopsis glauca) 531 Ft( Fagaceae ) T X J& ( Cyclobalanopsis ) # 5¢ T+ A, BAT B B3 v M,
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SR 28°C , AAETERE I 309 d, AFRTHIRERT AL 1949.5 mm, BT AR N A FCA  SE by T 4—7 A,
PR ZET 1/ S 4F H BRETECH 1670 b, 4E 34978 % 8 1490—1905 mm , 4F A0 X5 BE H 73%—79% , H:
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hispidus ) 55 ; IWAN , 2 A3 5, EBA W ( Bauhinia championii ) ERE3E ( Clematis florida) AL E 5.
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Table 1 Importance value and niche breadth of main species in shrub layer of Cyclobalanopsis glauca community in karst hills of Guilin

piv Y A
o e Important value/% Niche breadth
No. Species el N J?_if‘]\ﬁ* Levins #%0  Shannon $5%%
Maimum value  Minimum value 2 B, B,
Mean=SD
1 H X Cyclobalanopsis glauca 96.97 0 42.26+25.99 72.55 4.37
2 L135 ILERAT Alchornea trewioides 50.00 0 8.80+12.33 33.77 3.69
3 THF Fordia cauliflora 47.62 0 6.56+8.15 39.31 3.92
4 Y2 K Clausena dunniana 71.43 0 4.84+10.11 18.65 3.20
5 HUBESE Mallotus philippinensis 40.00 0 3.76+7.01 22.36 3.35
6 KB Celtis biondii 23.81 0 3.16+5.22 26.82 3.46
7 Jit - #4R Pittosporum planilobum 52.94 0 2.46%6.80 11.57 2.80
8 TRk Syzygium championii 16.67 0 2.35+3.91 26.56 3.40
9 IIBRAT Alchornea davidii 24.14 0 2.17+4.97 16.03 2.95
10 T B Murraya paniculata 27.27 0 1.92+4.64 14.66 2.86
11 MK Loropetalum chinense 22.22 0 1.91+4.33 16.31 2.91
12 WIBRT Elaeagnus pungens 22.22 0 1.39+3.98 10.86 2.53
13 K ILIERR Helicia reticulata 28.57 0 1.24+4.27 7.75 2.26
14 FEA Dysoxylum excelsum 64.71 0 1.11+6.64 2.72 1.50
15 M Radermachera sinica 17.65 0 1.06+3.00 11.16 2.62
16 AW Albizia julibrissin 13.64 0 1.00+2.77 11.55 2.54
17 MR Jasminum albicalyx 13.04 0 0.94+2.39 13.38 2.68
18 M 5 O 8 Tarenna depauperata 8.33 0 0.73+1.98 11.97 2.52
19 BaH 3 Acer coriaceifolia 11.11 0 0.67+2.14 9.04 2.29
20 1AW Mallotus repandus 14.29 0 0.65+2.08 8.81 2.33
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Table 4 Overall interspecific associations among main species in shrub layer of Cyclobalanopsis glauca community in Kkarst hills of Guilin
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x5 HEMERALBTRELEAREETEZWMA 2RI  Pearson 18 X4218 70 Spearman #1851 18 4 R EL B
Table 5 The comparison of x? test coefficient, Pearson’s correlation coefficient and Spearman’s rank correlation coefficient among main species

in shrub layer of Cyclobalanopsis glauca community in karst hills of Guilin

TEBRSE (A% ) Positive association ( correlation ) B4, (#H5%) Negative association ( correlation )
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Fig.3 Regression analysis between Pearson correlation coefficient, Spearman rank correlation coefficient and niche similarity and niche

overlap among main species in shrub layer of Pterocarya stenoptera community in karst hills of Guilin

31 BN ERAE
A AL T — AP BT RE A (9 25 R B2 U A R B AR G S5 T A A0 1) A 2 o7 P ROR B 85 %

http ; //www.ecologica.cn



2068 JAE = 40 %

VRIFIFRE S o RS 98 BE /NI T b (R B 38 4 ) oAy RV 838 MR R 2. — R &, 9
Tofr Ay A 2507 5 B A, )2 o BABE A0 3 17 i T bR, ek R U A R FE B S 0, A A Y LR 9Z Y R A )
Fofr ) AR 2SR 5, LR AR R B /)N, SR i) 32 A Rl B R BEVE R A D S R L AR GRS, X 4T L
JRRAT RN 46 52 S A i A 2507 D B AR, W BH B A1 A A %) 9 R FH RN AR A I BB T, A A Ve LA )z
M A LT KR TR 2 B SRR al A i, X 4 R A 78 PN SR R B LA B A S A B R S EE B
TR BRI 5 DS P o 1 A5 A S FE AR, BB AT D0 P58 11803 107 A R R 7 ) P e 0 AR X A 55, % BRI
A LR RRURR M A A Y BRI 23 [l A3 A A4 A) Gl B AR B D B ) T AR R M SE 4 ) B
W ERE N A R R AR IR GRS . I, e XM A L KRR A T 2B BT, 7 3kt 4
Xof 3k B BT T 1) A S AT

T EE A A5 T8 BE T B R e B o i b 7 A A 25 B F8 b, (ELIX PR 2 10 A8 5 20 B SO R
], AR T R ERE T A OLIARREE AQFR T WA AE R I v iy b S R o 2 | T A 2567 5 B8 T S e 1 A
W R R 58 W TR A ) B g B A Sl o P S AR A A R 2SR R U, R 0 S B A () )
HLAZS A T8 B — BB (/) Y AT I K BURE T N R WAl i B R (/) AR S T —
R (/) BB BN, a2 LLpRAT (%) 55 B 38 8 5 R A A B8 BE AV A /0N, I kL i HR A A
) E AR R AR A T S KT (EE W A 10 AR A B B AN /N, 3 15 B T BB AN S 5 M A 2 67 i B ) e — [
B, A TR 1 KN LA A A B b YDA G, A AT A, A S A B A i R Jk L e R R
AREEYRD, GEIRA R R PREE 35 I B8 77 8559 , ZE BEUR 7 v 1 B U B D o3 A RV 2 e AT iR A 2 98
BN,
3.2 AESNAHIPERRE

A 2SS AR 2 Al P o () AR AR (U B P S A8 e, T LR FE G W o ) 2 75 A A 5 4 D SR
AETRAEDY T KA AE AR A A 2 A AP RR s, I e AT B AR 3% ) ARG | X 3R W JR A 5
SKICEARRL, BCE AT AR AR UM R B A s T2 SRR AT 45 12 ARy €, (8340 0, 31X 7T B2
F T 3k Sy oo PRI B U 0 R FH AR IR AR R, 1R 2 Foe 3B, AR S AR 5 A 20 B B 2 IE AR OG G
2 AL BERK (/) BN IE], AR S ORI R R — Bt s (%) 7, ARt R, AR A B AR
KT KA A T A S AAB IR 0.495 , 1M1 Az 25 T B 325 A MR A RS i B i 28 28 7 AR RUE SR 0, {1
JEA A TE B RN IR E] , T E TR AE Y RS AL, AT RE ST A R A A S AR RIE ST
ARBIFE H AR ACRI (2 R A AR 2 5 B B /N (R E AT 22 () 8 AR S AR LR A K, sk 5 X 41 45
XHE VT s A B T B A R B A S ARG 45 S — B, (R T M BR IS TEAZ EEY R A A 2S00
AL 2{E A 0.156 , I AR TR VLI R Ay A A O Th R 2 S5 S A i AR S AR BIPE  R W XA R )2
FE R GE PN 22 S 5K PRI VSR RS2 500 R ] DG RANTRRE . IAh AR A L AR A v 2
FE A BT UEVE I S B A 242 T A Tl A WA S B R B R B SR AR S T R RN (R A T A
SOAB A
3.3 AL ESRHE

A A T B R WA BB A DL AR S AR B A4 4 b A T T [l — 23 DB 0 52 i 4 L [ SRR A IR Y
Az 27 T S SR R LA A IR R R A F e ) 25 SR RISE 4 S R I E B R AR, A SN SR ORI R 2
[E1) 14 A 36 TR A AR, ot PR VR 00 A A 5 SR (B0, W 22 () AT REAF AR B S 4 0 AT 9T R BEE MO IR A
LU XA I HE R 2 FE S 2 TR AR 20 i 8 A P i I, AR A B -1 0.173  RIIEARZ E 29
T 22 T % A58 T 05 ) AR P RN B3R 22 S AR W B) S e AN TR B ) G R AR . R A A TE BRI )
i, FLE IR A B 1 , oA 1A, DRI 55 At g ol ) 7 2 257 B 28 A B 3, T A S 1 38 i )
], oA A AR /N (R B T A A B B B K A Wb AR B B4 A 25 2R R AR — 52 58 2 W]
XoF R B U A R A2 SR I TR 58 4 — 3, AR AR 00 T8 BE K (/IN) A ol i) T B 25t BRARAIR (1R ) e B2 1 2

http ; //www.ecologica.cn



6 1) LD A5 AEMCE T A T XIS HEA SR L2 P A 2507 55 i ] e 4h 2069

SALE S, TSR0 0 fok L HR S5 ) AR ZS AL S8 RN AH R BT A S E SR AR R, XTTRES
BEMCA T AT LS A YR A AT O I IX A AT R B R, LR T OB R, e i 2, 35 Kl
IR AEVRIRBE = | BR8] A BT SE 4, S SRR ) S S SR B PR U A 25 L T B AH X e 4
oA ] T IR AR AE Jn A B AR B e R vy I A 58 R LA 25 ] 3 A 25 /D | DABSUR AR 3 B ) o 14 A 285
DLFERERIN LR H P AR R A S S, X ok AR AR R A2 5 A5 0 DA Ry ik AT R TR
BE i e e B T S | R A S 45 1R AW &
3.4 Fha]REEFRFAE

Foft R 25 02 25 RIS [R] B B8 b AR B2 e AR ELAE TN B A HLOC R IR T i TRV A 45 22 S 1
8 B AS TR ] (A B 2RO P BB % ek 2 e T Ay e i 4 A L R Ve B S A ] Y R B 2
BT TEVA R (VAR R R o | AR e MR A R S M (i 26k = L — IOk, &b IR R i
7% WU E] AR5 TR HE ARG, I SRS OB D /)y , VR A T ANARSE B B, B A 95 0 TR BT, R ) K 3Rt i
WA T IE IR B v I AUt AR R TR e o ek Al 5 98 58, TP v 1) TOURR O 1) SRR AR MRS W L
T XITEVE AR 2 2Bl A (]34 D0 2 45 SRR W E R J2 F2 B Al ) ) BV AR 35 M IR W 38 TE R &5, 31X
5 SO0 Xob A G A S X 2 T ] TSP A 34 0 o %) o [ K 225 M AF 5 44 21— B, U I R M
VAT LI IR T E A2 Ak T A RS [ B, E % 4t i S R SIS 2 O 328 W 58 35 A E , B I B TR R JRe 1Y
JE IR B, Z55 XK  Pearson FH A 5 Al Spearman FkAH KT IG 25 R A B, F K BEEE AR Z FEY ML 5
NG RS RO A1 2 R B A 55, o Sy MR X A0, 3 5 VA b U0 A T PR AV A LU XUV TR 2 AR
PRI R] IR S BT 4518 — B, 33X W B2 TR MCE VA A LU A Ao ] D¢ 2R 32 52 380 BRI FR i A1 8] AH 5
VERIX AN I RS2 , Herp ) PR R 32 SR BT S v A Ll A B e Bk b A A Ll OB R A Ak ™
B AR R A2 | )RR IR HOZ X Z R WK R R 5 3 oK R
b 2 K IR S RN R 7 BE ) 59 S5 25 T b SRR | S BRI TE [R]— b B 3 o s i (0 /AR B AR B 25 Rl
TR UL T RS AN S R e A 2R (A AR BB AR IR DGR D T VA A L XK
SR FE S B A BE BRI AL 1 ol P AR (] 38 400G 2, AN [] A4 2853 I M ) AL AR AR [ ) 2 i) AR e 3, 4
o i 2 AN ] ) A AT, o ) DG 3R R A R R A R AR SRS 3 i B S R B 21 B A
VoA L b DX A 58 e S P XA ) 1] 06 3R BT R S 52 e BT WA R A B 0 R T EAS R AR B
BEPCN A28 00 R AR U, B RES RO EOE 2 (51575 XIRE TR HEAZ i Wy 8] ) 1E R4S LU BEARHR /N T 1,
o XoF TR B £ A AN B S 0 ST P AR X AR
3.5 AR SRR AR EE B AH 1

Py eb i) o ) 3B 45 P 5 A 2 S AR R PE AR A Z85 o7 o 7 A P TR AR 2 1)« X ) ) T BB 445 S e 1 AL ) ) T
AR AR A0 A 257 1) B B 5 7 IR R I 1 A o ) F) 4 HE e M AN ZE 2S00 84 L ARG R IR MR T
LT MBI HEAR)Z 2R E Y Pearson AHIC %K Spearman BiAHIC R B B AHPERM A S HEEZ
(] 25 S 2 TR G, BV SR B b ] TR IR 25 B | AF SO AR BLE I A 28507 B8 i O, TR 4B, A
BOARMUERE SO BB M/N, X —Z50 71 2 56 T A A 00 RUF B 525 1A 78 T A3 BE L > 47
T ERZE P ol st [, JHG A 25 07 B (R PR AR, S e o e gy oot 4 B oR iy — S50 SR S A 1 iz
N S AR Ao, A AR AR AN A A A7 FE B K, 20900 0.480 A1 0.507 32 R R X 2 Al o 5
PRI A5 2 ARRL Y BE IR SRS . (35 X5 2055 LLURRAF | T AE 255 W b 2 W 28 5O i 38 ikl AR 2547
HEEINRE . FA] UL AR 67 S Bk | A A7 TS (A — 2B 33X AT R R ool ] R A5 PEAS
IS HFPLE ASAAFTE— 8 RUAR S A S0 Xt o A (0 5 36 | 2 58 R0 R R T R 7 45 A (AT OG0 Ik,
Xof [B] 4 17 1B 4 B DR P A 02 2, i A 05 2 e e A B B foxs ] ) A 280467 T 78 R P AR T oy B U 5w S S B
SRS, P ] (A4 A5 SRR R . AEMCEIR AR S X S L0 LR A S S R
P 7 CU IR 5 G o (MR T 3 T 707 S 4 A P VAL = 3 A L=

http ; //www.ecologica.cn



&
H

2070 H Eire 40 4

3.6 AHBLIRITSGIRE Hg

MEEMCE A LT R = S22 i) A 257 S AR AR S R R T 7E X BMCa i A L AT AR AR
B EGRE Y REE b S MO IX CS BT B B RAR AT 1 T IRl AR o A A
PEEOFERR L, A e PR A A R R A 255 ST PRARAL , X A 858 A AR BL 2R A W BE A — e , e 3R 5
TN BT, BV A 8 BE A MR DRy Sl (AN ORILLRRAT 45 ) | B 9 A 257 T B e HE A/ N W A
DA 20 AR Ao 6] TE MR 2 A5 (4 ) b AT H ORI AL, 77 L o )7 A S P 5 4 Ko AN [ F) R AR P A 0 7 1)
FHRE 2 [A137 B, 58536 B AT BR B FRIE BEUR , SR v Ak T — b EL AN LA DM OC 2% | AT A3 FoE v A 8 1
FIZARE et R R A e, BEA AR ETE DX N XTI 22 A0 T30 ) P e 10 v P A3 X 2 28 LR R
N E, BRI F L i 82, KR TR RE By (B e L v s e B B B B e v DR 7 A BT ) 5 4
VRSSO, 75 Al IMASE T3 B R 248 . T35 KO BRAE AR, Dk, 76 A AR B
A AR R ST PA JRE 5 i PR R SR B B N T 4G, s > M) £ RRHE i BEAE VS N IR AiSEAR
AR RVBIAS , 7 /N TR BT | 384 PR P B4 SRS B | TR] B i s o e /N 0 XD B R, Sy FEARAIE R4 i A
BT, AP 7 A B A7 6 5, S BET X1l MR ) AR M & &, DT 335 IXURRE 9 A 3 SEOWT , sl e o
AR S, ez X A S R G 5 T hE

5% 3Lk ( References) :

[ 1] TUbKsE, 2=, 85 HART b R el DX S 70 ARV A B) DG R 4007 AEA AR 38241, 2005, 29(2) : 226-234.

[ 2] xWHEL, 25, %, 20K, REHE, R0, Bhivs, XURE, W20, J55m, RIG%E, M, REE. WL R 3
ARAAH PR EIRESE A A0, AR 24ik, 2018, 38(19) : 6881-6893.

[ 3] Rousset O, Lepart J. Positive and negative interactions at different life stages of a colonizing species ( Quercus humilis) . Journal of Ecology, 2000,
88(3): 401-412.

[ 4] Brooker R W, Maestre F T, Callaway R M, Lortie C L, Cavieres L A, Kunstler G, Liancourt P, Tielbirger K, Travis J M J, Anthelme F, Armas
C, Coll L, Corcket E, Delzon S, Forey E, Kikvidze Z, Olofsson J, Pugnaire F, Quiroz C L, Saccone P, Schiffers K, Seifan M, Touzard B,
Michalet R. Facilitation in plant communities; the past, the present, and the future. Journal of Ecology, 2008, 96(1): 18-24.

] AR, XITHE, JRETR, BREAR, KRR, VT B A SRR YR A S AL S RN RIS, HPR A, 2012, 30(6) ¢ 568-576.
[ 6] Mk, ALR, miatl. (P95 R A GRS R RIS 5 A S ARMEDTTE. MRE2E4R, 2016, 34(4) : 521-529.
1 SR, R, aKEETE, SRAE. PG E K H AR KN T M SRR, AR, 2014, 33(11) ; 2905-2912.
1 FIHE, HEWE, FEEER, £V, W, RS, AR, A LKA AR A YRR RS S AT, AR AR, 2015,
34(6) : 1473-1479.
[ 9] #&EG, ANAE, SIS0k, KER, H, HRE. R e 5 2 28 0 A 2 0 SRR e 45 M. i AR 5 2% 3k, 2017, 28(5) .

1699-1706.
[10] 3kBL, SBAIF, HyTfly, oM, Fugik, REH, Wk et 3 AR S E AR B A k. 4235224, 2015, 35(1):
106-115.

(1] TRIE, X8, BIIE, XUE. MYFRIREETI NS S Eirk. £, 2016, 36(24) : 8224-8233.

[12] XU, APy ak A2 R 5 b 3R ) G SR —— P g W R A= o 5 A VR B AR R b, Bh2 kL, 2007.

[13] iR, RIENG, Z0E, WEF, B, i, BE, R, v B R AR R A 8 R Mk . RS, 2014, 34
(19) ; 5579-5588.

[14]  fHeii, Rk, W, B, AT, SCIE, 229590, 70 R v 0r s ML RO Rl O & etk 1 2215 28 Ak K R 22 . ol AR AR A 5T,
2015, 36(5) ; 890-894.

[15] dkEfE, SAND, BHE (RIRGE, T, 250, FEACER A LSRR S5 . 4785283, 2007, 26(2) : 159-164.

[16] Z=Je, JRoRM], BALUE, W 2s, mdfde, XA, R4S, T V0 AR A 1A SRS A0 B RO A i AR S IR R I 28 . 1A= 4R, 2003,
21(2) : 129-139.

(171 RS, FEmRE, ARZOG, XL, Bk, Dk, bk, FEsE, W), ik, BEDEU, X3He, WaE, ERUE 1V S IL AR AR
FEHN R BETEFRIE. AEZS244, 2013, 33(18) : 5723-5730.

(18] AN, J-HA8, sk s, Hobkeayda i KRR A 1T, AR 229, 2007, 26(8) ¢ 1177-1181.

[19]  WkWass, skibfe, RbAE ) B, ZoRoe, BRI HEMCA A LT KIBRFEE A S50 RRAE. WMl R, 2008, 28(4) : 8-11.

http ; //www.ecologica.cn



6 XPELL S AEMCE A W XIBER AR Z E YR A A SRR B S 2071

[20] IR, B2, skbAe V. HobCa v A L KRR Y SR RS 4 (R DG R . PR B 24, 2007, 22(5) : 32-36.

[21] Peshkova NV, Andreyashkina N L. The indicating role of herb—dwarf shrub layer in mountain phytocenoses of the Polar Urals ( Illustrated by the
Outskirts of Mt. Chernaya). Contemporary Problems of Ecology, 2009, 2(5) ; 417-422.

[22] kB, HiASS. R, ARG RSE L, 2001.

[23] Levins R. Evolution in Changing Environments: Some Theoretical Explorations. Princeton: Princeton University Press, 1968.

[24] Shannon C E, Weiner W. The Mathematical Theory of Communication; Unknown Distance Function. Urbana: University of Illinois Press, 1949.

[25] BRESL, ¥, 5o, bk, 240, BN G R 9 T8 E R E SR EY 0 E S LS. YA FM, 2014, 38(6):
576-584.

[26] Pianka E R. The structure of lizard communities. Annual Review of Ecology and Systematics, 1973, 4. 53-74.

[27] Schulter D. A variance test for detecting species association, with some example applications. Ecology, 1984, 65(3) : 998-1005.

[28] k&, B /EZS2. Junt: Bl it 2004.

[20] fapfdiE, XIBRER, KRB, Welk. JUZE L E LI ARIEAOC TR AR (] SCHRPE 3. A AR 25254k, 2009, 33(4) : 672-680.

[30] k&, DmF. MBS LS MRS NITE . spaa BT/ D5 V. i EAEY 2RV SR e X (58 4 A Rk A
PR ERATRT SRS ) . deat . KRR MR, 2014 165-174.

[31]  AUREHR, A3, B8, BR3E, =T, HI5. ST TR 2208 005 200K 00 24 ) A BE 9 DR 38 R B A S A4 AE. 2RS35, 2017, 36(12):
3470-3478.

[32] WAk, THcME, M, & B4 KU O RO R0t a2 L3R i A S AL S0 S H & RHA R4, 2013, 24(8) : 2353-2359.

[33] XNELL, #uk, 26EH, 25, e, XU, B, MM BT R AU I £ AR R AL 0. B FHZE 244, 2018,
29(12) ; 3917-3926.

[34] Brfede, XIXR, 7€, RS bR E IR R LLARE A FEZRARI R A SRR, ARl BL, 2010, 46(3) : 23-28.

[35] £, B8, SR, SR, WA, TLEE, EAREE. L FER YR A SO RHE. ARSI, 2012, 31(3) : 561-568.

[36] ML, SAIfE, BH ¥, Wi, ) TESRAZ AR BB R A S 0004, MOl BRARFST, 2012, 25(6) « 761-766.

[37] Rfl, T, BT, MAR, 225, REN, BRira, TEE. RS E R SR A SO, Ml K540, A%k
BR2ERT, 2017, 41(2) ; 175-180.

[38] JRMBAG, DY Auss, SKiB, At A, FEARMG, HRal FL, W ¥E. WTVCTL LA 2R AR Y B R 1A OC 2R & CCA . AR A SRR, 2015, 35(22) .
7511-7521.

[39] skEAE, LR, WM. BoMCa Vs A I BT VR R A AR S ALOFFE. MOk RHEFT, 2009, 22(1) : 63-68.

(401 Bh7Esf, ZRdld, nhEE, AR, BALEE, SREER. AR ER G A RO KX B EE OL AR R R AR AT ST . R IR PR AR A
2009, 18(3) ; 38-43.

[(41] &RE, W3CE, BIT, PHIE, FESK. SGHEY R L BEE REER R RIS ST, TaMl Rl , 2013, 42(3) . 86-94.

[42] ZRAEF, DT, KA, XM, P KO DM RS ARE YRR 2R BRRE 2SS 18] 53 A i S5 BBl ) SR PEATF 5. R A A 2
iR, 2004, 15(11) ; 2013-2018.

(431 whocdfy, 223, vheg, BHIE, mthEA, ORI, BUbIE. AR TTIUmE IR X R S i I TR S MBI R ] G 25 1k S 4E OGPk, Ll 23,
2009, 27(6) ; 719-726.

[44] WL, 2RI, BIEE, DA, SEE, FER, B, 25, HMCEE A LS KB T ARRIAN R R DCEE. B A SR,
2019, 30(1) ; 67-76.

[45] akfe, mIER, BRGE, SR DN L E SR R IR SR TR AR R R A5 R RO . A2 E S 2EHR, 1997, 21(5) « 424-432.

[46] ZEEFR, SFUL, WUV, T, S, B, XA ARKR D REE T AR B R A AL 5 R R 25 PR T WAL IR,
2017, 37(7) : 1422-1428.

[47]  ZR0hEE, XI04E, JREEOR, TRaER. FRUE LhIE MRS R E B B TR AR DR SR AR S AR IR SE . AR S 2% 2%3k, 2011, 30(3) : 508-515.

(48] JEvK. JTPGRE IERALERMAEBRIE S A S IKEAFFE[ D], B . PEAURMEHE RS, 2007.

[49] MR/, XIEERE, SR, ATAEAR, JKOF, FBEE, BP0, W EE. /AN LRI Uk 3 i A A5 0 R IR 25 1. 1B PR AE IR, 2018, 40
(1): 96-105.

[50] BRIB. A LG VR U8 5 st -C R & BERT Y R IR S5 AL B MIAFSE[ D] KFF . ARALITE K2, 2008.

http ; //www.ecologica.cn



