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Altitudinal differences of understory plant biodiversity in eastern Greater Xing'an

Mountains, Inner Mongolia

SHI Gongfa, XU Nuo, NIU Zhaoqgian, SUN Weilun, WANG Hao, SHI Guangzhen, WANG Ling "
College of Landscape Architecture, Northeast Forestry University, Harbin 150040, China

Abstract: In order to explore the effect of altitude on the diversity of undergrowth plants in the cold temperate mountain
area, we selected the eastern Greater Xing'an Mountains in Inner Mongolia by using the plot investigation method, and set
six different altitude gradients: E1 (200—350 m), E2 (350—500 m), E3 (500—650 m), E4 (650—800 m), E5
(800—950 m), and E6 (950—1100 m). We investigated 165 forest sites to understand the composition of forest
communities at different altitudes, and studied the relationship between the altitude difference in understory plant
biodiversity, topographic factors, and dominant species in the arboreal layer and understory plant biodiversity. The results
showed that: (1) there were 277 understory plant species belonging to 53 families and 135 genera, including 32 shrubs and
245 herbs. (2) The forest tree and shrub communities with different altitudes were in the order of Quercus Mongolia, Betula
daturic, Corylus heterophylla, Lespedeza bicolor communities ( E1—E2) | Larix gmelina, Betula platyphylline, Corylus
heterophylla, Lespedeza bicolor communities (E3), Larix gmelina, Betula platyphylline, Spiraea media, Spiraea silicified
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communities ( E4) | Larix gmelina, Betula platyphylla, Rhododendron dauricum , Vaccinium vitis-idaea communities (E5) ,
Larix gmelinii, Betula platyphylla, Vaccinium vitis-idaea, Pinus pumila communities (E6). (3) The biodiversity of
understory plant communities showed an obviously unimodal pattern with the increases of altitude. The herb layer was higher
than the shrub layer. The shrub layer showed an increasing trend with the increasing altitude, while the herb layer showed a
fluctuating decrease trend of first decreasing and then increasing and decreasing. (4) The replacement rate of species in
herbaceous layer was much higher than that in shrub layer, with the replacement rate in shrub and herbaceous layer peaking
in E3—E4 and E2—E3 gradients, respectively. The similarity index between shrub layer and herbage layer decreased first,
then increased, and finally decreased. (5) The geographical factors and different dominant tree species could significantly
affect the a diversity of understory plants. The o diversity of shrub layer was positively correlated with altitude and latitude,,
and negatively correlated with longitude and slope. The herbaceous layer was negatively correlated with altitude, but
positively correlated with latitude and slope aspect. The effect of altitude on a diversity of herbaceous layer was higher than
that of shrub layer. The canopy density was positively correlated with the a diversity of shrub layer and negatively correlated
with the a diversity of herb layer. Larix gmelinii increased biodiversity in shrub layer, Betula dahurica decreased species
richness in shrub layer, and Betula dahurica decreased species distribution evenness in herbaceous layer. Our results
provided scientific basis for the protection and utilization of undergrowth plants in the Greater Xing’an Mountains and the

theory of altitudinal distribution of understory plant diversity in the cold temperate mountains.

Key Words: Greater Xing'an Mountain region of Inner Mongolia; understory plant community; bio-diversity; altitude
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Table 1 Characteristics of six altitude gradient survey sample sites in the study area
X Jie = 3 h=n 3 ﬁ [‘2" J‘-E—‘ 3] E1Y Té:‘
RS B R s AR RPN SRR P EE IR
Altitude level Altitud dient/ Number of sample Average tree Average canopy Average shrub
tude feve tude gradient/m points height/m density height/m
El 200—350 30 9.24 0.54 0.95
E2 350—500 35 9.68 0.62 0.99
E3 500—650 34 12.21 0.67 1.08
4 650—800 27 14.99 0.70 0.94
E5 800—950 28 13.87 0.66 0.80
E6 950—1100 11 9.48 0.50 0.27
221 FHEH
V= ORI 365+ HIXD A5 + AR5 ) /3
222 o ZHE

(1) PFpF & AR EL(Patrick F550) (R) 0% HEHUH 4 5 Ud A R =F 5 Bl s
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Table 2 Important values of understory plants in the eastern part of the Greater Xing’an Mountains forest region, Inner Mongolia

wE YiFp H BH Importance value/%

Forest layer Species El E2 E3 £4 E5 E6

e AKJZ Tree layer YK Larix gmelinii 9.11 6.18 47.27 64.49 61.84 76.03
2 BE Quercus mongolica 53.11 56.31 16.53 271 1.35 0.83
FIHE Betula platyphylla 9.52 12.75 20.48 28.47 29.98 23.97
HHME Betula dahurica 18.47 16.63 3.47 1.03 0.27 —
114 Populus davidiana 10.42 6.51 6.13 6.19 2.14 —

HEAJZ Shrub layer ¥& Corylus heterophylla 46.52 45.00 22.00 8.55 6.35 —
HI3% 5% Rosa acicularis 3.29 3.36 11.24 11.07 9.75 13.75
WKL T Lespedeza bicolor 22.45 35.81 15.14 1.67 — —
A% Vaccinium vitis-idaea — 1.11 4.15 6.00 11.88 29.36
TG Spiraea pubescens 0.96 1.42 11.01 15.63 6.82 —
B Sorbaria sorbifolia 0.49 4.41 6.14 8.37 5.96 —
GEL 4 Spiraea salicifolia 0.49 0.52 4.74 10.44 3.58 4.51
MK BY Rhododendron dauricum — — 5.35 7.40 15.92 9.13
PEAAR UK Juniperus communis — — — — 2.81 10.82
4% Rhododendron tomentosum — — 0.15 3.40 6.05 6.12
EWHERAE Vaccinium uliginosum — — 1.84 2.11 4.15 1.23
{EH Pinus pumila — — — — 3.45 19.15

A JZ Field layer ZEHE Carex sp. 9.64 11.39 13.03 12.55 12.39 11.93
WF 5 Filipendula palmata 4.71 8.72 9.60 18.87 17.70 5.15
LIAERERG 5 Pyrola asarifolia — 6.17 9.35 12.99 15.95 19.19
R WA Fragaria orientalis 4.26 6.44 6.39 6.73 6.30 5.96
it Sanguisorba officinalis 5.34 6.09 4.20 5.29 5.27 3.36
BB Iris uniflora 7.76 9.03 5.55 4.94 2.73 0.83
KM% Deyeuxia purpurea 4.52 4.24 5.17 4.75 8.94 7.38
2% Convallaria keiskei 8.80 7.25 7.42 5.21 4.52 3.75
I Equisetum pratense 2.86 4.99 5.96 5.18 3.42 3.26
FEMZEBESE Potentilla fragarioides 8.28 3.62 2.56 1.20 1.11 —
INEAT Polygonatum humile 2.46 3.11 5.40 3.51 2.06 —
FEFARE Thalictrum aquilegiifolium 2.49 2.59 2.75 1.49 1.12 0.80
B ELE; Artemisia phaeolepis 0.74 0.78 1.27 1.77 0.86 —
LA T Rubus arcticus 1.04 2.27 3.00 3.42 1.91 0.82
BT Rubus saxatilis — 1.47 2.41 3.25 4.10 —
M- Artemisia integrifolia 0.87 0.70 2.10 0.42 0.19 0.29
N Geum aleppicum 4.50 1.72 1.27 1.18 0.14 —
W24 Chamerion angustifolium 1.30 1.35 2.53 2.73 1.88 1.45
PERSEE Maianthemum bifolium — 0.72 1.81 1.90 2.78 2.91
ZRINHE T Lathyrus humilis 1.31 2.05 2.68 1.25 0.40 —

E1:200—350 m,E2:350—500 m, E3:500—650 m, E4:650—800 m,E5:800—950 m,E6:950—1100 m; J A 25126 T E A HEZ AT 5 &Y% 3E
KRIZFN 2 EEAHHEZ AT 12 2950, ROAZ 504 B 2 HER AT 20 2 90Fh

PR A A S bR b SRR 2 R 2H Rl 3 DI AR G AR o o (2 S ) — Ao P T
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Fig.2 Shrubs and herbaceous layers of understory plants « altitude variation characteristics of diversity index
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P B NG R B (P<0.01) , Shannon-Wiener 880405 f4k , E1—E2 B ZE18 [Tt E3—E6 BRIEZ218 TR (P<
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Fig.3 Understory plant « fitting equation between diversity and altitude
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AR EBURR PRl s R T e
3.4.2 MFHEYIALIEFRE(C,) Bl B ARk

T 25 BOAS 2 AH SRR B (M AR DL EEHE 40 C YR TR THR T P IR s B0 (% 3) . HEARZTE
El 5 E2.E3 5 E4 E3 5 E5 E4 5 E5 W4 KBS ] 2 b 24K 78 E1 5 E3 E2 5 E3 .E1 5 E4 K2
5 B4 E3 5 E6 E4 5 E6 WFHAKR R[] 35 2 IR BE AR UK T, AR B2 (] 2 AR W ARA AR UK T, BAS R AE
E1 5 E2 E2 5 E3 E3 5 E4 W46 5 (Al 2 3P EE ALK, E1 5 E3 E1 5 F4 E2 5 E4 E1 5 E5 K2 5
E5 E3 5 E5 E4 5 E5 E5 5 E6 MR R ] 2 IR EEARARUK ST | HAx T 45 B2 1] 2 B0 IR A AR UK -
3.5 MNP Z RS B R R AR T AR C R

PR 2 LML S5 AR S M) 2R AR D AT 2 B (35 4) K2 Patrick &5 Shannon-Wiener $
BOGHEREE B 3 IEAE (P<0.05)  FSEME R 0.191 5 0.225, 5455 5 B 2 A 56 (P<0.05) | #H %M -0.161
5-0.163, SY¢FE 5 W AL (P<0.05) 51 R -0.238 15-0.155; #E A2 Patrick 5 Simpson $8 575 45 i
BB EIEASE(P<0.05) , M54 0.368 5 0.180, Shannon-Wiener 15415 25 B 54 4 i 25 1IEAH ¢ (P<0.01) , 4
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Ay,
&

A

PN
FON

#H

44 %

KR 0.261 5 WEARZ o ZFEPE 5B ) 2 6O CH R I8 2 8 P KF (P>0.05) , K42 Patrick |, Shannon-
Wiener 55 Pielou 840 514k 24 03 1A G (P<0.01) MM R -0.314 . -0.244 5-0.428; HLAZ Patrick 5
Pielou #8405 4 i &2 . 35 1IE A ( P<0.05) , AH 24 0.204 ,0.253 , Shannon-Wiener 8 405 45 B 52 4% & 25 (F AH
K (P<0.01) ,AHXMH 0.147 ; BiA 2 Patrick 5 Shannon-Wiener 48515 3% 7] 5 i 2 1FAH 6 (P<0.05) , A1 6
4 0.335 5 0.245, ULPAREAR)Z o ZFEVEREGIR 5 26 B 038 = o, B 2R B S M R 3 =i R R, AR

o ZAEPEREIA T R 0T G, B2 0 = S S B BT ISR X AR o SRR

YL BT RREAR R o 2R A W R0 3B 1) RS A2 oo AR A I A R R

R3 WTHEY Cody $E58(8,) SHRIUEREH(C))
Table 3 Cody index of understory plant community (8.) similarity index (Cy)

5 AR,

iz TR HEARJZ Shrub layer BA)Z Herb layer
Index Altitude El E2 E3 E4 E5 E6 El E2 E3 E4 E5 E6
Be El 0.00  4.00 9.00 9.50  10.00 11.50  0.00 4450 63.50 56.50 57.00  61.50
E2 0.00 7.00 9.50  11.00  12.50 0.00 4950 57.00 60.50  72.00
E3 0.00  10.00 5.00 7.50 0.00 37.50 53.00  62.50
E4 0.00 5.50 9.00 0.00 37.50  45.00
E5 0.00 5.50 0.00  23.50
E6 0.00 0.00
Cq El 1.00  0.71 0.49 0.44 0.38 033 1.00 0.70 0.56 0.55 0.43 0.25
E2 1.00 0.47 0.54 0.35 0.38 1.00 0.69 0.59 0.48 0.26
E3 1.00  0.62 0.65 0.52 1.00  0.72 0.51 0.30
E4 1.00 0.74 0.47 1.00 0.59 0.38
E5 1.00 0.59 1.00 0.49
E6 1.00 1.00

E1:200—350 m,E2:350—500 m,E3:500—650 m,E4:650—800 m,ES5:800—950 m,E6:950—1100 m

T4 HRTEOBEHEYMESHFEESHIBRZERMRE TR Pearson 15X 14

Table 4 Correlation between species diversity of understory plant community and geographical factors and pearson dominant tree species

Patrick 54X Shannon-Wiener 84 Simpson F84X Pielou %%
HH Patrick index Shannon-Wiener index Simpson index Simpson index index
Project AR RAR AR REAR AR AR AR AR
Shrub Herb Shrub Herb Shrub Herb Shrub Herb
layer layer layer layer layer layer layer layer
Mo B % R/ m 0.191*  -0.314"* 0.225* -0.2447*  0.0% -0.028 0.049 -0.428**
Geographic factors ZHE/(°) -0.161* -0.127  -0.163" -0.136 0077 -0.060  0.033 -0.052
4E/(°) 0368  0.204*  0261** 0.147**  0.180*  0.080 -0.130 0.253*
/() -0.238*  0.108  -0.155"  0.133 0.057 0.035  -0.074 0.094
B 1o -0.010 0.335*  -0.002 0.245*  -0.079 0.163  -0.036 -0.049
PEIAPRALL R HRFAIE Canopy density 0.153** -0.413*  0.183* -0.362*  -0.088 -0.155* -0.144 -0.035
Dominant forest composition TEIHA L. gmelinii/ % 0.227** -0.118 0.171*  -0.103 0.180*  -0.058 0.012 0.042
ik Q. mongolica/% -0.229 0.108  -0.074 0.130 0.096 0.072  -0.022 0.055
Fi# B. platyphylla/% -0.015  -0.054 0.027 0.039 0.024 0.115  -0.026 0.065
W B, dahurica/% -0.187*  0.096  -0.148  -0.039 0070  -0.143  0.055 -0.146
W# P. davidiana/% -0.158  -0.014  -0.141  -0.094 0070  -0.136  0.034 -0.158 *

% P<0.05; #* .P<0.01

WK JZ Patrick $8805 A0 B B4 2 IEAH S ( P<0.01) , #H2 M4 0.153, Shannon-Wiener 18 4% -5 A [4]
5B TFAHSE (P<0.05)  H5EME N 0.183 ; HAJZ Patrick . Shannon-Wiener 5 Simpson #8555 0] 54 4] FF & i &
TAHIE(P<0.05) FHHKM:H-0.413 ,-0.362 5-0.155, BEHIHRHIE R TR THERZ SRR o ZREHAAAE
FHR 2 FEARZE o ZREPERAAREA B TH R WA THm , FAZE o ZFEMEREAR AT T = N B 2 MO L A%
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[FRE X AR R4 AP = 2 R M, PR IR V& A B | L SR 2 Patrick #8802 B 35 IEAH2E (P<0.01) , 4
Kt HR 0.227, 5WEAKR)Z Shannon-Wiener F1 Simpson 5 52 i 2 1IEAH X (P<0.05) , AHEMEN 0.171 5 0.180; 4k
] BEMERCE |5 L S HEAR)Z Patrick FE85L 35 (AR E (P<0.05)  AHSEME A -0.187  pRIR] LI Bk 5 L S HEA )2
Pielou F5 405 .35 (A IE (P<0.05) , AHOCHE N —-0.158 . 1a B R AIF X 75 A 3 2 n] SR THHE AR 2 2B W) 2 RE 1, B
HER 22 s BEARTE AR Z WA= 5 B 1T L (3 2 SRR R AR 2 R A A i 38 51 B

4 He

TABFIX R NS KGR A AR T 3, b5 7 i 22 P b 0 ot e | B2 B8 T e a8 W i, Ry S Tty A
DX A TR ) L 3 DX HAT T Z2 O RRAR AT o AR AR ARARAE 25 R G Y B AL AR 0, WIS € R AT 1L 0
DXAR T AR A= ) 22 PR R T 4R 22 S 78 AT Bl T 1 i SRl ety L0ty DA B 4 6 B 20 A IR, T AR 24
PEMESROAR SR BRI | SR N 52 RS20 3 DMK T AR B2 IR BUIR . AT XM S A 3L 277 R SR T 53 B 135
J HEA 32 B REAS 245 i, Bl A0 NN R4S 22 A PR IR R G A SRR X TR 1Y 269 iR 4 A
Lo VAR DCERARTTRERE Vi BETEF A AN T 28 Al | TR A2 F AR T 5080 B LASE T AR SRRy 32 3B i 2 o L e it
P CEHEDN 32 HEARZE th DIE BT 0 R AL S B S5 32, 5 A b IX AL AR JE AR R I
AR X (400—600 m) ! I HRAR A 2R AR X (800—1200 m) ™ FRAEREE M MU AT BT IRAR DU
MY AP T ¥ RS ( Glycine soja) | KAEN) = ( Cypripedium macranthos ) | SR (Astragalus
membranaceus var. mongholicus) \%"lﬁ*{lé( Cypripedium guttatum ) R ( Primula sieboldii) E L ERXET
& EE RURIPAE Y AT TS IR AP N S RO LI IR ERAR S A A ) Z R A 2

MY o ZAEPEREIER S E 2 I b IS T RS, 55 WA A= 1 22 FE 1 BV SR T s Y UG A% SRy A
R0 MR B 2 AR AR A ) AR E B DT o SRS TR X 5 EARART R
WA NPT — B, MRT B2 5HER)E o ZREME MK 22 S EAAE I ASTR] BETEIR b T AR o 24
PSR K, TR B2 IX RN IR BIAE, 2 E3 B0 B2 Bk i w5 R T BRI AR A 3 5% S8 I SUG A Jm) A7
ANE) AR AE SE PR BIHE O, E2 B3 200 T S 5 SR LAY A B 0, b XN FUARXS 3022 BRAR I 3 ot IR
FH D38, — 7 T ™ R 1 ARARIESEIE | 53— D7 T AR AR O] 2 K R 2 AR 2475 G, in 22 ahe il DX ik
BRIV, HEWEE N B2 BREAK T3 AT o 2 REHE F IR TSR Z — . AR Patrick  Shannon-
Wiener 5 Simpson FEBBE PR T e R R T , T Pielou TR Pl T Rt y HEARJZH L FHA
JZ SEREIE I ey TR AR A A

TEAJZ Cody TREUTE B2 5 E3 E3 5 E4 AHSRP IO BE(H 2 W7 TH R, 76 B3 5 B4 IR XA HEAR ) RIS
ek A f ey, FEAALTE G DCTR] N AR AR S s, i i BOR BORE AR T S BRGSO TR R, i R B
1) L RS LA S RGPS, B AR — FE T e A LT B (EAN SR R SN
B AR FE YR BAZ A B Cody F8EU, 75 B2 5 E3 X [H] N Fh R 40 R e e

RIZ DI AR A 552 300 M52, /N RUBE X 8l B 52 38 DX 3/ VA fie | 4 49855 07 Thl
s AR BT Rl L LA A ) 2 R PR 2 SR LA M XA ) AR M AR 22 2 BN X sk L
RS SR RS2 [R] i 52 B 28 B2 5 46 2 SR 45 G W 2 H52 0, KT R R ZAEVE SR 46 2 BLIE
A A R I GUHIC ARG AHOCHE 3% =l PR 20 T2 A= W A W HE PP Ry 46 B > VR > 22 5 D F
X A Y E R B TR RO 2 GBI TR DG, 5 45 B2 B EAHOC , 455 AT DX b 3Bt 26 445 AR Ak
ARG B0, K RRAH SCHERT5 AT A4 28 (A5 A, 46 Rl SRR (AR 2 B ARG, HEI — 07 Th X 2
H PR DX 2R e AR 0 2 el XN 11 5 8 | R I AT Bl 0 R PR AR 2536 ) BB S B0 S AR A= ) 2 RS T
Kt , 55 75— D7 TETIRMUT DX PG U7 20 88 A v b DX AR08 T 2R i A8 LA B 52 2 ) st S AR O o P 3 5 S T, OF HL R
U BRI B R AR A e BT 80ny . AT B DR B0 U Ay SRR A ) 22 AR PR AIR T SR
BT, - X HEAR 2RV o B 5 T, B AR 2 2 AR MR B /N T B T X R 2 22 R R e N
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o HRPEAYHE N —EFRE L REPR S AR SRR A R PR A R SR T RAR X TR 2
FEPERY S TTRR A UUE X AR 7 ) AR R 4 B AR R 22 A 1) (3508 B2 S5 000 5 A5 o T ik — 2D 0T
FET L AN ASTF I TR AL CRE S B BEAS TR AR A A7 PR8I 7 A AN TR] (4 bR AR R v 45 44 , I BFF IXC P4
VEIAR IR — E R EHUMBEARZ 2L A R AZ Z RIS X T RS ARXT TRk, 7%
- FAMKT P 9 100 o it R A, RO A FE R M, 3= A AN ) 8

ABIFTE B RISOX — R E IR A S0 R s XN ) SRR s e e, MM 2
FEVE 2 ) Z2 R R S TR 0, SR IR i e B0 1o BH 1L 3 o B B S 2R AR A MRE MK T A Z e
3 A5, O B B K IR (AR R TR AR A T i B AR A AL, AN TR A L M RS R A R
AR R ORI ZENY R RIARE N[ & AR T BOS AR T ALY 2R AT RE 7 A 5 . 7645 RO 5T
IO FE AR ] PR 2R 23 R AR A RS2 ), B A TR 227, 25 P AU D 3R, AT 07, % T 3£ 4R A T A )
ZRAERZ T A R A R

5 #ig

WS R ZR AR AL 277 FhEJE T 53 B} 135 J@ , BEAR 32 Fh (B 245 B BlIESRBE B TH
AT HEREVE AR U R 58 Ty BR-PRME- PR - A T VR (E1—E2) JE M- FAME-AR-BI R THEDS (E3) JE MR- AE-
DRV Z5 2 5 - S5 LR A M v (B4 ) (Vi MR- U ME- D 20 AT S -G R U (S ) 7% A - 1 ME- B - A fHE v (E6) 5 MK
TR ARG T B B REAR R R RWIRR 2R R e THEAR)Z R Z A 2 R
BRSO A LTS AR R RIS P RS TR T R il T et 3 E3—E4 5 E2—E3 B NHEAR R
5 AR P A I3 ) 1K B AR, A R ) P 4 AR 5 TR s PR S 15 AR 2 AT RIS S JE ]
AL 8 4 B2 e T RS T FE T et P g B 2 s PR 3R B AT AR FIS [R)RERS 1 3 SRR R A o Z24F
Ve BEARTR SR LB RE R IEAOC, S R R OMSC, WA R S IR R A OC, S A 8 i) S IEAR O K
XTHEA S o ZREMEEIAE THEAR . IR SEARR o SRR IEMC, 5EAR o ZHMERTREDE; B
SEZ N SR THEARZ A WAL, BRAENE 22 xR HE A Z Wb 2 50 B, T LU A7 ) 1 22 2 B AR REASJZ W M 23 A1 B 12
S,

£ % 3CHf ( References) :

(1] AR, BAESE, 44, FMDERT, BRINAL. 4 RS G R AR AR AR ) 22 e R 1 B30 B 2 A WL, 2 JH A= 523, 2007, 18(5) :
945-952.

[ 2] Masviken J, Dalerum F, Cousins S A O. Contrasting altitudinal variation of alpine plant communities along the Swedish Mountains. Ecology and
Evolution, 2020, 10(11) . 4838-4853.

[ 3] Oldfather M F, Britton M N, Papper P D, Koontz M J, Halbur M M, Dodge C, Flint A L, Flint L E, Ackerly D D. Effects of topoclimatic
complexity on the composition of woody plant communities. AoB Plants, 2016, 8. plw049.

(4] XIS M LA B I oA L. MU, 1981, 36(3) : 267-279.

[5] IMREE, BRAIDL, SKEF, MO LR E ik, B A2, 2009, 20(7) : 1617-1624.

[6] MW, XIX6R, X2, WELLN, MR, 2R Bl RIS L0 LSRR AR ) 26 06 BV OB BE SRR AIE. A28 2F4I, 2017, 37(21) :
7170-7180.

[ 7] &, &5, &6, 7, R, EElg, 20N, SR 4 m L4 ikt BRI W Fh 2208 M 0010 RObE B2 A8 10 KA BIPE. AR RS 23R,
2015, 35(1): 125-133.

[ 8] Jenik J. H. Walter Vegetation of the earth in relation to climate and the eco-physiological conditions. Folia Geobotanica et Phytotaxonomica, 1975,
10(1) : 100.

[ 9] Komer C. Why are there global gradients in species richness? mountains might hold the answer. Trends in Ecology & Evolution, 2000, 15(12):
513-514.

[10] UIf Molau, J7 . 45 R X Ay LM ZAENEAR 7. AMBIO- AZEIRETZRE, 2004, 33(S1) : 25-29, 57.

(11] k=, UIME, B2, w7, XN, Bk M. B0 ISR UCE MR IR AL 250 S5 YR SRR IERRAE. ARl RLr:, 2015, 51(11):
1-7.

[12]  RUK, BEssu, T, X02xfl. B2 I ARAE YRR YA SRR IR RS 5. HEY) AR 25274, 2008, 32(3) : 574-581.

(13]  BRLAE, XUmme, FFEN, R, 2280 XV, (AT B B R BT ST dE I 53R 0. wh AR sl a4 . hese, 2022, 30

http ; //www.ecologica.cn



73

WAK AR NS IS LI AR S A A ) BRI R 3015

[14]
[15]
[16]
[17]
[18]

[19]
[20]

[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]
[29]
[30]

[31]
[32]

[33]

[34]
[35]

[36]

[37]
[38]

[39]
[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]
[48]

(7): 1077-1090.

XURZE, R, Wi, SRMS, sKkME, 222 JuEREh R A P S 100 R 2R, AEAS 2R, 2021, 41(4) : 1501-1513.
WRggig, pREAE ) BELSE, X5, XI4AR, FBHEEE. AR ER R IR L ERAREE AR T B AR S ALARE. B S B4, 2023, 43(2) ¢ 152-159.
VAR, XS, MR, ENL AR WAk B ARAAE Y T RE MR B R Ay . AEAS 2, 2022, 42(23) ¢ 9726-9735.

ZERLE, R TLEE, AR, WK, B, XI&m. M LR 2 HEE S R R E SRR Ak R R B . A A
), 2021, 41(3) : 1148-1157.

Wk, MOFE, BIEMG, TR, S IR LR kL RS R TR R )2 T R 2 v S LR SRR B (AR Ak, AR TS AR, 2019, 39(21) .
8144-8155.

RS NS RIS XN 25 & R BUR S35 MOk 257, 2021(1) ; 43-45.

TH#E, 2R, M/, GIEE, 2P, T5E, IEM, RASEL. 18R B TR T ) 2 R AR ST, Mol BRI, 2022(5) .
76-83.

WK, T30, M, G, s, LB, BIZRI, S5 S SAWEGEE R S R T R A SR 2 B RS . A TS
24,2022, 42(7) : 2931-2942.

Tk, KBS IRIXTRARFN SR AL LB Y A A G 0. SRR, 2020(13) ¢ 120, 122.

Tk, ZETE, BRI, BEUK. R R EAR T 25 AR TR IR A B AR, 2013, 44(3) ; 391-396.

B, R, ZEFHe. R4 RISIT bl JRAR T R EZ T IR A, NEE ML A A R, 2011, 34(5) : 27-28, 124

FokAS, TRAaL, #hE, A% HARE T, B EERPL NS KOS IS AR X SR ZR MBI Fh SRR PRI SE. NS A Rl H AR
B, 2020, 41(4); 21-26.

TRHEET. KOG TR ZREVE A S5 RRIE B & 2 R A0 HT [ D . M/RIER . FRAbMRIL K24, 2018.

FRELE, #kds. KL AUESARMBETE 2500 S ) ZREMEARIE IS . PRALMCE B4, 2021, 36(2) : 24-30.

ZEHEgl. SR RS LIS AR I BT A 2 B B DR PR . IS8t Mol I8 A 31, 2011, 34(1) : 98-99, 120.

R, BALE. WM RS IR A iR AT R A, Al B, 2013(2) « 25-29.

TR NS RIS AR X 2 T5 AR A 2 SR BE AW A S 0 (B S P & SR, il Mol & 3831, 2014, 37(2) . 35-
37, 134.

BUBOR. N5EH RS LA I A bR AT M s RPN, IS8 Mol W & 3t 2020, 43(2) : 32, 63-64.

SRTEI, AR, 22, FRAER. PSR R LG TR R AR AR X 2L L T AR AR ) SRRV T A IS ML IR AR R3], 2003, 26(1) .
41-44.

FNLL, S8, ARAFEY BREAR, XURUT, AR, R4 ZE 04 R 7 A B Uk 52 ki ) A6 5 AR 8 A O AR Jm . db st pkoll el
2015, 37(12) ; 41-47.

Falife, KIS WFAE 2GR PR A k. BRI RN, 2020(10) « 122, 125.

DA, FHERE, SEL BRI, BEoT, 2R, sKkTO6. MR ARG X SRR Bk 1) W) Fh 20 B VR R IR AR R ARl B2, 2013, 49(05) ¢
30-35.

WL, AkdE, EEN, BEGR, doat, A, SIE E, XUUE. T 8 ARV B X BEVE SRR TS W R R B R AR R AR R
2021, 57(2) : 168-178.

Tz, KA R L. 45 2 M. Jbat. Bl HiRE:, 1995. 1-906.

L, FBETT, PG, BETE, R, SRR, R, 20, P, RIS, REI, [0, B, HRECC, EE. BURT N ER Y
AR X A 2 REPERF 5. dbant . Ble# i pRAL, 2015 1-150.

T, MR, TR, ke, JSEAr, T8, B ERH H R K AR Y) 2R K 2s 4. AR, 2022, 42(19) ; 8015-8030.
B, T, 22068, SBiear, Toak, mEA, SCRIY, ZRR2L, Ha . J5 i W e 2 5 1 R MCAS [l B DA ) b 22 e Bt Vg 4 1) 28 k.
MRS, 2016, 36(14) ; 4509-4517.

WY, BERE, FRICEE, R, SREE, XA, MOk AR RN TN T EAR Y ZRERE. EA82%R, 2021, 41(6) .
2118-2128.

ke, TREET, HEE, BRI, WA, S, EOUR. RS LA PRIR E K9 A SRR XA ) 2 REPE PO VE 25 A R AE. AR 2A I,
2022, 42(1); 176-185.

INERL, TRES, S5, KET, A, RSZIEZIMMAEY) 2 MR 55001, Mol 20458, 2022(6) « 124-130.

TR, BMF, TOCHR, AT, SRR, DAk, AEM, TER, MEEE, BEAE, XIE, THE, SEH, M5 IR X SE R
AP EE 22 REPE AL T AR M BT ARRR BE A AR ALARRAE. ARSI, 2022, 42(9) : 3640-3655.

SRR, ZW, wERIK, sk, REERSE. RAT L ARAREETE WA Z AR M s Al Rs Ry B HE S e D 26 I S R B AR 4, 2022, 28(2) -
331-338.

FEME R, A, BRKOE, MR, BIEE, RAEDT, ARG, TR BRI T K MR R B . Mol B2 2015, 51(4) .
8-15.

WehE, ZERbk, SRt /NNAIS F R B RAAE Y SR RIS M. AR 2E IR, 2023, 43(3) : 1234-1246.

R, WEM, RN, W, BRSO SRR m R AR IS R Z R RS, ROV B4, 2021, 38(5) : 823-834.

http ; //www.ecologica.cn



