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Characteristics of Juniperus community typesin the Three-River-Sour ce Region
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Abstract

Aims Juniperus community is an important component of natural forest resources in the Three-River-Source
Region, which is significant in maintaining biodiversity and ecological security on the Qingzang Plateau. Yet, the
information on the characteristics of the Juniperus community is lacking due to their special geographical location
and varied topography. In this study, the main vegetation types of Juniperus community were investigated, and the
main characteristics of each community type were described quantitatively by analyzing datafrom 53 plots.
Methods Based on the analysis of forest resources inventory data in the Three-River-Source Region, the repre-
sentative distribution area of Juniperus was selected to set up 7 sites, atotal of 53 plots. Through the investigation
of field communities and plot properties, the importance of each species was quantified and calculated. The prin-
ciple of life form and dominance methods in Viegetation of China were used to determine community types.
Important findings (1) The Juniperus plant community in the Three-River-Source Region was divided into 6
aliances, and then further divided into 15 associations. (2) In total, 142 species of seed plants were recorded,
which was belonged to 34 families and 90 genera. Among them, Compositae was the mgjor family, accounting for
16.20% of the total species. (3) The vertical structure of the community was obvious, in which the dominant spe-
cies in the tree layer was single. The dominant species in the shrub layer were Berberis diaphana, Potentilla
glabra and shrubby Juniperus tibetica. The herb layer were dominated by Carex and Pedicularis. (4) Among the
geographical elements of seed plant species, the Temperate distribution accounted for 52.59% of the total species,
while the rest was Chinese endemic species accounting for 47.41%. Temperate Asian, East Asian and Central
Asian were the dominated areal-types in the Temperate distribution. Furthermore, the floristic elements of Heng-
duanshan flora and Tanggut flora were mixed formed the unique characteristic areal-type in the region.
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MR N, BARERAESME. 12X
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F ' MAREER, FCAEREA AR — EE RROR, A
W o TR, JET 20054 R4 T F2 1) S i 112016
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DRI RR AR WARIE . AT LA =
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1£537.8 mm, LA ToRE M 162 BAr¥ £ A0 Tl
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Ao WEEIEE B AR R AR AR, FEREK
440 mm, LB IEVE A AR, LFAFR-2Z .
12 WRFAE
121 HIEXRE
T 20194F f120204F (1 7-8 A FF g Ak 2, 1
743 B IR 7 X AR AR T URTE A PR AL b, R
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1l LT AL AR 3 DA R B AR I 4 T A AT
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Bl VLB XA R SR . BM, JEE BRI bk Yy, NQ, 3R A 4LMkIZ; TD, BB IEMIg; XH, Mg
BemkIz; YS, EWTILIMAY; ZD, 62 B 2, ZK, FEEEEFHKY.

Fig. 1 Sampling sites for plant community investigation in the Three-River-Source Region. BM, Make River Forest Farm in Baima
County; NQ, Baizha Forest Farm in Nanggén County; TD, Hebel Forest Farm in Tongde County; XH, Zhongtie Forest Farm in Xinghai
County; Y'S, Jiangxi Forest Farm in Yushu City; ZD, Lixin township in Zhidoi County; ZK, Maixiu Forest Farm in Zékog County.
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2.1.1 HE&4EHM(Ever green Needleleaf Forest)
2.1.1.1 FRERAAM (Juniperus przewalskii Forest
Alliance)

HEAL AREFM-R - H R e ekt
#R(Juniperus przewalskii - Potentilla glabra - Pedicularis
kansuensis Evergreen Needleleaf Forest), 3% {7 T
P B2 75 K352 930-3 322 mft BH 3k a2 B 4 L
W g 24°-38° . e REEFEFAAERM, E&
6.0-10.0 m, fi4%16.0-36.0 cm, HiHJ¥ 40.3-0.5, Hk
Oy B BA2KK-hmT . HEARZ LS AN B, R4
4 & 5t /NBE (Berberis dubia). ] #1-(Cotoneaster
adpressus) fil 4: & #f (Potentilla fruticosa) 2%, % &
45%-55%, 1=/%85.0-120.0 cm. HEAZ LAH TR &5t
L, HEAA KR o5 (Deyeuxia scabrescens) . #kib
Z(Adenophora stenanthina subsp. sylvatica) fll = 4 K
I"]14 (Asparagus filicinus) %, it f¥ 20%-40%, = /%
15.0-30.0 cm,

FEMIN: AR R- B AR LA e wak
£tk Juniperus przewalskii - Caragana changduends -
Pedicularis cranolopha Evergreen Needleleaf Forest),
F BT B I3 020-3 082 miri FHYE b, I
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Tablel Main traits of Juniperus community in the Three-River-Source Region
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N P S R ) W Motz Mo

Association No. of plot Location Altitude (m) Aspect Slope gradient (°) Stand average DBH (cm) Stand mean height (m)

| 37,38,49 ZK 2930-3322 [HIk B FHI 24-38 295+7.9 8.8+0.9
Sunny slope or half sunny slope

1l 32,34 ZK 3020-3082 FH¥E Sunny slope 31-37 20.7+0.0 85102

1 31,33, 35,36 ZK 2940-3100 FH¥E Sunny slope 34-40 223142 85+0.8

v 42,43, 44 TD 3360-3420 FH¥E Sunny slope 25-32 288+6.7 100+23

\% 39, 40, 41 TD 3322-3350 BH¥% Shady slope 25-30 350+27 74+19

\ 45, 46, 47, 48,50 XH 3630-3800 [PHIkmk =t BH 31-39 32.0+11.3 94+25
Sunny slope or half sunny slope

ViI 14,23, 24, 25,26, NQ 36404170 4% Sunny slope 33-40 231+91 6.3+1.3

27,28, 29, 30

Vil 7,8,11,12 BM 3710-3 755 [HIk Bk FBH 22-30 195+ 4.3 6.2+1.0
Sunny slope or half sunny slope

IX 9 BM 3660 BH4 Sunny slope 38 17.6 54

X 18,19,20,21,22 YS 3532-3 755 [HIk B BH 29-34 228+ 4.0 7.8+0.6
Sunny slope or half sunny slope

Xl 1,23,4,56 BM 3573-3600 [HIkE BB 24-33 170+ 4.8 6.2+04
Sunny slope or half sunny slope

XIl 51, 52, 53 ZD 4102-4290 FHYE Sunny slope 32-40 - -

X1 15, 16, 17 NQ 3972-4060 FHH Sunny slope 29-35 - -

X1V 10 BM 3790 BA3 Sunny slope 49 - -

XV 13 NQ 3800 B3 Shady slope 28 - -

BM, BEFSELFL AN bIZ; NQ, FUliEl AdLbkiz; TD, RIFEEITIEHIZ; XH, MigEd 8y, YS, WML, ZD, W2 E¥# 2, ZK, FEEZE

Tk Mo B AN TS0 i P BB AR v 223808

BM, Make River Forest Farm in Baima County; NQ, Baizha Forest Farm in Nanggén County; TD, Hebei Forest Farm in Tongde County; XH, Zhongtie Forest Farm
in Xingha County; Y'S, Jiangxi Forest Farm in Yushu Prefecture; ZD, Lixin township in Zhidoi County; ZK, Maixiu Forest Farm in Zéog County. The average
diameter at breast height (DBH) and average tree height of the stand are expressed by the mean + SD.

31°-37°, FEARJZEFEFIONASZE R, JZ156.0-10.5m,
/iy 12 8.0-20.0 cm, 1 M £ 05, #k 7 % 663
Fr-hm™, JEAE DL B #ERXS L 0SS, Hthhh s
YRFEME . #F 35/ NBE(Berberis diaphana) il 4: 7 A5 4%,
¥ 15%-18%, =/%70.0-120.0 cm. FAJEAH M
L. K955 (Leontopodium | eontopodioi des) A1
& 22 %5 (Carex atrofusca) 55, i /& 30%—40%, = /&
14.0-25.0 cm.

HEAN: ARERM-B M T-KEHE e
Ik (Juniperus przewalskii - Cotoneaster adpressus -
Artemisia roxburghiana Evergreen Needleleaf Forest),
FEAL T # F5 /K352 940-3 100 mffPH L, 3
34°—40°. FEARJZEREMOYARE R, =5/26.0-10.0 m,
94£10.5-21.0 cm, i H1E°~0.4-0.6, #h7)% 2606
He-hm?. EARZRBMABMEN T, REH S &
M. HL R M AN v Ll 55 4 % (Spiraea alpina), i
26%-55%, /%60.0-100.0 cm. HA A KA E
i 422 HORT DL N JR JE FA B (Thalictrum baicalense) %,
1/ 40%-65%, /% 12.5-25.0 cm.

REAIV: ARERM-REE- A ERE Faeht

#R(Juniperus przewalskii - Potentilla glabra - Ranunculus
tanguticus Evergreen Needleleaf Forest), = Z47 T[]
fl EIT Ak Ak 373 360-3 420 mirJ PR, 3 i 25°-32°,
TeARZ @A AR M, & EE6.0-120 m, i
18.0-32.0 cm, i M1 fE 4 0.3-0.4, #k 4 %5 FE 250
Fr-hmi 2o BERZNBF VRN, TRAEA EH XS
JL(Caragana brevifolia). #%%%# T-(Ribes himalense)
&ML, o5 41%-43%, =/%80.0-140.0 cm.
HARBE A RIK, H NI 2 33 5k (Potentilla
multifida). =R B R . #il 55 (Ligularia sagitta)
FK GBS, % 57%-67%, #i/%10.0-25.0 cm.
BEV: AREFEAD- R L-BRr 2 s
&1 H-#K (Juniperus przewalskii - Caragana jubata -
Polygonum viviparum Evergreen Needleleaf Forest),
F BT ALY, 530 T3 322-3 420 mit [,
W y25°-32° . Fe R @B ONAER M, = E
6.0-10.0 m, }§4%13.0-30.0 cm, il 4] 40.4-0.6,
PR35 i 2028k -hmi 2. WEA R0 35 A L AR XS L
FIK )2 B T~ (Ribes glaciale), 1RGN, =
fit B3 {¥.(Sbiraea angustata) fll 4 7 #F55, o5 5 40%—
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60%, 1%120.0-160.0 cm. BAZ 3 KiIL, H WF
A UUNMRES R, BRZFE, FEP0E%E(Ader flaccidus)
FEEA4¢(Comastoma pulmonarium) %%, % & 76% /-
H, #i%7.0-18.0cm.

FEMVI: BRI KOG H4EHH AR Juniperus
przewalskii - Leontopodium leontopodioides Evergreen
Needleleaf Forest), & {7 T X% g B 8k #k 1z
3 630-3 800 mIBHIL \ - FHE, HE31°-39°, s ME—
HILEARZ RN . TR Z AR NARE R 1,
i /£8.5-135 m, ij4£16.0-36.0 cm, #HI/E ~0.3—
0.5, W45 700Kk -hm ™2, AR ZRON K%, Bk
Ah, HOLRE R R BRI SRR B 5 (Carex
scabrirostris)®, i E40%-70%, = /%9.0-22.5 cm.
2.1.1.2 KEEHEM(Juniperustibetica Forest Alliance)

BEMVI: RAGAG-f 5/ NEE- [ /NS
£ % AR (Juniperus tibetica - Berberis diaphana -
Viola hiflora var. rockiana Evergreen Needleleaf For-
est), FEALTFEHEE HFLK1%3 6404 170 mir)FH
e, BJEN33°—40° . TRARJE BRI IR, mE
4585 m, [i4£8.5-25.0 cm, 41 ~0.3-0.5, #4y
R A0AKK-hmT . WEAR R AR RO e N BE, IR A
A 75 W BRLAE L W T 224 (Loni cera hispida) Al ] & 41
T4, 5 20%45%, (= %60.0-100.0 cm. FIAR
AR #8552 SR 5] /N B3 (G AL, HARWIFhS AR
TEB79i & (Mcia bungei). BT /R 2841 41 (Heteropappus
altaicus) Fll (9 1€ ] £: K (Morina alba)%s, % /5% 40%—
55%, /% 10.0-25.0 cm.

BEMVIE KRB -K RS T+ B 5N -
MR S8R AR (Juniperus tibetica - Ribes
stenocarpum + Berberis dubia - Carex atrofusca
Evergreen Needleleaf Forest), = #i{y T ¥ EL3gm]
T R1%3 710-3 755 miI BH I BRIk, 3% B 220
30°. FeARJEEBEAT N AR, =E4.0-8.0 m, i
1£6.0-15.0 cm, AL [ S 9 0.3-0.4, #k 43 % Ji 500
Fr-hmi . SEAREAR SR oA K 25 T A B e /N BE,
HARMPhicA E#EG )L e A % (Lonicera
tangutica) 1 5 1l 45 4% %5 55, 55 F% 20%-30%, = &%
80.0-120.0 cm. HAZFEGMEMEER ., RI7 A
(Fragaria orientalis)Fl¥k 27 21455, 5 52 35%—65%, =i
J$2.0-25.0 cm.

BEIX: KIRBER RN T %
PR (Juniperus tibetica - Potentilla glabra - Anemone

www.plant-ecology.com

rivularis var. flore-minore Evergreen Needleleaf Forest),
F AT I L 36 5 VA B3 660 mAc A7 I BH L, 3
JEN38°. FrARE @AMV KR EF, =RE35-7.5 m,
Mg 12 7.0-135 cm, i M Z 4 0.6, #k 7 % 900
Be-hm . HEARJE DR EEME N, TRAEAT TR L
e L 5 2 5 A0 1) R 555, 7 B 28%, e 2 50.0-
100.0 cm. FAZ LLNER T Mg HO0H, HRYFhiE
HRE#ZE R Hil ¥ 5 (Astragalus licentianus) A1
(Artemisia argyi)%, #if$51%, =/%4.0-15.0cm.
2.1.1.3 ZH B A (Juniperus convallium Forest
Alliance)

BEX: TR B -E B /N BE- R R R AR
£t AR (Juniperus convallium - Berberis diaphana -
Carex scabrirostris Evergreen Needleleaf Forest), &=
BT A TV UM% 3 532-3 755 mifIBHIE . - FH
B b, BREN29°-34° . TR JE G RO % R B 4,
1 /#5.0-10.0 m, [1£6.0~18.0 cm, Hf 4]/ 40.4-0.5,
Pk 3 55 P 865k -hm 2. #EA 2 LA 8 /)8 BE |5 4 3%,
FoAh DA BTN L e L 5 e 5 F0 A2 i BLAE,
/¥ 15%-45%, = /%70.0-120.0 cm, HAJE FEEA
Hies 5 22 8, )1| P 28 S (Swertia mussotii) AT UL /R 3
PARESE 55 F 45%-65%, = /%5.0-30.0 cm.
2.1.1.4 - H: B M Quniperus komarovii Forest
Alliance)

FEAX: BEA B - LA R0 ) L+ 7 P LA - B
ARG W SN AR(Juniperus komarovii - Caragana
jubata + Sbiraea angustata - Aster diplostephioides
Evergreen Needleleaf Forest), =% Halia#kiz
3573-3600 mHIBHIL. FFHY, HE24°-33°, B4R
HYRIA SO . FRARE R ISR A, = =5.0-
8.0 m, #£7.5-20.0 cm, A1/ H0.3-0.4, W52
JE 421Kk himi 2 o HEAJZA S Ay YL 4 ) LA A3 -
PAE, WRAEAENLS LA WIE AL A (Salix
oritrepha)s, o /& 20%-40%, = /%60.0-100.0 cm.
AR KRIL, RFHI 9 E w58 M2 5L, TR
A 42 9% (Bromus tectorum). 5% 7 75 (Medicago
archiducis-nicolai). %7 55 1% {£. 75 75 (Elsholtza
densa)Z%, % F40%—-70%, #F1.0-30.0 cm.

212 H4HHBE M (Ever green Needldeaf Shrubland)
21.21 KB EHE M Juniperus tibetica Shrub-
land Alliance)

FEMXI: R B+ e tl- R E R T W
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231 H-EE M (Juniper us tibetica + Potentilla fruticosa -
Carex moorcroftii + Sellera chamagasme Evergreen
Needleleaf Shrubland), FZ A TEZELH 2, 77
4114 102-4 290 miJFHI, HEN32°-40°. HEARE
SERERION IR, ARA ROy, WAL
FLkd, TIE2T%A A, JF760.0-270.0 cm. HAZ
PATN T A EAIREE, HARYIPA 5 J R BR L
(Circaea alpina subsp. imaicola). £ Z!Zks e flH
# 2% (Dracocephalum tanguticum)Z, % /& 45%-55%,
15 £3.0-18.0 cm.

FEMXN: R R AR -+ 5 /N e - I p B2 B
431 H-EE M\ (Juniper us tibetica + Berberis diaphana -
Carex atrofusca Evergreen Needleleaf Shrubland), ¥
AT AL, 9413 972-4 060 mifIFHYE,
JE29°-35°, WEARZERER N R R BT, RALHF
N /NGE, VA A I BT RN TR
¥V ik (Hippophae rhamnoides subsp. sinensis) & . i &
35%-50%, JZ100.0-300.0 cm; HAS A FiCA
MM 2L 5L, HARY)FA & 5L 5 (Ligularia virgau-
rea). i3k % (Scutellaria scordifolia) MR &, 76 &
30%-—65%, /%5.0-25.0 cm.

REAXIV: KR E-ME R 5 o B A
(Juniperus tibetica - Carex atrofusca Evergreen
Needleleaf Shrubland), = Zf7 T-H Al kg, 704n
T3 790 mA& A HIPHIE, S NA9° . BEARE RN

R2 R SR A AR ) 3 A X ST

Table2 Species area-types of seed plantsin typical communities of Juniperus
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KRF, RAA RN HREA RS G L
2, % J¥30%, JZ#150.0-300.0 cm. HAE
NIEHRE R, HRYMA TR EE . WIS HIRE,
#ET5%, 1H)E8.0-14.0 cm,

2122 % B A 48 # M Juniperus convallium
Shrubland Alliance)

REAXV: WA - KR W ST i E
(Juniperus convallium - Leontopodium leontopodioides
Evergreen Needleleaf Shrubland), 347 T 4Lk
3800 m/ A IR BHYE, HfE28° /i ta o HEAR JZ i HEAN Ay
WA, WA SN LA KA
BEFE, 5/E21%, JZ:100.0-180.0 cm. HAJZLLK
YR REMEEFLRAL B L (Achnatherum splendens) /5
He#, HARWYFmEA K 3 2 (Codonopsis canescens)
AURETT 75045, 25F£38%, /¥20.0-30.0 cm,

2.2 FFPALE N K X RHIER S

R o VDRV A YR FE Y 1420 (I 3), SR
J& T-34F190)®, HrhFeAR4Rh, WEARLTH, FARL21
it BN RS 3 S A LA 23 Sl s R 234
Fil, 116.200; BEFIA, H7.75%; HHCEE
BRI, H6.34%; BR8N, 55.63%; RAK7
A, 54.93%. ASHLIX JE 2 S 0 AL M)
1624, 1168.89%; & 2-5F 1 & 271, i30%;
el EEIA, H1.11%.

Toft ) S B B 7 23 BT (R 2) e W, A R AL DR T

I3AiZEA Areal-type % Species A FPELH LB Ratio to total species (%)
1. 15434 Cosmopolitan distribution 7 -
A7 734 Temperate distribution 71 52.59
8. JLifk#s North Temperate 5.93
10. [HiEFR 4 Old World Temperate 2.96
11, J\FF P Temperate Asia 26 19.26
13. I Central Asia 13 9.63
13-0. LS4 Pan-Central Asia 3 (2.22)
13-1. 1 2R #8917 #5) East Central Asia(AsiaMedia) (6) (4.44)
13-2. P EH LR AMEMIE TR Central Asiato Himalaya& Southwest China 4 (2.96)
14. R} East Ada 20 14.81
14-0. 43) 47 Pan-East Asia 4 (2.96)
14-1. " E-E G HHE Sino-Himalaya (15) (11.11)
14-2. 1EHA Sino-Japan () (0.74)
JEF E45AFh Non-Chinese endemic species 78 _
15. HEFFF Endemicto China 64 47.41
HiHA B 543 4i) Total (excluded the cosmopolitan distribution) 135 100

185 W TR A R R IE R A8 T i B AR S

Numbersin brackets indicate the specific quantity of variants under the areal distribution types.
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R3 R SRRV R T AR [ R A 23 A7 2

Table3 Areal-subtypes of Chinese endemic species of seed plantsin typica communities of Juniperus

S AR Areal-subtypes T AR A LL A o R L A1)
Species Ratio of thistype (%) Ratio to total species (%)

15-2. ZYLYEHLX 5 R d R X A 1 156 0.74
Species common to the Three-River Headwater Region and Tanggute Region

=T 5 o1 [
;e::’:l e; éolng)grﬁomnl%oth;fiméﬁlg ﬁeﬁjwater Region and other areasin China &3 98.44 46.67
a PHH(ILH0) 3k (75 1L#8) North Xizang or Northeast Xizang @) (1.56) (0.74)
b. P4 )11(¥G) West Sichuan ©) (4.69) (2.22)
c. P§E-PU )1l Xizang and Sichuan ) (3.13) (1.48)
e P)il-=® Sichuan and Yunnan () (1.56) (0.74)
f. ViR 7. )1l) Southwest China (Xizang, Sichuan and Y unnan) 4 (6.25) (2.96)
g. HR s H 7 (B8 #5) Gansu or South Gansu (4) (6.25) (2.96)
i. PONI-H7# Sichuan and Gansu (7 (10.94) (5.19)
j. FERR-PO)I-H R Xizang, Sichuan and Gansu (12) (17.19) (8.15)
k. D9)1l-H#-BEE Sichuan, Gansu and Shaanxi @) (1.56) 0.74)
o. Hifi-Bkii Gansu and Shaanxi @) (1.56) (0.74)
r. 7iFg-754k Southwest & Northwest China (12) (17.19) (8.15)
s. 7Edt-#Edk Northwest & North China 4 (6.25) (2.96)
t. FiFg-FEk-Hdk Southwest, Northwest & North China (6) (9.38) (4.44)
u. db77 (Padb-#E4k-4:4k) North of China (Northwest, North and Northeast China) ) (3.13) (1.48)
v. PEFg-PEIL-fE Southwest, Northwest & Central China ) (3.13) (1.48)
w. PErg-PEb-fEdb-fEH Southwest, Northwest, North & Central China @ (1.56) (0.74)
x. Jb7J7-7HF4 North & Southwest China (@) (1.56) (0.74)
z. JbJ5-mJ7 Throughout mainland China (@) (1.56) (0.74)
A Totd 64 100 47.41

55 W R R AT A T R AR B AR

Numbers in brackets indicate the specific quantity of variants under the areal-distribution subtypes.

BRI X FR AR ) 3 A X 52 IR 40 A R ARFALE,
A DR AT 5 A XS A H152.59%. KRBT A
AL EREE B, A IRATEIN A AR
)AL AR SRR BT AR X g A PR
X KA FA R ERE A Z, 5 B
[147.41%, WKHEIX — R BAE A X 4R 4 A SUFE,
X644 HH [R5 A FZ — AT 70 A AL R 7 (R3)
SR EIR, X EREW L X R R IX R OE R
B, HAUE R FOA 353.13%. 7RI B i) B
W, PO AR VLR X 5 A At [X 3
AR, o PaGE- DY - HOR AL G) A 1M, SR
X A [E R A 17.19%, e T AR, X5 F
R IX AR 0 A I DL (R B IR, 2009) /2 —
). PRG-I () EE A, X VALY
REBEA FHR R e AR AR, e fe 2, M=
Z= JL (Gentiana crassicaulis) 1 J¢ 7% (Notopterygium
inci sum) =5 1 5 T 1 SN € 1 2 47 AR B A i @ Al

www.plant-ecology.com

PIREE A TR X R SR TR PRI SRR R R4 A
FFEAFAE B R T8 A A s L RS S I B

3 ZRFnitie

AR R ARV £ B A =TT . 2R
P L M DR R AN S B, BEvE SR A, DU
ZRETH MO E, A EFESETTHEN, AT 24
B 6 MRS MM ALK BN B
YI34FI90/E 142Fh, [X I R s 4R 2%, BE SR
T A Rl =TI DR R, SR B
TSR MR . EERIVATARZ A MR —,
KRBT REARZ IR MR R /D, FA R AR S
XA, X5 MRS (2013) BTt 7T X AR 4L
SR, TR R A YRS T AL (L BT AR
R, TRARJE BB 5 B 98 R AR I RO
fRIE R A REAEAF, H TR R YRR TR R
DA SRR (FRIER AR SR R R AT 1
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A AFTE . JA B AR08 AR A R R i 2D
BRRG ) LR i /NBE SR HE R S /INBER, TR B G
PR MY, A 00 E AR (/N BE Jg AR NS L ) B
B2, EAREYMZEE TR, oTREE TR
R TG B AT B 3 SR Bk, YR 2 R A
. HARBERAFE AL E . KA I
BAE, AR YA AR BRI 5E AR 1) 2 AR AR B N
F o R I BEE VRN R I 2 B0 T D SR,
AHRRE T 2 AR RS i, 1K 5 P R X b
R(Bh NS, 2017)MH— 2.

FETE AP AR P Rt — e R T L
Wi 5 R V% 45 46 A P 4 B (Goosem et al., 2016; Wu
et al., 2017). B [AAAFKTES 630-3 800 mif % 25
ML, BEARERK, BERDF 5 FE, Ko
AR R AF. E R E AR R G R R AR (1 AR A
FHTRAE R TR 5 PR O AR TR, B2 55 1
AP AR . 9 R R B A0+ 4 55 g - 75 7K
BN WS EAN R AR Z Y H BT
SIBALERE, AIRESE TR N oA iR i, B
JER, WEIERBONRZ, T3R5 R, ART
LR A K (A, 2019). PRILHS E MR A
RE BN IE R B VR AL AR, WORE0 = 98 < BA
W It T 77, FRgm R K AR R 4R TR Ay,
50 ) R ) R AR K R A0 ) B R U (R M e 5
2020), it FEHEE I KA R

P T BIF 7 DX s 0 M EE A7 B AN A 451, RIAA
JE YRV LR AR B, FEPIX FR 5 A
LA X 28 R0 ol R AR A [X 2R 4 T A 2 i (52
T %, 2000, 2009), iy By o xR, AT )T
B3, FPE MR RS A, R B A
2O ) B R, AN [F R AR R R VR
B A REE I3 AR B, JFE oIS (5 A bk oy A i
REAR ORI, OO R R B, 255 B Ak
ANIE R BRI 22, A5 (B R IR R SR 52 A v AL
Gy AR, 6 23 8004 200 m.

it B FRABZKILEREGSERARLEE
BRI T IR B (LC-2-12) % Bh; Rt i 4 &
Fo BAR A TR A MR E DA AR A), R
WAL RARAE K F F R KB A E T TP
BT H .
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