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THE: KEICINE > (Calanthe sieboldii) & $i 2 (¥ K 15 52 05 8] ()W 40 A 1) = RMDRD, 38 B o A ST LB AE, A
ISR R AL AL 8, 035 B A% (Xylocopa appendiculata). 772 AI&(X. rufipes) il HE45 A% (X, chinensis)
SEIFPACIE S8 (Xylocopa) R HL . A il RIE & Biomod282 )7 (L i - V) Fh 40 AR B2 (SDM), Tl 1 205047 FH120704F
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F113.9%. M KB ALIFE 2206 AR X R B R R AR b fIAR AR X, AR SHd A= X A3 sk 3= T2 52 B SR I S se i,
AL TG —59.0%334.7%, FRIRE A S g B0 IX # 5l AR RAIEE AR O 150 4716.4%-19.7%,  H. 3= 2 [ 7
e A AR Bh; R P A 3 ) o A 0 T AR K BE A8 R 250 AR XA B ) A SR A R 2461 19.90.0% T BE R B4
0.5%-11.4%, 3R KHARMFF 22 4341 1] RE 52 B AR SRR AR 253 A Ik 2D (1 00 FE 0, BRIk e i 47 ke 25 4u
FRAAL R I 2 BT IR & I R 7 AL i & TR &R
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Influence of the climate change on suitable areas of Calanthe sieboldii and
its pollinators in China

Yuanjun Yu®?, Huolin Luo®, Nannan Liu*, Dongjin Xiong®, Yibo Luo? Boyun Yang"

1 Key Laboratory of Plant Resources in Jiangxi Province, School of Life Sciences, Nanchang University, Nanchang
330031
2 State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing
100093

Abstract: Calanthe sieboldii is an orchid species with a narrow range of suitable habitats that are typically
disjunction between continents and islands. Calanthe sieboldii relies on specific pollinators such as Xylocopa
carpenter bees, including X. appendiculata, X. rufipes and X. chinensis. This study built a species distribution
model (SDM) using the Biomod2 package of R to predict the distribution patterns of C. sieboldii and
Xylocopa spp. in China under three different representative concentration pathways in 2050 and 2070. The
results show the distribution of C. sieboldii is better explained by precipitation-related variables than
temperature-related variables, 25.4% and 13.9%, respectively. The current suitable habitats for C. sieboldii
are mainly in Central China and East China. However, future climate change scenarios may shift these
habitats, which will shift to higher altitude area, and may change —59.0% to 34.7% dominated by future
climate change scenarios. The range of suitable areas for Xylocopa spp. will decrease by 16.4%-19.7%,
moving to Northwest and Northeast China. Consequently, as the co-distribution areas between plant and
pollinators account for suitable areas C. sieboldii, the orchid’s distribution will decrease by 0.5%-11.4%
from 90.0%, indicating that the distribution of C. sieboldii will suffer from future climate change and
declining pollinators. Therefore, the pollinator should be considered carefully in the conservation of C.

ks F 93: 2019-11-20; 4532 H 1 2020-03-23
FEWH: BRI BT A S0 PR 7] K AR 22 7 A SHR R G0 VP00 S O SEms  I00 F R _E A T S A0 R 117 25 B R I (G202401)
* J@HA/E#E Author for correspondence. yangboyun@163.com
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sieboldii or similar specialized-pollination orchid species.

Key words: Calanthe sieboldii; Xylocopa; climate change; species distribution model; pollination
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etal, 2012; Suggitt et al, 2014) . % T A= BEfEAE A 4L
R ER YA, CHEMAEYMN S, T
PR s B 2K 466 1) XL B =5 (Heusser, 2000; Maschinski
et al, 2010). “SAGEARIE SRS AL 2 1Y)
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Hegland et al, 2009). %} 2 544 sl He A B 77 ZHA MAHE
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(Johnson & Steiner, 2000).

Wy Fol 3 A7 455 7 (species  distribution modelling,
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FIHEE BT 78 DX AR 8], 5 fm 15 21 H AR i)
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KREACIPE 2 & E X P A S RIE RS X, 3)A
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izt TR — RER A, AR R B 1 (TSS =
0.982, AUC = 0.996) VPt 73 £ T 52-F- 34 (TSS
= 0.982, AUC = 0.993), [KliH SRR Tt 45 58 4>
M BB T MR INACE R A

AEXTT 5 AW RE R R PP AG 15 0 %, TR

R 72, B ZI0ERENVARES . TR SR TR AN
BEHLBR AR TSSTEAS 75434 20 F-0.6, AUCH & T-0.8;
T SR At A R0 KA B2 (1) TSSATAUC T #8 4
AMET0.6510.8. LA HIAL T35 #& G AR A X B — B
LSRR B K s, TSSHAUCH 7 4 7l N
0.732£10.944.
22 IMETEi1TH

K IEALURN AT 22 70 A s AR AR 2 [B] (1 5 22 W
IR F3KT10 (1), ik G HAE/N T10/6/M 48
BN PR FiRME. REETE. &
MR B H BoKEM PR, X5
(FAH 2 REUE /N 0.6, R 55 (FH3%2).

T A5 7% B o [ KR DGR 0 K B TR AR
22O A [T Y iR R 2 N 25.4%, TR SRR KR A48
PR N16.4%, T I6 5 A < A8 B iR AN
H13.9% . AN [R) S AR AR B (1 e 1 4 2 B H
— E FRIARABATE,  DAVPAY 23 H i i 1) 22 0 8L [ A R
FANTT SUERNERR N, G HARAS B AR 47
BRAES20 CHE R Em A mME, EHAEX
)25 55 U 2= PR AE60-80°C /e A5 A7 1E MR 4 o
MR AL T 2)15-25 C I AFE MR R i iy, K

*1 KRLEMEZSEVMSRTENTHIEREFRTEERTER)

Table 1  Assessment of biological environmental variables of Calanthe sieboldii (Bold font mean variables used for modeling)

9T A e A T3 ZIEIK A T RIEH € 23
Number Variable description Variance inflation factor Adjusted R? (%)
Biol EHSIE Annual mean temperature 2,162.4 13.2
Bio2 B2 A¥1H Mean diurnal range 968.6 22.1
Bio3 LB 1sothermality 231.1 9.6
Bio4 BEEZTiE Temperature seasonality 3,230.3 19.3
Bio5 BRRABRE Max temperature of warmest month 27,969.6 8.1
Bio6 A A BAGIE Min temperature of coldest month 127,767.6 12.9
Bio7 HEYIR ZE Temperature annual range 146,914.7 211
Bio8 BRIBFIE Mean temperature of wettest quarter 115 215
Bio9 I T2 Mean temperature of driest quarter 42.8 11.3
Biol0 AEZHIIE Mean temperature of warmest quarter 2,009.7 6.3
Bioll B4 Z=H3E Mean temperature of coldest quarter 11,340.5 125
Biol2 %K Annual precipitation 105.3 29.9
Bio13 B8 5 /KR Precipitation of wettest month 207.9 27.8
Biol4 f T H F#/K& Precipitation of driest month 3321 26.6
Biol5 Rk 2351 Precipitation seasonality 20.2 17.7
Biol6 FiBZ=[%/K & Precipitation of wettest quarter 228.8 29.9
Biol7 T Z=[#%/K & Precipitation of driest quarter 382.3 27.0
Biol8 I HEZE[%/K S Precipitation of warmest quarter 54.5 15.4
Bio19 B4 2% /K& Precipitation of coldest quarter 40.4 28.6
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F25°C il R, & B IX AR A, g H B KE
2)75200-400 mmisf fEEREZR I K, K ZE5 1R
60 mm 5 A7 7EME 5 10 3 TR % 0B (M 3%3) -
23 XKEMUIMME=ZSHIEETL

HE AR B TR0 4 1K B AR R 2 H RS
() X e 3= AR AR AR TR FIAR AR, B )1 S e v <L
Fab WAL TaES . Wi PR S PR AL VLG
HHPE R 2B 30 BT AR 2 A % (K1) . Ak
AR S N3P AR R BRI T — &,
RCP2.6 /i 1#5 55 N K B fL R F 22 0 A4 X 3 K
13.8%-34.7%, TiRCP4.5F|RCP8.5id 4= [X 1] fE{F+UX
456.4%-59.0% /N5 (#2) . HBLHSHIMPEER = FFd
H DY FR RN B P R A v R X RS B (e A
(Kl2), HFAFRABEE R THEEX EZRAN
35.1%-87.5%, KT A [FIAEAR A % 5:0.8%-39.1%
(#2).
24 KRiEDHIBETHL

PR M FE A X AFAE TARAE. ferp . R
KRR SR 4 X, mRIE3,326,189 km?
(B3, 3). ARG 5 R AR IE A XS A 2B
gidtmpide MRS s . Bikms, 17E
CCSMA ST, AMEIE A= [X 20504F A [F] 17 5t
AR 4 16.4%-19.7%, BE &S M5 AR A0 B %

I B ek J5 /N T (R B 20704 AN [ 1 5
AR IR 45 13.0%-23.0%, [ By HE U Nz
YE, S AR B AEARE BE A X T AR 2 F N T
10% (#3).
25 BEBEXEETK

TR ARIR A 22 5 AR I [F] 4 A XA T AR
9382,189 km?, 7% T 90.0%H) K i AR A 22 A
YA X, AR O 32 B IR WA e R (I3, R
3)o ARAMFEAIAE FF KFEILANE 22045 X KR

suitability
0.0-0.2 mm
/ 0205
0.5-0.7 1
0.7-1.0

Bl #EMCEHEESRDTN S ARENE = EEE
Fig. 1  Predicted current habitat suitability of Calanthe
sieboldii by ensembled model of weighted mean of
probabilities

2050s-RCP8.5 >3,

2070s-RCP2.6 ¥

2070s-RCP4.5 .2

2070s-RCP8.5 &

= 0 Gain - wm /R85 Stable  wm E4k Loss

E2 BEMBCEHESERTNARENEZRRIERSEERE FEEXTL
Fig. 2 Predicted suitable habitats change of Calanthe sieboldii by ensembled model of weighted mean of probabilities under

different climate change scenarios
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R2 TRIEHKSRFEARSEBER TARENEZEEXEK
Table 2 Changes of suitable areas of Calanthe sieboldii under different global climate models and climatic scenarios

SRR ER AR S Fok i RAAX SEE X A
Climate models ~ Time Scenarios Current range (km?) Loss (km?)  Gain (km?)  Future range (km?) Net changes in suitable area (%)
CCsm4 2050 RCP2.6 424,281 64,782 138,733 498,232 174
RCP4.5 424,281 148,569 121,545 397,257 —6.4
RCP8.5 424,281 242,163 100,146 282,264 -335
2070 RCP2.6 424,281 40,928 188,254 571,607 34.7
RCP4.5 424,281 176,090 92,036 340,227 -19.8
RCP8.5 424,281 303,405 79,212 200,088 -52.8
HadGEM2-AO 2050 RCP2.6 424,281 120,838 185,188 488,631 15.2
RCP4.5 424,281 188,459 149,785 385,607 -9.1
RCP8.5 424,281 223,285 138,763 339,759 -19.9
2070 RCP2.6 424,281 135,160 196,285 485,406 14.4
RCP4.5 424,281 267,545 120,198 276,934 =347
RCP8.5 424,281 330,576 80,286 173,991 -59.0
FGOALS-g2 2050 RCP2.6 424,281 94,930 153,479 482,830 13.8
RCP4.5 424,281 148,569 121,545 397,257 —6.4
RCP8.5 424,281 242,163 100,146 282,264 -335
2070 RCP2.6 424,281 40,928 188,254 571,607 34.7
RCP4.5 424,281 176,090 92,036 340,227 -19.8
RCP8.5 424,281 303,405 79,212 200,088 -52.8

R3 BFRETMNCCSMASRERPARFRUEER T ARRMEZERAEEEXEBNHEXNTL
Table 3 Predicted habitats overlap change of Calanthe sieboldii and Xylocopa spp. by ensembled model of CCSM4 climate models

under different future climate scenarios

MR AfEtER ORIEIME 2E A X AR IEAE X FEGAMAX IR X SR AR 22 iE A X
Time Scenarios  Suitable areas of Calanthe Suitable areas of Co-distribution  Proportion of co-distribution areas among suitable
sieboldii (km?) Xylocopa spp. (km?)  areas (km?) areas of Calanthe sieboldii (%)
AT Current - 424,281 3,326,189 382,189 90.0
2050 RCP2.6 498,232 2,725,353 460,145 92.4
RCP4.5 397,257 2,672,072 347,495 87.5
RCP8.5 282,264 2,780,090 255,319 90.4
2070 RCP2.6 571,607 2,895,034 511,387 89.5
RCP4.5 340,227 2,747,877 294,294 86.5
RCP8.5 200,088 2,561,470 157,259 78.6

Wi, ARG AR X WA S LT AR
FILEEMAE S . BT EEEX BN ZER, KK
KEACUENE 2= 54450 & 3L F 40 A X 5 K EACERE
223 AR T AR 1 B4 T R BL 2 BT T F42.5%-11.4%
7 s e [7) 3 A7 DX 3 T AR A2 A 3 B o S A% 22 4
Jill, M3 N33.8% 218 /1> 58.6% (3).

31 EMMRBITAL

ARHIF T 38 Bk B B — SR P A ) AR B
TP TR AR PRI = T B — RER AL, 2 S T
(BRI 24 R 2T 349) 7 A [ B AR A A (1T

B EA L E T, UL AY B8 50 4T 3 S )
Foof TR BT oK. Hh RER InBCF 1 0 1F
m TR, XA RS BT AN A B A I
HEER Z MR A A—, —BHEA R, WnEJE ™
TR BARGE AR TS
REMS AR mAG 0 B2, D3/ D B — SROVE AT 1) AN € 1,
FEAE A B o A T, D0 T IR A A
BR/DRA AN S X 8 Y HE 2 (Lomba et al,
2010; Jones-Farrand et al, 2011; Guo et al, 2015).
3.2 XSRUIRLALAIN N ZE

Wt A AR A PR i N T R RR IR, KA
R 22 5 A i of B 450 A8 8 R I L — ) A 22
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Fig. 3  Predicted current suitable habitats of Calanthe
sieboldii and Xylocopa spp. by ensembled model of weighted
mean of probabilities. I, Non-suitable habitats; II, suitable
habitats of Xylocopa spp.; Ill, suitable habitats of Calanthe
sieboldii; IV, Co-distribution areas.

S, TR EARIULE G A X R I B F A s AR
o RFEFLARE 22308 A X A IS T e 5 20 46
TG, T Re AR T 0S5 IS B B R, H
M 37 {25 ¥ 7 B i ZE 45 IR 7E 15-25°C 2 (A7 E M %
(P 3), fEHEARTE (RCP2.6) F AR LA
i2°C, MRCP8.51H 5 N A&BKIRE FHni54.8C,
ERIAEE X ER. BEARMEYZ A RS
ARSI [ ME— R R, B K R 5O TR BB i i 4
PR (138 N 1 (Zhao & Running, 2010). 715 28 &
Hh 5 B 7K S AR B0 K B AR MR8 22 14 43 AT 52
K, i . i 28 o i H K B i SR D200
mmbl bo BN R IR AR S 22 i R 2y
A T B R I R AR IR AL, X AT RE AR T
ZHFRO T 4585 3 FHIK 43 I SRR (TR 22 R4,
2017). FiAh, Mo =R S A M AR LG, AT
ol je R AR E, WRISOK 7> 5%, DR R F
A TT BE R 25 2 478 %K (Yoder et al, 2000).
BT X ST B RS ) B 5, AT AR X AR
KT RERANE 22, IF B ARSI A
M 2 %5 7N (~13.006. 51]—23.0%), 1% 7] g 5 A s b 1)
PRI O o A OO FUR AR I S 2 B A E A
AT R, 48K 2 BRI FP AR Be i 52 i, £
A HEAE40°C =il R 5 3l (Chappell, 1982; Heinrich &
Buchmann, 1986) . il < fiz AL AX A I 1 A= [X A4 B,
FEAE /NI S, HAR BB AR o BB, TTRE 2

TR 3 AT 2 B AE PR 310 H 2 N R B R
s, T A A R AR LB BAE N, AT 52
RIS SR R i M ba R e =l /R (73 E7 =T N
T 52 ) 5 £ USRS ) 0 4 ¥ UL TE 5% & (Ignasi et al,
2011) o ARBERS AR AR AL A A 87 0475 L A X
(M3l A A XAEAN [F) SR 5=~ IR —
HpFeshass, RmpEdef R IX 3, 51
] 4] 40738 0, ] R T A AR D (1) R 2R
33 fEMESRLCHF

K ACMT A 22 R 0 T 40 722 A0 PR S [ T 92
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HIAE 2R 1) 3 8] 73 A DX OR Mg /b B4 T Bt A 7
i X R EEALARE 2238 A4 X R R %, RS
— LG X3 A AR K AT R D B O . R A R SR
(RIAEL) B8 25 By 52 B A% Ky 35 ek /D () 5% el (Aguilar et all,
2006), I HiX K Y nl 6 5 1% ¥ # 7 20 9 >
(Biesmeijer et al, 2006). ¥ & xf KB LI A
=R RER H 2 A7, BAMET S, Bk
K T B B A A AN SR T R 5 BUR R R IK
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Appendix 1  The coordinate of Calanthe sieboldii and three Xylocopa occurrence
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Appendix 2 Correlation coefficient matrix between environmental variables with variance inflation factor value less than 10
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Appendix 3 Response curves of occurrence probability of Calanthe sieboldii to climate variables

http://www.biodiversity-science.net/fileup/PDF/2019367-3.pdf




M2 REPE 2020, 28 (7): 779-786
Biodiversity Science

doi: 10.17520/biods.2019405
http://www.biodiversity-science.net

B TR e

XJERE N KESFERM FEY)=
B (8] 32 E M Y 220

B RS BBEA MAW & B OAFD BRE
(PSRN 48 R B2, IERIFHS 010019)

W TR R R, B E A E R AR SR 2 R R R SO R R D). AR SCET
201420184 [ BT AR SR8, W90 T Bl O R, JEXIE), FREE (R 7E8 em). R (FAAED em) R TR % (F 442 cm) %%
AN TR A1) 1) 55 B 6k N 52 oy KA 25 (Stipa. grandis) #7890 J5 sy 1= A= 9 i i [R) s PR OS2 . 45 SRR B (1) 5 [l A L
O] H11 X8 T o T A 12 TG Y 35 S ), AT P S 57 F [ B g P s i S 3, 58 P88 K1) ) Ak 388 %) o T 357 ) S 12
EFRAK, BT YT (R AR M B I AR B T WA DGR R, R B ML ks . (25 RE AL, EE
R AL FR R B R PR, (HE SHEVER MR e MR BB MK R, RIAMME & AR BRI LAY =
IR (A1 R PR S R 3% b, H X B b 1 ) B P 7 3 A, (R S5 B I Rl AR e METE R B AR L R
Q)R SRR R e MEAFAE N T B B AN DCOE R, BN E b M 0 28 5, o i Vs e Mk g R Ak .
I, oD PR TT RS 2 A T ()RR MR R R AN . —, {EREHAE B SR A S AR A, T AR R D A RSk B
R e HEHEA TR

LR BMARE M oD DheeRE KR BAE S HKB

Effects of mowing intensity on temporal stability of aboveground biomass
in the Stipa grandis steppe

Feng Zhang, Jiahua Zheng, Mengli Zhao, Daling Chen, Yang Yang, Jirong Qiao, Tiangi Zhao
College of Grassland, Resource and Environment, Inner Mongolia Agricultural University, Hohhot 010019

Abstract: We conducted a mowing experiment between 2014 and 2018 to test the effects of different
mowing intensity on the temporal stability of aboveground biomass in the Sipa grandis typical steppe in
Inner Mongolia. Four mowing treatments were tested: enclosure (CK, no mowing), light mowing (stubble 8
cm), moderate mowing (stubble 5 cm) and heavy mowing (stubble 2 cm). We found that mowing had no
significant effect on the temporal stability of the community compared with the enclosure, but it had a
significant impact on the mean temporal stability of species. Under heavy mowing the mean temporal
stability of species significantly decreased, and there was no significant correlation between the mean
temporal stability of species and the temporal stability of community, indicating that these fluctuated
independently. Compared with the enclosure (CK), species richness under heavy mowing reduced
significantly, but had no significant correlation with community temporal stability, indicating that species
richness was not the dominant factor in the temporal stability of community. In addition, the community
resistance reduced significantly under heavy mowing but it also had no significant correlation with the
temporal stability of the community. We found that there was a very significantly positive correlation
between asynchrony and community temporal stability, but that mowing had no significant effect on
asynchrony, so it did not cause significant changes in community stability. Therefore, asynchrony may be one
of the dominant effects on the temporal stability of the community. In the process of grassland management
and utilization, the stability of grassland could be evaluated from the perspective of species asynchrony.

Key words: temporal stability; asynchrony; functional groups; mowing; stubble height; resistance
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FH T 40 e Sk BE I e 1 A A R G g
KHDjResz B Egm, E N RS RS
REMIRZI L5 2 V2 XV (Baert et a, 2016). B A%
sE T (temporal - stability)fis JE -1 5l VA A= A R 48
[ BEAZ 2 M (Tilman, 1999), @ RIS RS
RE %85 52 B0 AR ) e A I ) ROBE B R AR S AR B 18
¥ (inverse of variable coefficient, ICV)i# 1T & &
(Tilman, 1999; Cardinale et al, 2013; Gross et al,
2014). VFEWIFURY, B A 2 R RE4ERFEL
T IS} TR) A% 52 1 (Pimm, 1984; Jiang & Pu, 2009;
Grosset al, 2014). H = LR LN 0 2 A
AL, B I I R e A ] TE S OGP AN [ 0 S
AR RGUASTE I 1) 32 20K 5) 7 (1sbell et al, 2009)
552 B\ A1 5 B BB AR TR, BT S A
R M A A AR AR, I R T DA PR R AN [ i 2
77 R EZ M PR ) S0 1, AT S e FL T IS (R A2
7€ P (Loreau & de Mazancourt, 2013).

WAER, TP SO, T EE N T
PRECE R A 3 R G S5 S T RE R AR AH N AR A, 1
A FRAERENLHE 2k (1sbell et al, 2013a) L K AEE R R
Fasg R AR 1k (Saccone et al, 2014), JLHET
BRI, AR & POl A= 07 Koy
BB RGRE M T R 2 A 1 R 10 5 K IR B
Ji1(Ren et a, 2012); {HA& RGukae MR 4ERRLH
i /N B s (Hooper et a, 2005; Jiang et al, 2009
Grman et al, 2010). W14, S PRI 70 & B 4E p
TZFFaE R GARY, Y2t
B R RGN RE R v AR A RS D e M AR E
PE B B8 BRI AR S Pk, WCRE 3 n 3 i ) AR o
(Isbell et al, 2011, 2013b; Cardinale et al, 2013); {H
BREFRY], ZREVEA0E AR W R Z MR R
(Goodman, 1975), T AJ fE £ 7E — 2 FE M R E
(King & Pimm, 1983), AJRENMFNE hnf. Pofh
ZAEPERUICIN, SN 2 R AT B S VR AR E
PE, (H4YM 2 R EIA B — e R, Y0P 2 FE 1
S0k 282 18 T ) %of 9 A 4 T B R AR A FH (Grime,
1998). Hfi& tHZ MR AL, ASFEIFRE BA A
() Ja P, N PR 5E e 30 1 S 8 5 2 (Loreau & de
Mazancourt, 2013)5 J Jvi i} [ii] (Hector et al, 2010)4~
[Fo 252 BH AT, PodhaE FER AR AH N AR
T B ol (] 55 AR FH S0 BRHC S B (1 W) B 2% i
Dl 517 it s S i (T ke = i o A L S

[F1) T M 20 25 ) BV 1 A e i 0l — B2 (Yang
et a, 2012; Mariotte et al, 2013). X E|F-H AL AT LA
B SR AR 2 AR, BT 5 AR R UK
S/ ik DR 3 3 R R BV I 1) R 8 1k P AR S, B Ak,
AN TR ] 588 B 2 385 B 25 D FORE TP e B2 A ], 3
T 7= AR D M ROSLAE F T V& B (1R 1, (R A6 3
KA.

AW 5038 3 E K4S (Sipa grandis) it 7 5 5
FERAIEISZIG, BB AR ) 8 1 AL, T
2014-20184F 54 SR B 45 5, XHRHAYIFN . DIReH
e TE b A= e T AR e R EAT b, SRR
PR B b BRI )RS e 1t A VA IR
POAHAT N 0T, BT EEVR . ThAREHE M Rh LSS
JE T I )RR e 1 R FE N EALI AT 0 i, s
B ER IR AL S A . A SR R LR
JUAS TR (DA FDARSRE T, AR, DhaeH
T B TE I TRV AS 2 M AT (T AR A2 ()RR 5 X b =F
B MR R, ST R e B R e

1 MR5REE

11 MREX#R

SIG AT T A 52 AR S0 TR AR RS R T R
G B EESRKRY X" (116°289" E,
44°25'29" N), #FHR£11,000 m. %X @ T5RA
RiPESE, TF/R, 2 EREKR, FHRY
-0.3C, FERF/KEIE300 mmA 47, JEFEHI90-115 d,
> 10°CIAEFRL,588°C i fi o B /KA TE6-8H, I
H7HB KR Z, 1H &b il S AR 2 R I,
SIS X R O R O SR R R N R O,
It #45Rh AR Be T 55 (Cleistogenes squarrosa) . %11
(Anemarrhena asphodeloides) & £ % (Leymus
chinensis), # WL A X 2 (Allium bidentatum).
W £ 2% (Salsola colling) « i ## % (Chenopodium
aristatum) 5. LI EONEA - SE L, WP
HHD R E, SAKEEMK, AILESTEL
2%—3%.
12 #FHiEFE RS HE

S 06 B M T 20144 5 7 [ & 58 K, T AR K
0.24ha (60 m x 40 m). & RF I, CK, JTX|
E)), BEEAE(BEHE8 em). ThEEXIEI(FA#ES cm) Al
HEXR(FE#H2 cm) 4P, BN X AMENI
REH, SXHAFANFEEEILHES]; AN X
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BUASmx3m, [EFEL5m, LiH3670/MX . F4ET8
i) (1518 H ) 1 B FALHEAT X B AL BRI

1£2014-20184F [, RFA8H Hh Ay A= 4 & ey I
IFBEATHORE . T /N XA X BN, s X Y
REWEINL m x 1L mEEJy, RFEAEFRARALECRE, 3%
36T o CSRAETT T I A A, TR o
FEHUTE BT, T65°C Mt = IEE, 1y &P Fh
o EAYIE. R G, TS BT AR
LRI g B2, 0 AR £ /N DX 70 BEAT X 1
1.3 HESF
131 TheeRXIS

HRAE 1 7K GORITAR A S8 (2000) 4} R 40 26 35 L Th Bk
RER RN 2>, ¥ M o 8 2 AR R R &
(perennial bunch grasses, PB), % 4F /4 2 K #
(perennial rhizome grasses, PR), % 4F 4 442K #E
(perennia forbs, PF), —. FEA Y (annua &
biennial plants, AB) & # A .~ #E K (shrubs &
semi-shrubs, SS).

132 #HEHRE

(V)R EE R AT B A B SRR (3
k2 2017).

(2) B T A2 € 1 A2 25 R G Dh e an %% B2 8 A )
BN A RE R ZREWEEQCV) KR
(Tilman, 1999):

ICV = wo (1)
Horb, whth EAYE B RS AME, ot EAEY)
BN AAREZ . ICVIERR, I [ e M .

(3) 7 # 1H: (asynchrony):

asynchrony = 1—py 2

__ o 3

PSS o x
A, oy RS E A B 1A T7 2, o
My b AR A ERAREZE, SEVIFEL. 0<pp<1,
oofEBR R, FORFEDVERGE, RS, oo =1
I R BN 7E R o = O, RoRPIFN )
SEA P (LR, 2013).

(DT 71 (resistance):

resistance = In(Bioy; / Biock) 4)
v, R0 AR AR U AR A BTN ) R P
AL BT AR, Biow 9 58T X H AL BN 3
YR, Biook N AL B HEVE M B AR R (E

W75 2013). 43 M7 201420184 R BEE KT /1 I3k
TP B AL EE

SR FH B ATL X 2H v v P 95 TR 35 5 22 40 W v gk
FPAS R R B AL B8 I S8 AT, 5 22 40 i R
X E R X 200 A BB &, A B R 2 R R A
Duncan'sik it 47 2 B LL#R, Gt i i 55 35 KT LA
P <0.05 %4k, Frfa 4 #id i SPSS 19.0% 14 5¢ . -

21 NEIxHEZEDM, Theediith EES R
Xof BT AL A4 b b A 4 21 R B A8 A 43 BT
KW, AFEREIGREE N RESF . MRS EE
AR B BIE 2 25 5 (P > 0.05), XA R BEEAL
A fEAE 25 5:(P < 0.05) [RHES A BEREVE KA
LA AL, o EAY) & 5 N 54.77%-62.51%,
H 27 514 10.94%-15.03%, %1 £110.08%—13.17%,
*H4.95%7.58%. 5 [l A L, HEEAIE A EE T K
B SEH AR LI R (K8.25%, FEEh A YE
FAA2.26%. JNBEAE Fp LX) S B H b AR b
1, N17.91%, 3 E TR BN EIR1910.31% (P <
0.05). SR, KB RERRT5H FAEY) &
7 B3R, A R X Ok B B s, 915.76%. X )
RERfHh BAE R S, MK BB R 2 EEMNER
BLOMRZEREMBEEAR, — FEMEYRE
Ky AR, AFRE SRS T S IR G R
Z5(P > 0.05), {HEEHE XIFIHREE N, 242N E
AR FLFIAR ZER BRI P, 10 22 40 AR 2 S I T 4
n; SEEAMEE, BRI, 2482 NER
FERIAR ZE R 575 731l P& 1.6.89%H112.26%, £ 4EE 242k
OH LI N6.18%; 5 HIE AL, S X E
MR, — . MY & E S 3 N 4.32% A
2.99% (1),
22 XIEIFEE% . IeERE RN B it - E =0T
(873 B M RS2
20142018 Ffv& « Dhre e AL S At b4
Yy AR E M BT 5 IR, TR RAEFEZ IR
ERENREFESHEZ X b, W AR R
SE PR TG R 3 72 5 (P > 0.05) (E12).
23 XEIx R, BRI, #EFEetERR
EMRIFMESERFN
ANFEREIEE T S BREIPT) . FIEF
PSIE [RV RS T B A P b s SRR, 5

xRS
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1 Z4FH A RE Perennial bunch grass
1 Z4FAEMRZERE Perennial rhizome grass
= Z4F4: %ISR Perennial forbs

B —. _4FAHEY) Annual & biennial plants
mm FA . WA Shrubs & semi-shrubs
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Bl FEXEGRE THEIA)RINEERE(B)ith EEMERLLH. CK: XE, EIHAXIE; LM: BEXIZ; MM: FEX]E;

HM: EEXIE,

TRIFHFRTREREE NS TEE.

Fig. 1 Aboveground biomass ratio of dominant species (A) and functional groups (B) to total aboveground biomass under different
mowing intensity. CK, Control, enclosure and not mowing; LM, Light mowing; MM, Moderate mowing; HM, Heavy mowing.
Different |etters indicate significant difference; NS, Not significant.

10 -A BE 10 -B ZHEEMARE 10 FC ZAREMRZERE
8 Community 3L Perennial bunch grass 8 Perennial rhizome grass
] NS
g 6 6 NS 6r NS
: i
Eul 4+ 4
4 L el
8 @ 2 2+ ok =
3
.;,? '_g 0 1 0 1 1 1 1
2% 10 gy 20(E  —. AR LSCp WK, kA
# g Perennial forbs Annual & biennial plants Shrubs & semi-shrubs
g £ 3 1.5+ L0F
— 6 -
& | B TEaIL
EEed T T
&=
0 | 0 L 1 1 705 | | | |
LM MM HM CK LM MM HM CkK LM MM HM
12 G j:%r;yt 10r H ppaTa . N
10EF Stipa grandis 8 Cleistogenes squarrosa E2 AREXIEGEE TEEA).
2 of Ih e R (B—F) RAE BT (G-I) itk
E F NS 6 NS EEYEMRERREM (N = 9),
£ St A CK: X8, EHFXE; LM
% 5 4 ZEXIE, MM: FEXIE] HM:
wd o 2f 2r % = EEXENS FEE.
% E 0 E I ! I ! 0 1 1 1 L Fig. 2 Tempora stability  of
2 . ;
B 101 10¢ 7 community (A),_ functlongl groups
= ; [;E’}%"“S chinensis :);Efr:narrhena asphodeloides (B=F), and dominant species (G-
HaE 8 8 P aboveground  biomass  under
g g 6r NS I different mowing intensity (n = 9).
T 4l 6 CK, Contral, enclosure and not
2 4t mowing; LM, Light mowing; MM,
E 2r é Moderate mowing; HM, Heavy
21 ina: Lanifi
or é Q é mowing; NS, Not significant.
| |
CK LM MM HM 0 LM MM HM
X &40 Mowing treatments

HALE, B 5 RERFIAL B R 0 Ah = 5 B To B35 A2
(P > 0.05), JFugA N, (H5E AL, =HEEX
FIAL BT W) h = W B R > (P < 0.05), L

3.1Fh. HAET R

PSS/ T1, R AT 3
AR, HAEE TR Z5P > 0.05), 55
PEVEEI4LT0.75-0.83 2 ] . SRl AHLL, FEEX]E|
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Fig. 3 Asynchrony (A), community resistance (B), mean temporal stability of species (C), and species richness (D) under different
mowing intensity. CK, Control, enclosure and not mowing; LM, Light mowing; MM, Moderate mowing; HM, Heavy mowing.
Different letters indicate significant difference (n = 9); NS: Not significant.

AEFR R B AT A B (P > 0.05), HEEXIE Ak
RGBT R (P > 0.05), T 5 X E 4 H# B HE
P 7152 FAR(P < 0.05) . Ah-F- 2k [ R sE vk 2 dr
CERR, SEEAL, RS PR B AL R
AP > 0.05), FEX|EAHE R EEFEP <
0.05); My A~ [F] &b 345 [R] ¥ I 18] £ 8 10 8 3 22
(P> 0.05) (&13).
24 Rt BEMSMA. METHREREMER
MEEE SR EREMENXR

IR e BEERRPU ) FREETII (A)ER
SE MR R R RS R AR ) B (e R e
BEAT RV TR, BEVEHSTT . PR E AR
S8R R Rl RS B AR B I B T R
VeSS TC B B (43 5 R = 0.04, P = 0.25; RP=
0.07, P=0.21; R*= 0.04, P = 0.31); i 5%
b b A I 1) B S M A R 3 IE A O 55 R (R
=0.64, P <0.01) (K4).

AT RIR Y, RN T BAT B IR AT
(A F E kA2 A, AN [RDX 56 B R R 5 B A
VE - DIRERE LA B R AR IR 5] R 5 1 2 A R A AR
{E E X RN A0 E N = LR AR #8)80(2017)

TE 75 78 i Ji R v 2 B ) g A7 X0 ) A0 it AL I 565 7 A
FLEE FARA, N G N T v FE R A BEVE 1R[]
FamE M, T AR 55 (2013) % fry 28 ) 3E AT X1 1) R i
PE S8 % Wk K A6 25 (2016) 5 o € B 4] BV e o 1 1)
WS R g AR . (HHHLH S X 2
J5 3 BRI R SE SR, SRR 2 A 1 B
(Bakker & OIff, 2003), i {5 Ffv& Ao e MG I .
Hooper % (2005)iff 7t 44 2 FE IR AR S R G DR s
Wi (%) & SR 2 BH X1 56 58 K BRI 20 0 0 22 45 1 B =
B B, Shidk (2015) 78 b 35 m R K
I 81 sIz 56 s L 3 A ) b LA 15 0 b 3 Y
T, 3 RS (2015) % e 5 ) X 1) 5 it AR AL 2R
(1 IhBe 2 FEPE St b A 9028 7 0 it e R B,
A2 J5 K2 A3 LURE K, 159 2 B Bl
BRI . BakkerMIOIff (2003)%} B e 2 A4 ()
WA R I, XIFIFEAC T Mo e R R e 4, A8
19 A A7 % 1) B B2 05 7 4y e a3k 17 5 S b 2 1 1 4
Ie H HXEIFH0 A R0t 350 (1 56 4 Fie
G2, o EERS R SCE A T . A, B
N fh £ & FE(Collins et al, 1998). AHF7T K,
H X BTG V)M = F BE A, (R B
WIEIF RS, SRR BER L EAY) & 5
KAEA, At EAYE SRS REY, £

xRS
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Fig. 4 Relationships of community tempora stability with asynchrony (A), community resistance (B), species mean temporal

stability (C), and speciesrichness (D) (n = 36)

FEAE AR R B B VR B AR s DTk AR, (R
REFE S LR S I 1) B2 1 35 TR o T
EAEYEA—E BT Z R (Waide et al, 1999;
Adler et a, 2011; Grace et a, 2016). A 7L R M, I
PP LE PR T A A R G A E 1 R OB R A
(Smith & Knapp, 2003; Wilsey & Martin, 2015); 1t
P A el Th RE T T AR M A YA e AT A AE R AR R
4 1ifE(Longo et al, 2013; Winfree et al, 2015). %}

YA AT B R SE IS R I, FE E DA AT DL A
DIRERF A0 2R, RLEAI Tl 22 K 14 1) 5208 AT e Sl AS 2
1B (Grace et a, 2007; Pan et al, 2016; Winfree et a,
2015). 4nJ5 & AR 5t (mass ratio hypothesis) (Grime,
1998; Smith & Knapp, 2003; Sandau et a, 2016)iA A,
FEW R DR AE ) B AN E B TR A
FCECA] . D REAE 6] ()R ME2 g 0] LAIRCAR B AT TR
H) 5 5 5 M) PR AT SO, kb AR R AR T I AR AL
M AEFE A AR B B A S R sh S faE k. =
AT TR, DL I )R E 1 38 AN 52 X 1 5
JER B &R . G, ERVE SR S b A R IIE
FHIR I 2 FE 1 —F3 2 A X (Cardinale et al, 2006,
Gross et a, 2014); {HAERRFEHH, BH—HWL
FEME—Fa e Mok R (Adler et al, 2011). HAh ARSI R
WS AR AL R AT BR 1 5 20 B, PT A A2 BE DG ) K
ZI[H 2 (Hautier et al, 2014; Xu et a, 2015), AHF 72K

DL, PFh s XX EIAF AR B, 3 A R AR,
L L TR o D R e 0 o X)) 5 5 A A 33 A Wi I
L R] YL BH Y Fh =F & R RE TR I (ARS8 AN AEAE AL
SE PRI RIS, B E AR A A 2 DA R
T ) A e PR AR

W 5 0 M A B A 6 BRI 2% A () UK J B
Fruksh, &7 MAES RSB E MR EZEHLH
(Hautier et a, 2014). A5, B FAEYIE T
R 7] A28 PO X E T PR A S, I ABLF- I 7 A
AR R TR 2 A TR R e M. SR, X
AN RN ) 55 BE R 1 S 25 1 43 AT 45 SR R ORI 5 S
AR TC R R, R S D PR VR I (AR E 1
e B, S5 1k 5 vk i 1A) Rsoe Mk 2 TR A7 B 2 A
R R ARSI AL AR PRI 1) 558 i 2 B AR A ol
F w5, R RER R AR E . AR, AW
SERNREUE SN E TR, i R e 2 A 2
FEEA R 51 LI, ST Ay UE SE 5 25 1 5 ) R
RSB PEAFAE T [ (R BE B, (R S A0 P X
POAS =AM B, ] B A bR T AR SE UG AIF ST )
TESFHTHESNEIR, WFh 18 1) 570 M v Rk
AR . FRSEAT X AL, BT RE 5] AN [N E
TH NP a0 = A 22 e, AT i i TR
PR A AR

RS A [ J BN B S B8 R B, ORI Sk
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JE b b A B I ) RS E 1 E S ANE TR A
R RN ) S D AT 2R, (AN TR 5 T KT
o WAL SRR Rh e PR I To R 3 22 . NIEI )
MR BRI A B, E RN &2
FEAR T M0 Ah = g FEAEVE IR AT, (HOREE S g
R R b A ) I TR AR S R S A R R
REEARIT I E k. ERME P SA T RES, "7 A
b S5 V8 B0 BB R PEREAT AR OGP o
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SRERI DX 1 OR 7 A5 DU AN A R Bl o (T DR T AR OLEAT T ZRE . SURERWL, TTARE AT ERHEY
80Jm 2358, Hrh ARRFARI20%0, [T ARHEY 2 B Y R4 1868, H A fE 1R WifE 11480, B faelRt; it
HORE M RHE YA 1006, IEhOR E M 2R 1568, b AT UL R O & 2 RHE YA 965, R E 1A XL
REFEBAG; 534b, g, 1Tt it AT LR R & M2 RHEY Z RIBCA RO R 2 57, RE TAEsR = £k
AEER . T, IRATEW AR ZRHEY R F AR SRR AR AR 2L A BT ARSI SR IR B WA
MR RAIESL R B R R FEPE R B PE . SE BT R A A OR 75 Z 1) (R Pl R0k, RISt N AR AN 2
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The conservation status of orchidsin Guangdong Province

Lingling Zhang, Ziyue Liu, Ruijiang Wang’
South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650

Abstract: To ensure Guangdong orchids and the genetic diversity well conserved, we conducted a
comprehensive survey of orchids throughout the Guangdong Province and assessed their endangered species
categories between 2017 and 2019. Botanical gardens were also surveyed in addition to nature reservesin the
province to evaluate ex situ conservation versus in situ conservation of orchids, respectively. We performed
route and plot inventories and identified the endangered species category for each orchid species, and then
compared which orchid species were present under in situ conservation ex situ conservation, or both. Our
resultsindicate that: (1) There are 235 orchid species belonging to 80 generain Guangdong Province, among
which 20 species are endemic. (2) 186 orchid species are threatened species, including 11 Critically
Endangered species, 114 Endangered species, and 61 VVulnerable species. (3) 111 orchid species are conserved
in nature reserves, 156 species in botanical gardens, and 96 species in both nature reserves and botanical
gardens, indicating low conservation efficiency. (4) There was not a significant difference among orchid
species under in situ conservation, ex situ conservation, or both, suggesting that the conservation work of
orchids lacks selectivity. Thus, we suggest that the conservation efforts of orchids in Guangdong Province
should focus on basic data collection and continuous field monitoring. Furthermore, future work should aim
to increase the number of conserved orchid species, to be more selective when identifying orchid species for
ex situ conservation, and to improve the coordination between ex situ conservation and in situ conservation.
Successful orchid conservation must also involve legislation, public education, and integration of an orchid
conservation network in Guangdong Province.

Key words rare and endangered plants, in situ conservation, ex situ conservation, botanical garden
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= R A A2 4 TR 1 5 — K RH(Cribb et al,
2003; 7z BARSE, 2012), )iz 434 T B A ARORH AR vty
TR VDB X DLAI ) 25 ol il B A 25 2R G b (X1 R 5,
2010; % PAE%, 2012), 54ERGFHIMA. B
B B DA ARG A W T B S B A ELAR AT (1 2E
Bk, REESRAMTRRED T EHEY) RGH
o b, ERMEYE 9 LRI 2R, AVt
TR — (Liu & Luo, 2010; 7K Bk i &5,
2015). == RHEII VT2 M B 1 i 5 2t H
Wi, %)@ (Cymbidium). £ fit /& (Dendrobium) % .
AR, fEAEMZ AR RS =N, 2AHEY
BT TS IUREI R, BT R RSN (O
FEEF A SR EBR S 5 A Z0) (CITES)H, HiZA
ZIRPHE RIS 190% L L (P 5 %, 2003; & 1
Hetts 2012; 5K BIRAE, 2015). 2 RHEYIW G i E
SRR W A (DR A Sl B E R

(MRFe5%, 2010; Z= DLAR4E, 2012; JFHIRAGAIFEAE,

2016); (2) M54 1 5ik 0 24 A AEL v 10 P 8 e I = o
KE(REIRE, 2010; & THES, 2012; JHEIRASFIRE
XA, 2016); (A G LD FREM:, W2 RHEY T
TR E R BT IEMEFLAL Fh7 i KA
B E FLBE PR T [F] S (R R 35 5%, 2010; & P
12, 2012; JEIRASAIFESE, 2016); (4)0) AR5 %A
1038 B3 BBl B 78, 2% A 503 ol TG V2 A A7 55 (R R 4
AFEUE, 2016). =RHEDI I ORYFE S FG R A
ZRNIZHIRVE, BRI AR Y AL S
(¥ Bt %5, 2003; Swarts & Dixon, 2009; Seaton, et al,
2010). 1 [ prf B A = BHEY H BT O & A I
CHEFaEE ) GF—8)2 (R FfEZ,
2004), & Fh B A AE P R4 1) B AR (B B AR,
2003; kA%, 2015).

H AR CRAF X A2 I 0 1 5 AT S, A
YO AR AR 2 B B U g R . BRE
#)51.9%[¥ 22 BHEYITE B AR RS X W15 B T AR
FE R AR & (Z8 B AR, 2012). HEYIGE 51 Rk i
IR EYIT AR & 5 A &R J5 %
(Hawkins et a, 2008), f&4:4% #1415 40
BB S . BREEYE B TSR E A L 22 RHEY)
821Fh, £ 5FE 2 BHEY S ELK61.5% (3 % U
JKAE, 2012). FEAD LR E 5T OR B A S R
HONANTE o o0 T 22 RHE P 1) st H RS b £ B IR O
AN RHE A RO B SRR, T e

JAFAT SRR T ) R =2 BHE AR 5% ) £ 7 BN 5 it
"S5,

JTARRRE AT R R IX 2 —, HAT
FE| SO IEAE K g R B PR ORI X e v, MRIAE %
DX S5l A T S B T A o e A R e O R AN 2 £
RIERIT &, A5 R X Bl fe A R A Xk
Rt Z L, SCHEERBEHY, ERN—
HE PR ABTFRT AR B R S A
ZRHED B BAE A X B AR DR X i) At b
B G OUALE 2 A b b B R A OL AT T
AT AT, DRI = FHEY R E TAE A
FERIAS R IR B AR PEROR 5, AR e = BHEY
TRE AL

1 MRERE

11 ZREYRAERE

7£2017-20194F 1], R FHFF S IR HiAH 45 5 (1
Jiik, WTTRE WA A RHEI RS R
fiE. AR, BT LS RERT T &
R

IR ZERE Y OR B B SR BT R A IR
B2 RHEY 2 B A W= RHE Y 4 S0 30 B
PGSk, 28 DS I L R R I 3N | % 2 E AR ARG
X, CAR TR Bl s O Ly ) PN R ORI
REMR L= K CAEIE. PHER RS R R
BEARIMERARRT X,

J7AR AR AT H ORI B SR VR T A B R
P AR A I (SCBG) . [ Rk 27 e i U ke 4 e
(WHIOB). RIIITTH [E AL Bl tE Y [ (SZBG)
YL 7548 v B R} 2 Be A8 0 BF 7 B st o L A 4 [
(CNBG). BB et Ht 72 T (GXIB) .
R} Bt PO XU A Ay i 2 [E (X TBG) - H B R B
BP0 70 BT (KIB) A [ R} 2 5 s 1L A8 4 il
(LSBG). H EFBta ¥t 5t fr(IBCAS) A E [ 111
AR (XMBG) 1041 L ZEAEYIE, 25 E4E 2
& 4. 5IEME B, BRI 2 RHE Y R
FFIE T AR o (R R DB T B VA X AN AT, O A
W R 22 RHE YD H R F U7 T R R R IR T A
10N E b B A TR, R RR AL S IR 2SR
PRSI 5 0 BB
1.2 ZEMERITESE

=2 FHE W) 52 B0 55 2Tl R R R PO R AL
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FHEFAMEE AR A BT T SR PPl B G X
KRG ZRHEMAEB R 3 R FZFEL WAL (D),
XTI E AR AR A = RHEY AR, R
[UCNAR#E(www.iucnredlist.org/technical -documents/
Categories-and-criteria) 4 £ AN P Fp it AT V-5, FRiE
0 52 BBt R JER AT o PP Ak == R 0 1) 52 B 55 %
ST HF AR A IR B BN A R T A ) SE RS
XF 52 J N A 2 e SR R VAL B 45 SR AT IR IE, DA
PRUPAl P HERR AN RL 2V . 2B S S LA 2R
AR .
13 BBSHTE

K FH A TC 0T A A HJE 2 250k 36 (Wil coxon 55 5 F&
KGO0 ) 71 (EH%, 2010), Xt iR & = RHEY 5
J72R ZERHEY) SR B Z B G L T HL R B 22 RHE
YIS AR ZRMED SR 32 BUIME DL R E S
TR B = RHE I 2 B R0 3 A g b S )
TRE ZFHEY S 7R 22 B A A4 1) 52 80155
P [ 2 e vE A i . SR 2 FCO AR SRS 5
55 (Friedmanki 36) (1) 75 5 (E 3%, 2010), XJwith R &
TR E AL R R B LA R 2 RHE)
SRR 52 BB DL DY 3 2 a2 A e . A B R
I LA 52 B S AR P o BB A B BdE
MK FH SPSS 195¢ i (£ 3%, 2010)

21 TEHRZRMEYYIMZ N

JTRAB AT ZRHEY) 2358, SE80)E,
W 20F N AR Bl (B 62) o A5 204 DL A F
BATE, f318.8%; WESIFEF4E, 3
5.0%; & 2-4f e A 278, 155)33.8%. Hfl)E
Ha24~, 552.5% (£1).

7R ZE R A By A A AL i 5% (2254
G (128F), LLS AR I BN (L2750 PR %
24(95F) . P (Q0F) FIBHTL(B9) S5 X . EEE /A
Hh X 1) B AR ORI X S50 BN 3 B A SE L B AR AR
MM, & =RHEYAEK I EE AT .
22 I"EEZREYRNEER

1£2013-20174¢ (1], it 208F0 == BHEYIHEAT T
Wifa SR vPAs, SAb2rR i TEEsh =, RagitiT
PRl VPGS RER: TR E WA R (R SE. W
fE G fa) ViR 3L 1867, &3] T M F 11 79.1%
(R2). | A ZRHEY A TR G, 1280 8

fa, DRk = PEAS i -

JTRZEFRHEMAE (PEAY Z A A4 5
HEHEYAE) (ABLORY A E R B, 2013)
HHSCSR R 218Fh o FLr 81 R S () P A A (S
IR ZRME Y SR AU 2.3%); WifE21FH(9.6%); 5
f& 37 Fh (17.0%); T f& 28 Fil (12.8%); ¢ f& 120 fib
(55.0%); 7R Z VP4l £ (3.2%) . 2RI ECA
63 i, & ¥ 28.9% . & A N E L =2
(Aphyllorchis simplex) . — % %: Jlif % (Bulbophyllum
bicolor). |~ %574 > (Chiloschista guangdongensis) .
41 254 figl (Dendrobium moniliforme) A1 %< 4 fig(D.
kwangtungense). |~ AR = BHEYILE20174F K R 1) (h
o S LA 52 U A A 44 55 ) Fh LR A 56 (B T
&, 2017), AR SESEGR A AR (TR S RHE
W P HLI 7.1%); Vi fE 16 F (28.6%); 5 f& 36
(64.3%). WfEMARFETLH =, ZEER2. FHE
IR 2% (Calanthe nankunensis) il %< 57 A4 %

IR 22 R A 1 3 2 A IR R i A R A
B AEER R, B Z R, ANRES WK
Wk BEKE. BAMESEN T, LT
il R AR, Wivr 2 4 fift & (Dendrobium) F 2 | 4
£k 3% (Anoectochilus roxburghii) . % % (Cymbidium
ensifolium). 52%(C. sinense)%. 5 /ME AL T H
T 23 A AR R B ) KRR () 7 B R IR R T R
ZRHEI B ER R —.

23 TTREZRMEYFRE IR
231 FMRE

JTARENRION FE B RRF X R E T
ZRMEM LM, SR ZERHEY SR E47.2%,
AT REFAM3F, G R R R A P
65.0%. HH{RE =RHEY R Z 2] RES HE
AR A RS X (39F), HIZ) AR B #Y B2
HHRRT X (32F) . | AR E XY AR IX
(BLFh) [ ARSI 3 SRR X (30F4) Sl
W E R g BRI X (220 A ARGkl E R %A
SRR X (16F1) (FH3%2).

H AR G X gl b R 7 =2 B HE 0 11 52 8 1 42 Fol
SHCNOSRN, b AR OR B Y A KK 85.6%, L
TR ZERHE Y SZ B M E151.2%. ol a6
AR ZERHE Y B R S YR 54.5%; #ifE53
Bl RS 46.5%; ) fa36F, RS EY)
Fh)59.0%; iTfE12fh, 5 ST EYIF63.2%; Tt
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Table1l Species number of each genus of Guangdong orchids

J& Genus Y7k Species number J& Genus YIFh% Species number
68 Calanthe 18 4:2k>%J& Anoectochilus

FAE )8 Bulbophyllum 17 415228 Appendicula

*(H5i& Liparis 15 k22 )& Arundina

fifitJ8 Dendrobium 14 Fi &)@ Bletilla

£ J& Cymbidium 12 &M% )8 Brachycorythis

ERAEJE Habenaria 12 A2 )& Chiloschista

PEM-22J& Goodyera
WA Peristylus
HIE%)R Platanthera
>4 % Cleisostoma
% 2%4)E Eulophia
2% J8 Apostasia
#5108 Phaius

Phsi )& Pleione
WIE2)E Tainia

AT 2JE Zeuxine
SL#22J8 Cephalanthera
Y AE:JE Cheirostylis
%8 Geodorum
%iJE%)8 Odontochilus
¥ )& Paphiopedilum
3% )& Rhomboda
‘Z=JE Ania

J )8 Aphyllorchis
#%J8 Cephalantheropsis
W% J& Collabium
VH%)E Crepidium
E2~J& Eria

#PE>: )8 Gastrochilus
KB Gastrodia

A J5 )& Myrmechis
)& Nervilia
=&2JE Neuwiedia
FE>JF Oberonia

£ flitkJE Pholidota
22w )E Spiranthes

A 55228 Thrixspermum
Prz£24J8 Tropidia
ffi=% )@ Acampe
Ix{e22 )8 Acanthephippium

=
=y

P P NN DN DN DNDDNDDNDDNDDNDNDMDNDDNDDNDDNDDNDNDWWWWWWPSEDSDDSADSMDO OOoOo 0

JIBE2JE Coelogyne
74524 J& Conchidium
FAS 4R Cremastra
f5#52%J& Cryptochilus
FaH:2%J® Cryptostylis
FHE52% )8 Danxiaorchis
28>%)J& Dendrolirium
WH-2JE Didymoplexis
TH#H>=~)E Dienia
5 2% J& Diploprora
JRJE% )% Epigeneium
J&i5 % J& Epipogium
HE24 )8 Erythrodes
&AfE Flickingeria
IR Galeola
AR 2)E Herminium
#%J& Lecanorchis

M =)@ Ludisia
A28 Microtis
=24 )8 Nephelaphyllum
/NEZ:JE Oberonioides
JJJE24JE Ornithochilus
¥ 2%J& Pachystoma
Hik~)® Pecteilis
it 22 & Phalaenopsis
)& Pinalia

WiJ& %)@ Podochilus
K2%J& Pogonia

ZF 22 )% Robiquetia
% 2 & Soathoglottis
#2248 Taeniophyllum
Jif82£J8 Vanda
HIZE Vanilla
ZR=JE \rydagzynea

R R R R R R R R R R RRRRRRRRERRRRIERIRERRERRRRRIRIRRRRIRIERRRPR

fa2tf, &R IGEANR66.7%.

BHLCR A = RHEY R, R K UL BRI
PIX L EOR E B S RHEY A 280, & A
REDFIL.0%, Y85 faFh. 1£34 K UL E AR
PR X L [E R E B = RHED A 180, 4
TREWF116.2%, HAWifEsk, 5 @13k, (LAE

—ANERRY X P RE I ERHEE TR, 534
B LR B Y RN 64.0%, Horb R fm e, W4l
B, SfE13F . R A REMYI R N ER RS
(#3).

XA E 2 REY 5 AR RHEY) SR %
WG ZE 2 H 4 B HE4T Wil coxon 755 BREG 56, &3
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Table 2 Endangered category of Guangdong orchids and its
proportion to total species of Guangdong

Ve 3 LI %
Endangered category No. of species

W f& Critically Endangered 11 47
Wife. Endangered 114 485
% f& Vulnerable 61 259
JEf& Near Threatened 19 8.1
Ff& Least Concern 3 13
HAEE = DataDeficient 27 11.5

#R3 BARPXERRE RERHEYIRFPHUZ SRR
B R A L 5]

Table 3 The number of orchids commonly conserved in
nature reserves of Guangdong and its proportion to total species
of in situ conservation

REFRMED RN IEFRRE 1R %

No. of nature reserves conserving No. of species under common

common orchids conservation

6 1 0.9
5 1 09
4 5 45
3 11 9.9
2 22 19.8
1 71 64.0

HERREEZ = -1.214, P = 0.225). ¥l HRF
X0 = RHE A L OR B A I R R
232 iTHIRE
SEIONFEHY TR E T R ZRHEY
FL156FH, AR ZERHE Y SR £ 166.4% (F:4),
KECAE Y I OR B 1) =22 BHE A FH AR A HoRIE T
IR, MRE REH BRI EFHED . |

REFA ZRHEY P A 6MS R TITHiRE, SR
B 2 RHEY R E30.0%. | AR L RHEYIE) 4R
AN A I [ R B A R A B AR I T
Hh [ B2 B AL AR A [ AR T 138 F, )T AR
22 B W S ) Rl B 58.7%, o rh 645 75 46 1 4
Gel AL RE P [ 6 (R 7 - SR R A7 e AL e A 4
W ORE | AR ZEHEY A P, ST R ZRHEY
FEA PR £ 20.0%.

T el T M AR B T 2R 22 B HE 9 1) 52 180 4 el
MBON124FR, (5 SR IR B YR L1 79.5%,
IR ZERHEY) Z BB S E166.7%. Ho il fe2
B, AR ZERHEY) SR G TR 18.2%; Wi fE 74
B, R EYF164.9%; 5 fE4s8Fh, RSN
FR78.7%; 1T fE 17/, (5 ST fEY R 1)89.5%; TG
fa2fh, 5 ETCE M 66.7%.

7R ZRHEYIALESAS & UL B e 3[R R B
B4R, 5T R B PR 130.1%; Hilkfal
Fh, WELTR, 5 f618FF. 134 K LA R I L)
TRE WA 8LM, 5 2 45T 1 R & V) Fh 1) 52.6%;
Hop il a1, Wifa3sfh, 5 fa30fh. (AR —MEY)
Dl OR B A A7Fp, 5 34 80T H R & Y0 130.1%;
Horh i fadh, Wifa26Fh, 5 fa12kh(£5).

ST HR E 2 RHED S AR ZERHEY) SR &
W 5 25 2% 14 1 43 HL R AT Wil coxon 5 R G By, 45 R
TR FE#EH(Z = -0.405, P = 0.686). it W 4y el o}
= RHEPI TR B IR R R .

XF R LR B OFIIE L OR B == BHE A & W1 S )
(15 43 Lk AT Wil coxonf 5 fkAe 5, 45 R0 R & 2

x4 TEEVETIMARE R=RHEMIME R ST R=ZRHEY S FEAE L5
Table 4 The number of Guangdong orchids conserved in the main botanical gardens and its proportion to total species of

Guangdong

=LY TR H FhEL %
Botanical garden No. of conserved orchids

rh [ Rl B e I South China Botanical Garden, Chinese Academy of Sciences (CAS) 132 56.2
[ R BRI A [ Wuhan Botanical Garden, CAS 71 30.2
YT b E R B ALY Fairy Lake Botanical Garden, Shenzhen & CAS 70 29.8

LR T R B AT TU BT R s h LRI PE Institute of Botany, Jiangsu Province & CAS Nanjing Botanical g

Garden Mem. Sun Yat-Sen 281
H E R G P RIRT FE BT Guangxi Ingtitute of Botany, CAS 51 21.7
Fp [ R 2 B P XU A AE I B Xishuangbanna Tropical Botanical Garden, CAS 49 20.9
H ER e B AR SE BT Kunming Ingtitute of Botany, CAS 43 18.3
HE ARG LLAEY B Lushan Botanical Garden, CAS 24 10.3
W E R BEAEDBE T Ingtitute of Botany, CAS 19 8.1

JE 11T B AR A FE . Xiamen Botanical Garden 19 8.1

RS



ks

792 4 ¥ % B ¥ Biodiversity Science

8%

F#(Z=-1.753, P=0.08). I HAALRY X Xf 22 RBHE
W AR R B AR [ 22 BHE A T AR B 2
V¥ G S P )

2.3.3 FitFnEirE

IR ZEFRHEY G 9BFAE) AR NI EH AR R
X A4 E ) EEEYE N ERE, SR ZERNE
VISR E139.5%. HHRE ) REFAFISH, o5
IR LR A R 15%. T Ak 3L F AR
2RI )32 B RS BORTOR, SR 2SR
W32 BT D A S BRI 37.6%, ok A 1 A Ak s [ £
B ARHEY SR 75.3%. HA a2k, 5
RZFBHEY) S SED R 18.2%; Wifa37F, &
Wil f& W0 R 1 32.5%; ) fa 3LFR, & 5 fE P Bl
50.8%; T fa12Ff, [T fE YR ) 63.2%; T2
B, TGS )66.7%.

J7AR ZERHEAESAS S PA R X FI5A K LA
VIR ESRE R A R, B, fE3AN KL
AR IX A3 K UL A I S AR A 155,
HrpWifadp, 2 fa100.

J7AR 2 RE YA 520 LE R A X FTE A el N 3
TRE, AR LR SR E122.1%. Hraz
AR ITRY, (5 AR S RME A 52 B R S AT
19.9%, ELIEMK fEYFhAF, Wifa24F0F1 5 fLof .

X E AR PRI X R A el St R AR B 25 AR A A
2R 2R HEY) & UG S 2 1) T 43 B iEAT Wil coxon £
SR, 4RI E %R (Z=-0.135 P =0.893).
Wi B E AR R X R 9 [ 5 22 BHE Y 0 L F R

R5 [ HREZMEVEEYE P HERE MK ST R
B 2B BIR

Table 5 The number of Guangdong orchids commonly
conserved in botanical gardens and its proportion to total
species of ex situ conservation

A RMZEYREDES  LERE KR %
No. of botanical gardens No. of species under
conserving the common orchids common conservation

10 2 13
9 5 3.2
8 5 32
7 8 51
6 14 9.0
5 13 83
4 17 10.9
3 17 10.9
2 28 17.9
1 47 30.1

WA B R AN 1

SRS . TR E . B AT LR E
PLE T 2R ik = RUE ) 25 WA S5 90 10 E 43 LhaTiidg
PRt 47 Friedmanti 46, 4558k 2 3% 7% = (Chi-Square
=3.000, P =0.392). Wi HARY X i AR A
YA FE AR E B R RY X AR bl (1) 3 [l fR
B B A B B

(R E A 2R 8 e —— S )
(REELRA S AN E R B, 2013)F0 A [ i S HE A
RN A ) (R T4, 2017) 5 FRA T T AR
BHEPIW G S F TS 2 — & ER . AT
PEAS S SR RN AR S RHE A T G 3 =2 Wi fa
A 114%, H48.5%; ZEUIFI186F, 4 3179.1%.
(HEAEMZ A B4 F—a S EYE)
il 5 T R 22 RBHE ) G S B A 120F, 14 55.0%
IR AT 63FH, 5 $128.9%. (HhE Y%
B IV s R BN R A RHE ) )
Gy fa i 36Fh, 1564.3%. 74 = F VP PR A ARG
VM ERE TRRKWESR, BT ARFE2L,
AEE. U EER—ERE 5T EE
K, WAVRPHAER T ARE N, FHAPE RS2
EAEVERE N . 57— R A N = RHE
VI SZ b I DU A . T AR S RMETE 3 AR
PR3 X R L R R B 1 DU I T OR 0 =2 )
TV E 55, ABAE— @R B2 B
SN o
31 ITHREZREVRE P EFENCIE

ITRAWAFE N ZRHEM B, KILUORA
I 22 R AT ST A 257 AR 4E . B 2
G PRN AT, R R ZRHEY R B TARIEAF
7E LA 577 1 ) i) 23

(L) = A= TR A ANRF L MR o ASURAE T A 2R
22 B PR S B2 52 B R L B B SRR T T AR AR
TR A SRR TE RS R, &R
LR BRIV T 4 4 24451 1,533)8 6,066 1] 4
AR, ZRMEY R 5 B H A 3.9%. KIS T
IR ZRHE Y PR A ARG, {5 B3R
IS ATH, Wor A AEBE. BEVE TSI, #REL. GPS
P75, XS BRI R E TR, A
g5 g 174 W) Fhon HE FE 1 4E 2% (Acanthephi ppium




BT [ SESLE

REFHEMZ AR E BUR 793

striatum). FUETE £ 2% (Cryptochilusroseus) . A A
H 7% (Liparis cespitosa) & H T~ £ 4 6k = 17 K fig V7
i o FNFARAIFh—FE, ZRHE IR ETE DLE Bh&
A, TR R I A A I K R
X3, IS A5 DX P == B HE Y 1) 32 B8 A 0 Ak 7R
AW BSR4 2 1 R T AR
B[S
QRBEEERIL. RE LEIARE A 8
TCHREWSE . ZEAREAE MR E LR E
A T R 2 RHEY R B . B, T

IRZERHEY BRI R 5 RIS EERUIR, T EARELAE:

(LR A B, 25 TAE45(2012) W 7T e B 4= [
2 RHE P i OR B LB N51.9%, AR A RHEDY)
F) 30 HL R & EL B 47.29%, KT 4 [EKCF, Xl
P AT R 3R R F AU . (2)ITHUR E
ARG . 7 55 (2005) A A A W FEAE P 7E 51 LA
R R RN A E . F A AR R AR
YT AR B A B R TE E K. AR 2ERHE
WILESAN Iz LA A4 X RIS AS % DL 4 4 el 3 [ £
BRIRAR, B2, QRE MREWFiD . it
B 2 EHEY P AUH 6F R R E R, TR E
(22 RHE Y A W SE P FP 25k, 3 Al b 3 ]
B2 RHEY) A R a R 2R, A0 R 2 RHE
V) B SE ) R 118.2%. Global SQrategy for Plant
Conservation] £ 52 20104E, 4= BR90% (1] 1 f& 14 4%
BE1H ET #4747 (CBD, 2002), |~ 4 2 RHEYIH fE4)
PR B LB AR T 1X — 7K F

(B Z I IEANE W o | AR 2L RHE Y S AR
ST Sk, ST, DRI MR gl 3 R
H ZRHEYIN Z B SR MTEH B2 5. i
T DLRGT s ANt S R B =2 RHE ) % 52 B
SR o e MR B IR 2 R ITH
R B i s R IR Sl b AT 3L [F AR & b
Bl B fE . AE5N S A B A3 e b B
Rl 3 [F AR & A3 A s )38 & . AARL B3
WATLAE H, T ARZRHEM IR E TIE, it
TRE AT HAAR T, #A AR I H 3% 5 PR R0 1
[IE SR ON b=

(B)sl HO R HOOR & B = P[RRt IR
HITH R E A RBH B AR, LFEREY 2
FEVEAS 37800 O/ B (B SCHISKAE, 2012). gt iT
M ST R I 5] OR B PFh 1 52 B8 S 2 2 TR TG

R IBE B 22 e, T HLOR B L9 e v B 50 3k &)
B, RO E AU AR B A RIS B
H, WA BN S B E S R ZERHE Y
Hhy R IE M 3R [ OR F R FRE 938, A AL HE
37.6%) 32 UM A A1 18 2% Ak SG M fd . T 4524
HY A S2MIER X SE M I N TR E, H
TN Z RN . A BB SR AR 22 RVE Y
TR O OR & FE AR T BSOME ELAN 7R A% )=, AR
B FRFER S S A ME A0 AN 1 R4 1
[FI B -

GYRE MEIE T . A RE . | &
= BHE Y B MR E 1008, A (5 B L1 47.2%,
KR RAE N E SRR X0 2= A ) (1) 78 55
FELLEBAR, AR R AF Rt R4 X 45 . 7EIE AR
B TR ZRHEY A 15651 75 43 5 104 = B AH
YIELEHIR E, o B AP 66.4%. 11 FE AEA) I
AL AE P el 1, MR B A 138, ) AR AR
)RR 58.7%, TR E LLEIME T A
VA 78 S5 AR TR SR IR AR 2 B U A A ol
70.0% M CRAF- L il o FEAE W) R HO IR & 1) 2= BHEY)
A Z R A M KB ESRE . £
R IL I RN 2R R 0 e O 2 22
FHAYIIR & FIH BN, WEERAEA ZRHEY R
WIE2H 248, A T 1602 J3 #k1,5004% B ) 24kl
TR, T ARE W B  0 ERHEY R 22 R
HOEEREEMRE . a1, HEBEE RS HHE
W Il AR DITT == BB ) R 3 F 5 R O 7R B S =
5 TR 5 BN A4
32 THEZREVIRIIRE RIS

T FUR AT, BATTEE AT N BL R 54N T TH $
TR ZRHEMI IR E AL

(DIBRSIER A AZE, FER R, T
JEERAZ . H AT ZRHE YR TR E AR 3 E = ik 8K
W, (EZRE SRS FEE ) AT
{RAT 22 RHEY . WRUMEFE AN B R4 2 2 RHEY %
M R R 2 —, T T AT N EN B AT
AR L), R, 200 I ST S R AR
AIEK. ARBEREYE T EERGE 2 —,
VIE BN SR A EAL, PEm AR ERHEY) K2
S BLR, BOR At 2 R 22 RHE Y 1 323
PE, AR R AR SE RS IR AR 22 BHE)

2 5RIR R, BT X RHE BT AR EEAT O,

s
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oV A TR g, ERN 15 B AU, HF HasZi
WERF AN H AR AR ANE R R i T
FHEYI DR IOBLARTTT, 75 8 52 72 R B A b
THORRIITE O T REAZ F20RIMAME . W N
TIEHORE SRR =R, BT SR IR
M AT B E M TR 22 BHE Y R Bl R R R
B RAZ LA ARE S 5 S5 N 2 W] - 4

QI ELTURE . EUOT R AR ZRHEM L

TS, 98 YR 2L R o Al DL S VRIS 2,

PEAS RS F W SEAR DL, b7 52 B ) bt
W F& 0 (1) 52 S i R R, o A 7 ORI B A R
PRI, AT IR B PR ARG AR TR

() PRAF X BLXT [X 38 A ) 22 Bl 4 147 K A 1
Mo ARG X R XT X P =2 BHE P 1 s 4 N 2]
HE R E TAE, K R R 28 1 5) 25 F1 52 %
JME DL o TE H R 0 A X kv L e iy, 3
7K ) R BRI, 32 SR AH 56 R R 1) AR AL )
Ao I WP b R4 Ak, SIS R OR A
Jith, R Ji AR 35 AR A TR HE (R T B s 5| b B AR )
el FR T LR F

(A a4 = = RHEY R B A 80 . 1Y)
el %k =4 FHAE A DO b R B A BR AT B AE XS 5 Bl
FORIAECRE IE R I, TR S EE TR S
R SRV G = o = B/ T | YR S R R N B 3 e <)
et T P2 5] AhUSCEE A, 386 ot X Ssks A P ol
R fE A ) 5 Rl de . Lk, NAFAR fE A E s
Z Y (5 L UL R EIRE, LUEEIRFT
HE. =, BYEMX 22 BHEY 8L 2 PR IO
I, AR fE AR E BN O R T R AR
PECEE o A ] 0 R 2 R 7 B o, A F
AT P10 — R R B PR HE(VT R, 1998). EFA
PR X FE ) B3 BLZ T R = BHE YD BIAERD  Fl
TEEF TR IR ARAT . BB, Tl s =
RHEPE AR T B R0 A — AN SR A A R P X A

ORI H AN H IR B 1 R AFIME . = FHEY)
MR E B SN %R E R A R AR B, e R A
355 HH 52 (0 P T 78 4 BT R RIS AT 42 1) RT3
T EIFREE BEY I RO RIS H R E, B H bR
SRR R AR & . R AR & Rk AR & B
MEEME ATME, TR RIS . &5
PR B ROAZSE o 2 BHE Y 7 55 5, $R TR X 4

PN A 85 ) 2 R ANE B2 RE 7 LR BUE IR 1 1 7 B g
71, NERHEYIE RIS R 818 R 4F 15
fro LR, DRI X RIS X Py ZRHEY B AR 2 2
A2 PG BLBEAT A R I, e R AR S P R
VR S i K RS B DT RIS R - )
I 1 2 3 e 2 AR A ST VE SR T A AR R
PR AUITERI VAR, B A AR = RHEY 1 T
Zhik. Ak, FEAIE AR BEIRAT BRI 26 AR T R AT g
S A RHEYI R B A e, X E R R AT
WAL B REVE I IRAT, T RO AR G e AN AT 2 2
I BRI DRI PSR, DR IEORT B SR Y B i
FRPEORRR .

O AR ZEFHEI R B IS RS 2 RHE
P I IR B 5 B B AE U5 34T 58— WU A P R
IR 28 2 G, I 2 30 AR B I &R g 5 0
o LSRRI RGE, X RHEY) R B A R
BORBLHE BT b ARRE3t=, fegt
F R XA el = RHE Y R B I TE RIS, 2
BRI X M T . MR 2R
AN EEAE AR R = RHE R E T &
A5 BARIL R B AR O S AR

(NHET R ZFHE IR IR B 55 5. EXTT
AR ZERHE AT AT S A I A A L, AR
i A A B A 2 R ) R 20 A R AR L A K
SBMRERESE, PG R ERHEI R e R B S,
Xt EALSE IR B PSRBT I R IR A o WL se
REER, X TREP AL RTINS ST
B RE ] R ERHEY) BA EE NS E L

S 3CH
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. 1 w2 1 x1 1 y 1*
wILHS A W RR%KT RIEF FHEBE RER
1AM R RS S B AR 2425, L3 100083)
2 (T r e LD K 2 AR IX, TR 465500)

R KR HE(Syrmaticus reevesil) A3 ERFA MG 5K, JLEIR A TI0E D Hi™ B, b 1 g
e K R AN RN 9 T4 FE A B2, FAT1T-20184-3H 22201944 -, 78 H A= 3 43 A X 7] i i 1L [ X 4 B
SRR X GERR L) WAL AL SRR 0 A AR PR DX (rh A L) A G T A e =3RS A4 X (T3 5%), 4L
SMAPLEOARBT T 7 H HEs T, AR & R EE 7S O TR 8] BRI E SRR U LS AT 1E
KA. SPREH, RN AN TR s, 1A S A TR RO B R TR . A
e R S TR AN A BB I H G s A A = 2 AR 22 e A 8 3, MEE e R e TR i 3 R AT
WERGER L Z AR R 5 22 5%, ARSI S R sh e L SRR [R] ~F3 50 58 R L 2 (M4 777E &8
FES. AMATEKREME IS mER T B m A e 22 5, RN BOYM BRI EIEESIILR, H
FENNTREBGRAER L, AEKEBHENESIS AN TR E SR RC. X5 KR e KRR H G301
FERTRERZ NN TSN, HAEAT 75 TR I H — %€ il 84k, e AT nr L U4 8 1S sl 5 ERaE A .
XA FUEKRME HEsiTE AT 080, AT ok

The relationship between the diurnal activity rhythm of Reeves's
pheasant (Syrmaticus reevesii) and human disturbance revealed by
cameratrapping

Jiangyan Shi', Hai Yang?, Jungin Hua', Yuze Zhao", Jiangiang Li*, Jiliang Xu"
1 School of Ecology and Nature Conservation, Beijing Forestry University, Beijing 100083
2 Liankangshan National Nature Reserve, Xinxian, Henan 465500

Abstract: As a rare species endemic to China, Reeves's pheasant (Syrmaticus reevesii) is facing increasing
pressure from human disturbance. To better understand how Reeves's pheasant responds to human
disturbances, we studied the pheasant’s diurnal activity rhythm in three areas in its eastern distribution
region: Liankang Mountain National Nature Reserve in Henan (hereafter Liankang Mountain), Zhonghua
Mountain Birds Provincia Nature Reserve in Hubei (hereafter Zhonghua Mountain), and Pingjingguan
Village and Santan Scenic Areain Hubei (hereafter Pingjingguan). From March 2018 to April 2019, we used
camera trapping to monitor both the diurnal activity rhythm of Reeves's pheasant and the degree of human
disturbance. We calculated the overlapping coefficient between anthropogenic and pheasant activity. The
results indicated that Liankang Mountain had a more intense degree of human disturbance, while Zhonghua
Mountain and Pingjingguan exhibited a similar intensity of human disturbance. Male Reeves's pheasants
diurnal activity rhythm was similar in &l three experimental areas in both breeding and non-breeding
seasons. Females' diurna activity rhythm during non-breeding season differed significantly between
Zhonghua Mountain and Liankang Mountain, while it differed significantly in both breeding and
non-breeding seasons between Pingjingguan and Liankang Mountain. The activity peak of Reeves's pheasant
differed from that of anthropogenic disturbance, implying staggered shifts in the pheasant’s activity pattern.

WSk H 35: 2019-12-12; 252 H 1 2020-04-22
FEWH: EEK QSRR 4(31872240) il [E 5% H &4 1T & i1 %(2016Y FC0503200)
* J@iIRfE# Author for correspondence. E-mail: xujiliang@bjfu.edu.cn
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Moreover, the overlap between Reeves's pheasant and anthropogenic disturbance was lowest at Liankang
Mountain. Our results demonstrated that the diurnal activity rhythm of Reeves's pheasant exhibits a high
plasticity in responding to anthropogenic disturbance. This species adjusts its activity rhythm to adapt the

anthropogenic disturbance to a certain extent.

Key words. Reeves's pheasant; diurnal activity rhythm; human disturbance; circular distributions; behavioral

plasticity

H ¥ 20 9 2 B AR B W AE — R S B R
AR A (FM75 9K, 2001; Oberosler et al, 2017), %
AW G B AR AN B AT AR R
Fr(Rowcliffe et al, 2014), AT LA B4 Fho6] iy kb 3R 5%
i H FR I . (Shamoon et al, 2018). 41 34 H 35 5)
TEREMEEARZ, BWaEIMIEWERE. KK
SRl B T AN T R S B R
(Moretti et a, 2015), tHAFEMEH., RS, REE
IR & (Fattorini et al, 2019; Luo et al, 2019). AN

T RE S KU AR B0 5 Bl 15 43 (Ngoprasert et al,

2017; Oberogler et a, 2017; Gaynor €t a, 2018; Roy
et a, 2019; Shamoon et al, 2018), X Hf iy zh 7 4E
3 ) 52 W B K (O'Connell et al, 2011; Van
Doormaal et al, 2015; Ngoprasert et al, 2017; Gaynor
et a, 2018). [FIf, AS[FEFFSEEFAE VI AT
w77 A 2 F (Markovchick-Nicholls et al,
2008). it ¥ (Odocoileus hemionus)/E A\ T
PU5R I A R 2 el 2D 0 50 I [m] 36 7, (LSS P
(Puma concolor) 1% A 23 3 ¥ 34 5 3% A BH 5 (1) 7]
1 2 . (Nix et al, 2018).

I 76K B2 4 (Syrmaticus  reevesii) 2 FRE A 2
MHESS, 9 L AT P AR AR 528, 518 E 5N
G SR B AE S (O63E, 2017). IUCN S fafif
(IUCN, 2019) 1 CITES 2~ 2 Fff 3% 11 ¥ ¥ (CITES,
2019), H: H #l BT 52 1 B T g i 3R AR 2
KIGE SR B AE S YI(CITES, 2019). TRk
it JERIX . AZER . RIS NG5 5
FEAib 50 H a3 3G, A R AT S Y S R 2
g5, NN B e R A 1 s e [ 28 52 3 5T
(Zhou et &, 2015). {H/Z, HiEKREHEETENE, O
FEN GO Z )M AT B e 0 25 B I B2 I A (X
RESE, 2013, A6, 2015), KL H AT T AN T
PRI — KT A 4 1 3% 2 79 6 1 5% 1 BF 52 AH
AR HTHISEER YT, FHZLAMEPLEAR B E
A R HE, BRI 0 A H S S, B R AT

171 (B £ 54F, 2013).

N R A A R A RS B T A 5 AN TR
%%, FA1T 201843 H 20194 H 71 H AR & /7
A X3 N IR HL T 3N FLIX, I LA FEML i
BT T IR AT T IS, DAERTS
FHX N TR IE B R

1 #RFREE

11 RSt

MR 1 56 KRR HE LA FREE IR 70 AR L (Zhou et
a, 2015; H3E, 2017), AT FEAEH A X 1) A5
J DXgE 1T R i R L R SRR X (LA R
FRIEREL) WIAER AL SRE 9 B AR RY X (AR
TEIRRFR AR« TGS R Je = X 5 44 JPE X (LA
T fRTRR T %) 3ANHL X AR i 7T X 3

R 111(31°31-31°40" N, 114°45'-114°55" E)fif
T EAE TS, 174266 ha 43S
15.1°C, KFEW227 d, %K E1,248 mm,
RAFRCRELF, (BHARD S B, B548220
FE] R ARpR 20 el B 7 ) X 3y G B & 4y, X A7
FENRMFIE N, 6 % 1E A\ 1300-350 A\ (A% [F i, 2016).

HifE111(31°37'-31°43' N, 113°54'-113°58' E)fi T
WAL REM TR, THIFH10,580 ha, FE4i#15.6°C,
SEHITOREIAN227 d, FERE/KEN1,021.5 mm, fEH
A7 T, XN AR RAEFIRIEES), BHEAEAND
183 N (YE1E#E, 2017).

T 9E(31°49'-31°52' N, 113°49'-113°57' E)fiL
TACA T K T 2 B, AR 293,152 ha, F 3R
155 °C, G # ] 220-240d, 4 1 [% /K & 865
1,070 mm (& £ F4, 2013), & —AHAE. A5k
BREEMR . KH . RIFXARNE AW RR, A5
£ N 1650700 N\, A=A R EE R, B AL 3P 5
b A0

X 3N 7 X S5 A 2 R 34y S T ko T R R

EFRENRAS MG £ 2%, 2013; BEE PR, 2016; VEIERE,
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2017), ¥ A ek K R Al 1) 3 B MG 2t (Zhou et dl,
2015).
1.2 HEWE

201843 H 22201944 7, AT HIAEH 1L
EREL . CPHEREIR TG, 256 194 Lt
Acorn-6310WM CHY (¥kifg i 45 B LT A BR A &) ) 40
AMENL(EIL) . 2% K% (2013) T % #9%5(2016)
AIRENLAT BRI, B AP AEALAL pet 326 AT P 3 60 1
MR B FIE HA B AR S AR e dE A . AE L
[ & 75 /N ER |, B 20-50 cm, ik
HOIE 7K 26 KECTAT, AAMENL 4 K24 hTAE,
PR 305 B N 3Tk B 1S stLAT, B[] [R] B& v
30 s (B R¥F4F, 2013; EZR A, 2016). R 4E H e K
R 1) B X 3 R (X 9355, 2013), AHAILAL A TR] )
PR BT £E400 mZ2E 45 (O Connell et al, 2011; 4% 4%,
2013).
1.3 HELEBESHH

1EAPLIE S TAELRIE AL AEPLH (O Brien
et al, 2003), W [Al—ANAHMLAL 5 2[R — P b 4o
SRR 1] A T B S N T-0.5 I8 AL E A
BT A R Fr (independent photographs) (O'Brien et

a, 2003). T3 Fe b FA R 2 N K K IR0
(ARSI AT R B A, @A B BT T
st B ARSI, HOKS L0 AL AR I B 1 i B
HANKEFZNEIANNN T FR, HS2H5 2%
A AT LA A A RN, AEAS R BLIX 43[Rl — 28 K 77 8))
YA R AR, DR LS e s (1 e K R AR N R
T IR T 5 22 47 o

1 FH 47 3 22 (capture rate, CR) &AL 5T A
ARV LR EEEE NP NTSR o7 AR I S BTN 2y i
(R AE A 3= B (F 5 4%, 2012).

CR= N «100% 8
T
Horb, NSRRI — A S A RO 5, T
ISESR Ve LINE
18 FH H 5 sh 58 B2 Fe 2 (diunal  activity intensity

index, DI FE4RE T B B N 1 ek A< 8 A 3 e P B
N AT 58 E (Azlan & Sharma, 2006). AR R:

DI =%x100 )

A, DA EE, 4105:00-05:591C 95, Ni kit Bt
T B et B HE BN N T ST A RO R 4

BHCESAN R =R REA X BtPRIISREZARRI X  WEERIEZRZARRIX N
Pingjingguan Village and Santan ~ Zhonghua Mountain Birds Provincial Liankang Mountain National

Scenic Area in Hubei

Nature Reserve in Hubei

Nature Reserve in Henan

WHE 1L 5,368 5 AR X {

Hubei Province

ational Nature Reserve in Henan
{

Zhonghua Mountain 9% Cy (
Birds Provincial Nature Reserve in Hubei = y ~—
Wit

-
.
VTR I=TREEN  wpf
S S VB s Henan Provine o
IR L ER G RS IX
Liankang Mountain . FEBLAL 5 Camera sites

.0 X. Core zone
2% h[X Buffer zone

S5 X Experimental zone

Bl ARXAERENR

Fig. 1 Thelocation of study areas and the camera sites in each study area
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NS ESII S P NOE=YS NS I a7 N D S L YA S B i
F . DIECR, WIZRoR B KR HEE S8 T
75 s BE N 5 (Azlan & Sharma, 2006)

FE T HAE o M, 27 P4 55 (2003) 4 1t
FE IS 1) Bl 73 O BT 1 (3-8 ) M AR H I (9H £
WHE2H).

K F A 34 /3 A (circular  distributions) 4 A 22
i A (Zar, 1999). BT A A K R HEM LA
S8R R R IS R RIDA T — R 24 he (R AH JRE
(BB A A S v fF Oriana 4.026 H e &
JFE HE 1 2 I 1] 22 1) B SO 8] T B U7 ] (Kovach,
2012; Karanth et al, 2017) .

RN FEHO N, AR Y5 AR 8] B b 4 e ik
SR, THERE R TR B BT B
A A R A DA R % M i) (e A ) 1 et 2
1) H & 2l 9 FE s £ . ff A Watson XUAE A 1 46
(Watson's two-sampl e test) b 45 7] B 18] B 4 e K 2 4
H 5 20 TR AR A FUth s 8] DA CEVE R ) 22 5, 49
AT & I 1) BRI 9 M p (BN 400 BRI 1) 22
o B N AT ) th B 5 [ 18] B B A o
KM G RN ZE RN TS
PR AR EHE S E R . 2
fER 3.6.1%5 4 b A F “circular” 5 3k 47 4 #7 (Zar,
1999; Brodie & Pangau-Adam, 2015). {# R
“overlap” G N4t B 8] 5 [E] I 1E] B B A
H ek K 2 R Bl 1 o) 1) et K R A T B T A
1TH% % B A5 11 (kernel density estimation) J5 120 7,
I E N AT IS B K R A H 3
(1) B 2 8 (coefficient of overlap), HAEAE0-12Z
&), PV E S REGEREEE T1, R HES)
T S PR E = (Ridout & Linkie, 2009).

*1 BAEKEREHENTNREZIHRXZENRE

2 SR

21 BHEKEEMNERRBETE

e SRR L RS R ARHL AR H 230 A
8,548/~ 6,368~ #15,256, U HE B [ e K 2 M
SEA R B R 4695K | 1925K 14305k, 4%
73 B N5.49%. 3.02%. 8.18%. E 5] K Ak
(R Bl A AE = TR 2 35 22 e (R L, B12) . 1E
LT, AR HES AR AL S
FR L2 (A7 7R 35 22 57 (3R D), e /e e
KR HEN 24N G B = 0, T A L 5 P R S AE
e A IEAFAE LG Bl W (1 2) o W& F e
FEHERE B TR FE o, B e R A e B
RN E S5 A H S 3 1A = TR I 2 R 2
AR (K2, E3), 1M K R MBI H
AR R HIER L2 MR REES, H
ELHIE R RIS &R L R, PR S5ERL
2 [ABAEAE i 35 2 (22, 1KI3). AEEHEMY, /L
(1) 1 e R LA BB N2 m g, i
STk O PR 14 1 T KRR A T 2 5 R AE A R R L
NIEY, ANAE B B 24N B R 1 e Ve (113) - AR BT
W, MEPE A e K R TR BR LU H S B AR 5 AE
Hh A L RSP 3 O 22 TR) R AN () T A 32 R L )
T Bl i 4R T 16:00-18:00 (13) .
22 EMRMESMARITFREDMAESEEKE
MBS RINXR

el BRI, PR SR B R T
AT A RO 23 9] 52015k . 609K . 2847k, Hii
R HMIN N2.35%. 9.56%. 2.40%. % HE1L A
BIRTBCBOE SO ARE, A5 I 3 = B Bl R g
Wee . PN G H 83 LA K RS P

Tablel Comparison of diurnal activity patterns of Reeves's pheasants between different study areas

i 17763 6l Time range H5X Study area u? P

Z5EH] Breeding season skl vs. L Zhonghua Mountain vs. Liankang Mountain 0.177 <01
FrAgLl vs. “F¥ESE Zhonghua Mountain vs. Pingjingguan 0.071 >0.1
FiEK vs. /L Pingjingguan vs. Liankang Mountain 0.141 >0.1

4E%5HI Non-breeding season  thi4E1l; vs. # 1l Zhonghua Mountain vs. Liankang Mountain 0.190 <0.05
FRfE 1l vs. FiE3% Zhonghua Mountain vs. Pingjingguan 0.092 >0.1
P vs. #RELL Pingjingguan vs. Liankang Mountain 0.174 <01

* P < 0.05fCE M X I [ e K R e H IS sh T 3% 2 F. P < 0.05 represents diurnal activity patterns of Reeves's pheasants have significant

differences.
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i ; YR i 2.
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Percentage represents activity intensity of Reeves’s pheasants ik Low & High
E2 AEFRBXEREAAEIKEERN BENTHRER

Fig. 2 Diurnal activity patterns of Reeves's pheasant in different study areas in the same time period

2 AEFEAREMREEKE#REBESNTHEZENFE
Table 2 Comparison of diurnal activity patterns of same gender Reeves's pheasants between different study areas in different time
periods

i)Yl Time range 5 Gender HFFEIX Study area u? P
ZJE 4 Breeding season Pt Mae rRAgll vs. R Zhonghua Mountain vs. Liankang Mountain 0.148 >0.1
fAELl vs. SF¥E5¢ Zhonghua Mountain vs. Pingjingguan 0.133 >0.1
FiEoe vs. R Pingjingguan vs. Liankang Mountain 0.183 <0.1
MEME Female  rhifg il vs. #EEIL Zhonghua Mountain vs. Liankang Mountain 0.171 <0.1
HfEl vs. “FiES% Zhonghua Mountain vs. Pingjingguan 0.052 >0.1
e vs. #RE L Pingjingguan vs. Liankang Mountain 0.225 <0.05
%5 H) Non-breeding season it Male  rhfkl) vs, 1L Zhonghua Mountain vs. Liankang Mountain 0.132 >0.41
HAELl) vs. SF¥E5% Zhonghua Mountain vs. Pingjingguan 0.061 >0.1
SPiES% vs. R Pingjingguan vs. Liankang Mountain 0.157 <01
MEPE Female  rifg)l) vs. #EE1LI ZhonghuaMountain vs. Liankang Mountain 0.203 <005
HAel) vs. SFEE5% Zhonghua Mountain vs. Pingjingguan 0.046 >0.1
SF¥ESS vs. ERELL Pingjingguan vs. Liankang Mountain 0.203 <0.05

* P < 0.05/0F P X 1 A e K R HE H N sh T 3% 2 5% . P < 0.05 represents diurnal activity patterns of Reeves's pheasants have significant
differences.

FEMFTRER VRS, A0 0 el FE K R HEE 3N A 5 AN T A B s
FEIFEBAC A B R R FHERN . hie B ES, (HRAAE— SIS (K4). #
WABERE L P RAER LM ANTIMEEE HENSEEEPACSKERB G TR RN T
Wi, AREHE IR B3 %5 (Watson's two-sample  $E I B S R A TR AR 1L ) 5] 9 0.824410.800, i B
test, P < 0.05). 1l1750.664410.567, -1~ % 40.806410.725, % Hh
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HEL
Zhonghua Mountain

ZHHEARENE 18:00
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RN 1800

Female in breeding season \ -

18:00

I

Male in non-breeding season

RS M

Female in non-breeding season

12:00

B AR AR BAER IS 358

BRI
Liankang Mountain

Percentage represents activity intensity of Reeves’s pheasants fi& Low 75 High

E3 ARMAXSEENSIEHEREL T BEKEEN RENTR

Fig. 3 Diurnal activity patterns of male and female Reeves's pheasants in different study areas during breeding and non-breeding

Seasons

LM ES /Y& TIREEE. Kb, NAT
PUAn s s I R 1L, S0 B AN = B A A A
F) B A e R HE 9 3 1A S T I
M E S R B R AG.

X e R A, BT AR B A )
HiEs S AN FIMMES KREEFE LA
0.854#10.813, 7Ei%JE11140.650F10.602, 112
590.815#10.732. X T Mt H e K R A, HEES
AR BHEHA R H G AR T E & R

w41 2 0.79310.753, 7R 4 R 111 v 0.618F10.560,
16 P35 55 80.802H10.723 (5). &tk I, =Huifek:
B RN HEsIS AV T I ESEE S T
ST K

FH LA RN R I 90 ) H V& 301 e vz B
TR A R AT 1 55 2, o A B¢ (Casuarius
unappendiculatus) 5 £ %5 5 (Casuarius bennetti)
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{&3 — AR BHE Syrmaticus reevesii HIE & RHE Syrmaticus reevesii 5K RHE Syrmaticus reevesii
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A=0.800 A =0.567 A =0.725
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E4 SUEMAMIFFEHREKEENBEDTES AR THROLIMARE. 1RFEER, 2RRIFLEY, PAEBIRTAA

FHEHARMEEKEEEN T ENERME.

Fig. 4 Diurna activity patterns of Reeves's pheasants and human disturbance during breeding and non-breeding seasons. 1
represents breeding season, and 2 represents non-breeding season. The shadow areas show the overlap of diurnal activity patterns

between Reeves's pheasants and human disturbance.

(Brodie & Pangau-Adam, 2015. [ % (Ithaginis
cruentus, Li et a, 2010). [1§(Lophura nythemera,
AETEE, 2017). HJE LSS (Arborophila gingica)
A1 JK 8 77 %% (Bambusicola thoracica)( 4 57 % 2%,
2019). 7% iff ff 4t (Tragopan caboti, FEAFEE, 2015).
i, 55 79 (Tetraogal lus tibetanus, Luo et al, 2019)%%, F|
FLLAMHEVAE AR Wl B e R e, e — St g
A2 F R LB (B K5, 2013, E##14%, 2016).
R L AT B A 5 A L R i
KIS FEREER, BERLPA TR
R K. SR, CAHTEET O BORAN 2 56 M 4
=N TP A A T P R I e
HaE L AR B R 3%, 2013; BE[EIK, 2016; VEIE
¥, 2017), XREIEET O BERBERET ST FEHIA A
NP5 FE AT RE S e B N R P09 A i 22 (0
Karanth et al, 2017), i £LAMHEALIEHE [F]25 10 5 1 5L
5 B8 0% B G b G S s WA A A R TR,
O TR 4 B AR AT AR 5 N TR

KA AT I N E B N SEEHME (Oberosler et d, 2017,

Leeet d, 2019).
B AR et K e % B A PR B T AR A =
2 [AIANAFAE B35 22 e, (EUEME et e e 45 B

FE= M2 B ) 2 R W, NN T HR5R I 2 7 ] e
Fe 3 B et KRR R ) T 3 T A X0 U] A A P
FEIR . R R HER HE 30T 5 A TR
FIGAIAE L5 & N30 IR A 1) B e
Fo =AM SR R HE H S ST AT
LRI Ve — e FE R I 22 50, R HH R e
MG, Xt — Ui B A e KR HE T AT A
RNTI TSN EEE . A7 PN B R, MEVER
EBS N TR E SRR R AR, X ] Re SENE e
K R NHE A G,

g ERTR, A IS 3 X B KR
HER B UGS T P IR R, 4128 K
7 1 R HE Y H IS 3 R R RE 2 B TR R
Mo JF R I — 2 T 28, B e R HE S AR R A
NP0 H AR Sk B i B 7 A DUE R
NI, XAV 2 B A S NN 2R AR
[ (W Greenberg & Holekamp, 2017; Reilly et al,
2017). EAR H AT A TN TPt A e K R AR
AR 2K, (HARSCH 45 R WIHE H
AR ORGP TR, A bR IGE NN
Tt B K R HERI S0 . (R AT 7T 20
W2 NATIRE T4 F£ R MEFRFES, 1
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Fig. 5 Diurnal activity patterns of male and female Reeves's pheasants and human disturbance during breeding and non-breeding
seasons. 13 represents the males in breeding season, 19 represents the females in breeding season, 23 represents the males in
non-breeding season, and 29 represents the females in non-breeding season. The shadow areas show the overlap of diurnal activity
patterns between Reeves's pheasants and human disturbance.
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Doherty et al, 2017)% K= 30T EF A= 54 115 51
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TRBUE B i, Va4 5 R AR R H A4
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Progress and outlook for soundscape ecology

Ying Zhao?, Xiaoli Shen", Sheng Li*, Yanyun Zhang®, Renhua Peng®, Keping Ma'

1 Sate Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093

2 University of Chinese Academy of Sciences, Beijing 100049

3 School of Life Sciences, Peking University, Beijing 100871

4 College of Life Sciences, Beijing Normal University, Beijing 100875

5 Key Laboratory of Noise and Mibration Research, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190
Abstract: Soundscape ecology studies sound patterns across different spatial and temporal scales, which
reflects coupled natural-human dynamics in a changing landscape. Here, we synthesized a list of
peer-reviewed studies on soundscape ecology to summarize the conceptual framework of the field, the
methodology used, and acoustic indices developed from these studies. Studies on soundscape ecology are
currently focused on the following aspects: (1) acoustic composition of soundscape; (2) acoustic interactions
between soundscape components; (3) tempora patterns and spatial variability in the soundscapes; (4) the
development of acoustic indices for biodiversity monitoring. We suggest the following as focuses for future
studies in soundscape ecology and biodiversity conservation: (1) establishing a systematic acoustic
monitoring network and data management platform; (2) developing new methods for data collection and
analysis (e.g., recording matrix and machine learning algorithm); and (3) treating soundscape ecology as an
important resource for future research and conservation.

Key words soundscape monitoring; acoustic indices; acoustic niche; biodiversity monitoring; automated
acoustic recording
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(Southworth, 1967). 3 % 11 (Thompson, 2004). &
SRAE I (Truax, 2008)5% S5 A M H . 20t 42604
A&, InBzkAF % Raymond Murray Schafer 14
SCiE 7w AN EUUE 2T H “The World Soundscape
Project”, @37 1 5 52 4 75 % (acoustic ecology),
WP NAT SRR e v 7 o S 5 N 2R 3l A
1 FH 5% £ (Schafer, 1969, 1970). 19874F, 3 [ % K2
FA R FAE 2 5K Bernie Krause (1987)#2H 1 7
S B S (acoustical-habitat theory), A N4%E
MMEBRGE HMRFI . I N SR (1 A=
2411 (acoustic bio-spectrum) . 20114F, 36 [F i k2%
f)Bryan Pijanowski & K 5 7K L i oK 4 [ Almo
Farinaff i 22 48 822 5 5 AR S F BB HESR 45 &,
S 12l = o< 3 s I 2w L S U
(Pijanowski et al, 2011b), FF7EHHTF FAEGLFIWE I P
BRVEERE B T —ASER R T A AR
A %% (soundscape ecology), t & % # Fx H K
“ecoacoustic” (Farina& Gage, 2017).

Pijanowski 4 (2011b) 5 FH M A 5 A8 £ 15 il A
PR RN U7 925 (Krause, 1987), #4745 5140 A3 4L
B 40 AW R 3% (biophony), ) BE 3R 85 %
(geophony, XA A FKHE), PLENIER S
(anthrophony). 5 5t 4= 25 S0 50 75 S 7 AN [R] B 25 4
JE B AT AR L, B S5 AR YRR AR Y 3R B
ZIEHIRFR, CAE s LT e B N RGBS 42735
i (Pijanowski et al, 2011b). Pijanowski%¥(2011a)
TEAH IR T B SRR R 3R 5O s e ) AR
FIBLEL: KRB 5808 BARIAEE, 2w sh )
(R A 35 SRR S, DL AR 2 e, (R S2 e
To JCE IS BR Y BRARRAE . N\ RIS s A AN
e i S O R IR [F R e AR SRR, BRI

FEAN T : (D)7 22 R (F6 7 St SBURIR IR K /),

(275 s A% R () s AR et (A)FER
RN RE RN T, VS YRS A
NIt S HAEH . KRB 1M N g shn]
PACK AR 7 SR, ) I A A ) 7 ks S T A
YIFINK R G, 505 P R AT 7% ) 4 (Barber
etal, 2010), LAS NS4 BRI S5 R 860

b5 s A A AL R, ORI 2 A 7T
FHNRBFE REESRAT A AEENAES IR
(Farina& Gage, 2017), 57 5tAHRIIAE FLIEZBIRN
FF Ji& . FATEWeb of Science (www.webofknowledge.

com) I % & “soundscape ecology” 5% “ ecoacoustic*”,
BAE 2019121, HAR1F1685 B SR FH L
3, AHSRAITAT H 201448 O BE 0, 20144F 2 5 K
IR I8 ST 5 Z AR SR H 11 93.4%.

KB T A FAESE T %
MBFFEANZ, S48 1T Rl RS SO iR R, 7
17 AR, FEARRE AR EKE
JrmdE s T E, DU AT T T R fR A
BMZ%

1 ERESEM

11 HIEREFE

RS R ER A E 3% &l (automated
acoustic recorders) KA & WA . I 4ER, TIgwAE H
RSN T A AR R H A 5 7 A
A DU AF O 25 B PRI A (Sugal et al, 2019). BB 5%
B ML) 75 22 4% 3% 2% (/K Wr 25 hydrophonesk Z 7 X
microphone) KI5 R I 7 (5 5, HorrK U 283&
THWOKH B EE S, 2250 Kod H T e i
FEAE T o P AR R ARG A B i A D HiAE 5 (Drafts,
2001), 5 i i Wk o gw 65 iR ) % (pulse code
modulation, PCM)¥4 HL15 5 &4k, ¥ v E 5
EAEREREN TR . B SN P BOE R
HAE, 7ERE E I a) B 2hdh 47 B R . IEFkH
WA IER . NAE A BRI RS HR Eridt
W, 1R TSR E RSB AN TAER K, 2 T 5
AR RRE. KA. B3t s 22 m &5 K.

R Y8 NS AT Ve L, 75 25 5 Al AR o3
AT R ARG (20 Hz—20 kHZ) . R 430 (> 20 kH2)
PAR R AT (< 20 Hz)o X R W 75 AT ) 75 3
BIF 58N DA FH 73 s LS il B AT e g (91 2
Wit S R S ol ) B A R R 8 75 [ 5 7 R
71, R R, KXY a] LIt DU s R
FESI (1115400 KHz) s il A 7532, PRI 1d 5%
P8 A e AT HE B 7S K (Fenton & Bell, 1979,
Russ, 1999). b4k, TEHS(Elephas maximus)FlEH
% (Loxodonta africana) 2> & Hi VK5 i 3k 47328 i 25 5K
JE IR 2% (Payne et al, 1986; Venter & Hanekom,
2010). — Mt FH 0 P PRI 2R AR I s 3, 2 B
F T &S5 5k F I (28 45, 2012), 1£ 7 5t
AR R R

H AT & R B hs i & &G AT G A= zh

|
11K
]
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YK 1Song Meter (Wildlife Acoustics Inc., Maynard,
MA, USA). ARBIMON (ARBIMON/Sieve Analytics,
Puerto Rico)fIBATLOGGER (Elekon, Switzerland),
F T 15 A A3 7 1C-POD (Chelonia Limited,
Cornwall, UK)&5. #iris e ah & 17— et
AJ Sz A A& 0 dE, L 40 FrogPhone (Garrido et al,
2020). Robust (Sethi et a, 2018). IR L T
SMZE /NG Ak EEARAR AR AR B B8 Bk,
AudioMoth (Hill et a, 2018). Solo (Whytock &
Christie, 2017). Song Meter Mini (Wildlife Acoustics
Inc., Maynard, MA, USA)%% ..

H B33 B 0T AT AR R AN A R, 2R
TS e E B A Bl AL SR 3 NG SRl 75 5 . B E 5T
XF BT WA A SRS, 5 S B0 1 2k
PR B AL, HEan DL S OB T RN, AT
S WA AL B HZALE migW T L, B EEER
58 75 (it ORI P S O ) Y B4R O
BT WAEREF E IR DR A H AR
AOIRVL, FTAE S SRR AL BRI, AR T R R 2%
B AT BRI T S0 75 (IR 75 L R ) e, A
sk L F 55 P 7 0T i 8 AR 0 A A BRI
12 BURSHLIERE

FERAER AR IR AR o S S 2 5, IR
Hk: i (analog to digital, AD)E N B TE S,
— fi LA B B M % 5K 2 0B 1A), A B Sy i)

A. i3, Time domain

$RIE Amplitude

), GNRIA MR o 38 i i s s i B A5 465 (short
time fast fourier transform, STFT), JiR 4575 & 1A 35k
& o B BEIN T AR AN R AR . IRIE AN
FALLI IESZ IS 5 2N, MIIERT TR A5 DL A dR
Mg X = P AR & 1 = 4 B sk T DL AR B A
(spectrogram)(/E1B). 7675 i B Hp, AL BR R NI ],
AR IR, A RIFEIRE RN IRIE RN
T [ A0 375 BT 1t S AT R | IR M B RS R (AR A K R,
ST EEFR.

EEXTBIEHE, WAL A B AT SR A
PR R o ARG T TR BT A e e I,
N )58 v ) H AR 5 (Wimmer et al, 2013),
+3#ERt. H i, Kaleidoscope, ARBIMON I, Raven
SERAFRN T BT HLER 2 ) BRI EH 3R A,
R B8 B K sk /D> 9 4 2 AR U S T i P P e 1, B
T RS I L & 7 0 R (Brandes, 2008). {1HH |, H 3
TR ) 235 SR (1 VA AT A A A1 S P AR A 2 L A
T I ) 3L (Swiston & Mennill, 2009; Towsey et d,
2012).

EEGH5 BAR B TV EAR T, FE RS
SRV I E AOE AR R A, R TR
HHE 1) ARUATUSR B 38R RFAIE o X RREAIE ] LA P
P f B (R 75 AR AR) SR IR, o 2 A BT At
J& 4% (Sueur et al, 2008, 2014). 7 SEFEARTT LAY A
KI: (1) ofFEgabn: HT P e sh P EEvE 1)

Hi}[E] Time (s)

B. i} J5i#, Time-frequency domain

5

=

":‘ "~J 3

JiZ& Frequency (kHz)

LA +h

o L

Hs} 1] Time (s)

1 fEKaleidoscope pro53k i & /R I8 15 # B8 (Al cippe brunnea) BB YK 2 B (A) FI = 1L B (B)
Fig. 1 Oscillogram (A) and spectrogram (B) of the song of Alcippe brunnea shown in Kaleidoscope pro5 (Wildlife Acoustics Inc.,

Maynard, MA, USA)
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FEE SRR A (2) BAEE RS AT R, FHidr, R, WS WAL ANHER)
[F) B PRV (B B[R] — RV AR BRI A s 2 0 A SR MR R . MR BTS20 AT REHE i
PERIZE 5 . Buxtond(2018b) 71T T 71 55 % 46kr 22 fE$(acoustic entropy index, H).5fixfh k75
HRIICHR, gt THTAFE H 60 RFIE ST WML IC R (Parkset d, 2014); B HAG | PR
Fro IXEEIRARNES 0 W ERIE S MR (b BsE . AN AMEEERIN, nTaesg ks T /5 5
tuneR, seewave, soundecology) S 3l 7 #T. Box 15114 45 4w LI G A B 40 2 FF 1R K T 10 B AL 1) ik 2=
TR FEH R S I 104 S SR AR e AT (Buxton et al, 2018b). JiF IS I = S A IS, Gl e
KA M (Parks et al, 2014). i FH & i@ I 8% (Farina &

FEEFRAR PN AE M SRR 2B Z N R Pieretti, 2014)55(5 5437 R, AT LA B £ H

Box 1 & WA FIEARE X B EH R R4
7 F 4547 Acoustic indices FeA7R2 XA K %) Definition of indices and application cases
o F484F o acoustic index
% & 4 2 E ¥4 Acoustic complexity index &4 ¥ & 5% 49 & k. PierettiF (201189 AF R A8, £ ATR%E T, ACIS B £ % F 5K 2 EAT
(ACI) (Pieretti et al, 2011) XKA%A.
A 4 # F 4544 Bioacoustic index (BIO) B R N BE S B AR, A mAR G WG E ) F kA & AR SR K. BodmanF
(Boelman et al, 2007) (2007) A1 BIOf #4547t R R B L A & A G P HMNRST B K B E AR LRI,
it 18] )46 4% Temporal entropy index (Hy) 181845 F b8 54 5T 5 0d 18] 1) Fa6d % & R B, 31 5L AN0F 1) R B 69 4R MEA(L), AJe Rk
(Sueur et al, 2008) A A(t)#9 Shannon34) £) & (Shannon evenness):

He= -2, At) xlog,At) xlog, (n) ™, H, €[0, 1]

SR A58 Spectral entropy index (Hy) 15 5 -F- 39 47 &3 §(f) 49 Shannon#4 £ /% 45 4% (Shannon evenness), 187& 515 5 A% oA Ly +
(Sueur et al, 2008) g Fad AR

Hi= — X1, S(f)xl0g,S(f) x log,(N) ™, H; [0, 1]

}“5 %‘é)’f;j:}g,ii Acoustic entropy index (H) EH’ 8] ﬁ‘i«‘f‘éé&(Ht)E iﬁiﬁm%géﬁl(Hf)éﬁ ﬂ'gﬁi"\, 'ﬁr‘ﬂl% 45—‘7,—&51’%3&,};‘5’] ié] f] Eﬁ“g%ge Xd' %i")"ﬂ Ed
(Sueur et al, 2008) F, HALR T0; & FTHALRE, HAE R T 1 H=Hix H, HE[0, 1], Sueur(2008)449 X4 & ¥, 540
A F AR P W HE S AP S 25T HAR X

&3 E E 454 Acoustic richnessindex 2 TR 1@ 454 (M) A= Bt 8] 48 2L (H) PT 1348 4%, A TIELE sh S it 5 B 3 & KT

(AR) (Depraetere et al, 2012) M = median(A(t) 249", 0 < M < 1, depthh 13 5 5 F Hed i

(rank(H,) x rank(M))
nZ

Depraetere® (2012) 49 A1 5 & 9, ARG i 45 R 58I A T Mo K55 % H B4 &3 3R 7

ARy B R FE ELER .

F % % MM 3 Acoudtic diversity index  PRIRAF I F A ILAF R B B A FIE (BRIAAH -0 dBFS)4Y 7 12 5 A4, it H Shannondi 4k

AR= ,O0<AR< L nAFMALMiZ

(ADI) (Villanueva-Rivera et al, 2011) (Shannon'sindex), #§ % & 3 #4: ADI = T2, plinp , pRFEE5AESIANEF &), STH
B 4%, Villanueva-Rivera® (2011) 5 F ADItb4% T 7R Fl o & 18 0A B — & & R BRI 49 7 5% £
.

2354 34 Acoustic evennessindex PRI —IRE Y R E R A BIMA (SR A-50 dBFS)4Y 13 5 Ak, it A& RAGEH(Gini index)

(AEI) (Villanueva-Riveraet al, 2011) RET AR TR RRF SR R 542 . VillanuevarRivera% (2011) A AEI L4 R F) £ 34
KA A 05T AL Loy £ 7M.,

oA B 7 £ 4545 Normalised AZ 2 5 (anthropophony) 5 2 4 7 £ % & (biophony) % 5 M- I 69 sb &, 3R45 A T3 5

difference soundscape index (NDSI) (Kasten % #9% A2 L. Kasten® (2012) 7 & 5 it 42 # 3P R £ 0, ARINDS fhit K&,
et al, 2012)
B# ¥454F B acoustic index
75 £ FA54 Acoustic dissimilarity B3R Z 45 4k (temporal dissimilarity index, Dy)F= 47 8 £ 545 4% (spectral dissimilarity index, Dy)
index (D) (Sueur et a, 2008) HTAR, IR B AE 5 AR AR 9 £ F M D= 05x TN A (1) - A,
Di=05x 37, |S(f) - S,(f)l, D= Dyx D, DE[O, 1]
Sueur’ (2008) A Dib.4i 2 5 o T F KM S Bk Ak A R RN K E Bh e £




810 4 ¥ % Kt ¥ Biodiversity Science

28 %

e WRTCHE LR RIS, o] DUS IS St
T B BE Mve 75 2, bE A {5 1 Ll (signal-noise
ratio, SNR) & M #% il &8 & 17 fw AH 5C 4 #f7
(Desonquereset al, 2015). 1¥h , 7 2EFEFR AR
R H AR FE A, RS A ) SRR . KR
FEE R ARIR DA R Aok BRI AR 45K FiE (FFT size) K/
51 (Gasc et al, 2015; Zhao et al, 2019). U1Zhao%
(2019) 38 i ARLADN SR B R I, S B VA R R PR AR (1)
FE, 1SS SRR E(ADL). BN EER
(AED) . 7 50 48 B (H) 55 T8 An 0 br i 22 18 K.
Harris®% (2016) F 75 7 8 r VP Aty Jik iy 3 3ol e 12225 22
FEPERS, ABE B2 K B2 512 T 421,024,
iR () e CERTE LD

2 BERESEN

FE RS FAE SR T T R IR B AR S R
g0 I 7S SE R TR B 3h AR 4k DL R E IR B
BB 1 )23 1) S 1 (K rause et al, 2011), FF0F R T
— R HI| B 228 bR (Sueur et al, 2008; Villanueva-
Rivera et al, 2011) & & M4 73 #1-F & (Kasten et d,
2012) - 55 A4 sh it ¢ (Lillis et al, 2014; Buxton et
a, 2016). WS b5 5T E P4 (Gomez et al, 2018).
AW % KMV 4 (Pieretti et al, 2011; Gasc et a,
201339). R4 RALIT-f (Bobryk et a, 2016) LA J2 5 fi%
A NN R TT R 8 BT Bl 0 A2 ) 22 A P 5 W) ) 1
#(Krause & Farina, 2016; Deichmann et al, 2017;

Burivalovaet al, 2018; Gasc et al, 2018) 254735k . [ J=,

PR AT SO NG A S RS B oK
FIEFEAZS R S8 (Harris et d, 2016; Putland et al,
2017), WHILRIBhAEHE N K e 3] £ 25 (Parsons
et a, 2016). HHIHL(Lillis et a, 2014, 2016). MY H
(Roca & Proulx, 2016)%, 515 RN — 1)
TR R 2| 2 W Fh 251 (Ferreiraet al, 2018).
21 ERIVERRBENEE

[ 38 A2 i B B O B 7 B 2 REA A
B AR (EI2) o £EF —IfTE] [\ —Hbgl, A[FE
AR AIRME B P o LRIl P o, RS SRR
“H HYi.(acoustic composition) (Pijanowski et al, 2011a).
WEFE R T A AR U B R sh W P i 2 RE
B R R, = % A4 ZS AL R U (acoustic  niche
hypothesis, Krause, 1993)#1 7 23 W % i) (acoustic
adaptation hypothesis, Morton, 1975).

#5 H AN Boat sonars
A} Anthropogenic sound
A% Human

112 Fishes

ELH Insects

WittiZk Amphibians

15,2 Birds

K% Elephants

it Baleen whales

UriE Bats

14 16 64 256 1024 4096 16384 65536 262144
Ji# Frequency (Hz)

E2 BERAAGEREShIAZBERMETE
Fig. 2 The frequency range of common anthrophonic noise
and animal vocalization

PSRN, PoApTal ) sE g HERAE
SR HEAS R A 1R 75 o AE I (R R 2R B
A, DA/ FhiE S S R E S, SCPb0 A 2223 (A
[ 75 ORI (Krause, 1993). A W7 R BH, a2k
(Ruppé et a, 2015). P i 2% (Villanueva-Rivera,
2014). %35 (Halfwerk & Slabbekoorn, 2009)%5:5h4)
R B B ARAERR AR 4. b, fERAEAR
TSI R AL TN b, TRDRIR [R] R 75 ) f S
TR A BT 25, SR ) _EAELE 501k (Ruppé
et a, 2015), AW TR & mih, PR
(Eleutherodactylus) 1A [F] 0 & HA 1 75 3 5 3 AN [H)
B (Villanueva-Rivera, 2014).

FE A RABRSEN g, PRIRAT ) T 075 A% R OR B A%
FEIE i HARFLESUR /NS S, BUkahk
(1) FE B 2 AR L I A PR B i tH 3 v e, DASR ey
75 5 & 5 1 RR (Morton, 1975) . Velasquez %5
(2018) 7t FE F PN 8/ AN [A] Hh A e 4 1 B SE 40 ko
(Pleurodema thaul) i) IY 7, Ff: 751X 8™ H £ 43~ 1) 4
FEAE AR RRIALG, 45 R R R MY 75 7 Ji b PR A% 36 R
e A N AR AR & SRR LB B 5T
15 334 564IF (Ey & Fischer, 2009). Btz 4k, 3%
B pE E v Re LB A S S, L BRI
S ) 75 S S I R R R 7S S ARRE

SRR IEAE R S S . AR AL R
FEAE A o A% 1 B 300 2, T LA K
FEAT NI . i, 4RIt s, e e 75 %
155 I 3 DR 28 1Y 0, 7 i 4 £ I R A FH A
RAERACH# S (Luo et d, 2014), K iEE EIH4:
18 B SNT 7 & IR U 3 i (Snell-Rood,  2012),
I, RIS, JESE MRS RS R Fh 2 AR
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NU 75 1R 430 7T 56 A YRR SR I G o FEIREVEI ST
W KR 1 g KRR 45 5 RN, e S)
PR SO R A . R A iR, DL
LA H 7R A5 5 AR AHU: 75 4 o (Brewer & Hester,
2009).
22 BERERMSEREEER
PRI (W E . YIRS A N
18 75 ) A7 7 AH ELAE F (Pijanowski et al, 2011a). A=
VIR FEAT N e 52 BB B 75 5 (MR . 49,

I H AL BN KR 452 15 % 7 (Feng & Schul,

2007), =30 1i L — IR XU e IR (1 B B2 B
M3 B) & H AT (Cuthill & Macdonald, 1990;
Hutchinson, 2002; Berg et al, 2006; Hardouin et al,
2008). N T SEIUE RUEIR, A H S S A
AT SRS B8R (Greenfield, 1994); w7 4
& (Atenodytes patagonicus) 7E 5 XU T, il I $E
vy I L3 23 R B 90 L ) 2 <19 0K R 477 308 TR
(Lengagne et al, 1999),

MTAER, N3G 7 5 A0 AR M AR ) R 7R R 7
SAERFH ARG — NEAEERERZ, 4
L, Al NEAEERGRREEZ . —5%
Ni&FE & 53R BB E SESFE EEE(K2),
ARETIUPINISE . 2R LS M A N R,
1] f5 55 Zh ) %5 (Smott. et al, 2018). # 12 b ik %
(Lecchini et a, 2018). 1 & # iR (Ferrari et al, 2018)
SEEHEAT N AHEFERIRIE N gk 5 5K i
(Myotis daubentoniid)ff] & /S fEMZ EAE S, e
B BRI A% (Luo et al, 2015b). M5 B 15
A TG B DAE IS b o S R R (R K
PG PACERIE), DAIR & S S AR AR,
BT % B2 £ 24 (Lomibard effect)” (Lombard, 1911).
B, AR I 2 A v AR Y 5 2 1 2 Fi RS
IS} E] . A g e R K (Sierro et al, 2017). 29 0E
4% (Slabbekoorn & Peet, 2003). 1 Ak 19 nE 4R i
(Cynx et al, 1998; Brumm, 2004)%i&4%, #m Mk
() AR IR THARCR o W P B R P AR AR L S
RERK. MIMESIIR. IR EERIEES T
T, SRR M 75 o i iy I A 22 T1) 388 7 ) Pt (Hage
et al, 2013; Luo et a, 2015a; Jiang et a, 2019),

23 ERHFZEEE

R B A MY I A% R, AR IR AR AR

(Depraetere et a, 2012). #ii5 Wi Ak (Rodriguez et d,

2014). 35,111 (Botteldooren et a, 2006). ji]fi(Martin &
Popper, 2016). i#JH(Gage & Axel, 2014). ¥

BTV R R . P S A S AR T
SR A B EAT IR, XN
“ AR ZE” (rhythms of nature). it, 22K0))R &
FIEAT AL = (B AN 1R 7 2 = B AR AU(AR) 2
EE T — KPR H AR R B (Depraetere et al, 2012,
Gage & Axel, 2014; Rodriguez et al, 2014). 1E4FE 2
H, BRI SR 2 B 1R R PR TS ER )
% (Rodriguez et al, 2014). 7% ¥, #H(Putland
etal, 2017). HFZ4(Lillis& Mooney, 2018). f125(Rice
etal, 2017). fEK 25 (Au et a, 2000; Guan et al, 2016)
B MSELR, AR AR, [H
52 B R AK 12 B IR BE 1) 82 0 (Lillis & Mooney,
2018). 54N, e RS SAAAE A, R I
SR, i H IS (Steaterman et al, 2014); TG VR
I E Z ke T 4 25 (Radford et al, 2008); 1
TE s, DR R VR 2L 3 5 25 M S o
JE, 15 3 2k fi5i (Megaptera novaeangliae) 7E 4% 2.
LETEFNR M AE T, 238 A 5t b 100-
2,000 HZSK B i) 7 5 (Bittencourt et al, 2016); fij
TR AR R, AR a2
B NRIES) B (Liu et a, 2013).

ZEARR R (G IR A, MR
SERIEE)FI N IR 22 (R R O P 25) I
s, PR R A R . T A S KA
Vi) oA s A O, BRIMAE R I 2 R b, AT
RE S 30 HH I 445 FEE o P RN B B2 ) A AT SRy o B,
FEARTE I X B S A Z PR B, S 24
PEFN A 2% M v] BE B = (Pijanowski et al, 2011a). 5
TRHEHR I SRR RAE EL, R e i iR 7
FEMEFREL(ADN AR, (HZE7 1AL 3 B 2. (Lin et
a, 2017). 75 SAEAN R RE A5 S Y FIAE 4 3 B A5 )
AR ZE T BEEEAREE (2010) 1K 48 75 SRR AE 1) 22 5,
HESE T AN [F) AL AR bR A S B IR SR (LA e
MR Fe. BFIARFE Sy BATARE S EACHRE 5L
NI FE S TRIALRS St VAT S TR SEY); Rodriguez
55 (2014) R B T =5 U AR #Avts AR ARt J2 75 2 1)
PRIEE TR 2, LinZ(2017) T 78 45 B 5 i 4%
] R (R A RS 2 ARV T AR

|
11K
]
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IEEER, SARARACIEAE S YA o A i R A )
(BERFAE, JE T 2503 75 S R 25 4% =)« Parmiesan (2006)
CER T I R LR AR 5 R I ME AR, R
DUVE 2 AW (5 2 A ) (R A A 32 3] 1 il B 7
R . fFlan, AHEE 19004, dZ4fRipE R
I S T R NS [ B[R] 4 BT T 10-13 K (Gibbs &
Breisch, 2001); bt 3% % % % 2% K g A 15
(Aphelocoma ultramarina) i) 2 58 #A$ 1 (Brown et al,
1999). fEdb3E, BT AUMREARRE, M RFP LM A
(Leiothrix lutea) )73 ¥ LYK, 5 [R5 A0
{1 BB TH AR (Sylvia atricapilla) Al H: At & o /5 2223
I F) 5 4 5 A 5 (Farinaet a, 2013).

AR &, N & R — RRAK, =
PR . RRSET [A]K (Dooley & Brown, 2019). A
I8 75 ] DL BRI 7R ek R, 2R R
R A E Y. TR IR T R, R A
I8 7 I LR AIE I, A ) B D (Kuehine
et al, 2013). FEHFFFEIAEE T, SIS f SR AE S B
T T SRR P A B A T A S, R N PR
IR, TS H A € E (Holles et d,
2013). [FIf}, AZRiEZN AT DO i o v S Al
JEHI PR 23 10 o A A e, T 4 R o A 75 5 1) s T A
JRe N, # NI LA JE AR AR (T B A e R
MARE)E, FRER S B NEME T K
(Burivalova et a, 2018), 7£ %% [f] b ) [7] 53 14 384
(Burivalova et al, 2019). AR AL IEEIL 2 AR R AR BT
FOR/NFIE Y, 3 i ol AR A 7 3 AN 75 2 1)
IhEKF-(Tucker et al, 2014). 75 575 2245 E 5 +
b1 P S N B A 25 A X TR B A G, TR,
RIS A BB, AR & I D) 26 % B (power
spectral density) EFt, A 5 B B D) 2R BT [
(Joo et a, 2011). [Algk, —ELRE ARG BhTHi5E
FE I 7 e br o] FH TP AR A KRG R (Fuller et dl,
2015).

24 BERESFEEYSHMENSHNA

W) 2 FEPE VR AL A 9 DR R 4 2 I Al R A
O NR (S5, 2011), & TPk E X A
ZREME LU [RIHI IX 22 A 4 RS P 22 S R B 0 2
Y% FEME I Bh SR . ARG A2 FEVEVEAS 7V,
WL IE AR ) 2 RV VA R Fh g H R A S, SZERE
A NJ3. DI, I8 AR R AR

K. R B = BdRENES BRI ESEA
7545 ] i (Heywood & Watson, 1995; David, 2005).

BT B R R T A R s R
BRIk, FRAESHHATRT —RINFE%
FRPR RIS S BAE B8R A % FEE (Boelman et
a, 2007; Sueur et al, 2008; Pieretti et a, 2011;
Depraetere et a, 2012). —J7 T, of= FFabn (&~
TR, WH, ACI, ADI, AEIZE) AT DLpEAh 3 —4F
SEREE TS 5 2R R T R R bR S S
WERB I PRE S, 55 A& PR H 5 2R A
(bt it 75 35 B AT B AR Tl o3 i 3 28 28,
Desjonqueres et al, 2015)f5 2 IA % &, KA
BARVEAG R 75 BEVK R 2 FE e . 78 Ik MU A 35
P EEAR AR O T VAN B SRR WM 3 & (Roca
& Proulx, 2016) I R HIEMIFE R E. ZHHH
i (Pieretti et al, 2011; Depraetere et al, 2012; Borker
et al, 2014; Towsey et al, 2014), 4N1Gasc5(2013a)%%
WAV T F RS SR RAKEZS
FEPERIC R 5 — 5 TH, B7FE =85 AT DL AN [
BRI P 2R ZE . I, 2 R (D)
558500 7 S VA6 H (D) 25 e BRI B AN [F) B V& 18] 4
ZH R X 51 (Sueur et al, 2008; Gasc et al, 2013b). %
T H SRR TR s Z RSN, FER NI 55 (2016) 4 i
SR AT FH BT 1) 0 5 R oy B R R T o
WA, B BRSO YRR G S B 2K 1)
ZRME R

BuxtonZ§ (2018b) X} 75 2 Fi b [ 25 26 43 B &5
KW, FEEIRRRE R Z SR (74%, n = 151) 54
YR FE ISP EAEY) 2 R (P B ) B
FHOG; AR [FIBS IEA #07 Fa bR (W B 7 8 4%, 7E50%
P& LR ) A RE N SE R BUAEYIE B A SCEE Suit
T 12 1 bl MR B Rt 7E S S FR AR S AR ) 2 R
AKCPAR S B SCHR, 45 5 B Al oot R Bl e
0.01-0.97 [f](3). TR T, A& EEk
HAR) ST A ERBMEEE(r = 022
(r = 0.19) 2 & 3 IE#H 2% (Desonqueres et al, 2015). 7
VRN Parks®(2014) & 7 1 i 250 B A R
Mk 75 402 5 1% 4 £ (noi se-compensated entropy
index, Hy) fIZ2 L[] A 8 (RP = 0.225), I TR0
A Z A S BRI, Harris5(2016)
KRB, 795 5 2% B (ACH) A2 Pl T 5 I 290 i £
K FENEIAE BaE R, ACIS 257 R A H (H) A
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El3 FBERFIEGSEYSHMKTHRXMSITERSE, | A12ERERETMREFIERSEYSHEIRE X RHEX
REEIHE. AC EEERERE; AD: BE SR AEl BFEHAEEN AR FEEREEN BIO £U5 %K
¥, H: BEEEIEE; He: SEEIEE; He IEEESE; NDS: fREERERIEH.

Fig. 3 Correlation between acoustic indices and biodiversity level, |r| is the absolute value of the correlation coefficient. ACI,
Acoustic complexity index; ADI, Acoustic diversity index; AEI, Acoustic evenness index; AR, Acoustic richness index; BIO,
Bioacoustic index; H, Acoustic entropy index; Hy, Spectral entropy index; H;, Tempora entropy index; NDSl, Normalised difference

soundscape index.

KHERBULFI0.81, BIAT S, P Fin S5
W2 FEERIR G 2 B R R IR, 754
FIRF X ANFRES KGR HAME, BRI
B e T B A R R B (bt b [ s AR S X)) B £
FEPEZE 7 (4R bR o

Ub A, A 8 I G S R R AR T R
AR PP BEE PR T . 910, Chen
£5(2020) | FH IR FE 2 1 B350 R T Waveman i {472
¥, 01 A 3R 5 7R 7 T 36 R i g 1 Y 7 Xiagg
(2012) A 45 19 ME; {5 AE 25 57 R X 4 b 5 b kB
(Cuculus optatus) 1 & &y Fr 415 (C. saturates).
X T AR (] 0 75 22 S A OR R A, R AR TR RS )
FEERHE R AN, JEEE A ECE . Gilbert5E
(2002)3d8 3 15 75 Y2 1) KRR TS (Botaur us stellaris) M4,
VA TS [R5 A KRR IG SRR A HE R /N B AR TR o
WA B FUAE B B R0 P F g 7 i B bk B R 2
FRBORAG FAEE RN . Bl 1, Perez-Granados®(2019)
] Ff Song Scope 4.1.5 (Wildlife Acoustics 2011) [ 5]
HE AR B R B B2 (Merops apiaster) fil #t K H R
(Chersophilus duponti), 3§ F & 74 i 3l 41 % $i5 %L
(vocal activity rate index)fli 5 1 PR I FPEER /N
PR A& AR T A IR A AT 7L, 45
P ORI H S A ) R
(] AR KR H8 0,  Hhs 0 EASBE 98 1 0Fh 22 FE 1

BN X -

FAT, A4Sz e DX Y A5 5
WA 2% . G H A ST ) Cyberforestar #k = 35t W il 94 25,
2N 48 0 T A+ S AR TT e AR AR 5 251 75 (Saito et
a, 2015); [ &R I BT R 5 AR B i
FC R R ST R P 75 5% W X 4% (Asian: Soundscape
Monitoring Network); &[5 &b g 5 Sk 2K
PRVt 3 A5 A8 A A 3T ) B KA T B R i
T ME 7 2 % uk ) 2% (National Park Service Ocean
Noise Reference Station Network); % k= AR
H 2R 7 225t hik (natural soundscape heritage) 2 37 [ 7
HA A 240 70 H (Soundscape Ecology Research
Project, http://centerforglobal soundscapes.org/pumilio-
sites); 1 [ B} B A PR 78 B 5 20144 2 75 2R L
Wi 1B KA el T ) 7 s M P 6 o X B Eh A I
WM& A 2 R R B e384t 1748 71 804
PEL§

iR RE, FRAESEV O
o, POKAHFAEAS R T A RN ZR)E. S4
18] A AR ELAE Y BA S N SR 3l 0 7 SR s i 45 22
ANTTTH . E B E BRI FUF 28 bR i I K M
BT AR A R . FIR, AR AR B AT
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HE BT E Y L A (Sueur et al, 2008). P4
A2 R G BEIR L (Tucker et al, 2014) A3 1l 5 73
Kk (Borker et al, 2014)%5 /5 S BIHIZ N H . AR
ZERH R BAR, BARE LTINS G RAIZE

RRIERI T T -
31 BIRAEFINMLE
HEE R ST B AR R G AR 2

7, WERKI I RS B & A, 43N S s A
R A REE MR TIRE A TG R AT
Fio 72 MU DR 28 () 5 R B F R AR BRUAS R 53 B 1
PR P O R AR Sk TR 75 2 4
WAEEAE B &, 8 B B R K s 8 S
W A] DL T GISE R TT K A 5 A5 B £ i (soundscape
information systems, SIS), T/ 75 A J7E 2k 25 1)
SyRT RIS TN & H A 4E 8 AR
Bom, AEE R SRECOR, BT C#L s T 6
M LUK E, w, ¥ K% JF K B Pumilio
(http://pumilio.sourceforge.net) Al 25 B HRE M1 37 K 2 JF
K HIREAL (http://real.msu.edu).
32 FRIFEMIFIERR

BT 2 A 5 =16 0 H AR I A b
(Buxton et al, 2018b), JFRHT /7L B TR R, M
BE IR P RICE AR R ER, Bk
KA FAESFAN —BUCRNE. BAT, ARE
MR P RE N AES RERBR YR B
PR, F5ZIFREE 2 EAMIT T, LA LR AN [F A= 55 A0
VIR A T 7 S FR AR VPG 2R P 2 FEVE IR 3
SN R 2, TR AN [F] 75 22 48 bs 1) 3 A 9 B A S BR,
FOR TG R T ERERR, T RREAEYZFE
PERIEFUAN I . [RIE, 78 O AR 7R 8 S 75 bR
S B, WER &N (W, YRS
(). NI& 75 ) B A oRHE &, ST H 6
A B IR RE

L BRI IR b 8, I A
PRI A AN T O RSA B RS R, W]
AR EEF2 88 e B s 2. thn, 2 63
MU ST 22 e MBS, e r B AR B, B
FOE NI4T 9 (Payne et al, 2003). M4k
(152 HAEH (Mennill & Vehrencamp, 2008). FlifE )
SRS LS M P R B 2% (Kirschel et al, 2011); 7£ H
Bl B A L, @ ALER Y S B, AR
53 AL A 1 2 25 (Aide et al, 2013; Stowell et 4,

2019). FiHEE T2 (Ospinaet a, 2013). HiE(Walters
et a, 2012). fiFs(Mellinger et al, 2007). [ H
(Chesmore & Ohya, 2004)% A [FIERER AP, B &
53 HE AR AN [F AN (Terry et al, 2005), 3KHX
HAES] . A2 (Thompson et al, 2010)%545 KL . 24ix 46
B B IE AR K00 05k L B 7R s AR A e
FUINF, A DA 8 AR FRAT TR 5 SR 1 s, 5
R HER Hh B0 IE 75 22 FR bR AR ) 2 R B FR R AE
et B9 RN AR AR T K A L BRI 42,
VEN— DB SRR T 18], A RS fHR EZAES
SR AL T SRNURE AR AN R ST L A,
A 2557 5T e AU AT 9 25 I I IR B R B
F14) PRI A o

7 I SR AT ) B T 5 A g e T BOR
fl W AR (e, ZEAMEBLHEOR) A5 Edfs A 45 &
(Bustamante et al, 2016; Campos-Cerqueira & Aide,
2016), HIKPEAL 2 8HE. 2 WMk 2 (8] 20 Aii A% J,
AR R OR AP0 5 DRI i) 52 = 3R F AR (Rich et
a, 2019); WFFAIPAT NAMIESC R, HAEDZ
FEAE X N Oy 40 5% 22 46 B 7l 32 (Buxton et al,
2018a). HI T M PR B AN B 5 ZEAMH AL
WA WEE R YA AU, 2OV E T R 20
A1 445 (presencefd), FEET VAN BT AT A 4
CLAMENLECAR BB 7 M 753, bedn, SRAD i
A (occupancy model) fifi & ) Bl B M o5 A
(MacKenzie et al, 2002), Fifi HLAH i B &4 (random
encounter model, REM ) &5 #¥£ % & (Lucas et al,
2015), DUt H 2 X 1 B¢ (Bayesian hierarchical
modeling) P¥-Aki ¥ 1 = & FZ (Tobler et al, 2015)%
33 REFRMERFERZTIR

N B 51 A S SR A 2 R
(R 2R IEAE U P S A R BCR AN RAFEAN R
SOWCUH A BRSO A 5, IRkSS T AR
MERIE I BT FIRLZ LU . At
SN NI BN Gib et | s b AT -3
JE A =E 5 B R B W R Y N 7 T
o FEHEFT, MAEFNEERESRENITRE
KGRI IR, SRS AR 2 e, il < )
A S P S AR A o SR I 30 7 S e R
ATRAE s AR A L B AR AR N 2R
BHIE R, A H S B & AT B Rk H R R o
A (Pijanowski et a, 2011a). L4 H AT 4%



HTH RS RS S AR 815

o Hr A B Re S A R, AT SR AT LASCER A A7k
SKEHURE, MR IBEVR I S EAIET,
FI 4 7 (https://www.macaul aylibrary.org/) . Borror
AW 22 52 = (https://blb.osu.edu/) « British Library
Sounds (https://sounds.bl .uk/Environment/Soundscapes)
o [FIB BER A AR FH B U RS B o) B 2 KRB
SOEE, IR AR ShRE,  bBAR 2 E EE 4t
Fo BEESIEORIEE, X LB R AR AR K AT
FAEREE P RIEIEA . tiSchafer (1994) Fr &,
WATRL M W B R B E, VIR E
(Murray, 1977), M\ #E— 51l & A S A7 R0 75 5t
TR BUE .

[FII, PE I 2 @40 9 NS AN A sh i
KA AR U RS, A NEIE, ok A E—
b %% 5 BE AT 4R 37 14 #E (Dumyahn &  Pijanowski,
2011), ORI B AR @R R AR EY 2
FEEAS B S EFS AR EREA 2 5. A
FAEH 5 A R BAER, DA J0RT S i i 3 PR 85
A F " 37 T I (sense of place)” . WFFTR B, N
1) 75 5t B T4 A ORI S5O0 ) A 56 Jk
(Southworth, 1967). {5 1 75 PR A1 A 3 Al
S A B R E B, A BRI f A
B K i B (Staples, 1996; Passchier-Vermeer &
Passchier, 2000), 521 B A= B W0 A9 1) € AL, %f
B (R RE IR ] (1) 22 7t (Barber et d, 2010), &
B A sh W& 5 T FE(Reijnen et @, 1997; Stone,
2000). [AItL, EUCKEAE S A S5 i A N B AR 3
Vil B R S E B — TN, R B R A 5
MR G, Rk B {E B A H T R R ik .
WAk, A R ST T SEAME, #E S i R e
TEAE PRIH 5088 A R B SR 38325 v ) 7 5% (O Connor,
2008). 1EH A, AN M E P s S0 8 1) —
oy, FEuERGCREFICHE (M 100 Soundscape
of Japan: Preserving Our Heritage, Torigoe, 2003). [
o AR H I R S BR SE AN N KT A T sS4k
B S — P BT AT ORGP, G L2 A
NIF R AN VLE B IR o
S Rk
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Mast seeding and itsrelationship to animal hoarding behaviour
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Abstract: Mast seeding is a natural phenomenon that large seeding perennia plants perform periodic and
synchronous reproduction. Mast seeding has been regarded as a strategy to adapt to environmental conditions
and improve their reproductive ability, but its underlying mechanism and eco-evolutionary implications
remain controversial. In animal dispersed reliant plants, mast seeding is considered as a scatter-hoarding
protection strategy to improve dispersal efficiency and ultimately increase reproductive success. However,
animal-mediated indirect seed-seed interactions of sympatric tree species may be an evolutionary driver of
plant coexistence. Here, we briefly review the various hypotheses that have been suggested to explain the
phenomenon of mast seeding, and we propose a conceptual framework integrating climate, resources and
interaction between plants and animals to disentangle the mechanism of mast seeding. We also discuss the
interaction between mast seeding and anima hoarding behavior and its evolutionary and ecological
implications. In the future, long-term ecological monitoring and molecular biology methods should be used
to reveal the ecological and evolutionary processes between mast seeding and animal hoarding behaviour.
Key words mast seeding; seed dispersal; plant regeneration; predator satiation hypothesis; animal dispersal
hypothesis; scatter hoarding
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(Janzen, 1976; Keeley & Bond, 1999), X1t B Kk
L SEIE S AR B, AMUA BT BARY) P 3L
AR, T ELRPPAk 90 b 22 156 1 4 e v B L O AR
B 3H 4= A7 (regeneration niche) t B A5 5 5 (K F .

BEAh, S5E AR R BL AR 7 B A e A ) 22 5,

AT DLRERE P b 22 A 41 1) 443 P B P2 A% J) (Wright et
al, 2005; Usinowicz et a, 2017).

Y E R R HRMES RGBT aededr 5 i iz
FE )R o VF 22 45 S K1 IR 8 W R Eh 47 (T
K LR RO, MRIFERN T RCGAZETY,
Tt 00 B0 400 2 e Tt i 0 R L Ak A T
TR E, Horh—E o FT 2 1k S B R
R0h, 8 B & IE RIS ST R A,
B SEIL 1 AT AR RE AN SE BT . BRI, SR T

TR AT N0 AR ) B H A B B N (Vander Wall, 2002;

Pesendorfer et al, 2016b). & T BE 5 47 Hh b A7 0,
FEYIR DL KPS, X — IR G2 M A IE R ER
B R ARV (i T ) S R B
Vb AN RS Seik e, RVEME S EES T
T2 1 B R R (UFR AR £ 5%, economy of scale,
EOS) (Norton & Kelly, 1988; Wright et al, 2005;
Zywiec et al, 2012), LAkt iyt B Al & A ik
BNV B . SRS AR T AR
AT NS, CLE R A AR . i, (e
R BRI AR AR, RSS2 5] KBRS, B PR S
SFh L B (Ostfeld et al, 1996), BhAbh, FEY) K4S
SRR KBNS E A, Fil, XM AR R
Wi 5 AR AR B S A AN AT i J=y, 1E T T RE S0 2
IR SRR, BB SRS,
Xf [ AR LS R 2RV R e VEEFF L]
H A EEAEH (Kdly, 1994; Kelly & Sork, 2002;
Crone et a, 2009; Bogdziewicz et a, 2016).

H 20t 28 70EAR LR, KAESSSEIL R 2 2144
RNz K (Janzen, 1971; Kelly,
1994; Norghauer & Newbery, 2011; Koenig et d,
2015), Jf HAHgR 2 1 — 28l it (o B2 UL AC Al

Ui AR KB R P AR
Ut 55 LA ] B R A 25 S 3 5 1 it DRI AL ]« R T 272 5
—EAFEM AR, RO 45 982 A fs IR 18
iR, bR ML BTN (W Kelly & Sork,
2002). A 1 fiiix—4+it, KellyFISork (2002)i K
A P34 () F FE 2708 2 BT BB 9E, B R AR R DL
BOAR UG R4S AR Ut A £ 3 VR ATl i &5 7 THI 40
DINENGEE RS i) ew 1K N (YRR
KA G5 S A — Fhod SV R S e, HLaZ
SRR B . CronefIRapp (2014) £
PR T H AR 1% (the resource budget hypothesis, Bl K
T2 ST R EE R B UR LUAE ) — A BRI EE 2 ) %
RAELESEHIBLH AT 1 HEA . Pearsefs(2016)#2 ! 1
—FE T AEE T B AR S, KA B
P55 R A &5 IR R AR I I, IFXS RAEZ5 521
BUHIHEAT 1 238 [ N, BRI S (2003) 0] LI A4
BA AR A 2 TP R AR 2 S A SC T T gk R 1B AT T 4RIR,
R 1 5~ (2012) % -1 777 & (R I 25 AR AL A T
AT TR, FBOR AR AL 2 (2016) F A M\ BRI 43
TC ) A R Al KA 5 S0 3 77 A R PR AR B3 V05V 46
(RIREIR f LR R 3R AT T 451K .

SR, LA B 2RIR Bt WA YD A BERFETE,
B2 R0 R Y H BN, TR RS SE 53
WIAT N SR 2 TE] 9% &R IR L 45 /b (Vander Wall,
2010) o A< 3L B AR KA 25 S TR ) 1 R A R 5Ty
BU RAESE SERIZ I AT KRGS S ikl
MR X, DL RIAT B 701 Ry BR M B2 46 7 T
DANEIRFH 4347, DA AR IR N B 58 KA 45 52 1) I
RIFIMLH A 2%

1 RFLEERIIER

T R A 2 1) W 1 A= 77 K ) R S o
T? AMFRAERFZFAIGIRE T AR,
B Ef /NI — IR B ENLS] . A SCREE T &P
BERFLESCM G BRI (R L), AR 7 53197
AT AEL o 1 R BRI O () 4 B T AR
Y BRI FR R, T T KAEZS L
L % f 3 A (proximate causes) Al iz A (ultimate
causes), $&H T —Fh 45 A AR KA 45 SE I R A

SHESE.
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Tablel Hypotheseswhich have been proposed to explain the phenomenon of mast seeding

st
Hypothesis

fifiik
Description

JAYRFE
Typical characteristics

wig

Comment

BEUL RS (U ER )
Resource matching
(Weather tracking)

B & MR
Predator satiation

RIS
Wind pollination

Y BT #)
Animal dispersal
(Predator dispersal)

EZRs Al
Environmental prediction

KA
Large seed

R
Animal pollination

L[S

Accessory cost

&S
Predator cleansing

Ay B AR R B T ]
I H BRI A IE B

Seed crops vary in response to
plant available resources vari-
ation (Norton & Kelly, 1988)

R 4 Al R 1A, 3
AN A 1 EG A1 A1
Large seed crops satiate seed
predators, which thus lead to in-
dividuals experience lower pro-
portion seed predation (Salis-
bury, 1942; Janzen, 1971)

IR A A R 25 KR AL AT
DEIREL R (3 Py ES
Wind-pollinated plants can ach-
ieve greater pollination efficiency
through synchronized above-av-
erage flowering effort (Nilsson
& Wastljung, 1987)

PGB ST ICE 2 €
TR 7> B 58N ) 5 22 14
ele-v iR

Large fruit production attract
more seed dispersers, and result
in wider dispersal and hoard by
scater-hoarders (Janzen, 1971;
Kelly, 1994)

TP A] DA Fildn” B < e 25 A
[T} -2kt 429

Plants can “predict” favorable
climate conditions for reproduc-
tion and establishment (Smith et
al, 1990; Kelly, 1994)

R KR TRIN T T4 6]
HA PR S I ]

Selection for larger seed size
increases the recovery time be-
tween large seed crops (Sork,
1993)

KREIFAEE 5 TSI sh i feky
&, M w2

Large flowering attract animal
pollinators, thus enhance polli-
nation efficiency (Norton &
Kelly, 1988; Sun et a, 2007)

B I I S A A A T
b BRI IS 3
Higher fixed reproductive costs
favor fewer, larger reproductive
episodes (Lalonde & Roitberg,
1992; Kelly, 1994)

VI T R ESE T FEAIR T BARR
SERT Dy B B S B
The synchronized death of bam-
boos reduces densities of herbi-
vores feeding on adult leaves
(Pearson et a, 1994)

FEAA IR A K Bl fifi 4
BRI LT S B
B

Variable seed crops achiev-
ed without switching re-
sources from vegetative
growth or reserves

T RAFE A B
Lower predation ratein
high-seed years

TER BT FEAF SN LU 3
=

Higher % fertilization in
high flowering years

A RS B E mad
B iz

Higher seed dispersal rate
or greater dispersal dis-
tancesin high-seed years

Tty BRI AL KA 48 S
EFEER

Higher seed or seedling sur-
vival in mast seeding

TERTFEREPF S, T
FHEFBRAZ R
More variable seed number
among years in rel ated
species with large seeds

TER BT FEAF SN LU 3
=

Higher % fertilization in
high-flowering years

TEAEA) P EAT K 2 A A
BERLAD T 1) 50 B B A I
L ower accessory costs per
seed for large reproductive
effortswithin a plant

FEARITTE I BE RN T ki
i

Gregarious flowering may
escape predation

BRPHR, RIERH RS, 28R HAR
ESE S

Put forward earlier, and early adopt proof by
contradiction (Kelly & Sork, 2002); more evidencein
support (Kelly, 1994; Pearse et a, 2014; Monks et al,
2016) and little in incomplete support (Koenig & Knops,
2000; Zywiec et al, 2012; Nussbaumer et al, 2018)

B Z B SRR, A, BT DhReRf sl

Well supported by many studies (Janzen, 1976; Sork,
1983; Smith et al, 1990; Kon et al, 2005; Fletcher et al,
2010; Xiao et al, 2013b; Wang et al, 2017; Bogdziewicz
et al, 2018); however, depends on the types of functional
groups.

IRIF OB IE, KT, 50 SO0 45 SR AR P AT 1
Well documented (Norton & Kelly, 1988; Smith et al,
1990; Kelly, 1994; Kon et al, 2005; Crone et al, 2009;
Moreiraet a, 2014); however, some test results are
ambiguous (Kelly et al, 2001)

A AT S BHH R T4 B I DD RE S B 20
SERSCRE, BN RN

Whether favor constant reproduction, depending on
functional response of dispersers; some evidencesin
support (Silvertown, 1980; Vander Wall, 2002; Vander
Wall et al, 2005; Li & Zhang, 2007; Pesendorfer &
Koenig, 2016; Pesendorfer et al, 2016b; Zwolak et al,
2016) or against (Koenig et al, 1994; Xiao et a, 2013b)

AR ES SCRE, H Ay oxt

Some evidences in support (Williamson & Ickes, 2002;
Piovesan & Adams, 2005; Burns, 2012) or against
(Koenig et a, 2010)

ERI SRS, AT IORT; FARBE SRR 5 RN
TFRERAAAERLET, RN B R g R
Some support (Jansen et al, 2004) or against (Kelly,
1994); other studies have suggested a trade-off between
seed size and humber (Xiao et al, 2015); medium-sized
seeds have a higher rate of seedling establishment (Cao et
al, 2016)

— LG A M/ IR A AR TR B 7= A R R AE, ST B
TR B R N

A few sparsely distributed individuals that simu-
Itaneously produce alarge number of flowers are more
conducive to population growth (Norton & Kelly, 1988)

NHEREDA R R A=, KA R Sk g R
RERLESE, WHES K T R/DERIEIA AL

Does not require synchrony between individuals, hence
cannot alone explain mast seeding; may exaggerate
variation between high and low years (Kelly, 1994)

B IEIE
Less empirical test
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1 (85 Tablel (continued)

Bt ik HLRYVRFAE i
Hypothesis Description Typical characteristics Comment
KA MRS ST B AR DAY BRI A BT ) 2 D R AR
Mast depression T SV R RS SRR SRHEE R R
The cyclic population fluctuation [ The relationship between plants and predatorsis
of herbivoresis caused by the The production of high-seed cro-  largely explained by the amount of chemical de-
cyclic seed crops of plants psisat the cost of chemical de- fensesin seeds
(Selds, 1997) fense against herbivores
FRIRAE RARG5 SEA ) T 3438 B HA RKEIACTT DI A 5 R WA 1T BNR 50 UE
Outcrossing Mast seeding facilitates out- Mast seeding may reduceinbre-  Not well supported
breeding (Tisch & Kelly, 1998) eding depression
VT R IRAEH VI TPETVERFIERERALS RS E AT (R —FEe, FELRBIE

Bamboo fire cycle

W[

FIBFET, KB T KKK

HIORIIRE AR — i B0 56

A, MR LE THR 54772 Anadaptive strategy for plants
1] [ 55 4 such as bamboo that depends on

. forest gap regeneration and di-
Synchronized death of clonal spersal

populations such as bamboos
after high flowering encourages
fire, which prevents trees from
out-competing the bamboo
(Keeley & Bond, 1999)

KA G5 S AR R B 3 R Al

Phenological synchrony IR 5548 {4 51 72 i) Al £

A8 w2 ) 5 8
The mast seeding is caused by
both individual resources limi-

Yl 1 S BUE Y R 2 T 78
KT SN A
Phenology leads to synchronous
flowering of plants, increasing
pollination effectiveness

Itisjust ainference that needs to be tested experi-
mentally

AR LA G T A5 B UG E, 5 5E 2 SRR G IE
Only documented in the valley oak (Koenig et al,
2015; Pesendorfer et al, 2016a), more experiments
are needed

tation and popul ation-wide poll-
en availability due to environ-
mental variation (Koenig et a,
2015; Pesendorfer et a, 2016a)

11 1B &\ AR (the predator satiation
hypothesis)

Salisbury (1942) & ¥ 111 E#E(Fagus crenata) Fl
R B Fh 45 SR A 24 B AR, Rt
T HAE ) 8 A K B 25 ST RE e N 1k G Bl
i il B S (Salisbury, 1942). )5, Janzen
(1971, 1976)FEWF FATIRIS I, A B0 MR 2 {77
KPR RELGERIR A 2 —o X — KI5 R T E
M FAN K FELGE LR ZRE. E, MeEH
PRI A 42 e, A2 AR I\ AR R A &6 ST LS
b4 o (0 B R HESD ) B B N A A, A
T 3G 0 A7 35 BBl 2, 42 B0 & & FE (Janzen,
1971). b J5 R & A ST IR SE R AR 45 SE PP f 4l &
FEAK(Smith et al, 1990; Sork, 1993; Kon et al, 2005;
Bogdziewicz et a, 2018). IT4EkK, FEMKIESIVIY BL
PP RREYI R, B E AN B T BT R 5RAIE
(Fletcher et a, 2010; Xiao et a, 2013b). fl#1, Xiao
%5 (20130) 7 DY 1] #B v1 HE Hb [X X3 v 4§ (Camellia
oleifera)ffi ¥ /=&, RIEEEFNFF A8 FKIA8F
MW FE S AR, Ph 455 KR, P4 R E

AR AR AL A E I AF MY AR, SR
i fr E A (Xiao et a, 2015; Wang et al, 2017).
EE AR B 2 RT3 3 DAl T BLA SRR K
FESE S % (Silvertown, 1980; Sork, 1993; Kelly &
Sork, 2002), {HAAE A 2 . i, SR & AR
Ut B 2 BIEYE SR B L M (specialist) B R R &
(Sork, 1993; Bogdziewicz et a, 2018), #i/bkHZ
Ao 1 (generalist) {45 HESh W47 1 (1R 2K) (Vander
Wall, 2010).
12 w4k | & ¥ 8 R Ut (the animal or
predator dispersal hypothesis)

AR YA N R A 45 Sl B v A AR BUS
e B AL 2, AR T LB (o Sy RO e B 2R
HE 28) 1A 1 140 16 B - 9 B (Janzen,  1971;
Silvertown, 1980; Vander Wall, 2002). - H#iKelly
(1994) ¥ 1% AR Ui sE XA RE RS T 5 512 ik
Ry HcE, B R O 2 Y. X
AMRVOEL E PSS T AEAN T ORAE, BT dT
BCHRT R, JEIEEE . — SOk, REFIY
B SREA REF TN, Szt 7 i 8o



BT VBt H RS SE R L SEI AT N Z (A K% 5 825

FETE AR R, A& PR A 1Y) B B HE (Vander
Wall et al, 2005; Pesendorfer et a, 2016b); 1 LL
Foh—F BN 202 AR B Fp 14 B 8, DRI R AR 25 5T
REXT A £ Fh 7 204 BRI A A R (Vander Walll,
2010). Vander Wall (2002)i i 548l K AE &5 5k, 45
KNSRI BT REE — Mk ), FhEE
B N 5 O R Ry, BRI 33— e
WA= e 2 ERARN . BT — MR
B VB AE R AR 1 R 1 s, T B EGR
T HCGE X RS SR DRSS, T A [RS8 7Y ) Fof
T HGE AT REXT KA &5 S Dy e SN AN [R], PR
A 56 3 i 56k sh 0 4 HUIR 15 (Koenig et al, 1994;
Jansen et al, 2004; Xiao et al, 2013b). T K (1) JLIFHF
FC 4 e 1 A A RS 2 3 By A\ (Aphel ocoma
insularis) F1 74 A #8 (A. californica) %t 5% 2} FH 4 fh
T i i& B 5 W (Pesendorfer & Koenig, 2016;
Pesendorfer et al, 2016b), LA A x4 i (Apodemus
flavicollis) % B il 111 “E A% (Fagus  sylvatica) F ¥ 1 d
Z2 (Zwolak et a, 2016), fRUFHLSCE: T shiny
HUE UL .
1.3 K#FER(the lar ge seed hypothesis)
ARV, — SR A 4 S KT RN
AR I, KPR T BT O %8 AR,
T HL — LSRR 1R b - 2 Bl 35 DK 4 &5 S B[] [) g 1)
FEK T 34K (Sork, 1993) . AEA) M 1] T 25 S K11
TEAB 72 3G TN R A 45 S 1) TR RS 8], PRy 45 55K
T 75 250 2 I [A) AR 5 BE U (Sork, 1993), HA K/
P45 5258 B I MR AE &5 S0/ NP AR AR R T
PN T G592 KRl T . Jansen’ (2004) 75 34F 4 1 15
T 616K T X A BR 2R 43 B0 R 1) 5 il R (Carapa
procera) F F iz, R IKFF A E re s i
B Z i My BRI A R, B,
3 O 8 P GRS [ T % vy 77 AT R, X0
AR LSS, (HA2, Kelly (1994) U iz i
ANBEMRBE KRGS SR . XiaoZ5(2015)F2 Y T — 4
BT Fh— KRNI B PTG S BT AE SR,
K AF A AIE 53 BB £E T 1 7K FI R A 44 5%
A IRILAS R LEFT7K-F BRI K Fh7
BRITHHL, WNF AR T A0S, RO
K BRI A B R T8, MR
BRI T A7 . Cao% (2016) & I H &5 K/ 1B AR
(Pittosporopsis kerrii)fl 7 A7 5 = (2 1 3K

14 RFLHLHIEEFIZH

8] W R A 5 SENL A 7 rh, 80 K B3 [
AR RS o LR fa SR AE SR — E 2 TS
(PN D N=K 2 VAL E A S pud e NP s)
FELA) BRG] SRR (Kelly, 1994). FfF TR B,
A 3T RN A 2 F L (1) R85 R 3R (Schauber
et a, 2002; Perez-Ramos et al, 2015; Bogdziewicz et
al, 2020). it Perez-Ramos& (2015) % Hi i A4
PR SR RN FRY], AR T AT BEX T 4k
EYF TP B AR TR,
PR b5 T B 52 AT BE 2 BE K. SR, Wright
£5(1999) 7 #vrty ’Y MR Hh BIF 58 JE 7K JE Wi 77 % 31 (E
Nifio-Southern Oscillation, ENSO) X+t 4 1 7= &
ISENE, 2B TR JE vh—re 77 5 8l R iR g | 15
FIBH O 78 /2 1) 2% A1 2> 42 #F A 7 4 77 (Detto et dl,
2018); Kelly55(2013)H 7L B, B [ali e T+ e A
MTFHT KE . (A RS 32k ) (Koenig
& Knops, 2005; Koenig et al, 2012). 41, KoenigZs
(2012)WF ST B, A6k PR 7 S M RGO Ao
T, L AT AR A O () 2RV SRR . (3) IR
53 0 14 B T A =R AR B 1 AR B R AR (Crone et al,
2009; Sala et a, 2012). {541, Crone % (2009)i/E it —
YN, R UIBRK A G )] 8 i) SR AR ) (1 R
IR, S E R R BOKAA YD, T FH E R A
TG, UHEVAFED IR, EA1S 8D A= Fh 1
AR, TR IR mKAG &Pt 2 #E. DL Rix e
DR 2% AR 2 e R At 1 1, AR AT RE L ERAEH . B,
PA85 DR 2R 0T B ok 5 g g AR WA S5 1) B R AR

S 2 AR I BETE R, BT SE R AR R XA R
(Nussbaumer et a, 2018).

T 7, ISRy« il A S P T
SEAR U AT B AT 18 B ) KA 45 S R (Rl (A0 Kelly,
1994) . Sork (1993)x i iy FlHH ARG K45 SEIL R
HEATHEGE, B2 o —PpBIA LL AL T 3P A [RI R 1 DA A
BRI X, F 225 & sh W) S5 A BAR
R, HERAEEAE. BRERHEER. Koenigsh
(1994)Xf JUMARI (1) KA 45 SEIL RBEATHE AT, INA
AN R o KB R Al 2 AL R g
BRI B A RO R 2 1 ) 3 At 2 B il XU
B Fh KA 45 5203 K (Houle, 2001). KellyAl1Sork
(2002) I\ Ay, 17 A4 ERAR A SRAE FUAE ) ) R4 45 S
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LG, AMZE A5 B ARG R 5, [R] I 38 8
F G B A AL HE B 20 5 (Koenig: &
Knops, 2000). Pearses (2016) % K445 S MLl 3k
177858, JR9 T — MRS, 2 RS R
BRUR PRI R &, B B R 5 HEY AR, il
ATANFEREE b, RAFESE L] DUJLF- 584 B 55 R Y
AR MR IR ZN, B 584 H S5 A 5 IR TGOS
P eI ITITES S7 w A/  IB 7 AP | S (P 12
1), IR LA &, &i, Bogdziewicz%(2020)
PR, A B K A 4 S 1) BB I WL AT 5E R B
A B PRE] B AL AR W T3 EE SRR
g, TP EEAR AL AR R 4 S i) — AN IR B A
K, HEIER KR bR i ik e i F 7= 2R F2 11,
DRI, FREEAR AR g — Bl R A &5 S 3K 7 (8 mT
N LRI FRE

FATHIRIEFE AN, (RIS ot 1 [) 20 Bl S 20 45 S
2R S T (AR ) B - 2 1) ) TR) 482 A BLAE
(AR TE . BB ), X135 ead k]
RE R A X FE AR W) K AF 45 S 4K (Yang et al, 2020).
DRLbG, S P o 2 T £ ) 422 A ELAE R BT 3 S0 gk Ak
REFEAEAFIR A FL . 7 Sork(1993) 1 Pearses (2016)
P2 FORE SRR b, AR — AN AR
BEUR L SR EAE R BR AR OR A 45 S L] AR A A 4
EI(EL). ZER KBRS SRS (L&), W
FE TR (R L) ESERASE: K
B3 B ) A SR T AR A, T B R AT
1e, [FERPIHERT Re A AT sl Mk & (n B L, 5238)
eGSR T4 = A% ok 2%, BE 1T 3 B ) KA 45
S AEA) KA 4 S — T d e v R 4 o ORI
HUCE T SRS B 47 9, ETTAR 1 54 53 Bk 58
FhFo B o E RS B AR, SIS
P T AP R BRI MY RFEL 5
— 2 KEHFEEYME &R, SEREREYD)
AR B =, B R i S, g T
TR AL o A I8 Ik 42 45 S i TR [l B, T
TE B K ANEZ 57

B IR BEAE FAHE: MEL SRR, T
TE N T LA B E A R d KAk, A AR e A
3 WA R AR A B M K R ()5 AR T R 5] K
Ry DA B B AR, B4 S BUE Y A 11 R 2P
KELES ., IR R T GIRI JE %,

BEEAE

Proper climate

<+>l ) o

. Rl FF 16
ce-- _(_ _) ---»  Synchronization ™)
' of flowering

™)

Y ﬁﬁ
fEMVER Resource

Pollination effect

) ™)
\J
O, R ©
Mast seeding

o) 0

! \/
LW, MR MTRe
! Seed dispersal Seed predation

B4
o) O .
v 0
B
__________ Seedling
(+) IEfEH () fAER
Positive effect Negative effect

-------- B4k BEFEAVE ] Evolutionary selection
——> H4EM Ecological effect

Bl —MEESE. BEMSENEENHLSESERE
B KA SERE

Fig. 1 A framediagram explaining the evolutionary and
ecological processes of mast seeding by integrating the climate
and resource and plant—animal interactions

HAM T H s EcE K2 s i,
(eSS Fh - B9, 8 S s xR R
tr, AITAES R B R A I Ak F — Rl &P AR
Ao EMENETHN T4 RMESRENEYZ
FEtE. Rt R R E

2 KREHXS5H;Y

FEL) 1) W 2 b K B 5 S 2 R R 4 A 1 Y
S5, M ME M T GRS A B Shhn R &%
FIEY T T RS IS, P Btk AR
97 38 I S (Vander Wall, 2010; Selds, 2016) . 14l
11, Granados%:(2019)AfF 58 & I, 18 i AR R AL HE )
YR, EEMEIRE RGN TR HES) )
HIIE R BT . RSS2 53Ty A A Bk
Fot— N TR, ShYAT N R U
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BRI 24T RS S & T XY 1) B 2R
WA AR EE AR, WY E AT R
T PhryEk. bR SRR, K, M
P HUR YUE MY T FR T B S EERY BY (Nathan &
Muller-Landau, 2000); Zh# 1) B AT A Y KA
SESEEZIE (Vander Wall, 2010). PR T- 508, A5 5 &4
MR K25 S 5 & AT N2 B R R .
21 FICEITA

S FEAT T 4 N5 R ek (larder hoar-
ding) A1 73 Bt It 3 (scatter hoarding) (Vander Wall,
1990) . £ HIEEk 2 T S VDR WCER I R 1~ £
FELE FLIR 7B B AT J 3 P, 8 I S D, A
B PR 2 2 U HR S S AR 1

Tob 5 AR 2 AN, RN IR (0 7 K /D,

A VRLFR 7o 2 SO 4 Hh ek 58 A R T
TR -TAL R TR, DA S AT A b7 B AE
Tl A T Pt Bl 498 4 2 5 3 R W A R A 4 1) T
A, XM — Bk sl Y e M B R AR, At
AR B, SIS .

Tl 7= & 1) 22 /b L4 52 W) B 40 A8 Bk 4 A BB
I LE A& 4 S (Vander Wall, 1990) . 3@ i S246 =
P S IR AN IR &, WA BB R R R R A%
PETR (RO 77 B R/ INE) 54T AN 2R Dy — b
RUFHFB. #ildn, ST RRM, F{AaFRTe R
(Phodopus sungorus)fE£: [ R & 2 J&, $#hn 7 x&
VI, I HIX PG mIE A 5z fR g s (A A0 1 52
Wi (Day et a, 1999). {HJ&, A —LLmt 5K M3
TERR B J5 58T N I A 52 31 2. 35 52 (Wong. &
Jones, 1985), 2/ 1 XK (Demas &
Bartness, 1999). iX 1] i 5 %= N 26 1= IR s 1) 1%
@ AT NER K.

BB TR . HARTF-BRI5ET, B H
SRR . BT A1 S 56 G0F 97 Bk B £ (Jansen et 4,
2004; Fletcher et al, 2010; Xiao et al, 2013a, 2015;
Zwolak et a, 2016). f5iln, Jansen®s(2004)7E k)& £
PSSR ) 328 R A0 AT WA 4% A £ AR 2% 0 4 B4R (B4R Rl 1
KAE, 20EFhF/INE)IB R T 3,000 v R AR e (1) iy
g, SRR RER T RBEEM T, 125
TR BUSRIhE . AR SRIEAT A B TR
KW, P REHMT SRR 858
(Pesendorfer & Koenig, 2016; Pesendorfer et a, 2016b).

2.2 FhFIEURZE

Vander Wall (2002)7E A H:325 JH 75 5 ORI 78 A3,

TE AN TR 4 ) B8 0 N TR i 1) 24 9 B AR (Pinus
jeffreyi) HUKERA (P, lambertiana) i 4 HUE 5 72 7
BE, P KAE REF 7 104 Hod B B 2 7
INEERS L, SR, B R Z AT S5 Vander Wall
(2002) (145 AR I - f91hn, Sork (1983) M 51 % 1,
FERR R BT ARl (19 SR 2 LA 2218, sl
WA AR > — 4 FhF . Montiel flMontafia (2000)i#
Jak oF S5 PG B AT BL BL YDV R 6 ME S A HUM AR
il \ % J& (Opuntia) fEL 42 J SE R 78, < 305 SE 13
PR G R SRAF M R L TEAR S P b
T AR SRS 1 R SR e R . — B AT
WAESE, Bl 7845 5 /INE L 25 SRR R 2R 3

FHR(Li & Zhang, 2007; Fletcher et al, 2010; Cao et d,

2017; Xiao & Huang, 2019). M4k, &AW 5T L,
FE - IR /IS4 [8] 1 25 A 5 B 2R 9 B0 T8 B A
3 72 S, ARA R IIAE I 25 PR B R P TR BB T )
TR T8 BRI RS SR, R ARA T it 2 A
F ) A0 Hi i B R R AR TR AT BL R (Xieo et
al, 2005).
2.3 w5 IR

pd B IR, AMUERT E S
AR AV BB D, T H AR R TR R A A
HIAESERA R . 4l R RTREL ) 1) B 8T (Vander Wall,
1990, 2010; Cao et al, 2017; Pesendorfer & Koenig,
2017). LifiZhang (2007)HF 7 KB, AT K18 N
7R O 38 1L A (Prunus - armeniaca) T (1) %
M HAER R, LA B g BOE e £
SR/ NEAR% . Zhang®s (2008) 7 S5 Bl 25 1F
T M R EN R, N E K
(Leopoldamys edwardsi) 7 #8751 55 2 ¥, 3¢
FE 42 1 K 4F 45 92 2 ik 0 5 AR G (the masting-
enhanced hoarding hypothesis). Xiao%(2013a)ff 7%
RI, 5HF/NEML, £MFKEERKR
(Sciurotamias davidianus) B SR 3R &> RS ¥, 1H
ek 1 2 USRI RR . Pesendorfers:(20160)fff 7t
RN, P KX NG B0 7 3H 200 itk
4b, Vander Wall (2002)fF 58], BRAER ¥ K4F
Xof R S B AR T AE A /N

SR, Jansen’s: (2004) I\ M) KA 45 SEAE VAN
T N EIR, L PRACH BEh P 4 B0 s8R 1 1)



828 4 ¥ % B ¥ Biodiversity Science

8%

e, Cao%5:(2017) i Fi 3 BH, 0K B+ % i ek s>
TR ISUHEHEAR A T A, (E K H R B
BRI 5 V% 3 L1 2% (Camelliad kiss) P 114 B2 52
M, AR Z AR, RSB R T
(1) B AG LE Fh 1~ /N AR (8] 3% A 6 25 1Y) 22 7 (Theimer,
2001; Vander Wall, 2002; Xiao et a, 2005).
24 MFI RS

—UERF TN, R ORAERS, RERAE 2N
FURBE A R RE R VA, BT 1 4 FoAh sh P
BERME, R U g (Vander Wall,
2002; Li & Zhang, 2007; Vander Wall & Beck, 2012).
XECH TS R BB . SR, O —LEREFTIA
N, TEAEYF T RER, £ 5K T
P T 5 B IOME S, TR L SR S A 2 PR XS Ik e o
THER, SECM TP H#E R Bk (Moore et d,
2007). 1RZ W FTUESSAE R 45 50 KAE, Shntfp+
(9 B 2 55 35 /N TR 45 S /N (Theimer, 2001,
Jansen et al, 2004; Xiao et a, 2005; Cao et a, 2017;
Xiao & Huang, 2019). {511, Cao%%:(2017)idid #
IKF IR FEUE I, Jo SO Bt S X A A AR 7 0 1L
AT Y BOE B AR R RZE DN T 7
/N Zwolak 55 (2016) 7t 7t A B, W Ll B A A B
YBT3 BE B AE R TN M R 8
f5o DL RIX PR ESAAE & 45 T RE R KA, B
VP Fh 4 BRI B BER 7 ke >k, B
A DL AR Fh 7 4 oA Zh P 1 B ISR, (B3 Bk 1
TEHFER R R R, K sh st 7 i3 Bl =
T A1 B2 & Sh 9 Boph 1 I 10 B 5T #E,
A e 8 - 45 15 £ R R 22 2 [B] R AL AT (Moore: et
al, 2007; Solbreck & Knape, 2017).
25 YEREMRE

AR A 25 52w DU £ 5 B e v, AT
{5 BT 22 Fofr - 06 A £ T AR, MG ON 4 E R R
(Kelly, 1994; Kelly & Sork, 2002). AFFTiEsE, —it
b= (%) &) A B3R AE M KA I B3 s TN
(Vander Wall, 2002; Jansen et al, 2004). #1411, Vander
Wall (2002) & 3. £E B -7 K 4F IF, 78 3% #24 (Pinus
ponderosa). #EFA L) 3B BLAAFh T 10 400 0 2 R 40
BUOAR T ONER 22165 . 41165 F6.91%%; Jansens
(2004) 2 20 72 I B Rh 1 1 40 1 2 R AE b T K AR I
/N A.54 « 2500 Tt 35 R BAE R T AR P R AR IR
Fh—F 4l H 2 A LU R, R B KA 45 SE R e A

— E FR BE bR R ) &) B R ST R (Kelly, 1994;
Vander Wall, 2002; Joubert et al, 2013). ZwolakZs
(2016)IELL44F (2 + 2)IBER T 1,600%% BRH LI EREFH
THIfrIE, S5 R LR -7 RFE gD T B I o0
SRR AR IR, SN T G

3 KELERH

KAEGESCAE RN SE 3. BhAEY EAE DL R vr £
fth A2 25 T R b A R OC B ()4 H (Vacchiano et al,
2018; Bogdziewicz et a, 2020). KELESLRIEE R
YRR, R 5 201 58 16 it 4 & 2 1l
(& A WAV (Vander Wall, 1990; Jansen et al,
2004; Xiao et al, 2013b; Cao et al, 2017), [Aift14
RS G AT N, RSP KA LLAE i
T/NFERE R 2 M1 @y #dERUL) (Vander Wall,
2002; Li & Zhang, 2007; Xiao et al, 2013a; Zwolak et
a, 2016), X FPAT N AT BE 2 0 R AR 25 S 1) gk Ak
&V (Zhang et al, 2008); X L4l 5k (1) Fh -4 B A
Bl R, AT (2 26 A A o7 HOR b S
(Kelly & Sork, 2002; Fletcher et al, 2010; Joubert et al,
2013). WAL, RIS Rt 45 SE M0 5 15 2 AR 3 )
(4n B ) A3 B A b5 T 149 ) 42 5K 22 (Norghauer
& Newbery, 2011; Yang et a, 2020), i A] GE 5
5 Y 2 E 3L A7 (Chen & Hsu, 2011
Garzon-Lopez et a, 2015). il i L fiRAG K EE 45 SiX
KGRI G W AN, AR T 5 b HHE B
XA G )3k Ak i FE (West-Eberhardt, 2003) .

S, BFFERAESE SELE R R, AMEA
HERHEIRE X, 1A ERKPSEERE L. X3
KA, FELA A AV [F) 2 5 S B T 4ERR ) 2 A
% (Silvertown, 1980; Kelly, 1994; Bogdziewicz et d,
2016; Granados et al, 2019); X HEYIHRE, KL
P TR AR, MM aEEA, REMN TN
A 15 BER T 73 BV AL 1R = g, AR 5k i
WEENHE, HARNTMriR. SIddEms, |
ZESE A EER B (Kelly et a, 2001; Kelly & Sork,
2002; fhITESE, 2011; Pearse et al, 2016). 4 1
PEOK B B L& RIS AR AL, S T R i Le AR 4y,
P B, R SR AE ) A3 (RIS R T B A
SRR, AT RS F A . Ak, E i B KA
gESpL, By LA T g3 an e DL AR AT R A A AR
Ak 0 % B 9% Z A (macronutrient cycles)1F H
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R, DA Bl TR0 HE 45 2 A& A0 AR ) H BR AL 2 R 3
(Vacchiano et al, 2018; Bogdziewicz et al, 2020). 1t
PN FRGirh, R KA G5 SEHLE R BT S0 A
A DA E P A RN R RAED U R FAE AT O
REFPAE RS ] (Smith & Samach, 2013; XA AEAITL
g le, 2016). (EEFAEZNYE PR Ry H, 2
by s 3 5 OK A 45 92 9% 1 B3 U Ik o (resource
pulses)itf [a], A BT BF A= s W) & B iR sh W Fh i
PR AR A KR AT 2 A T IS5 K 4895 (Lyme dli sease) 55 1
7E 1) {d JE X% (Ostfeld et al, 2006).

SO DRI U3 I s A, EEy
BRI K P T S5 B BN B R KR 45 s R H 5 3)
VIR 2 R BAT A A8 RERAL T E
BRI, HAHE AR5 SRy — P AR E IR AR 22 o0
D5 IS 5 BH o 30 R AT 50 22 400 ) T2 e %2 A
ZKHVEN, finBogdziewiczZ%(2020)\ Ay, 4%
BT KA S5 SEIL R B3 ML, 75 B E f 3
A EERFE: TWIESIA . BRIRE] EE AR A
o BT AT 2B IR S, — Rt
IR B ) OB B 350 (22 PEA04F /e A B ), A4
AR CAIE/R Z AR AR A KR BB AR L . oK
SR 9T 75 B8 I K A 25 R DG A A ) 4
SER/NE A AT RS A 2, R LI R R A A
ARG B EYI R ARG, DARR ) KA
S 5aEHMCEITAENRSEMES TSR
E] ) 2K &R o

VAR R I LR A4 7 T I 9 (D) FEA
PERIFREEKST b, 35 B 2% IR 2 5 A Bt R T A
Wi, IR A A7 04K S A S AT 5 R 5 A 5 g 42 1
SEHG A, AAOU K ST BT R s A% A 2% % [
WG RS SR, R SR H 5% 57
WL TTIFIRANTZ IR AR KA 45 SE L . (2)
TEREVEACE b, R0 A4 A e v F i 5 =
BORARNEE I, 1 RIFERREE N AR FR D B IR
SELEIILR? NS, BN S HEY R
-1 1 )42 A EAE FH (R B A4 AR 2 T ) SR AR 1K
FEGE ST, BV — PR R AU . (S)TE R
AR RE b, KRR 2RI FEEE,
PRI TR L 3502 T AHHE e (B [RIVE A, m s fA]
FEHE SR, WRLLER F & e KA 45 SE i A

S . (4) 1 TARHE S RE R T A TS
FRAURASLIN, (RILTF SLAE A TR 2R
Al AR 7 R A AR LS %
IR 77T
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R ZELEEMZ KA ST LT EE R 2 AR, VR AR MRATMR ) S B B3 T O 5 2855 3h W)
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T P78 R G TP AR LA 2% 4R LAL . LS RBS T EIE R EEE . AR T RF
AEREDE SO BV AU RUSE R SRR (AR B, RIS A A A ) T S I B ok 5o 1 5 sREE R
W, YERFS R AT O & R AR R DR RS B SRR SAT. 20U iR TR, O — e %
SE G IR BRI IR FC R G5 vh A7 AR A1 HA 3 DL R Sy A B B A 22 R P S AR (R 2 o il
A N VRIS R 3% 2 AR BT ot T2 R G WA AR ORI B2 07 A BB AE R X, A Ja B S Rzons 5%
WAV R AE YA ST IS, SRS IR RN SR SEIR IR, BEAT 2 R ER & 0 WSS RaR o R A B
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Overview of the reproductive phenology of mistletoes

Manru Li*?, Ling Zhang"

1 CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of
Sciences, Mengla, Yunnan 666303
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Abstract: Mistletoes are a polyphyletic group of hemi-parasitic shrubs that can conduct photosynthesis. As
keystone resources, they provide important food resources and nest sites for many birds and other faunain
forests and woodlands, mediating local biodiversity. This group is comprised of 5 families, 88 genera and
about 1,600 species within the Santalales and is broadly distributed across terrestrial ecosystems, absent only
in some apine, desert and polar areas. Research into the reproductive phenology of mistletoes is important
for understanding the maintenance of species interaction networks in *host—mistletoe—pollinator/seed
disperser” systems and the stability of ecosystem structure. We review the reproductive phenology of
mistletoes at landscape, community, and population scales. We begin by describing different forms of
mistletoe reproductive phenology, and continue by exploring the evolutionary and developmental drivers of
host species, pollinator/seed disperser, and mistletoe biological characteristics. These studies indicate that
long-lasting mutualisms between pollinators/seed dispersers and mistletoes are maintained mainly by
asynchronous phenology of mistletoes in order to ensure their reproductive success. Previous studies found
that the reproductive phenology of mistletoes had important adaptive significance to interacting species in
“host—mistletoe—pollinator/seed disperser” systems. Future efforts should first prioritize basic biological
research on mistletoes to fill important data gaps, and then couple experimenta verification with
comprehensive multi-factor analysis to strengthen our understanding of the ecological significance of
mistletoe reproductive phenology.

Key words. mistletoes; reproductive phenology; host plants; pollinator; seed disperser

WSk F 9: 2019-11-06; £25Z H Ji1: 2020-01-25
BEEIH: H K AR 543 (31670393)
* J@iIfE# Author for correspondence. E-mail: zhangl @xtbg.org.cn



834 £ ¥ % B M Biodiversity Science

8%

TP B HE I ) 22 HE A SRR T R
ZE AN B 1 1) 5 ) % (reproductive phenol ogy)
(Elzingaet al, 2007). A& 1) GG 2 AR ) A3 L
) ZRHE, AMGEZIEY) B & ek AT Ech
AJ5 AR5 & (Sun & Frelich, 2011; Craine et al, 2012),
[F) B B 52 e A R T 3K L8 ) 3Rk BB UE K 3
(Newstrom et al, 1994; Wright & Meagher, 2003). i
WG LT ) I B ) fige mT LA Sy 9 T A g A
R, @ EYIEAE . B TR K
T MR R) R 2 4R EE 2 M S EIN E A
AT DAVE A0 b 38 4 P 1) G ) 1 (SanM artin-Gajardo
& Morellato, 2003). H A Z5E )1 [F] 2 (reproductive
phenological synchrony) & f& 4~k (B B A4 Py 7K
F EAEMECR I E S IR, HEE R E P
fRE(0-)FR, BB RFIR AP R T s, 7
HPERR IR (Bolmgren, 1998). SitAH %, EhEY)
& 57 5 2 T SR 38 ) M A T 2 I 1) Bl R 42 i
FRVET R BE, A P 2500 103 25 () 20 1 4 2 1) 22 48 T
FH ke o 7 5 ML E (Augspurger, 1983; Elzinga et
al, 2007). BHHAGFB TREPR U 1 2 17 A,
UNE AR AL J B SR IR 25 43 ic (Quintana-Rodriguez
et al, 2018), 7ERTECHIF KA AT E E L R
RAL R AT 5 1 1) XU (Rathcke & Lacey, 1985). ik
T Fh T4l & % (Pettersson, 1994), L K S8 5 511
AN e, AT 38 o0 ol =45 1l D HCAT (%) AT e 1
(Thompson & Willson, 1979; Gorchov, 1988) .

A AEAE Y (mistletoes) & — R H & AT LT
EERB AR, BB THEER TR
FARN WEFARN HERER, B CERAE AR
(51188 &, T 1,600FAE A, Rk ¥ 45 fm %E
- R yb i X 13545 43 A (Watson, 2011) (F&1),
Hop ZHF AR MM 2R MM 2R
(Nickrent, 2011; Liu et al, 2018). K43 2 LAWY
HRRENE = A T AR A K A e (1) SRS,
VF 2 ALk AP 7 B FH R AL EE 'Y %
(Watson & Herring, 2012), H1F e 4 sk,
HIDNEZE S ety N S AL B R LY
HEAT PO AR T RE B A 3E I A £ R A 58 B
E4E(Amico & Aizen, 2000; Watson, 2001; Mathiasen
et a, 2008). kIR K ST A 5 52 15
B AH BAE H 9% & A 2 Ak & B R B S
(Burkhardt & Smith, 1990), {HH T &AW 514

K IR0 BUCA 2 1A R 8 R “ R AR s /i &
g B EXOT 4B A BEAE R, BRI R A
F&— Fh R EUR B [H] 4L (diffuse coevolution) (Reid,
1991; Nickrent, 2002; Watson & Herring, 2012), ji
5% FMEMRIT Iz ER, WIRR T w E -5
TAEMDER P ECTE R4 (Mathiasen et d,
2008).

S3 7T A AE D AE RRAMRORD AR HE 3 Gt 47 15 % B
(keystone species) il 4 14 7 i (keystone resources)
) £ 2. (Watson, 2001; Press & Phoenix, 2005; Watson
& Herring, 2012). H.7E19834F, EIE I — M 78 ul
2 BR [R5k 7 A 1 22 P 58 5 AR AR A B FE (5 AE A [
SR AP LA, HAT DAE SO RS B3 KA
2l DS (TR 2R e =/ BN 0] S ST
AR 7 RF MY EEDER 702 8 T 4R
S fkn F B8O 2 BRI A R R IR — S
220 A5 (Davidar, 1983b). i KK HI T AE S 2E R
Watsont: 2001 4F & 3% B 2538 SC & 48 H S a7 4
T ) B TE W A PR R A 06 T e 4 25 FAE -
A FEYI—AE Ry 11 B0 3 R G R AVE AR €
A7 5 A FH (Watson, 2001). 4R H Al Sz X —
R REIEED, 5§20 557 A ) S ) R 2=
5&F FEWAAL R & R 1 80m #F EH R R A
P, I HA X — s A = R A iid
BoNIESE, EANTREBEINR = . ASCLLESME
R FSCHR A E, SRR EE T R a5 A EY)
(R ETADE L IR AL, 53 A 5 e SETE P i () IR 2R
MBI B AT 5 A5 b 50AT 25 0 27 2 R A0 AH HLAR
FH b BT A4 ) B B B X, X ARSR I 7R AT
RE,

1 FEFH

CVA B0 78R L3 25 AR ML) A W P 32 ZE 1 T
1 R(ZRIERFERD): —MEATEEKRES
JI1E M A] IE P (Ladley & Kelly, 1995; Ladley
et a, 1997); 5 BIETE AR, RIMAE R
FE U5 I 2% firh 21 48 568 5 T, A8 2 R AR FF T (Feehan,
1985; Ladley & Kelly, 1995), F& /& & &F4ERM
Dendrophthoe fal cata 55 1 #7465 1 [F] A2 R FE A i 4
(Davidar, 1983b), k27 AEAEAIE AT it PR Fh 7 20 sk
DLEFAY G ) 5720, B Fh S 25 AR A AN R A1
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Bl RFLEEYSHHEAEERRANEHPRFEEDEEMERRMNLBENOMARMS). FHRSudiofk maptool skl
dismofE FE AL KIS TR E Y Z 1415 B M IEEGlobal Biodiversity Information Facility (GBIF) (https://ww.gbif.org/)
ETEBYB—RNEFERIRLE .

Fig. 1 Thedistribution map (latitude and longitude data) of genera of mistletoes from the Global Biodiversity Information Facility
(GBIF) (https://ww.ghif.org/) is drawn by using maptols and dismo packagesin R Studio software.
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Fig. 2 Reproductive phenology types of mistletoes at different study scales
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TEACTN SRS 1 2 AN S8 DL R B (] / N R A
[F) 6 5 ) B4 I 8] 5 T BRF 25 I AN [F] (Davidar,
1983b; Watson, 2001), A M A& < B A1 B 9 )
FESIH, DACRUE HCE 8 2 A IR 5 1) 5 2K sl 7L 30 )
FEA A RE AR AT AT R H 16 fr ¥ 555 (Davidar, 1983a;
Mathiasen et al, 2008). 457 MM LR RN,
SN BTGB R LT 3 RUE
(B 2: (FEMRE: FFtFa 8% Amyema
miquelii 7 A [F] 1 fU0E ISR s [E) AR S8 A
[ (Napier et al, 2014). (VA NE: [F—HEE N A
] S 25 AE Y R 2R Dendrophthoe trigona, Taxillus
recurves, Taxillus cuneatus, Dendrophthoe falcata,
Dendrophthoe memecylifolia, Helixanthera intermedia
B SR AR G 8 T A 5 4 S (Davidar, 1983b);
M — B N A F 2 B B RS F A EY
Phoradendron californicum F7¢ 58 A (Yule &
Bronstein, 2018b). (J)FPHf R [FIF R ZFAHEY)
Loranthus acacia 1A @]/ 4 B A [F] 1) JFAE 4
5 3 (Vaknin et al, 1996); [F] Fl % % 4= HH ¥
Macrosolen cochinchinensis 1€ #5 SR 241 2 a4
HEAE T (Z 12 5Kk ¥y, 2019) .

2 RZEH

RV FF F Y-SR T YLk
PP 8 E RG22 H, EATREEYNERR T %2 2
WS 7 Isgme 2 4b, 223005 MY Ll
Fh 8 2 A B B A 2= R R 2
21 FHEEYHIEMN

(O)F EHEDFER W CERARHKE
K S ar A RE R IR QA R MR E Y
(Press & Phoenix, 2005; Shen et a, 2006), #3441
-1~ 5 2 W B A2 B B SR A 2 A (Miscum: album),
A R 3 [X B G F) 25 = it 5 4502 Fily(Barney et al,
1998); # % & Bl 19 i &8 % ‘£ (Dendrophthoe
pentandra) 7£ H [ (1) 78 X ki 44 1 [X 1 7] 75 200 % Ff
T b2 AR (EE e ATk S, 2017). RS 25 EHEY)
IR, BRI B R T Be 2 A MR
I (Teixeira-Costa et a, 2017; Twyford, 2018).
Overton (1997} A= K AE B i =2 Vb I R 27 A o e
T 57 % A8 4 Phoradendron  califor nicumfi) 2 5 47 (i
HATHETT, 25 R B R YL AE [RE oA B AN [F) 27 348
YRk P, californicum e WA 2 4142K, J&

KK AR T 7 7 AR ] 1 A )& £ Rh S
P californicumt £ & 2E T B B 34 4 4k
(Yule et al, 2016), Tfi'E 1R A5 0% A 2 20 %5 =
K520 (Yule & Bronstein, 2018b). DL A5t %
Wl 1 & EAE R SRAE S 3 3 A A A v w2
LI AT e R HE T EEAEH . EX R AR
Loranthus acaciaft ¥ {1t 8 i 7t 20 & B0 27 £ Fh 2K
B 3 MR AR F (Vaknin et al, 1996) . AHABL 45
SEALE PN 78 7 50 55 A A BHE Y Amyema. preissii
53 561F (Napier et al, 2014). [ T SFEREDA &
TEE R A PR I 22 R 2 S TR 45 Ak, HEARE
KA 22 ma Do th 26 40 &, ANITAE 1S 55 35 AR Al
Vel g E A B R R IMA R (Clark &
Thompson, 2011).

(7 FEMWEFZm: RatEyads
FLFF EAEMIA AR T SREUK 73 54 s Al
7%y (Aukema, 2003; Shen et a, 2006), 47 LHEY
MER—ENYRMER LR E SR — LS
PEET, Mg rE— R b g a7 AR Be = AT
Z(Bannister & Strong, 2001; Wang et al, 2008).
Godschalk (1983)% #gdl:Loskop DamH SR R4 [X [
Wi F 3 2 2E BF A ) (Tapinanthus natalitius £ T.
leendertziae) () AF 5T K I, Bl V& VR 5 £ M 8K
A2 JEEEE A RSIEER, H B R A Y it
AT HEWEREAY, MEdem Gk E R E
B 7 ok o X PE RRR 9N Hh X S A A RS A
(Macrosolen cochinchinensis) IR 7t & B, Hik1E
W15 25 F MY AR ST (Schima: superba) () 46 18 1 AH 5%
PR, PR A () B T ) A A B (R 1 AN
k¥, 2019). HAWIERM, FF EEDEIES
A AV A RO, S A AR I AE
Mg Ky 5 e e £ FE A R IR —
B, WA AR P AT R AR BT (Yule &
Bronstein, 2018b). HItA] W, ZF EHEYILE S Y
TEACA i 1) A0 I R o Pl A T 3G 4 T ) BV RS
B 7 EEAEH, (HIE M AR 7 B SRR
22 fEMEMMF R E RSN

(D) fEkn 3 (P52 )T TR L AR 6 50 ) A% Ky 1
A He e R E S B S AR, A i)
R 2 B LeAE Ry I 5m, 8523 55 F Y5
4rix BB R BR ] (Yule & Bronstein, 2018b). EJlJ¥
T I8 (7] 338 4 A1 (1) 67 5 2 A R A0 1) B 4 e 5t 2 B0
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R AE S R > S, IR AR SR A L T
(Davidar, 1983b). 4L A&Hn FIHEA Fh T I TE
J& (Dicaeum) & 2 i, AE 4/ 1A g 8 8 ) 4 T T AR
B8], 980/ B N T AERT R IR B S, Tk B S5 A4

Hr R A BR ALK 3 55 4+ 11 H 1] (Ashton et al, 1988;

Wright & Calderon, 1995).

(QFl 7 BA & B BT R AR
TANE, 4K 2 B R TR B SRR BRI S 2R
HIS G SRS E WA T, A A Al RERA & 1E 1) &
+ 5E e bE (Reid, 1989; Luo et al, 2016; Amico et al,
2017). Aizen (2003)%f ¥ B JE W fa b i S o £ R
T Tristerix corymbosulf It 7R B, Hofh 7 Hif &
Dromiciops australisft 2 Z=ig AiE R, KL E Z= %
AH R L BTG H R Emle. SHAR
F& A U5 4 Ak 6 B T) 1 A7 7 49 4% 45 i (pheno-
logical mismatch) i, XfF XU (AR AN &R K (Yule
& Brongtein, 2018b), K| kA1 A & 4 i 135 30

BT BERE 7 7T e PR il AR N2 ) 2T A 6 1) 32t A (A zen,

2003).
23 RFEEYMFERF

(D) MRFBEAE RS 0T 25 A2 3P o
FORIN, AP AL E — A R, EA
— P AR T S M AR E T (KL, IS5
FHRGLST), E AW FhEF A R I = 3 R
A EHER TS, XK PR A E EAE R
(1) 25 2 AN R W A e e A — E (Petney & Andrews,
1998). [FBE, [FIFpar A MBI AS RIAMAAE [ — 27 32
YR B RAEAE — € I BE e 4, BRI
D Y R e XS ial 7 T [ R e o e . N il N = 32
ANEFE W) B 06 16 W0 A B 1 % 5 (Yule &
Bronstein, 2018b). X} T-iX FHE B ALK 4 e 58 i
VA F A IR UL, AE— 8 BB N ORFF A 7] 22
BORE PR PR H & 10 BE R D) (Yule & Brongtein,
2018a).

QAW FE R YT B A
R AT DTN B & O FFAER [ (Du et al, 2015), U
TR T FE S AR R AT e 2 TR T A
W 15 2, O 3R BILAE JT A6 I 8] Y v R AR R
(Bolmgren & Cowan, 2008; Jentsch et a, 2009; Davis
et al, 2010; Sun & Frelich, 2011). fEMIEE . 4h1E
LG 8 S A R DA S A A 1 K )N (Sehmit,

1983). A VDM ZF A AP, californicumit it
FEL R, (E9F EHYProsopis velutina b bl
TAHEAMERK, R ETE 2 Ak FTEE, AL
LW TR AR 27 EAED R LB L (Yule &
Bronstein, 2018b) . {H &% 7 -V A o~ A8k
RN A () S 0 i i ) SR L

3 ZF4H

31 REXEYSEMMFHAENEEER

I3 AT AR AR H X Y 5 A AR BHE 9 Phragman-
thera dshallensis, R 4 HUE I 5 R S R TE
A A 2P R AR 2 (Gill & Wolf, 1975), X FHLI
PREE T 570 B 10 5 [ B AT DL i K & 3 6 1Y
ek, WL T EA12 5 — /N IR ) U &
(Ladley et d, 1997). [FIBS, WFFERFVIAEEXTTA
ST e K 2298 /> 7 Vi (Davidar, 1983b), T
&% 25 1 0 B W BB 5 S A A Y TT ALY B
AHWI 4 (Quintana-Rodriguez et al, 2018). fERETE £
PR F AWM ZET e R, IR
A1 (Godschalk, 1983), K-t 254 YN T
gl —ME R SRR HAE S, BB R Fk,
CARE TN E B 1B IE 4 (Davidar, 1983b).

MRS 5 R AN FLAN YD AT P B I SR AR
SRR A o RS A B4 27 2 2 (viscin), 2R HK
£ DL i ik it (defecation) 5% [5] - (regurgitation) /)
77 2K B M BRI B AE S 1 A R Y b
(Aukema, 2003; Lomascolo et al, 2010). H T3 244
YIRS IR Z A FF I EEY K AR, JUH
NE WS A MY =R E R, B
(i) S 5 ) ¢ 1) B 28 4 o) 2B R 0 P - 1 OCAT AN
VA B LR (Caraballo-Ortiz et al, 2017). 35 27 A 48
MR EKGR T AR5 H TR EERLR
(Larson, 1996), AT 4EHRE5Hh 1 Hiofn 2 i BA AR
(Tanaka & Tokuda, 2017).

32 RHEHEEVMSHFIEVNHEEIER

24, BRFT FMEYS R MY W EE Y
i (1) 5% R0 A6 ARt b e BR R AN 7, AHLRE [R] 28 0
WHE KT IIER N AR —Fh i % 3 5 5%
A LR AR BAE IR 5 1) 77 3 (Teixeira-Costa
etal, 2017). X T-F A EAEYI R UL, A5 T Rew
5 = Ay 3 R - 5T 2 1 27 R A B PR |
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(Yule & Bronstein, 2018b). 4HFFAMEM S5 HEE
T (R B B 5y BB, RGP £
AN [ P I 1 T R AR 11 R PR 40 4 1 (Can-
dia et a, 2014); [FIRF, A7 EME EF YN
LHE T LA A5 AR R B SRR O R
NI N 5 25 AR 1 234 (Yule & Bronstein,
2018b).

RGeS 57 F MY ALk FH P
B E KA B, Rl =3 2 (A< £ [H
Pz R T YD AR A E . R A,
T TR s _E—Hb T 1A AL A4 (Watson, 2016). [A
IS S 27 AR HE )T R BT W ek ) A T A BT W
AT Y IR I TR L, O TR S
TAEMMBE T LRI Z R LBe T REFE
YRR E U R ARES RGP IED K F
FIRE AR B AL T R 244K 3 (Press & Phoenix, 2005;
Teixeira-Costa et a, 2017).

BT R Y BTG TP 2 N T YR
55 RO Fh - 8O 3 I BRI AR G R IR — AR
U TR R B, %A R — M R )
fig [P R IR BN IRTC R G rh 27 BN APk
i A KSR B 5 F RS R R
R KT 2 EREY I PSR ok AE o e S 87 AR e
YYE TR ) 7 A AR S5 e, H2FEE D T4
MR N, 25 E T 555 Y 1) 500
TERRII TP I Re 22 R EZ R EM . HHh, R
PEHT AT B R A DL, LA 34N J7 Th A 7 2k —
I

(D) hnsExT S 25 AR YD IE R A V) 58 S AL
7t 294 1,600 5% 25 AR, 5 An 0 BT
(Watson, 2011; Nickrent, 2011), ‘EAII4E Ak K FEm
Y% (secondary foundation species)®f T =442
FEME B B35 2 Y (Thomsen et al, 2018)., {H& T35
MBS FIE R, V21 5Tk
ANTERE, XX LS A AR S AR K
TEAE ZHPIRR, WTES KRB0
Fl. Watson (2001) /& & % 2 Mistletoes of Southern
Australia, Xf TP FE 853 A (1) 450 3k 27 AL DI
W RS SUMMERZRREEAE L 7R
Pk . fEFXN ChEEYE) = HUEHE

FFF e v A ) 5 g 8 25 D 2%, 1988) A1 Sk Bk
(Zhang et a, 2018)f ) ], & I A E L4 A o A
HYIRHE T AR MiE ERFIEEFR) 138 (%
AT P AR R AR S ) 80 A 1278 i (R
FKHIE), BARM HEE LA (D. pentandra) (1) & b K5
PEREAT B T2 R DA% FRAE M) AN R Ak B A F
TR, HEKI S, S DS A S
(I FE AR X /0 (R 1845, 2010; Ffi, 20147 ™
JoREE, 2019), DAIULFRATRE Z st Tz K EYHE
(LR AR ) 25 S 7

(2) 556 5611 5 25 AEAH W) B Y% 53 25 %o 4
H5ER M FEcmE EECRNER. B TFRE4
T A TE R PR R, B BT IR B N %I SLEIE
A 5% 27 A 1 B ) e e 2 R R E BRAIS B0 T =
S BRERAESRER . KRS SR
) C A7 AN 2% B A 70 v ot S35 AR A ) ek A A
TEAR AR BRSE a6, it N A 25 B T8 L 5 B FF A
T, (RN TR IA 208w AR R0 1 % 54
(ISR TR T U B A, SRS 5% 2 AR A ) BT A %
(1) 520 R BEN 5 EAE )-SR A A& R P11
" R — 78 E 7 (MR .

()5 2 TR 243 M 5% 2 A M) B HE W A 1) 5
Wi EA] - o 5% A7 A R A0 1) 58 W 6 0 4] 52 B A E
IR MR UL S . Ak . P ECh R B &
V)RR S, B AT ST AR A 4
(TeixeiraCosta et a, 2017; Yule & Bronstein,
2018b). BRI AT DA% RR e YR 22 1) 37 AR P e
TR, AR F MY EHEY%S % 2
YN &, BrIbZ4b, e AR A N 2 R
S I I 45 ) o) 5 B A A )RR B (1) 2 AR
FE 5 5 [ R A

B 3CH

Aizen MA (2003) Influences of animal pollination and seed
dispersal on winter flowering in a temperate mistletoe. Eco-
logy, 84, 2613-2627.

O PWE (2012) T 754 (Dendrophthoe pentandra) () &5 4% P & 75
AR R AE RS E AT T, B 2 AR S, R A B P SRR 44 #Ar
Yk, = shl.

@ BER (2014) PRPZ 1 2 Ae 1 S T R e AR - B o P 2 ) 43
At IR, BB AR, T ERLS: B va XU s e i e, =0
B,

® Cook ME (2017) Spatia memory, search images and environmental
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Abstract: This paper studied the flora of seed plants in the Luoxiao Mountains and revealed the transitiona
characteristics of five moderate mountains flora from north to south. The results indicated that 4,314 wild
seed plants belonging to 1,107 genera and 179 families are distributed in the Luoxiao Mountains. (1) The
Luoxiao Mountains flora consists of 25 families and 465 genera which distribute only one species, 61
oligotypic families and 432 oligotypic genera, presenting the relict of flora and intimate exchange between
local floristic components and typical tropical and temperate components. (2) The families geographical
areal-types were classified into 10 types, included 83 tropical families and 40 temperate families, accounting
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for 67.48% and 32.52%, respectively of the non-widespread families. The genus areal-types were classified
into 15 types, including 484 tropical genera and 534 temperate genera accounting for 52.46% and 47.54%,
respectively of the non-widespread genera. The distribution patterns of genera are abundant with pantropic
areal-type, tropical area-type, North temperate areal-type, and East Asia areal-type, which reflect that the
flora of the Luoxiao Mountains, the paleo-tropical flora and temperate tertiary flora are strongly interrelated.
(3) The floristic compositions amongst five mountains in the Luoxiao Mountains have marked spatial
heterogeneity from north to south, which the R/T value, i.e ratio of tropica genera to temperate genera,
increases gradually. The Mufu Mountains experienced stronger temperate elements, which are related to
Central China flora, while the Wanyang Mountains and the Zhuguang Mountains contain stronger tropical
elements. Climate fluctuations may be the main reason for the formation of the modern floristic distribution

pattern in the region.

Key words: the Luoxiao Mountains; flora of seed plants; areall-types; geographical substitute
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Tablel Statisticson familiesof seed plantsin the Luoxiao Mountains

FBHA B 5 ) R S ARREOE J b B & g A 43 b

Grade of families No. of families Percentage of total families (%) No. of species Percentage of total species (%)
K #}(>1007#) Families more than 100 species 8 4.47 1,452 33.66

5 K RH51-100%H) Families with 51-100 species 10 5.59 727 16.85

&%} (11-507h) Families with 11-50 species 75 41.90 1,833 42.49

FEFPRH2-10F1) Families with 2—-10 species 61 34.08 277 6.42

BARIFHAX 434 17#) Families with 1 species 25 13.96 25 0.58

#2 TELRMFEVXAMBRBIER L E & E R FEFEI LA
Table2 The genera and species composition of dominant families in the seed flora of the Luoxiao Mountains and its proportion of

Chinaand the world

i JE%L ik o ] E A it L A7 T i o ] A it L A7
Family No. of genera % of China % of the world No. of species % of China % of the world
RAFEL Poaceae 109 48.02 15.36 276 15.57 251
%%} Asteraceae 76 21.53 9.83 231 4.47 0.77
JEIEAL Lamiaceae 46 47.92 21.24 206 19.49 2.87
Al Rosaceae 25 54.35 19.85 187 27.78 7.42
T Fl Fabacease 53 3174 9.15 153 7.06 0.78
HEFL Cyperaceae 19 57.58 17.46 151 17.92 2.80
2%} Orchidaceae 54 3158 10.15 137 7.20 0.48
¥k} Lauracese 11 44.00 24.94 111 24.44 4.44
PERl Rubiacese 28 27.18 13.46 100 456 0.76
EHEF Ranunculaceae 12 34.29 9.64 89 21.82 352
WFEAER Primulaceae 9 52.94 12.12 79 15.52 3.05
522} %} Fagaceae 6 85.71 24.75 73 85.71 8.11
FLRSTER Ericaceae 9 39.13 8.60 72 7.26 1.76
A} Polygonaceae 7 58.33 28.81 68 14.00 591
HBREL Urticaceae 15 57.69 15.58 67 27.27 255
%Rl Vitacese 7 77.78 39.74 62 46.67 7.75
$HE} Apiaceae 26 26.26 9.90 61 5.91 1.63
K#HR Aquifoliaceae 1 100.00 27.45 56 100.00 13.33
PFFl Celastraceae 6 40.00 18.68 48 6.38 343
JeTHERL Apocynacese 15 17.24 11.11 47 4.10 0.92
%R Mavaceae 14 27.45 17.48 43 5.76 1.00
KERFl Euphorbiacese 11 19.64 17.00 43 5.07 0.64

REBUR S AP H 1 34.08%F16.42%.  UNFARL. FE B
B EARN MR HSORN BRI BRI
MERE, IR EE, ERmARL, R RS, XL
PRt RS IR ECR 2, (HTED T LBk X 5 T AR
BRI RFIE R

AT IR IR 258, RARE ToHERL
SUEARFRH HARSERE iR HRTRN PEERER
PR, SERRIEL SOKRER, LRSS, G
A A RBRL R A A6k iR o A A6

11 AT L2834 Dy it 51 1) B R A SR R RE, n AR AT
B ALARRL BRERLE, ENERS KA LRI
HARSL A BAITE R

EREERE, P& kit X E R R Z,
/D 10F R 2 I8 84RY, (HIX LER} At S ) HL
BHU2FE, Attt 55 1550 LUT (RNT7RL, Mo fE 4 i
A 1000 UL RHE R T 428}, Horh s Rt ALoe
BhOEERERL KA UERER AR, KR
SR FAHERAE 208 42 i 57 3 AT B00FH LA E . 15

TELBKE LR T
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AR 2 H R ) S CRHE P L ik A R &
HAFEE,
312 MBBRFRILER

B Lk X AR ARG 2281 (% 2), AL 57559
J& 2,360 F, 43 ) o B A X B JE HOR R R B
50.50%F154.71%. LATH 54 A7 (1 R 5 4 40 e,
WARAR R, BEE. HEE WERL 2R
o RGO AARHE GRS BB, AR, F
FRAEL. BER DFR, KERFE,

X R RAERF LI AR E e AR — MEY X &R
IRFAIE . % L ket X R AERH25RH(F 3), 175150
JE1,003%h, 430 iz X SR, B, FME13.97%.

13.55%4123.25%. FAEFHP)H B 73 A0 KA E B
T 73 A (SFE) R 2 By w35 R) W 23 A (67 Ak
B oA (LR, WwiEsl, 5Tk &2 R AdE
B 2 BAERN BRI ER, HREER
FARCRL. FLESAERISE, X EERL DL ARG 1L oA A5
Hty, MR L K X AR AR A LR G

AL, ASCRIIAX ZEIER EVHERL R
AREH BB FETER, SRR =B5REL
TOMSERE, AR RL, FEAR SR, 2 28 ERL SR R
BECGERRL, BRI RAFEE, £ 5 Wik X I
R RA A GRS, HEMNRFEKEAEN
3L, KT R EE LK X R TE R S B R

®3 FTBHLKMFEVXARENNEMEMEHE St F B
Table3 The genera and species composition of characteristic families of seed plants in the Luoxiao Mountains and its proportion of

the world
Frs & JREL Giik:¢ AR A [X R
No. Family No. of genus (%) No. of species (%) Areal-types of families

54 Cosmopolitan

1243 AT Pantropic

JL#EH 434 North Temperate

JL#EH7 434 North Temperate

2t sr A Pantropic

AR (B« IE R ) FI BT B L AT IKT /3 A Tropics & Subtropics East Asia &

Tropical America Disjuncted

12 #ati 43 A Pantropic
JbiEH# 434 North Temperate
V233 AT Pantropic

R L) A AT I 36 6] it 73 7 Tropics & Subtropics East Asia &

Tropical America Disjuncted

12 #ati /3 AT Pantropic
AR (FAAT LA ) RO HGH 7 5 [T 404 Tropics & Subtropics East Asia &

Tropical America Disjuncted

JbiE #5434 North Temperate
AR (FHT o NE AT ) FO BT B L AT 73 A1 Tropics & Subtropics East Asia &

Tropica America Disjuncted

R (R« PR ) FI I B L AT KT 43 41 Tropics & Subtropics East Asia &

Tropica America Disjuncted

AR R ALSE M Wi 44 East Asia& North America Disjuncted
FRIE(Fily o L) A0 B4 B 36 (AT 18T 42 1 Tropics & Subtropics East Asia &

Tropica America Disjuncted

1 A Rosacese 25 (27.78) 187 (7.42)
2 fEfl Lauracese 11 (24.44) 111 (4.44)
3 7% }El Fagaceae 6(85.71) 73(8.11)
4 FLASTERL Ericaceae 9(7.26) 72 (1.76)
5 Hi#F Vitaceae 7 (46.67) 62 (7.75)
6 &AL Aquifoliaceae 1 (100.00) 56 (13.33)

FLFAF Pentaphylacaceae6 (50.00) 41 (11.72)

ZERIEFI Hydrangeaceae 9 (52.94) 39 (20.53)

1ELEE Symplocaceae 1(100.00) 37 (18.50)
10 1L%E#F} Theaceae 4 (44.44) 36 (14.40)
11 $#i%} Smilacaceae 1 (100.00) 33(15.71)
12 BpfEbkRl Actinidiacese 2 (66.67) 31(8.68)
13 /NEER}L Berberidacese 7 (46.67) 28 (4.31)
14 jERERL Sabiaceae 2(66.67) 27 (27.00)
15 5 F&#} Styracacese 8(72.73) 24 (15.00)
16 A=2Fl Magnoliaceae 7(41.18) 22 (7.33)
17 Kili#l Lardizabalacese 6 (85.71) 20 (50.00)
18 118kl Cornaceae 2 (100.00) 18 (21.18)
19  £ZHyRl Hamamelidacese 9 (33.33) 16 (15.09)
20 Fi%k-T#} Schisandraceae 3 (100.00) 15 (21.43)
21 %}l Ulmaceae 3(37.50) 13(37.14)
22 MEARRl Betulaceae 4 (66.67) 13 (6.50)
23 Bkl Juglandaceae 6 (66.67) 11 (15.49)
24 FAFL Pinaceae 6 (54.55) 10 (4.44)
25 ¢ GA2F} Taxaceae 5(83.33) 8(28.57)

JLiEH# 434 North Temperate
JbiE #4354 North Temperate
R K A SE (R Wi 4> 4 East Asia& North America Disjuncted
JL#EM7 434 North Temperate
JbiE #5434 North Temperate
JbiE #5434 North Temperate
JbiE #5434 North Temperate
JbiEH# 43 4i North Temperate
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AR .
313 EBHHELEH

TE LY X £31,107)8, &30FhLL LK
JEICE12)E, 55230, 40 n b s B HUM S M 2L
f11.08%#112.12%, £14%:5% 1 J&(Rubus). 5 )&
(Carex). %4HJE(Ilex). #1A%1L )8 (Rhododendron).
L& (Symplocos).  # 32J& (Mola). 1 (Acer) %% .
P AR 163080 [A] (1) B A 31)E, it 6458, 43l
o B P 47 2.8096/114.95%, L5 7 &
(Euonymus). ¥4 )& (Eurya). AZ 1 J&E(Litsea). ZJE
(Prunus). i J&(Lithocarpus). Ll ##5J&E (Lindera)+
7 7 J& (Machilus). & ] J& (Cyclobalanopsis). 1t

*4 FHLKMTEVERHS RS

W & (Meliosma) 55 55 B2 (1) JF V& G Pl , DL ERZR
J& (Clematis) « i J Bk J& (Actinidia) . It % % J&
(Ampelopsis). BT & (Elaeagnus) & bR H i L1
ARHY) . & 6-15M IR A 167)8, FL1,450%, 4305
KRB A1 15.00%F133.61%, b i 4E &
(Castanopsis) » ## J& (Cinnamomum) . 11 2% % &
(Cornus). % H.7J&(Qyrax). HiJ& (Ulmus). R4
J& (Clethra) S-RHIE [X 5 L7 (24) -

B 2-5F I TP B R A B IR I B R S A Y
FF. N2-5F1)E G 43208, 1,231k, 75k
A b X HORD S A 4 39,0290 F128.54%, FHE
J& T J5 ¢ 75 J& (Ternstroemia) . A 3% J& (Manglietia).

Table4 Statistics on generaof seed plantsin the Luoxiao Mountains

J& I3 2% 1Y) ey HEY) At HABBESE  FTERE R 23 b
Grade of genera Gymnospem  Angiosperm  Total % of total genera No. of species % of total species
KJ&(>30%) Genus more than 30 species - 12 12 1.08 523 12.12
K J&(16-30%1) Genuswith 16-30 species  — 31 31 2.80 645 14.95
258 (6-15Ft) Genus with 6-15 species - 167 167  15.09 1,450 33.61
/b Fili & (2-5F) Genus with 2-5 species 6 426 432 39.02 1,231 28.54
B LRI JE (LFh) Genus with 1 species 15 450 465 4201 465 10.78

®5 FTEHWLKMFEDR. BHAHXAER

Table5 The areal-types of families and genera of seed plantsin the Luoxiao Mountains

SR X A K HERHE S B HEEHE
Areal-type No. of family % of total families No. of genus % of total genera
1. {545 Cosmopolitan 56 - 89 -

2. Z #4534 Pantropic 62 50.41 179 17.58

3. R 7 HH?) A ARG R S (] W7 04T Tropics & Subtropics East Asial4 11.38 23 2.26

& Tropical America Disjuncted

4. |Ht S 246 Old World Tropics 3 2.44 64 6.29

5. FAH P 2 #s K 4 Tropics Asiato Tropics Australasia Oceania 2 163 68 6.68

6. #r M E AT IEIN 34 Tropics Asiato Tropics Africa 0 0.00 23 2.26

7. A M54 Tropics Asia 2 1.63 127 12.48

At 43/t Tropical elements (2—7) 83 67.48 484 4754

8. JLif 743 4ii North Temperate 24 19.51 159 15.62

9. RN MK ALSE Wi/ A East Asia& North America Disjuncted 9 7.32 78 7.66

10. [HHFRH /046 Old World Temperate 0 0.00 72 7.07

11. BTN AG Temperate Asia 0 0.00 14 1.38

12, HrPiREIX . PEIEE R4 4 Mediterranea, West to Central Asia 0 0.00 8 0.79

13. 54 Central Asia 0 0.00 2 0.20

14. RiV43 4 East Asia 5 4.07 148 14.54

15. " [EFFH /340 Endemic to China 2 1.63 53 521

IRAT AT/ Temperate elements (8-15) 40 3252 534 52.46

TELBKE LR T



TELBKE M HEM T

848 £ ¥ % B M Biodiversity Science

8%

R A5 JE (Pyrenaria) . 5 2 84 & (Tetradium) . F2 57 4
J&(Daphniphyllum). 7K X J& (Fagus) 55 J& (1 7. # iy
AR EE B . PAR465)E, A X B R EH
42.01%, HFEAF )G (Abies). 4R1ZJE(Cathaya). 18
A1 )E (Fokienia). #55E#kJ& (Liriodendron). F#{E A2
J& (Amentotaxus) . 1H 5 J& (Bretschneidera) . %%
Wil J& (Cyclocarya) %, 1%~ & J& s+ [H 5 8
(F4).

32 RIBIHbIBRL 4

B8 1L KRR AE Y 1795} 1T R 4 10443 A X
FKA(F5), HAthA T mES6R, &R o E
31.28%, {HH T Aa AP X R FFAE, 75 i
BRabs . HARRLAZ B AR A3, JLe2Rk( N
Akt AR S 1 50.41%); 55— oAb iR A 0 A6 R
FL24%34(19.519%); RV (FAHy  MERHT) S ARy e 55 ()
W 7 A B A7 HE — e b, £14%1(11.38%) . EX
T 1 ik X B D A T 2 B AR A AR, IH
FHimA AR, R W AR, MR X, PR
AR, A E.

Sebr b, BE Bk X A AR —
MXREX, MUBEFEARAR. %E. BERL. #
AN TR WEREEM RO, S FEE R
KAMERL, WHRTSERE. BEUERL. MR MR
SHER HRER FWRL DA SRR
MR, ekl SUGTRN. ZERTRIER LT R
IR

s A RBHO AR X R 2-7) & 11838,
AR 67.48%. o b7 L i s iz #4317 43
AR, A A EE L0 DL RN 27, anAgE ARkl
Fli. SERRABLETRN. SRR RIATR, KEiRI43F. B
FIAREALH . ILBURIZ7HE; A ASHER HH— e g Ay
PERI AT KRHE R & (L ko A Rk b, antkie
HRNE G L BkOF /1 F1,400%, FIFE). &K E AR
(7/1,400). IR (6/3,600). B AARE(5/180). Bk
IR B} (5/4,620) « & 7 B R} (3/2,440) « 1l e IR R
(3/1,600) . Z V. FH A4 is 7 3 [B] T 70 A1 1478, DARA
BEAE, WAHRL FTOmE ILERN BRERE
2 RAER FREAREE. IR 3R, 459
AR, EAEERL KEERL. N R HeEr K
Moy A2k}, NEMEN SERWEL. AT A2
B, BI B BRI TG R

T o3 A B (9 A X 25 8-15) (L 40F}, (AR {H:

FER32.52%. HA b ikt vEE, f
£ 20Rh L B IAT 52 RH73F) . HEESTERN(72R). 2
KRLALF) FERTERNBORN). /NEERL(28FH), HAth
WL ZE R, SR, MR MERRL SHBRRL.
FaBhy AR TR @M, AR AL
MmOk}, NARZER TRFR 2Z25ER, REER
MR BVRL AR, ERNEL RS
RS ATSEL, St FIMF EFHE T
ekl WEARE. MHh, fEAPG IVRASGME T, ¥
koA R A R4S, RUAEAR R A R
33 BHHIER TS

{8 SAIE i %5 (2006) % J& 43 A7 X AL (1 &1l 43 b
#E, B F LR T A 1,107)8 1T R4y A 154N o AR
XRAI(FED), AL X FRIER 2. s
A JE80JE, Bt JE4s4)E, iR JE534E (M
W ERF A JEE3JE), Mt B R MR (RIT) LN
0.90, ISP RIS o P 3

()t F A0 8 — B ey BeAe 0 ) 8 B
BZMEKE, HURERRE SE . Hhad
158 DL B EA 101, AR TR, EEE. Bk
)& (Lysimachia). Sk&E)R. &, PrE. &
J& (Artemisia) . i % J& (Scutellaria) . W B HJE
(Salvia). JHHJE (Cyperus), iXLEJ&E Fr L& A Ak
TEAZEEAEM, P 5 kA6
@AV ZKAEMRE, Wes)E (Sagittaria) | 262
J& (Brasenia) . 4 fi i J& (Ceratophyllum) . 7% 3% &
(Lemna). X% J&(Najas). JH7 )& (Utricularia)®% .
WEAR At A AN D MR HCRE R ) g, AL
J& (Amaranthus) . % 5 J& (Sellaria) . F R % )&
(Galinsoga). Y% #)& (Bidens). ¥3% )& (Erigeron).
T H J¢ )& (Senecio) . & H-J& (Xanthium) . % /7 J&
(Plantago). 1% & (Geranium)4%.

() A P J& (3 A X 2R 2-7) 5 A Hh ARt 5@
SE47.54%, Hrz B i@ i FEE, 3179
JE (R R A H 1 17.58%), SR, %5
&, Si)E(Triadica) 55 LMK &2t 8, HEARZ
LR # R (Smilax) . B 0E k& (Celastrus), PL KX
AiFE )& (Impatiens) . ¥ 7K AL J& (Pilea) Ak T HLAS . 7R
0 S Rty vl 5% B W 20 A1 J LR AR N £, &
J& )& RETE. BEWE. 8. rtE.
41 5 J&(Ormosia). # 2 J&(Dendropanax). i L7 )&
(Microtropis) % . [H tt F #4743 47 J& 648 (6.29%), £
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FEARA & 7 i J& (Mallotus) . A J& (Pittosporum) «

W2 %1 )& (Embelia) .\ MHJE (Alangium). Hil &7 4=
J&(Miscum). 74 (Aidia). Bk & (Syzygium). HE
T )& (Gardenia). 1% H & (Ventilago)5521)E; HA
JEEE, H43)E, Wi E =% (Oberonia). 38iki)E
(Cayratia) . 1 £ % J& (Elatostema) . 1 M % &
(Taeniophyllum) . 7K 2k J& (Aponogeton) . 7K IE Jik &
(Fatoua) &% . #viis M i 28 s KE i o A Jg 68)E, H
H kL5 & (Elaeocarpus) . 4i1-H 2% & (Diplospora) A %
B L ik b AR bR BB AL R R 4, R I B R
(Callerya) AR JZ 18] H W BEAS A 73 A R & o,

FEZ L KA W ARR 13208, AL 28k 11k 188,

FE RGP ALY T T 2 L Bk B Tk A 2R
oy o & B RN o A X238, A R
(Adinandra) . % 1f J& (Myrsine) . K W & 16 )8
(Mussaenda) . & K P95 J& (Ranalisma) . & JE il &
(Pterolobium) %5 . #afy Y2 ¥ 43 £ J& 127 J& (12.48%),
BFE LA JE (Camellia). JERE. TXE. %R
(Michelia). #Z R4 JE IR E (Distylium). A%
J&. EMJE(Altingia). 2% (Reevesia). #5438
(Anneslea) . 11 %l K J& (Pentaphylax) . 7% # M &
(Alniphyllum) . 1L 7% i J& (Huodendron) . 77 41 )&
(Nageia). fH#EMJE. 75+ 1L (Eustigma). TG4
J& (Petrosavia). #F F# J& (Emmenopterys) % .
()T P J& (43 A1 X 2K 8-15) f7 At E tH 7 &
SH52.46%, LLAGIR T 4041 J8 S AR 3 AT @ e
F 5. Ll A6 JE 15908 (15.62%), FHEF & ik
BOTEJR . 50K & (Mburnum). BB, 2@, #%E R
(Vitis) . Z % J& (Lonicera) . & (Tilia) . i J&@
(Vaccinium). th %83 J&E . )& (Quercus) . 1Lk &
(Sorbus) S HETK LA E, VLKA BAZ )& (Taxus). 312
J&. KENE. 58 (Castanea) s  H il 7 AR E
AL 6] Wi 73 A1 788 (7.66%), MIkTJE . HEJE. ZEk
J& (Hydrangea) . % # J& (Toxicodendron) . /\ £ J&
(Illicium). 4 25)% (Sewartia). 242 JE (Tsuga) . WE
)& (Liquidambar).  # F0 J&E (Nyssa). 5 ARk
& 25 J8 (Hamamelis) 55 . 1H HH 53 w5 40 A J& A 72
J& (707%) . LE RARHEY N E, W ZE
(Adenophora). % & J&(Ligularia). 8 & & (Ajuga)-
B 2 K8 (Lamium). & #JE (Hemerocallis). A7 )&
(Dianthus). [H17%%)E (Sphonostegia). Z5)& (Trapa)«
435 & (Arctium) . 47748 )LJ&E (Barnardia) . 1A % 5

(Lathraea) 55 o it 7 V91 73 A7 J& FE A XA (534,
X145 (1.38%), 4N #5% & (Youngia) . i & 3¢ &
(Orychophragmus). = B4 J& (Exochorda) . JE L)
(Reynoutria). #1144 J& (Campylotropis) %5 . Hth ik
X . PO 2 oA JE AR 2 L ko (X L8 &
(0.79%), I KE 75 JE (Phlomis). 3% A& (Pistacia)-
e )L J& (Erodium). % # J& (Hedera) . 1 7.4y
i BT E Ko El AL 2)E, B % E & (Lactuca)
FCE & (Patrinia) . 7 30 43 A1 J& AN [X 243 417 1488
(14.54%), WHEEE . BUEJE (Hovenia). =442
J& (Cephalotaxus). [ = # J& (Pterostyrax) . 42 J&
(Keteleeria) .  JE 17 #¢ J& (Sachyurus) « 5% B = &
(Yoania). 7l #k & (Kal opanax) . 4 ) L iR J& (Decaisnea) .
LA 8 . AR )& (Rehderodendron). B R AT &
(Nandina). X{{¢ A J& (Disanthus)%

(4) [ 5 A 43 i J8 538 (5.21%), £ o [l 4F
A IE1122.30%. &' & 1L kAT o A0 i R 8 Fh &

T =, BIRARTLH X AR AR B AT 2,

FLLFBMARARE NP, ARECE. &
(Cunninghamia). [ 5 A2)& (Pseudotaxus). I EEPEA
% J& (Parakmeria). R4 1¢)E (Perkinsiodendron). ¥
PR & (Tapiscia)« ¥4 J& (Semiliquidambar) . 7
14 J& (Pteroceltis) « 7 kMl & « PR )& (Mellio-
dendron). & J& (Camptotheca)&% .
33 FEWFMmitLENX ARG — M RESM
331 FEWEKEILSE P AKEIREBRK S
8 1L ik X 55% b Y L fik ) (4 354 Bl A 1,570
Fh, RJE T 1528168508 . FTH HILLE R EHE A5
RIS}, # M 4> A Bl 64k}, 16 M4 A FE 32},
AP JE R ARG PR SR R E, RHE
LKA X R AE ST IX R RHNE . 2 iy
I3 AT BE S VLI FAGT DR 23 A1 oG B R ) 28 L ik
XY WO R, JCH R s, 4
i X AL FAE S Tl Bk X I . R AT ST,
B RERIL S T 1L B A X R R Rz Jis oy
i ft AL AR, 2 ik P9 55 A B L ik (]
BRI ot A1 X 2R 2 R 3L R 53 70l 9 AT RN 208
AL A= & RS DL =T 4 Ll N
AR ek PR EER. LHRT
B HAIARN &FRL Ok (iR s
FIRCH M KR PR SRR, BIMRL, W ES R, K
BRI PR AR, IAMEAREL. BESERE. FBOKALEL,

TELBKE LR T
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ED & LIk AL A A A R AR

A Jm685)m, Hrh Ai)E69)E . At )E 231
J&~ AR 385)E . HhAh, 5% 1Lk A LA JE R B
R B A T, SRR R A TR
WA, WAFRE. BEkE. 2rE. %3
J&. KREkJE(Callicarpa). JEJE . BrebbE . 1L
W g, 8. LWilE. BE. <E2&FE. it
SR WARIT IR, MiEE. HXE. WAR)E.
)R . 4% & (Corydalis). R & & (Polygonum).
P2 J& 55 o
332 FEHAKEILSEFEILBKEEMER M

B ik X r A g, B G e
516 km, Xk AAAEI R IX R . E T
PR A XA FoRFE, AL #i e P o
320 B 1 K, Ay 1 L A PR S LA K MR
HEIIHK(0.72) < JLI1111K(0.89) < HIhilifik(0.92)
< JivEilk(0.93) < ¥/ 1LMk(1.01) (%6). FIRSTE
BARES E, Pl vE R ECE B b R R i,
T i e X DA R D o

TESZ& H B L kI 1) [X 28 20 F A7 A 4 B S 1 5
o DB KX, B 33JEA A5 T e db o (15
Bk, Hrh27 A iR g, andb iy o Am i i
B} J& (Fritillaria) . ) % 4 J& (Linaria) . 11k 5 )&
(Pulsatilla), #: 3 % b 5% [a] Wi 2 A7 19 % 46 6K )&
(Apocynum). 4 -t )& (Caulophyllum). £ AR
(Symphoricarpos). 7~EEA J&(Decumaria), #: IV 74f
1) Y& kT %% & (Rodgersia) . 1114 & (Oreorchis). 4 A
J& (Euptelea), ™ H ¥ A o i M H M %L )8
(Kolkwitzia) « 4= %k #a J& (Pseudolarix) « A F i &
(Snofranchetia). & A J& (Dipelta) & .

LT Lt Bk A 14 )8, bk LB s
(Sinopodophyllum). {5 % 2% J& (Theligonum) . FiFH %

#6 FTHWAKASFHEILAKE X RER

2% & (Anagallis). 7 R 5 & (Xyris) « ¥ )51 4 J& (Molinia)
S AU R Th ol Bk E, oK 22 R R
(Maoutia). Z5EKRET A& (Leucas). EEFERE. 7
5 }%5 J& (Heteropolygonatum) . 7% J& (Oryza) %5; X
T ol Bk g 2408, W oL MR
(Clematoclethra). kM= & (Platycrater). b ==
J&(Monotropastrum). A fi%EE . o EE . PR
J& (Danxiaorchis) . %3 =% J& (Corybas) . & # > J&
(Neottia). M=% )R % .

) KA 358 AN WL T & AL Bl B,
Hrh g P 1 J8 23)8, B & (Beilschmiedia)
376 = J& (Eulophia). A% T J& (Combretum). 3%
HJE. IfLHAJE(Macaranga). 2% )& (Apostasia). i
FA J& (Baeckea) « #5 K & & . b H 1L B
(Bennettiodendron) . It E A& (Mycetia) . KL &
(Caulokaempferia) & . FAh AR 50 A J& J H E RE A
o3 A JE A DL ARG L oA A ot & R iH R
(Crawfurdia). AJ/RZLJE. FHMFT & (Discocleidion).
7K ¥ J& (Glyptostrobus) . /NMEE # J& (Chiritopsis). %
1t (Barthea). A E & J&(Primuling) .

' fikcHh X S5 A A B A BT AR A 179FY
1,107)%4,314F, Rl HHUEL RS> 73 A 104265, LA
P PERL B RALE, R R S iR P RS
Eb{H (tropical/temperate, R/IT) }2.08; & & 151 %
AAIX A, DA PE R R4 (RIT = 0.91). 3R
B 5 L AR X 2R BB SZ 38 oy e, (R ik
U0 B RGBT, BRI oA XA DLz A
AT G A A, TR 1 A X R
I AT R EINoAT  ABIR T AT BRI A3
MBBRFE . Z oA KAGRA AR 8

Table6 Floracomposition of five medium-sized mountains in the Luoxiao Mountains

X1 Area @ Fh%E No. of family/genera/species WA fijw e BWRE HOH B 1R IR
Wy TR it S g Terpets ropicemperde
Gymnosperm  Angiosperm Total

B &1k Luoxiao Mountains  6/21/32 173/1,086/4,282  179/1,107/4,314 89 484 534 0.91

HE LK MufuMountains 4/12/18 160/890/2,747  164/902/2,765 84 343 475 0.72

FUBRLLEK Jiuling Mountains — 5/12/18 163/880/2,732  168/892/2,750 81 381 430 0.89

HIhilifik Wugong Mountains  4/13/17 158/825/2,490  162/838/2,507 73 366 399 0.92

JiFEilik Wanyang Mountains 6/18/25 164/943/3,136  170/961/3,161 79 424 458 0.93

Ik Zhuguang Mountains 5/16/21 163/895/2,813  168/911/2,834 77 420 414 1.01
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Bl A 15 2 S By 1 I3 X 3R PR R (PR SR T 5K
2000), [FJis) 2 & 1L ik A Ry SE oA« RISy
i@, 2 A A R . B L
kX ZFH BRBERL I KE, Rk
JEAL, A XA E MR FE R 8 LA
PR BT AL 8, ARERMER A7 R AR
AR ZEBAERL, LR MAsEE. Bor)E.
RS . W25 IX BB T & L ik Hh X 55%
Lk (8] AT 8 2 A X R A A 45 R, [RIRE ] LU
S L Bk X AR I RRAIE 14 43 350 DA 4 1 s A
A hE.

ZEIWKIT Z R 8PS ROk, a1l
TRt 5 LG 48.05%, AL 2-10F (¥} i L 34.08%,
A3 A 1R Y 8 5 42.01%, 15 2-5F i & 5
39.02%. FLFh SERRIOEL JB 5 X RA L EIE, 2
P AT H XA X 2 1) B ERRAE (DL 3 = A sk B
2000), A WLZ'E Ll K AE P X F 2 v 1 AR R AR =
20 F SR I B B G . R R L R
Je& — 77 T St 2 L K X SR M 2 A s,
w1 & 45 #7957 1) 4R 42 (Cathaya  argyrophylla)
(Wang & Ge, 2006). #E&#il(Cyclocarya paliurus)
(Kou et al, 2016). 1H %M (Bretschneidera sinensis)

(Wang et a, 2018). % J5 /44~ (Abies beshanzuensis var.

Ziyuanensis) &5 14 /& 7F 4 BR A R % 3 = 4 vk
SN N Y R MR A R S — 7 T, X AR
A A6 17 1 B 5 Lk R iR AR P R R R
AEPHIEIE . a0 — S P PR ROR A K g, AT I
M PR RN R IRBIAR A L, ACH D
FORh S o A X AT E AR 22 B Lk, a0y Bk R (B
5 LU ik 3Fp /At 51,2008, T IE]). 75 JE (1/520)
14 J& (Macaranga) (1/260). 741 J& (Erythroxylum)
(1/200) . % |- 1 & (Sonerila) (1/150). 4~ W32 )
(Marsdenia) (1/100); [FIFF, HLAY i s 14 K J& £ 2
Bk R WA FEF, A JE (Crataegus)
(3/1,000). T4k & (Pedicularis) (2/600). HilgE (Salix)
(7/521) . £ ¥4 )F (Veronica) (8/450). & H %iJE
(Saxifraga) (6/400). % )& (Delphinium) (2/390)%% .

HoB thE DAk AR 8 R AR 2 IR SRS, e T
M5 (1481 E (Qian & Ricklefs, 2004; Sun & Wang,
2005; Zachos et al, 2008), gk T HAL ) Fas i
SRR BRSPS L KIS AL, W
Kt-5%F K LB (Sargentodoxa cuneata) (3 £ H 7 - AfF

R~ B 1L K B A 2R R R T UK ) S
M2 —, 1EUKIAJGE Y I AbIE R 1) 2 s
(Tian et d, 2015).

B B TE R X RS = A
TOEYIEEAE SR IRS) T AR R . AR EEY)
X R B SRIE AT 8 W 2 A AR JER SR =40
VIR Bt AR R (R AR S, 2010), T By
TEYBAFAE R AL 20 7, o B FE AL X A 5 =20
J& Tk 77 s M P (Wol fe, 1975) « ZEBIACHE Y IX %
o, dEREE = R R P A0 . R KK
e WA RW—ILEM WA R4 i
63, LARBRE 73 AR =X, 1 7 #4023 1
J5 B R0 H DAVZ Sl L B R Sk Y I T B 4
i EREEL SR A 0 AR R BE 5 43 A6 A 20 (Mal,
1991). Z'E LNk AnA FE Rz A eI
e LR A &, 428 A UL 7 B IR A A
HEVE, ToRE2 LW —55 = 20 R RE b AL T PG i
BErskst, 2P G LkmMALX /R JBAK EZE
S, R P E kAL B2 bR -5 = 4l
WiV, 17 e B U DR A AT B 22 R AL B B2 o

B 1Lk ) M R By RIT{E M 0.91, DLy

PEJE I AR, ALBOl X R Ao AR A T,

a5 LE IR RS, W R R K b B3 B
L BRI L(EET LK) SR A
PRI SR RITERVIA TIPSR X
RIS (G2, 1996), AT T fRdi R -
1 X2 Hb s P A% R (P B SR BK BTN, 2000; 15 2
FRERZR, 2009). 8 i LA R L5 2% Ll ik [a) (1 [X R 41
B, RIE G ke b e X R BARBLR W,
T f A0 1) e B L ik A #1343, i L 1
JEILF 747508, RITHO.72, HBIEEHEFX R
FRAETE Ry, e g, R iR, 2B L&,
MEARJE RIT RS, AL EH X RS Y
B Lk X 9B . TR e L R PRI
N1.01, #eE Ry iE420)8, R R 414)8, o
A V2L EYIX R LR, WEkEE. X
FAJE . Bk4 iR JE (Rhodomyrtus) . 2@ LLAHEAE &
KA WRAEESE .

ME B KB AR TUEH, P8

TELBKE LR T



TELBKE M HEM T

852 £ ¥ % B M Biodiversity Science

8%

WBKEED X R 5 E AR EA 51, FE2PH 8
I AR L Vo, A b s e AR R X
X AE W IX R 1) 2 AR AE (V3 52 A skoBT i, 2000);
Figt. HEMRMZFEUNRAARXEX R 5
JEMZE = ao R B A AL 5 B R B (SR S, T
B8 bk A R b R X R R S, A s
A X TE X RS R P2 A T — o 5. Bk b,
PEILIKX AR T KRB =L, ek
S B I R R RO B R AR B TE, AW
H ST 2l — S A 2SR E PR SR T A B, AT T i H
BT REIX 2R 2 FEIE S Ak )

Bt RSN E AR TRBGR. L F AR
AR FE R IR KA X, B ®y . Hé
A M ET T LRENGESRRPRERE
0 1A BT T LGS AE &8s Smir AR
F AT BTN F R E R .
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RAXY xEgY OB L O®Y ox @ B’
1 (P LR AR AR 2 A S AR ) 5 VR P 2R B A S S AR A D A R R R A S, T 510275)
2 (B HBIT K 25 WU ER 5 5 ki 2 15%, JE BT 100048)

WE: PH LA THEDX RAEFEE, SEEER. M. BPEYX R NEEEE, X RAREH WS
EMER I P ERRAE o A SCRFSHZ DXIRI T AE ) IR T LR FIER I 5, 3 #T T L2 Ry B RO R IR . 45 SRR W
(V)2 & LBkt B RIBEL, 454 B55)E, FE 1,624, B LK X S AR 7AS R 45 Ja b DL
HIENE, FHLUR B &5 (1£55.91%), PRILH BH S 1 A2 R F 8k, (% & LKA F st m 1658, PA#A
PN R—AGSE WA . AR AR R B R S, BFEARAE 1328 . (3)32 H it~ ik 3l A K
VUL VKRR, V2 07 A RN H sy« A58 = VRN Ay, (6P B LK DURAE R
AL By FEAELR . BRI WA R D E 1L O — A E B AR, o B AR A X
AR A E B B A B E

kIR FE WK RPAEIE, RIS, A, AR AT

The endemism and relict property of spermatophyte flora of the Luoxiao
Mountains

Wanyi Zhao', Zhongcheng Liu“?, Lei Wang?, Qiang Fan®’, JiaLiu*, Wenbo Liao"
1 Sate Key Laboratory of Biocontrol, Guangdong Provincial Key Laboratory of Plant Resources, School of Life

Sciences, Sun Yat-sen University, Guangzhou 510275
2 College of Resource Environment and Tourism, Capital Normal University, Beijing 100048

Abstract: The Luoxiao Mountains with a bundant spermatophyte flora, which is an important channel
connecting the flora of East, South and Centre of China, and was characterized by an prominent antiquity and
relict property. This study focuses on endemic and relict genera or species in the Luoxiao Mountains by
analyzing their composition, geographical structure and formation. (1) The results show that 3 families, 55
generaand 1,624 species are endemic to China within the Luoxiao Mountains; and 43 species and 7 varieties
are endemic to the Luoxiao Mountains. Among the endemic genera, the palacoendemic and relict genera
account for a large proportion, which was dominated by temperate elements (account for 55.91% of total of
endemic genera). (2) There are 165 relict generain the Luoxiao Mountains, including 132 woody genera, and
they mainly dominated by a tropics Asia dirtribution genera, East Asian-North American disjuncted
distribution genera, East Asian endemic genera and Chinese endemic genera. (3) Additionally, due to climate
fluctuations after the Miocene Epoch and during the Quaternary glacial period, the Luoxiao Mountains
appears to have inherited a abundant evergreen northern tropical flora and deciduous Arctic or
Northern-Tertiary flora. The analysis of endemic and relict characteristic implies that the Luoxiao Mountains
isan important biological refuge, which isimportant to preserve and rediffusion of the flora of eastern China.
Key words. the Luoxiao Mountains, endemism; relict property; relict genus; biological refuge
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L RN A3 A (A A, 1992) 0 A I 5 B Hk 0t IR 4 1)
TERCEA B R ) X S, 5 3 AR ST R S B B
YIRS, ST 48R X IR A Py B ) sk b B e Ak & 15
1 % H EAF FH (Kier et al, 2009; Feng et d, 2016), &
TEPIIX FBEFE P 1 B B P 25 (T |, 2001).

R LR B S TR X FR X R R B X
R B A BN (VAR AR 35, 2011). ARYESFA
WRTE R sk, vk o N R RO A
(Engler, 1882; Wulff & Brissenden, 1943). 1R &4k
RF A TE B 9 DX S A2 1D DX R R AR g s B T A Dy —
AN BT FR(WUIFf & Brissenden, 1943; 242 Al
Tk E e, 1994). MR AEAITK T 6 (1994) % Hh [E K5 A
BT T RAMBE AL, SH T AR B 4
B, B ATEERLAESE . RGUR A B ART
ZVE. JBA R IR IAEE . RAAEERL.

+ 1B (relict species) & 45 71 Hi i B HA i AR )2
B, &P s s AR 2 5 LT R A i B A i)
KL HIIN % (Lomolino et al, 2006). F i F AT T IX
RRES B, HWHREAEEYXR, FEF(E)
(R 2H R AT 7E — B AR E L3R — M XA X & 1)
BRI T L o A BRR () R R o A AN R AL, R
Ir A BRI F B, 2 BRI
e R g R DL R RO IR AL 1 S R
(Lomolino et al, 2006; B3Pk 4F, 2014), fijHb3E 5
£ BPIE AR IR LA T S A2 00, IAE
SRR TR Ta . B R 7 SR 2R
BFEEH 5 & (Wulff & Brissenden, 1943; Lomolino et
al, 2006; Habel & Assmann, 2010; B k4%, 2014).

L RITY 7 vAs R W TR I | e a1 (e
FYE FEH113°17'-116°09" E; 25°30'-29°59' N, Atk
KL, FAE R L kAR, FAEHKIE516 km,
NMITE I SR B X, A A
R B AT s (K1), RRaR I b3 B e 2Rk
MRS, 152 5 L ks BB AT A U
I, st T XA E Y 2 R, A
YR TR 179811,107)8 4, 31480 (B S 4%, 2014; #X
Ji X, 2017). 132 1 kb X A A L A A X
ZIME R (Wang et al, 2013) 14 Bl 4 (1 S 4%,
1995; B4 ESE, 2008; FFFIESE, 2010), HAH F A
MR T ARIE, SR A DR Lo TR I R St
MARMES H. ASCURFAILR . BRI 7T
XA, BRI P LK X R R A T s, DA

-’\\,-.;]V?x v = \L 7\

YLPE
WA - Jiangxi Province

Hunan Province

Pl il egend
~ BE 1Lk

Luxoxiao Mountains
~ 44 Province border

Bl ZTEWLpKMEMLE
Fig. 1 The geography location of the Luoxiao Mountains

R T Z M XD AR A B 2 s DA R AR RS AR AN A
HigHS%.

1 FhFEYX AR

B8 kP TR X R ERE AR T X (2017)
WEFC ) Al B AR IR ZR G R 2 R Wtk — P
e, HHSHFIE MR R EED YT A
X (GE—% MY BRI (EFFAZ, 2018)
Jo (h E4EE RS R ) (A, 2018)
LEPRAME. BHSg 1T 4. P EESE R
J& W 52 S 25 MR AE RN 5K K 8 (1994) K S AE i 45
(2006) Fy J5 i, B E 45 43 A X3 AR A H [ {H AT S e
Z[E BRI — LR & o EREA R R

R AT b5 R 10 22 R R M B A ) (BT 4R 415,

2014). B & 1l JhikcHh DXCREA Rk HE LI &) (L
VO G w24, 2004, 2014).  (HIFGAEIE) (X
v, 2000; 25 A 52 FIXIARE, 2010), (VLG Fh5-4
M4 e) (MRS, 2010) AR AR HEATREAT .
+ 18t (M T EE S 55 B 0K 45 (2014) K Tang %
(2018) At 9T AR, EARARIEAy: (1) P s i iz
GrAR, FEBNE 28 J o B R O B AR K
@QWAEEEE, (HIFNFRAEE, 720
7, HARIUH B R BRI T . bR &
iy P R 20 4 1 SRAE 3545 (2006) [ 25 2k 45(2018) .

2 TELKMTFEMX

21 BeFHIR
P E LKL A 3 TR E A R, oy
B HARAEBHE R AR X AR 10 E BRAERE, 1Y
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WHNRRIRIER, IS G E A
BT EAIMomohara, 2005). HAFRMEATICSE
Ai T A6 2 Bk (5 i 2 ATMomohara, 2005), H Ry H: 1
PR AR LA X, 7525 Lk A P
PR T B A X L B AR XN - A 2R
BHEAPG IV 244 1IN BRI EHAPG 1V, 2016),
{ERF AP & T SRR S A DT e 2= R B K
(EFR%, 2017), DRIRA AL SR 44 (Bretschneidera
sinensis) L () SR AG AR BRI IH /2 25 Ll ik Bl 4
MIX R EERAEFR}
22 BHHEUM%R

B8 W kI A E R A JE55)E, 74
(1, Misk1), HMEIA29)E . HiFH R ER £,
H3R2)E, R EJE (Cahaya) . H 5 )&

(Pseudotaxus) . K Ifil i J& (Sargentodoxa) « 1 i &
(Eucommia) « 7 14 J& (Pteroceltis) <= {1t i J&
(Eurycorymbus). 111 5 #4 J& (Bretschneidera) . 5 £l
J&(Cyclocarya). #ZAJ&(Cunninghamia). JEHU &
(Tapiscia) « WA J& (Semiliquidambar) . & 4 J&
(Camptotheca) %%, R 4K & A AL, BAE
T A S AR E AR . R E B3R, £
NFEARFEY), Wk L3 E (Ynshania). MMEE &
(Chiritopsis). Z=I% % & (Biondia) AT 25 HIFh R S 91
—EREE ML, g W SRR oA X O .

% bk DX % R AT R AR B ) A
FEEEIEIR ., ERE. BP . TR EAN X, MR
F R AT AT DU ORI o S b A TR R 1B
. e, HUg A X ey R = P (52). 55

*1 FELUKMEXNPERERRERS#HE(ZE LK/ SE)
Tablel Generaendemic to Chinaand its species number (Luoxiao Mountains/China) in the Luoxiao Mountains

5 F HERA )R il Hu IR 34T

No. Family Genera endemic to China No. of species Geographical distribution

1 R?TRL Ginkgoaceae RAJE Ginkgo V1 #7R. 4 East Ching, Central China

2 ¥R} Pinaceae #HA2JE Cathaya U1 IR, . #ER East China, Central China, South China

3 4%} Pinaceae 4xERAA R Pseudolarix 1 467K, 4kt East China, Central China

4  H%l Cupressacese FAJE Cunninghamia 1/2 B4 ferh | 4ER . Fg East China, Central China, South China, Southwest China
5 %l Cupressacese JKFAJE Glyptostrobus V1 #7 South China

6 AEEF Taxaceae F G128 Pseudotaxus 1 #7:, #6rf East China, Centrd China

7 DyighRl Aristolochiacese DA B Saruma 1 #7R, #rh East China, Central China

8  K£F} Magnoliacese MR 2R Parakmeria 15 467, 4EE5. PiFg East China, South China, Southwest China
9 MRl Calycanthaceae  UEH/E Chimonanthus 3/6 467K, 4eri, PR East China, Central China, Southwest China
10 %%} Orchidacese AL JE Changnienia 12 4745, #rh Eagt China, Central China

11 %%l Orchidaceae FHE5 2% )& Danxiaorchis 2/2 1675, #EF§ East China, South China

12 R[4 %} Asparagaceae
13 K14&%l Asparagacease
14 RAF} Poacese

15 R7A%} Poacese

16 B3EFR|} Papaveraceae
17 KifE#Fl Lardizabalaceae
18 Ki@F} Lardizabaaceae
19 EipfRL Altingiaceae

S # K5 B Heteropolygonatum 1/7
HAifE)E Speirantha 11
KR Gelidocalamus 19
/AT Oligostachyum 2/15
17K ¥JE Eomecon U1
Kl JE Sargentodoxa U1
H LR Snofranchetia 11
WA B Semiliquidambar /3

20 4:#:HM%} Hamamelidaceae 4 &2 )% Fortunearia V1
21 KBRFL Cannabaceae )R Pteroceltis 1
22 {fBkR} Juglandaceae HEAMIE Cyclocarya U1
23 Tx %l Celastraceae KRB Monimopetalum U1
24 fHiEl Salicaceae 14758 Poliothyrsis 11
25 K##} Euphorbiacese  Huk4ynt)® Speranskia 212

26 P4 AL Melastomataceae #% 16 )# Barthea U1

SR, ferR, SRS, PR East China, Central China, South China, Southwest China
#E7R East China

7R, i East China Centra China

1%, #EF§ East China, South China

4. #erh | PR East China, Central China, Southwest China

7R, S, fE. PR East China, Central China, South China, Southwest China
#erp, fEE Central China, South China

B8, 1R East China, South China

475, £ East China, Centra China

4%, #&rh East China, Central China

4, #erh, 1 East China, Central China, South China

4675 East China

SR, feHR, SRS, PR East China, Central China, South China, Southwest China

HeFR, ferb EEg ., TR, 42k East China, Central China, South China, Southwest
China, North China
14/ South China




7

BT B8 LKA A X R IR LR SRR L 5 857

1 (85 Tablel (continued)

HUER ) A

No. of species Geographical distribution

Fre & GRIEE S ey i
No. Family Genera endemic to China

27 WA} Tapisciaceae MU B Tapiscia 12
28 LETFl Sapindaceae A=1eARJE Eurycorymbus V1
29 BEMEL Akaniacese A KW@ Bretschneidera 11
30 |E{EFl Brassicaceae  BIILFFJE Yinshania 7/13
31 WERMEL Nyssaceae EHJ# Camptotheca 12
32 R FF Styracacese FedZ )& Melliodendron 11
33 #JAFF Styracacese HEH1EJE Perkinsiodendron  1/1
34 B EF Styracacese FREERE Sinojackia 2/5
35 BpEBkEL Actinidiacese  ELLHIE Clematoclethra U1
36 fhfh#} Eucommiaceae  ALAf')E Eucommia 1
37 JpfEFEl Gentianaceae R Latouchea 11
38  JetrHkFl Apocynacese  ZEI4JE)E Biondia 2/13
39 JeArBkEl Apocynaceae  EZjEJE Sindechites U1
40 TR} Boraginaceae MAE¥JE Omphalotrigonotis 1/2
41 iR Boraginacese %)% Snojohnstonia /3
42 EF| Boraginaceae JEREJE Thyrocarpus 2/2
43 WEERl Gesneriacese  /MEEEJE Chiritopsis 27
4 WEEF Gesneriacese  WMEHEEEE Primulina 11
45 EIEAL Lamiacese E251¢)8 Bostrychanthera  1/2
46 JEAL Lamiacese P78 Hanceola 2/8
47 JEA} Lamiacese FEAL)E Kinostemon 2/3
48 JEA Lamiacese Vb EJE Schnabelia 2/5
49  %%4%} Orobanchacese  Hh3%/® Rehmannia 2/5
50 %j%} Asteraceae %55)8 Notoseris 2/6
51 %kl Asteracese UF4i% ) Sheareria 1
52 ZAFL Caprifoliaceae MEAJE Dipelta 13
53 &%l Caprifoliacese TH3E)E Kolkwitzia 11
54 TuhnFl Araliaceae A JE Tetrapanax 11
55 4JEF} Apiaceae W32 8 Changium 11

4R ferp fERg | T East China, Central China, South China, Southwest China
4. YEFG. PR East China, South China, Southwest China
AR, e, 4R, iR East Ching, Central China, South China, Southwest China

IR, | PiRd. PE East Ching, Central China, Southwest China, Northwest
China
4 #eh, R East China, Central China, South China

4, feh, fEF East China, Central China, South China
4, e, #EF East China, Central China, South China
HE7R. #, fER East China, Central China, South China

IR, ., PiR. 7L East Ching, Centra China, Southwest China, Northwest
China
4% #rh East Ching, Central China

4. *EF. P East China, South China, Southwest China

475, b PR, P54k East China, Central China, Southwest China, Northwest
China
IR, 4, £ East China, Central China, South China

4 Hedh, R East China, Central China, South China

4B Herh 4]k Pidk East China, Central China, North China, Northwest China
4, frh East China, Central China

1E75. 1EF§ East China, South China

17 South China

7R, . 4ER East China, Central China, South China

44 #eh, PiE§ East China, Central China, Southwest China

ferp | 4EEG. PEES Centra China, South China, Southwest China

4, e, fEF East China, Central China, South China

HE7R, B 4Bk, &RIL East China Central China, North China, Northeast China
HE7R, P fERg . iR East China, Central China, South China, Southwest China
IR, . fER East China, Central China, South China

B e R YRS, ]k East China, Central China, South China, Southwest
China, North China
4, ferh, 4]k East China, Central China, North China

HE7R, Hrp, 4R, iR East China, Central China, South China, Southwest China
1£7R East China

MrHEY, F1)8 B R-terh L -TE o
(K12), Wiz AJE. HHRE. KilgE. LHhaE
(Poliothyrsis). {A R # & I8 i A& (Tetrapanax)

5 # ¥ J& (Heteropol ygonatum) . 174 H- J& (Speranskia)
S, BEATEERIG LI . BT K LR BT ORHX,
PRI R R X Z 2 LA [ K il 2R 3 D 32 B4
OB, H10/8 RE RS h-AER 0 (R,
Kl2), AT ERFWAk. P k. Bk R
B LK, 20 2 DU A% 5 s (Schnabelia) . =44 ) I
J. 41 JE (Omphalotrigonotis). fRAZ)E . HEME. FE
2 R 8 (Meliodendron) . f B £ B
(Perkinsiodendron). FE4EH] JE(Snojackia). &%

J& (Sindechites) F1IF 2 1 & (Sheareria) .

13Jg AR A (R, 1#12), BRI~
DAbZE ZIE LA X, &5 o] mdb e 2= ik, 4
e IX, 43502 46 4 7T & (Gelidocalamus) . JlAE 24
J& (Changnienia) . J& R & J& (Thyrocarpus). 75 &
(Ginkgo). 4:&#AJE (Pseudolarix). FIEAZ)E . D
% & (Saruma). 4 542 & (Fortunearia). H1EJE . ft
)& . JH52 @ (Kolkwitzia). ## )& (Rehmannia) 14
HIl L % (Sinojohnstonia) .

@ BRI (KL, E2), /hl
/D FEAT JE (Oligostachyum) . /MEEE & & AT E .«
AJE NIRRT A (R, E2), Al ftE2RE

TELBKE LI T
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terp 47
R Centfzjlﬁ China Soutl/lighma i) A
East China / 2 \ Sf}’fll"f“ China
////—7\;' \\
‘\\ 3 A \
\ A
y
\_ 0 /
N

E2 ZELKTEHREROHFEEE
Fig. 2 Venn diagram of Chinese endemic genera in the
Luoxiao Mountains

(Danxiaorchis). 7K ¥ J& (Glyptostrobus) . # 1t &
(Barthea) flI#i % i & J& (Primulina), LA b 7% )& £ %
AT TR A AR -

A3/ NERX RFFA B (KL K2), KA ER
1€ J& (Speirantha) A1 ] 3¢ 2> J& (Changium) L g 1L 3
AT ARy, )R AR EE B L R R, K R R
(Monimopetalum) 73 1ii 3~ % & Ll ik Ik B S o3 1l ik
JRB, REREDIIX R 1 AR (Wu & Wu, 1996;
RAEESE, 2010).

23 MEHEUMER

B8 W kAT AR A PR 1,624F (3% 2),
o R R R K01 10.76%, LR AR 14
JE18FH, 1 T HY128F}505/81,606F . MEEA Fil T
JERHO RS R E, B LK E 200 DL b A R
HHMEE 25, WiEERRH TR AR 83
iy, AEH62F) FLAGIERHA9F). 5%} (45F).
SRH39R). IRFAERN38F). LRH36F) . AR
(34Ff) . B EERHBAFN). & RHBLR). i E (28
) R RHRTAN) . SR BEH26%) . TLAIARRH(245).
FARAERH(23F0) NEERH23F]) . K ITARH22F) %%,
X e [E R PR B R R, Rt P
B ILBKE Y X R R AR ECRIER}, WGk, At
BSfERE. AHR MERSE@ T X, 2017).

Bk b, BE Bk REA R ) AR
50.00% 5 UL LRI 56R), BRALARL A SRR
JHE 19 A6 B 45 B BURL B PP R AE B AR D R 2
Ah, RUALAE BE(CRE A 4k EE 51 90.00%) . 7 E & R
(87.50%). /INEER}(85.19%). ##%£1(80.00%). FHHY
1t Bl (76.56%) « I 9% B (72.73%) . 45 Bk AR B
(70.27%). % EFH69.57%). FilEbkF}H(68.57%).

B ENERH66.67%)F U E I R N FEE, HRA
2 B2 B B 5t var T b [ Rl R R A 2 52.1%
(Huang et al, 2011), /HRH% & 1L kL IX FEAIIX
R3] —ERRER L.
24 FERKHXAMFEH

P& WLk o A0 A A R A Fh AR TR FR,
BT PH/N5E(Berberis jiangxiensis). Jf 1l 5tk
(Sedum lushanense). 4fit{ 4% 1k (Hydrangea gracilis).
£ ik AL 7€ (Impatiens polyneura). 4R RALIFE (.
fenghwaiana). Jf X 1l K (Manglietia jingg-
angshanensis). X/ #%# (Trichosanthes jinggang-
shanica). JEM-4L 1145 (Camellia crassissima). V43,
EM%(C. pubescens). FH: X1l JE 7 (Ternstroemia
aubrotundafolia). 4R MHHrEHk (Actinidia callosa var.
acuminata). F X LBsMEHE(A. chinensis var.
jinggangshanensis). X 11454 ##(Neillia jinggan-
gshanensis). M- (Tilia membranacea). x5 &4
“F(Rubus glandulosocarpus). )/ 111111 2 5 (Dumasia
ovatifolia). 1114 (Ilex wugongshanensis). T
P4 =£ 157 (Elaeagnus jiangxiensis). X4 (Vitis
jinggangensis). /MR 52 ZE¥i(Euodia rutaecarpa var.
microcarpa). JLIL=fik(Acer buergerianum var.
jiujiangse). 441 A% (Rhododendron crassistylum).
H X HAES(R. jinggangshanicum). 3k ES (R.
seniavinii var. shangyoumicum). fREFEY(R. stri-
gosum). Ji 1114 44 (Ardisia ushanensis) . ¥T.757 )L
R (Sinosenecio jiangxiensis). J5 LU T i % 3% (Lysi-
machia remota var. lushanensis). 7174} % & (He-
miboea subacaulis var. jiangxiensis). K /NEE &
(Chiritopsis yongxingensis). 1t 17 (Snobambusa
dtriata). F X247 (Gelidocalamus stellatus). - [X] J#
77(Sinobambusa anaurita). J5 Ll & 147 (Yushania
varians). L& 1L4H (Asarum campaniflorum)FlH:
X1l #3Z(Mola jinggangshanensis), A &2013-2019
GBI A, W 2K i A 5L (Phyllagathis
guidongensis). %Ik & & & (Primulina suic-
huanensis). i LI#k% & & (P. hengshanensis). ik [
¥F 3% (Bredia changii). %' % £ H % (Saxifraga
luoxiaoensis). #14% [ H- (S shennongii). 4F 754
(Ilex venusta). /M3 H 4 4¥(Rhododendron micr-
ocarpum). LB E (Primula hubeiensis). /LU
B HEE (P, jiugongshanensis). 41t [ 22 51
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(Chamaelirium viridiflorum) . # X F} & 2% (Danx-
iaorchis yangii) . 2 1l % 2 (Persicaria wugon-
gshanensis) f1 ) Ih 111 5% % K (Heteropolygonatum
wugongshanensis) . £ 55 () 57 i VE A 2 AL AT e 2 %
5 LK X R IR B+ & B R o R A A
VLV LA /SR AR A5 38 7544 1,200 mEL_E1L
W, HARER., REEHRE, BEEHENT
AR L R BB BE by TR IMETE & L 3B R
FEHAE. HLREFE S S WA T PHE S
B8 bk o AT BB SR XA A, 787 AR AR
T2 X AR PR IR B, T A SR AN W R I )BT
YoFh, SR — 20 IRz i X A ) 2 R B 5
W

3 FERKFRTE

31 FiRREAVERK

MR 7 38R . B JE Y R S A ) 5 )
(Lomolino et al, 2006; B34, 2014; Tang et 4,
2018), it 3% & il ikt X 3L A5 F 8% 1658
289Fh, MR T HIVIA9JE 27N, W T 147)E
262Ff (%2, ME3). WAESH LRkAE, B & kit
X i@ AIARAE N E, 51328, HAEH33E.

A, A JEIkA6)E, SR (T FHX 53 A1 2-5F) 52
J&, SRR F it JE B A B 5 1) 52K 5 F BHRFE,
RS LKA X R ) .

32 FiERHHMIBESHIEE

B 1k Hh X 35t S A7 X IS A
A MR AEAE, KA 3E ARG RKAEY),
HlJ 26> J& (Brasenia) . 47> J& (Nymphoi des) 1 12 &
(Nymphaea), 55 FL#IJE (Periploca)) #i T BX
MR IR . i A JE 328, B2 LRI
KEEP A 53 A 70 1) B LR & (Podocarpus) il 1]
J& (Erythroxylum) . ® % J& (Musa) . L & ¥ )&
(Sapindus) ¥, 15 JE B EE R, e Hi N
oA )E 2508 . IR PE AR A M EE, L1298,
Hrr DR WL LMW1 B (L&) . R IAFA &
(50/@)~ R JE (30)8) N .

JE A3 X T L A () ER 43 A0 8% SR 43 BT 485
REH, FERUBEDE Lk X DAL S 7 53R
HLR b1 B O3 A7 R R AH — B (B DO AR, 2014), B
DIZRIE—LE B o AmE. RIsEEE. hEEE
J& - RTINS A AL, FEE LRI Kb AR
BB o A 0, N BT ) R AR X R R
(RAEAE%, 2006).

#2 FEHULKSEXMFENXZFIZREREMBER(ZE WK HEMHER)

Table2 Relict generaof spermatophyte flora and its species number (Luoxiao Mountains/China/world) in the Luoxiao Mountains

7 #
No. Family

J&

Genus

T

EguE et

No. of species Relict type

J& oy A X KA
Generaarea type

1 4RARl Ginkgoacese — RAJE Ginkgo V1
2 P Pinaceae AIZE Abies 1/20/47
3 #MFl Pinacese I8 Cathaya V1
4 A%} Pinaceae A2 Keteleeria 2/3/3
5 fFL Pinacese KHEYAE Nothotsuga L/V/1
6 A%} Pinacese &A4%FAE Pseudolarix U1
7 A% Pinaceae PAZE Tsuga 1/4/9
8  BWWIARl Podocarpaceae 11HiJE Nageia 13/5
9  FNARL Podocarpacese #IAAJE Podocarpus  2/7/97
10 ##} Cupressaceae Wik%)@ Cryptomeria V11
11 %} Cupressaceae KAJE Cunninghamia 1/2/2
12 #1#t Cupressacese MR Fokdenia 111
13 #A#} Cupressacese JK¥AJE Glyptostrobus ~ 1/1/1
14 4%} Cupressacece FUKE Juniperus 2/23/67
15 g EGHF Taxacese HEIERZ)E Amentotaxus  1/3/6
16 ZLEASFl Taxacese =R#2J8 Cephalotaxus 4/6/11

Witk Living fossil
HFE £ 18 Geo-relict
A A Living fossil
HhFEF 15 Geo-relict
SyHF i Tax-relict
HFE £ 3% Geo-relict
HFE £ 15 Geo-relict
K38 Tax-relict
HhFEF 1Bt Geo-relict
Hh3 £ 38 Geo-relict
HhFEF 15 Geo-relict
£ Tax-relict
Witk Living fossil
A% Tax-relict
HhFEF 15t Geo-relict
HhFEF 15 Geo-relict

" EHFA Endemic to China
JLiE #5434 North Temperate
FEHE Endemic to China
RIFSrAi East Asia
RIS East Asia

1 [E454 Endemic to China
AR R ALSE M Wi 4> 4 East Asia& North America Disjuncted
i P 534 Tropics Asia
1243 AT Pantropic
RIS East Asia

1 [E4545 Endemic to China
T34 Tropics Asia
RIS East Asia

JLiE #5434 North Temperate
RIS East Asia
RIFSrAi East Asia

ey EZ=d]

%ﬁ
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2 (85 Table2 (continued)

FF= B J& T + R JR AT IX 2K

No. Family Genus No. of species Relict type Genera areal type

17 4G Taxacese HEA)E Pseudotaxus 1/1/1 P F i Geo-relict 1 [E%:#H Endemic to China

18 ZEAF} Taxaceae LGN Taxus U7/12 PR 7 i Geo-relict JLili 431 North Temperate

19 ZEAF Taxacese MEMSJE Torreya 146 8 Geo-relict A E & AL AW 4 4ii East Asia& North America Disjuncted
20 ZisEFl Cabombacese  Zi3Z)® Brasenia 11 i 8 Geo-relict tH5L4i Cosmopolitan

21 BEERI Nymphaeacese 7XJ@ Euryale Vi1 5rEF i Tax-relict RAS3A East Asia

22 WEEFRL Nymphaeaceae [HEi%JE Nymphaea 1/5/50 43KF 8 Tax-relict 54 Cosmopolitan

23 Tk Al Schisandracese /\f1J& Illicium 6/27/40 43T 8 Tax-relict R &AL AW 434l East Asia& North AmericaDiguncted
24  FRRTFEL Schisandracese Tk T-J& Schisandra  6/19/22 yRF i Tax-relict R K& ALRERIWi /31 East Asia& North America Disjuncted
25 =H¥F} Saururaceae = FHJE Saururus Y12 YT Tax-relict R &AL (AW 534l East Asia& North America Diguncted
26 5u#4%l Aristolochiacese U7 JE Saruma 11 P F 5 Geo-relict 1 [E%FH Endemic to China

27 KZFl Magnoliacese  #&EMKJE Liriodendron 1/1/2 SR it Tax-relict 7R K AGE AT 4>/ East Asia& North America Disjuncted
28 AK2%F} Magnoliacese  JS4ME Houpoéa 1/3/9 SR i Tax-reict I KAt AIKT >4 East Asia& North America Disjuncted
29 K2F Magnoliacese  Ai%J® Manglietia 4/29/40 P F 8 Geo-relict #y WMl 73 4ii Tropics Asia

30 AKZ%:F Magnoliacese K4 {£)® Oyama Y44 SHF i Tax-relict RIESMA East Asia

31 AK2%Fl Magnoliacese  #MHLEAZ: R Parakmeria 1/5/5 53IF i Tax-relict 1 EHFA Endemic to China

32 AK2%Fl Magnoliacese  E£%J& Yulania 6/18/25 8 Geo-relict A E & L& AW 43 4ii East Asia& North America Disjuncted
33 fEH§RL Calycanthaceae W§#ffJE Chimonanthus — 3/6/6 ¥R F 35t Geo-relict "1 E4FFA Endemic to China

34 %%} Lauraceae HEARJE Sassafras 1213 3 i Geo-relict 4 E & L& AW 4 4ii East Asia& North America Digjuncted
35 4&3=Fl Chloranthacese FiHll#ijE Sarcandra  1/2/3 SR F 8 Tax-relict #5346 Tropics Asia

36 Ei#Fl Acoraceae E#E Acorus 2/2/2 yRF i Tax-relict R K& ALRERIWi /31 East Asia& North America Disjuncted
37 FIEFE Alismatacese BHEFVSJE Ranalisma  1/1/2 SFRF i Tax-relict Ay IR JEM 431 Tropics Asiato Tropics Africa
38 JTMERl Petrosaviacese M 3%)E Petrosavia  1/2/3 HFEF 3% Geo-relict #4434 Tropics Asia

39 EFHikl Dioscoreaceae I EJE Schizocapsa  1/2/2 SrHF it Tax-relict #ay Wl 734 Tropics Asia

40 #7Fl Melanthiaceae Y #7EJ® Ypsilandra — 1/4/5 HuFEf 3 Geo-relict ZRIE43 Al East Asia

41 F/KALEL Colchicaceae Ji7#17)J@ Disporum 7/15/21 B F it Geo-relict K44 East Asa

42 R[1&Fl Asparagacese #37JLJ# Barnardia 112 Hi¥EF i Geo-relict IHiH S 71 Old World Temperate

43 FAEEL Arecaceae KiHEJ® Trachycarpus — 1/3/8 3R F ik Tax-relict RI43A East Asa

44 WeERERL Commelinaceae 77 T FERJE Spatholirion1/2/3 i 8 Geo-relict #ify Wl 73 4ii Tropics Asia

45 EFEEFRl Musacese TR Musa 1/11/30 HiFEF 38t Geo-relict IHH 5 #7734 Old World Tropics

46 4iFEAFR Eupteleacese 4% AKJE Euptelea 112 SRF IR Tax-relict R4 East Asia

47 B3EF| Pepaveracese  Ifl/K%JE Eomecon VATAN ¥R F 15 Geo-relict "1 [E4FH Endemic to China

48 BTEFR| Papaveracese  f i {tJ8 Hylomecon V11 i F it Geo-relict A I/>4F East Asia

49 Kikl Lardizabalaceae AHJE Akebia 4/5/6 SrRF I Tax-relict R4 East Asia

50 AKi#F} Lardizabalaceae JiiJLJRJE Decaisnea  1/1/1 ¥ i Geo-relict RI4rAT East Asia

51 AjEFl Lardizabalacese KIfiiffE)E Sargentodoxa 1/1/1 SrHF it Tax-relict #ay Wl 734 Tropics Asia

52 AiliF}l Lardizabalacese i FEEJE Snofranchetia 1/1/1 ¥ % Geo-relict %4 Endemic to China

53 BBl Menispermaceae il % J&% Menispermum 1/1/4 SR it Tax-relict 7RI K& AGE BT 4>/ East Asia& North America Disjuncted
54 BBl Menispermaceae XUJEJE Sinomenium 12 RF i Tax-relict R4 A East Asa

55 /\NBEF| Berberidacese  YiFiJ® Dysosma 21717 8 Geo-relict RE40A East Asia

56 /NEEFRL Berberidacese  ®KAT/E Nandina /11 HiFE £ 38t Geo-relict R4 4T East Asa

57 /NHEFL Berberidacese  #kJL-GJE Sinopodophyllum1/1/2 ¥ £ Geo-relict R4 1 East Asia

58 TEHEFl Ranunculacese K¥JE Semiaquilegia  1/2/2 3R F 8 Tax-relict AW A4r4i East Asia
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59 #Al Buxaceae RIERJE Pachysandra 2/2/3 HFEF 3%t Geo-relict AW KA A/ 4i East Asia& North America Diguncted
60 ERAEL Altingiaceae R m Altingia 2/8/11 SRF IR Tax-relict #H M 44i Tropics Asia

61 EHEl Altingiaceae WA E Liquidambar  2/2/5 SRF I Tax-relict AR KILSE RN/ 4i East Asia& North America Disjuncted
62 ML Altingiaceae 478 Semiliquidambar 1/3/3 KA B Tax-reict #[E4FH Endemic to China

63 &ZHERl Hamamelidacese IEIAEL/E Corylopsis  4/20/29 3K F i Tax-reict ZKIE4r4i East Asia

64 &2kl Hamamelidacese WAEAJ® Disanthus — 1/1/2 SR F i Tax-relict AR5 East Asia

65 4&ZkHifl Hamamelidacese I(F}# & Distylium 4/12/18 SYRF i Tax-relict #r Wy /r4i Tropics Asia

66 &2H%l Hamamelidacese 7511 7E )8 Eustigma 3/3 SRS Tax-relict HAHF I 57i Tropics Asia

67 &Mkl Hamamelidacese B #ifuiJ& Exbucklandia 1/3/4 SRF I Tax-relict #AG M 4i TropicsAsia

68 &ZM3Fl Hamamelidaceae /5L #2J8 Fortunearia  1/1/1 Sy F i Tax-relict 1 [E%HH Endemicto China

69 4&ZHRl Hamamelidacese £2518)8 Hamameis  1/1/6 SR F i Tax-relict ZRIEKALERINT /34 East Asia& North America Disjuncted
70 &2 Hamamelidacese M AKJE Loropetalum — 1/3/3 SRF i Tax-relict R4 East Asia

71 2% Hamamelidacese /K #2%1)8 Sycopsis 2/2/3 53R F 8 Tax-relict AT IS4 Tropics Asia

72 EFEWEL Cercidiphyllacese & Cercidiphyllum 1/1/2 SR F i Tax-relict W54 East Asia

73 HEAR3ER} Penthoraceae #LARSEJE Penthorum  1/1/2 3R Tax-relict I KALEAE 431 East Asa& North America Disjuncted
74 HEFL Vitaceae H45)E Parthenocissus  7/9/13 HFEF 8 Geo-relict ARIEKAGSEAIWT /34 East Asia& North America Disjuncted
75 EA} Fabacese %R Cercis 3/5/9 PR F i Geo-relict JLiRT /M North Temperate

76 TF} Fabaceae M Cladrastis 2/6/8 P F i3 Geo-relict RV KL AIWT 431 East Asia& North America Disjuncted
77 GF} Fabaceae B3 Gleditsa 3/6/16 HFEF 38 Geo-relict ARIE KA MW 734 East Asia& North America Disjuncted
78 TFl Fabacese JE=3%)E Gymnocladus 1/1/5 HFEF i Geo-relict R & L&A 4> 4ii East Asia& North America Disjuncted
79 Fl Fabacese kR Wisteria 146 i Geo-relict 4 &AL AW 4> 4ii East Asia& North America Digjuncted
80 #F} Rhamnaceae BIE Hovenia 3/3/3 HiEEF i Geo-relict RIE4rAT East Asia

81 M ZF} Rhamnaceae S H & Paliurus 3/5/5 P F 8 Geo-relict 10. IH{HFE 401 Old World Temperate

82 MiFl Ulmaceae RkiJ® Hemiptelea V11 419 B Tax-relict RIS East Asia

83 fikl Ulmacese K@ Ulmus 9/21/40 yHRF i Tax-relict JLili 404 North Temperate

84 ikl Ulmaceae ¥ & Zelkova 3/3/5 SR F I Tax-relict 10. IHH SR 44 Old World Temperate

85 KAl Cannabacese  #HiEJE Pteroceltis 111 rKF 8 Tax-relict 1[E%FA Endemic to China

86 7%l Fagacese JiJ% Castanea 3/4/12 M F 3% Geo-relict JLiRAF 04 North Temperate

87 Fl-Al Fagacese KT XJ& Fagus 3/4/10 A B Tax-rdict JLIRFF 434 North Temperate

88 #BkAl Juglandaceae iZHkJE Carya 1/4/15 RF i Tax-relict R KZICEMET 54T East Asa& North America Diguncted
89 HBkEl Juglandaceae FHEMIE Cyclocarya  LU/1 3K F it Tax-relict *[EHRFA Endemicto China

90 #iBkAl Juglandaceae #1CJ8 Engelhardia 2/6/8 HiHE 7 3% Geo-relict #ViF Wil 44 TropicsAsia

91 #iBkRl Juglandaceae HHMkJE Juglans 4/5/20 Hi3 F 3% Geo-relict JLifi7 /34 North Temperate

92 #iBkRl Juglandaceae tLEWE Platycarya — 1/2/2 IR F IR Tax-relict A4 4i East Asia

93 #ABkRl Juglandaceae W)@ Pterocarya 2/7/8 PR F 15t Geo-relict LAy Wy 4) 4 Temperate Asia

94 HMeARl Betulaceae ¥&J® Corylus 2/7/20 P 8 Geo-relict JLifi7 434 North Temperate

95 IFFl Coriariaceae 2 & Coriaria 1/3/15 U F 8 Geo-relict JLifi i 734 North Temperate

9% TFFl Celestracese  7kJlE#JE Monimopetalum 1/1/1 Gy it Tax-relict 1[EH4FH Endemicto China

97 Tr#fl Celastracese FHAMEE Tripterygium 2/3/4 SR8 Tax-relict ZRIW5r4i East Asia

98 Al Erythroxylaceae wifJE Erythroxylum  1/2/200 I32RF iR Tax-relict VZ #4304 Pantropic

99 & #MiFl Hypericaceae =Jit4x#4Hk/E Triadenum 1/2/6 PR F 15t Geo-relict AR K AL3E[Ai />4 East Asia& North America Disjuncted
100 ##iF} Saicacese 1IFETEJ® Bennettiodendron 1/4/6 38 Tax-relict #AFFWINS>4i Tropics Asia

101 #7#iIF} Salicacese liAE )& 1desia V11 G5 18 Tax-relict ARWSH1i East Asia

102 ##i%E}l Salicaceae #5%JE Poliothyrsis  1/1/1 SrF i Tax-relict 1 [EHRFA Endemicto China
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103 M-FEAL Phyllanthaceae Fk#1)% Bischofia 1212 SR F I Tax-relict # P 4i TropicsAsia

104 B4R Melastomatacese 15 S 7 % Barthea 111 HHEF i Geo-relict H1E%FH Endemic to China

105 HifihFl Staphyleacese Hf#9H5JE Euscaphis — 2/1/1 HFEF i Geo-relict AR4rfi East Asia

106 Akl Staphyleaceae 4478 Staphylea 2/6/13 i3 £ 3% Geo-relict LI /04 North Temperate

107 JETIIERE Stachyuracese i i{e)® Stachyurus — 2/7/8 PR F i Geo-relict AWM East Asia

108 BARM Al Tapisciaceae BANW B Tapiscia 1/2/6 HhHE F 8t Geo-relict #[E4%5H Endemicto China

109 AL Anacardiacese  MFR#E Choerospondias 1/1/1 PR A Tax-relict AR4HAi East Asia

110 JoifFFl Sepindacese  LHHJE Aesculus 14/13 SyFigt Tax-relict JbifiHi 404 North Temperate

111 FE#ETFRl Sapindacese  <{tAJ& Eurycorymbus L/1/1 HHEF % Geo-relict H1E%FH Endemic to China

112 FHETFI Sapindacese  Z8J@ Koereuteria 13/4 SR F i Tax-relict RIS 4i East Asia

113 TRl Sapindacese o TJ& Sapindus 1/4/10 i F 3% Geo-relict ZRIV(HAGT. U HGHF) ARG FE 3£ [A] T 704 Tropics &
Subtropics East Asia& Tropical America Disjuncted

114 +=#%&%} Rutaceae L& Orixa U1 PR F i Geo-relict A4 East Asia

115 2%} Rutacese #5¢)& Phellodendron 2/2/4 HEF i Geo-relict ARIV4rAT East Asia

116 &} Rutacese PR Skimmia 1/5/6 HEF i Geo-relict ARIV4rAT East Asia

117 %%} Rutacese ke IN)E Toddalia U1 Hi3E 3% Geo-relict #i W ZEAArIEM 34 Tropics Asiato Tropics Africa

118 iK%} Simaroubacese % KJE Picrasma 1/2/9 PR F it Geo-relict AR I HGH)RIHCH I 5% AT 04 Tropics &
Subtropics East Asia& Tropical America Disjuncted

119 #i%F} Mavaceae FERJ® Firmiana 1/7/16 SRF I Tax-relict R4 East Asa

120 #i%%Fl Malvacese RE )% Reevesia 2/15/25 HEF i Geo-rdict #AFIEIM 4 Tropics Asia

121 ZEEWEL Akaniaceae  fHRHIJE Bretschneideral/1/1 38 Tax-relict #AFFWINS>4i Tropics Asia

122 HE#&# Santalacese WZLJE Pyrularia 1142 HFEF i Geo-relict R &AL A4 4ii East Asia& North America Disjuncted

123 WHRMF Nyssacese — Ef)® Camptotheca  1/2/2 S F i Tax-relict *HEFRFA Endemicto China

124 WE5LWFEL Nyssaceae WM E Nyssa 1317 Ml 7% Geo-relict AW K& Ab3E[E 4> 4 East Asia& North America Disjuncted

125 Z53kF} Hydrangeaceae H45EKJE Cardiandra 1/2/3 PR F i Geo-relict 4401 East Asia

126 ZEkE} Hydrangeacese WkM®2JE Platycrater — 1/1/1 7RF iR Tax-relict A4 4i East Asia

127 Z5EkE} Hydrangeaceae 441X Schizophragma 4/6/7 PR F i Geo-reict AWM East Asia

128 1LZ%iFl Cornaceae thZ€¥4JE Cornus 12/25/55 SrHF i Tax-reict JLiEH 404 North Temperate

129 Fi%IAF} PentaphylacaceseZ5%1)& Anneslea U3 SYIF B Tax-relict FAHFWIN/>4i Tropics Asia

130 FiFAFl PentaphylacaceaeFi%1I K& Pentaphylax 1/1/1 yHRF i Tax-relict #7341 Tropics Asia

131 ih%R} Theaceae %28 Sewartia 5/15/20 PR ¥ 3%t Geo-relict AW KA A /3 /i East Asia& North America Diguncted

132 2z E&F Styracaceae MR Alniphyllum  1/3/3 i i Geo-relict #F MM 4r4ii Tropics Asia

133 Z B2 &R} Styracaceae  ILIZEFIJE Huodendron 1/3/4 SrRF IR Tax-relict #5434 Tropics Asia

134 %2 &R} Styracaceae  FEIZE4L/E Melliodendron 1/1/1 i3 £ 3% Geo-relict "[EFFH Endemicto China

135 % H &Rl Styracacese  #i%i{E)® Perkinsiodendron 1/1/1 A8 Tax-rdict F[E4FH Endemic to China

136 ZEAERL Styracacese ¥ #)E Pterostyrax  2/2/3 HoEE -7 8t Geo-relict ZRIV4r7i East Asia

137 % E&F Styracacese  AJRZLJE Rehderodendron 1/5/6 W F i Geo-relict RI4Fi East Asia

138 %R &R} Styracacese  FP4EMJE Snojackia  2/5/5 i3 £ 3%t Geo-relict "[E%FH Endemicto China

139 BpMEBEEL Actinidiaceae EILAIIJE Clematoclethra U/1/1 Sy F i Tax-relict #[E%HH Endemicto China

140 HLESTEF} Ericaceae W4EE Enkianthus  3/7/12 HF i Tax-relict RIS AT EastAsia

141 FEESAEFR} Ericaceae BEALE Lyonia 1/5/6 SRF I Tax-relict AR KILSE RN/ 4i East Asia& North America Disjuncted

142 FLESAEFR} Ericaceae 0524 )% Monotropastrum 1/2/2 SR F i Tax-relict #r Wy /r4i TropicsAsia

143 #f##} Eucommiaceae #tff'/® Eucommia vyl S F i Tax-relict ' EFRFA Endemicto China

144 ZZ4VFL Garyacese  BEHHHHEIE Aucuba  4/10/10 HFEF 3 Geo-relict ARW4rfi East Asia

145 FF R} Rubiaceae 7 B8 Emmenopterys 1/1/1 HFE ¥ i Geo-relict #ii I 44 Tropics Asia

146 Wk} Gelsemiacese  49W)JE Gelsemium VATE] P F 8 Geo-relict RV K ALSE AW 431 East Asia& North America Disjuncted

147 JArBkRl Apocynaceae FLHIJE Periploca 1/6/10 HiH 7 3% Geo-relict 5 #i Cosmopolitan

148 JerrHkFL Apocynacese EZMEJE Sndechites  LU1 HFEF 35t Geo-relict H[E4F# Endemicto China

149 KJEFE} Oleacease )@ Chionanthus  2/7/80 HiHEF 3% Geo-relict AR K Ab3E (W 4> 46 East Asia& North AmericaDisjuncted

150 Zfi#} Plantaginacese 1%%)8 Ellisiophyllum 1/1/1 PR ¥ 3%t Geo-relict #ii W 5r4ii Tropics Asia
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151 %§iR} Plantaginacese Z5%5 )8 Trapella V12

152 %54} Bignoniaceae  #%J& Catalpa 1/4/13
153 JEA} Lamiaceae E241£J8 Bostrychanthera 1/2/2
154 FEEHEFRL Phrymacese  EHFJE Phryma 111

155 AR} Paulowniacese fifflJ& Paulownia 41617
156 FH3EMFl Helwingiacese 36 & Helwingia — 2/4/4
157 TitE{tF} Adoxacese — #EEHAJE Sambucus  2/4/10
158 fEi%R} Campanulacese 48 % Peracarpa  U/1/1
159 FEZF} Menyanthaceae #33%J& Nymphoides — 3/6/57
160 A&} Caprifoliacese W& AJ® Dipelta 13/3
161 ZA&%|l Caprifoliaceae  JH52)8 Kolkwitzia 111
162 Z4F} Caprifoliacese  #7fi{E/E Weigela 2/2/110
163 Ik}l Ardiaceae Fil#fk)E Kalopanax V1
164 Tijn®} Araliaceae ANZJ& Panax 2/8/11
165 TifnF} Araiaceae JABAJE Tetrapanax — UV1

3 F % Geo-relict AW r4i East Asia

SrRF i Tax-reict RIEKALSEAW /21 East Asia& North America Disjuncted
HFEF % Geo-relict " [E%Ff Endemic to China

3 F 1% Geo-relict AW K ALE[H i 4> 4 East Asia& North America Disjuncted
HEF it Geo-relict W44 East Asia

R F i Tax-rdict R4 East Asia

P F 8t Geo-relict JLiy /04 North Temperate

3RF i Tax-relict ZRIE40A East Asia

SyF it Tax-rdict tHF) 4 Cosmopolitan

WP F 1% Geo-relict F[E454 Endemic to China

it Tax-relict HEFRHH Endemicto China

SR F B Tax-relict ZRIE4r4i East Asia

R F i Tax-rdict R4 East Asia

SyHF it Tax-relict AW K AL H K434 East Asa& North America Diguncted
HFE £ 15 Geo-relict H[E4#f Endemicto China

4 TELKEYIL

LA KRS 9 AR B 2RI IX, JEH R KR
WA RX, 2 =D BE . RrA Jm i E R

A7 +h0y(Milne & Abbott, 2002; Qian & Ricklefs, 2004;

Tang et al, 2018), FPLLREAE & A& [ 5 R 30 0 #ve
TEAIIX 22 1) B BRHAIE (PR AT 5K BT, 2000). %9 &
ik A+ gt e 165 J&, &2 L ke B E
14.90%, 7RI 7 HIX R E S TRt . A
X 734y 55 AN EREAJE, R LA RARL
SHMERARE SRR, WEEE. BREE.
&~ A SRPESE, AR I B R
e, Toseh b E 2R B KX R 2 L ik
Je H B =40 F BUE Y E B R —

B ik X R oA () F 18 R B R
=40 I S b U7 #iy #8 4) #F (boreotropical  flora)
(Wolfe, 1975) Kz At —5 = 22 MY 3 (Arcto-Tertiary
flora) (Engler, 1879; Mai, 1991) {15 ik i 5y, 7EH1 )5
I A SR BN T i — DA AR T IR
oA ). dina A E BT R, P8k
BB 2T B A R E R, KR BN R AT
TR HEAIX, M EE B2 o Sk i AR
e 7Y (W) 7 25,1992) o 3 FEL T4 1) 5 2 I ] i M
B, EWolfe (1975)42 th 1t 58 =42 b 75 it 147
¥ rf J5 kS W) (mesotherms flora), LAz BRAR T #t e
JEPE R AR Y X R (5K 7215, 1962) & A0 —E 1.
PABRAR AT oD E RIS . 25 5 v SR B X [ SR A4
N, W B (Altingia). 7K 2231 )& (Sycopsis).

F5 AL JE (Eustigma) . #5234 & (Anneslea) . HLAIAE
(Pentaphylax) . & # 47 J& (Exbucklandia) « A 3% J&
(Manglietia). & RALIE . W12 JE (Keteleeria) 55, J&
T AT YN 3 AT F B, 1X 0] B 2R = Al AT
677 HAT Y X Ry 1 D8 L s NS R
HoEs R T 5, R R RS A T
(An et al, 2001, Sun & Wang, 2005), H [ 1T
FLH 0 P R2 (M9 7 7%, 2000), 1152 15 11 fik i [X 3k
— 3B OV ARR—3E = 28 By AL #RT i 23 B 22T
PRAFH L U508 = 20 R A R M 1 S D A i
2 I A 43 AT T iz A6 AR M X R VR I R AR AR
(Engler, 1879; Chaney, 1947; Mai, 1991), 7t #rit:
DLR B S AP BIsE e IR AR Ak, H AR A
XA S Iz b 2R SRR —b 3% 18] W 23 A
RWACEE WA AR LR BRI
s A (Mai, 1991). &' 5 ik 5 A 1)+ 1)
WPk JE Quglans). LA & (Aesculus). 2R EE &
(Cornus). #12JE (Abies). #EHkJ& (Liriodendron).
%28 (Sewartia) . MREMTEE . SERNE. AN
J& (Nyssa). K& (Sassafras). #{4H )& (Hovenia).
I 46k (Kal opanax) « 4= 254 J& (Hamamelis) 5514 &2 b
W — 55 = 20 FE W) T 1 5 A 12 % 4> (Engler, 1882;
Chaney, 1947, )i, 2002; J #fr E A1 Momohara,
2005), FLAE H Tt DASK i) 4 3R 000 B AR B2 R 1) 52
Wi T, BRl 93 DX T AR 3 T A7 22 %0 3 L Dk B X
5 DY 22 ) S 38 513 s R il 2R i AL A 5 1) B
TR, KREHZ AR Frf B A X AEVK I 52
Wi R, AN E 48 25 A [ 0 44 L Mgk BT (Harrrison
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et a, 2001; Manchester et al, 2009; Wang et al, 2009) .
F R HREA I E R R AW — AN X
REEYEENE T S 4R AR (B MR, 2013), BISCAE
(20L4)EEXI XLl B L ik L A5 X A SR 1
FEAEEHAT T LR, W b2 & Lk B 3
DX Ly X B B ) AR B T o 3 AR SR A X AR A
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TR R A IR ARE IR, AHE R E R RS
LIV VAN AR S R K7 NI i =L By iy
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Satus and management strategy for rare and endangered key protected
wild plantsin the Luoxiao Mountains
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Abstract: In order to strengthen the protection and management of rare and endangered plants in the Luoxiao
Mountains, we made extensive investigations on the species composition, population size, and survival status
of the rare and endangered plants based on vegetation and floristic surveys. The results are as follows: (1) A
total of 279 rare and endangered plant species from 142 genera and 59 families were recorded in the Luoxiao
Mountains. Among them, 17 species were included in the IUCN Red Ligt, i.e. 2 critical species (CR), 3
endangered species (EN), and 12 vulnerable species (VU); and 105 species were included in the China
Biodiversity Red List: Higher Plants, i.e. 9 critical species, 33 endangered species, 63 vulnerable species; 257
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species in the National Key Protected Wild Plants List, i.e. Grade | 8 species, i.e. Ginkgo biloba, Abies
beshanensis var. Ziyuanensis, Taxus wallichiana var. mairei, Brasenia schreberi, Bretschneidera sinensis,
Dendrobium hancockii, D. officinale, and D. moniliforme, and Grade |1 249 species; 71 species were listed in
Appendix Il of CITES. (2) The Luoxiao Mountains are composed of five medium-sized mountains, and
across these mountains, the number of rare and endangered plants changed from north to south, indicating
that their survival status was closely related to the species richness and the preservation of vegetation and
florain the areas. Mt. Mufu had 147 species, Mt. Jiuling 138 species, Mt. Wugong 133 species, Mt. Wanyang
227 species, and Mt. Zhuguang 192 species. (3) According to the species composition of rare and endangered
plants, there were a large number of ancient, relict and endemic taxa, which are affected by climate and
geographical environment, including 19 monotypic genera and 129 species endemic to China. According to
the survival status, and distribution of rare and endangered species, this paper puts forward some protection
measures, such as community monitoring or appropriate artificial intervention, etc.

Key words Luoxiao Mountains, rare and endangered plants, species red list; critical species (CR);
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endangered species (EN); protection measures
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k2, 750%(135F) . ECy1Li fk2,507F(129FF) . T3

x1 FEULRKREEHHCEMESF PR LK DFEE S
Table1l Species richness of rare and endangered plants in five medium-sized mountains of the Luoxiao Mountains (CR: Critically

Endangered, EN: Endangered)

CIUCNIFR AT 842 5% ) IUCN

(REAEMZEAAAT) B E RS EY)

CITESHH3RII - &it

Species Red List China Biodiversity Red List National Key Protected Plants ~ CITES Total
Appendix |1

Hf& CR #ifs EN Zfa VU  #&f& CR #ifé EN Zfa VU 12 Gradel 11Z¢ Gradell PP
B8k 2 3 12 9 33 63 8 249 71 279
Luoxiao Mts
HEE Lk 2 3 9 4 13 31 6 129 48 144
Mufu Mts
FLUA L ik 1 3 10 2 14 25 5 117 48 135
Jiuling Mts
T Lk 1 2 9 1 14 25 4 112 43 129
Wugong Mts
T3 e ik 2 3 12 6 21 53 8 174 63 202
Wanyang Mts
¥k 2 3 10 6 16 38 8 164 59 189

Zhuguang Mts
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PR K3, 162F1(202F ) #) 1L1 ik 2,834F1 (189FH) .
ALK EAFE, @ lk RE R
Ll v T LU L ORI L K

SR AL LK R, B U G R A ) B A3 il A
JIEE LK S B L K T LK BN (R 1), X
Pl 22 7 5 AR A TN GBS UA RAE R ORGP AIRBUAR K . 5
PELLKAL T2 8 bk B, BEN A PR 320, TELF
AL T B B 73  THT 0 R A VI A (R S AR T P A
A, RIT{l(Tropical/Temperate) = 1), KHHEAEE
WY A ZER ARy, AR R AT A U ()
N NN A o sy 7 N2 Ay o v iy o NN A=
F) S, R AESRR RS . & B,
%' I ¥ (Podocarpus macrophyllus) « /Iy i Sk i
(Gnetum parvifolium) s, ==} fl e JE@ F, <
141 5 2% (Bulbophyllum shweliense) . 1% % % (Eria
szetschuanica) . # ¥ #; [ = (Gastrochilus japonicus)
/N FH 2522 (Thri xspermum japonicum) 2% . b 36 i) %
B ik Ak T B By R A ST AR B A8 T I X3
bl g R AT ARy B LR Bk L ik A R 2
(PR PR RSy, anaERiA . TG (Acer truncatum).
K H K 2 ¥ (Litsea auriculata) « B4 J5 % JL <=
(Syneilesisaustralis), LA AL #ay B 5E ARG == |
A== (Neofinetia falcata). HAAFE=. Kt =
(Oreorchis fargesii). 4% =% (Herminium monorchis)
o 1L kIR s, HEAL T R R, X R
AR BRI LDy Lk LR ik, R
LK S 57 o
33 B ENMEE X/ N FIEFIR

FRHE FRAE RN DA S HAEAF IR, 2 5 L ik
X &2 fE YR 5> 3 2 B,

(V) B384 A Fl A 1500 . FREEELE /N, £ E
WK F B A, A K2 A 584k . H—%
USRS B, S, H S EYRHESA T
TR A Fh, ez . KESZ . vHE
B KIS RARMBEMEAR 2 L% (Fortunella
hindsii). 2% 5r Rk (Actinidia fortunatii). <Al Bk
RAEN. KEZEEH. LA H (lex
zhejiangensis). X LAY VL 5 5 & (Pedicularis
kiangsiensis). &R ARG TIECR, £
BEREVR 2 B MR BB A B RO FE R A2 56, B8y
A X 4 gk, WIZLHs kLA, )1] 3 BE (Phellodendron
chinense) . I i #F (Saruma henryi) . 25 % (Coptis

chinensis). &K (Morinda officinalis). /\ ffi3%%;
KA BRI AT () = RVE Y 8 T M s o, sk
FA et 41 ZE A . & # R 22 (Gastrochilus
formosanus). Z&IH- Bt >~ (Goodyera velutina) . F51¢
# T 2% (Phaius flavus) « /)y 1€ & J£ % (Oberonia
mannii). Jt4di K KK (Gastrodia peichatieniana) .
Q)R F R A, A1065 . A —E M E
FhEE, oA 2 T 104, HA —E KRR 2 A X
S o LR BRI R 2 BT,
FhEf R RS XA — A& R

Ve, FEZ LK o3 A A5 AR IR & 2R ] Ao,

VFETELUTM AR, SRARGE I Bt 2547 7 AR
A, EBIR R R E, Y ERA R, K R
SRS, WEF R (Emmenopterys henryi). 478
WM. [ AEH(Phoebe bournei). FEAEA . JEHR .
(27 N EANR A

QR ER A, H23k. B MR AR,

O AT R 204k, A8 R ER XS T = AL,

BT AT HRXIE. X—RAMBHIGEED
S E WA D SR, . 55 R (Acer
cordatum). EFHEEA (Pieris formosa). & Ak
Bk (Actinidia latifolia) %%
34 EHEMNXIESUFHERREFER

VIR G 2 2 07 T R R SR A VR G R, 3
— X I Wi A R ) B T o 12 DX 30 1) )5
ARSI B AR I 255 It D LKA
I DSR2 A i REXE i (X 5 X, 2017),
HEMWfERETE 2% 2Bt A B 80
X33 A ARFAE o

(OFh R R F BV . B LK
Wiy, Zdr . b Hh BRI UK RS e, I A
M X R RERTR, VKIS HAE LS
ook, w2 AAs . fEEM . #EE MK (Liriodendron
chinense). W T4 GA2% . HAWGFEH R AE19E,
ZREE . BIEHIR R, WRA . A2 S,
ZIRA A WA (Cryptomeria japonica var. sinensis).
HEAZ, gz, Aff a5 H . = #(Camptotheca
acuminata)5§; BN R4k B IR AR R
GHERE, W E ERHIREE S B (Primuling). >
BL X % J& (Neofinetia)  Jh 7 >4 J& (Changnienia), #
PRI 45 . R =R AR, VFZ2 N+ 1,
G FE M 3910 K22 R B £ 2 (Yulania amoena) %% .
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T BT 72 B (Yin et al, 2020), #& &8
(Fokienia) FIEBLAF 1% &2+ 40 di &, 434K I [a] AT 38

B L 3 1#:(19.34-19.95 Ma). [T 2 3725 XU 4

A F A E B8 DY 20 UK B B 3 B e B P g o xfE
(in situ survival)t=X, 7EUKEIACR A T XN 1
SRRy 5K, LA Lk oy FL e T o

@M &R IRA R R R . B8 L K W G
P, o E R A R 129%, (5 B I G AR A Fi
S 46.2%, Horb AR fa At WfE A 3L 328h, ok
Fay BRAY . AT AR BRIHRT . STETRA .
L. P5# A% (Rhododendron kiangsiense). JHA¥ 2%, %k
AR Artas TRAR, mEEAE. FE
1) R M S i 2 LD KE H E ) X R 5
A AR B R 1, R AR AR A X R B B
A B AR I A0 E

(3)Ff R AZHE AN M B PE R sE A B 2 .
kMG T, A8 E(GEM B Z FE,
{BLEZ T 1L KA IF) 46)E (Fh). XL HY B B Hh 57
% B AR A M B Ay A % SR K R, BN AR A AR
X AEBL A, VX SR R R, AR
ARPEHEAR ., IRE S, 1H(Nageia nagi). /)
MSEORR B, DL AW Z R Y W A 2
(Amitostigma  gracile) . 47 " = (Arundina
graminifolia) . #4E >% . K7 & B = (Cleisostoma
paniculatum). 7R WBREE . BRI RS 22
(Epigeneium fargesii). £, 35 == (Eulophia
dubia) &, X LLIHE Y b T HIAR 7 A7 v 0 1) 14 2
Moy, e A Y RIS R . BE LIk
WG R LS TV 2 T AR By P g i Y
HIRHIE 8 B Horh, &35 B (1lex) 3, ZJE N
R, FrRKILRE L R X . = RHE
FELKASMAAMAZHME, IFHFE2ZE
(Platanthera) 6Ff. =% J& (Cymbidium) 7Ff. A& =%
(Bulbophyllum) 7#f, T X {£ J& (Habenari) 8. 1 fif}
J& (Dendrobium) 8Ff. FEiH = J&(Goodyera) 9.
Hz)& (Lipari) 12Ff. HF¥F 2 J&(Calanthe) 12Ff, X
6 5%, 538 WL T2 R 28 B 0BG A I PR VA 2
oy o bk, HEJE (Acer) 9% 1A% & (Rhododendron)
off. LhEF A& (Pieris) 2f, 1X L8 & W W, T W #vir th
e AR L P R S VR A AR EILL TOLEE A R R
etk & (Actinidia) 1744, 3= E 5045 T i i 1)
W S AR

41 EHEHCEINXESGERERERE

B G Kk EE N S U A AR Y BRE A 2
L5 245 B b s AH DG IR BE AR Ak, R B =7 T R
[Al:

(VS xS L. Rk L, BH
WeHMBEA RS EMX 2 TRaEmX, €
I kAT L K 2 TR R K, X5 R 2R
PEFEE BEKSFILh BB FEAR A & o B 55 (2018)
FL T VL PGS 2 B Ly 22 4 WS ALY () Bl AN
FEERE, SRS REE L A L. 7R
KX, BEWMPEHEME T LK. BRIk, &
JUIL K BN, B £ B b I AR,
SRS A X LR G RTIL, AT SR AC
TEH T () XA B AT A 2 FEE

QM RATF IR UL R N TR 2 7 o A6
HEIBCONLE #ar i E X, HE. WREED, H
WRZ %, LEil BRI DORE 2T
B AR, A6 P 5 S R AR TR SRR A Y
KA, BFHEHEAANFE . AN, s
Th iy Jok il M PR 5% 52 20 T T R B RZ e, 1L TR
1,500 mUA = [RAE AR . HE MR 6 AT B AR R b A
W, T 800-1,000 mLL T () K SR MR AE 1 £E 201t
SR AR AE PRGBSI, AR O s R
AR, BN E, M EEYIRAT
B8 b R 30 0 L A HE X L —R 5T e R
X, REWZE T NABIR, HEEZHX Y
BLKAR a0, (LR, WEARE. SEA
. |E IR I NES 2R, R HRA
B A A B WA R VAR A R
R, IR & R SRR, HE R B R, M
ZHMEEE. HIBFEF G E L T 2N % B
FRARYIX, IR BRIER . ISR X,
H AR AR R, 2R lRNES.
BB L SR A LM B T R LKA, ANE T S
s\ T L 25 X AR A7 A BT IR B, 0 b L i
RSN, BRIt EcE ts i kb

QW | B A S AR, 2 RAEM
Bt . XY A7 R R 1) R, K
3 SR A R OB T R . N, mE 5 AT AS R
PR, FhTAE B SRR T A DAl B R 1 k, (H
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VDR AR (A ) B % B AR Bt
IRZ 5 R (B S5, 2002). A4S Fhpf, BIR
P A2 SEHRAFAESRACL I [ e

LR, ERFRER T, M. BRMER R
PURDLE R EZL . ISR B Se /e k58 1 L8 1
e, IR A AE I AT, IR S5
IR, USSR . R, A
MSE AR 20 Tl IR A 2E — R BN - [,
ST AR B AR ORGP XA SRR 2 el it A — >
TP, MRl KA R, AU s AT
T, AR
42 BRRIPFMEEEIIREN

BEoxt % L bk X 2 E R S R R Y,
THREA R R TAE AT b AR R E Y
MIAEAFBUIR . FiE A7 BL K L E TR, 2 AR
M CLR L7 T & AR, V& S OR3P BN 5 It
RIHRI I -

(DhnaE B AR ORI DR AT L B LR AR
ARG BV BRI, TR A R R IX,
NTE. BRARRIX, EEAFTHELT,
POREMM, B & BAT 8 B Z L. Rk
PR D Fe R A D B AR BRI IX, R
A RTERFIRARE . B/NRE . AP RERETE 3
R AT RENE ] RR B RO 26 AF T, AL B AR ERA X
e DRI BT A ST R AT RN g AR (£ 55, 2013). %
L BB AR B i R, AR LD b ) SRR B
AREBORAFARGF, Q055 2 1l [ K G R X A P A 1
PRy MBS AL R A S 2R A 4, R BRI AT R
FEJARARRINGRY XVE ], BT R AT B M
DORIZHRE BRI AHM . ZRHEMAE, bt —
BAe. B2 MESEAE, RRKIER BT IR
PIXEBNR . AL TVLPE . WIE A ST,
R TR XA RN R X, AR B AR
TEA, TR PRI AR X3k i) a7 X T L

(25 EF A AR RN 5 B H W IT . 2
Sera ) EE M B R AR BTN, ST R TR RS A
KB A R A A SE AL — AT B BExT R SE
(CR). WS (EN) I SZ B A AN S 2L () 2L 388
F, BOZARSTT RRREWETT, WXREZ. AEE.
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Rk R, SRANAS 5y, RAhE R T B R (1

FTTR, A% HAb AL, B4, RS M
NEEEE. Aria. R, PAR ZERMEM ek B fit
LA PR AR = NN R Y, HREE
W,

() IR /N FRERIE TRV W o bR AL %2
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WDIRAN LTI, €M RAESHEBEE.
FERRUEIR KB A7, fE#FH800 mEL T, BATH]E
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WHE Tzt P’ R4 HERE F oMY R O skaoE
FeEmt & %Y HReAT thEegl B 204Xt R OR
LR R R0, T/ 510006)

2 (1R I Y K 5 AR ARk B, Kb 410081)

3 (e iTTE K2R ARl 2 B, I 430079)

E: P0G T B KRG AR R, 2 rgdbE A KA K, THARZ6.76 77 km?. % 1L kAL T BT K Bk 45 5
X, EWE R, R INRME = Lok Az E B AT . A 7P S LK ETF B R 2R, R
WFFL20 T-2013-20184F, EHZ5 M. F-IIF1 RS ST HIT R 1B X IR A SARAREE, RN 18 TR0 282 /4y
FRG R TTFEE YR IR S RIS A ocmhic e B ik XA 32T H YR 4Rk 148405, Hp%
W LK T H i sfh2sfh, B HHET H o mHnic s Foft. [N, AT 505 TP I & RN &, fEHAEY 2
P 555 ARk R HL 5256 % (the Biodiversity & Climate Change Virtual Laboratory) #8284 ST &, %2 & ik 3
FHYMMATREELE X, UL SRS A i = SR HE R 5 T (representative concentration pathway, RCP 2.6 / 6.0 /
8.5) 20504 i Ak X AT T, FLrp BEALARARE VL (random forest) AR A ffe s Fu e A, LTl & S EoR: 2% X
R T B o3 A0 0 E IR A 1 N K = PR IR A Lk b R e O BT B M miE R X, ARZ AR
ik 30%; &5 M RiE A= X AH E, RCP 2.61% 5t T 20504 F 128 & A= X G FT 1, RCP 6.0FIRCP 8.51% 5t 454> 354
BT HEAEX SRR, B AR XA R 2 iR DX 3 DA B . T AT H T AP 54 7% % 1
ik E F HWFh 2 AR, O R 5 2k BT H i AR B T 5%

KR EFHURIE), PE LK YR et AT

Species diversity and suitable habitat prediction of Chiroptera in the
L uoxiao Mountains

Yifeng Hu', Xiaoyun Wang", Xuejian Deng®, Hua Wu®, Zhenglanyi Huang', Yang Yue', Fang Li*,
Qiuping Zhang®, Weijian Guo®, Feng Li*, Bocheng Chen®, Zhongxian Xu', Quan Zhou', Wenhua Yu"",
Yi wu®

1 School of Life Sciences, Guangzhou University, Guangzhou 510006

2 School of Life Sciences, Hunan Normal University, Changsha 410081
3 School of Life Sciences, Central China Normal University, Wuhan 430079

Abstract: The Luoxiao Mountains are a main chain of north-south mountains in southeast China, covering
approximately 67,600 km?. It is considered a biodiversity hot spot that served as glacial refuge during the
Tertiary period for eastern Eurasia. Starting in 2013, we investigated chiropteran diversity in the Luoxiao
Mountains by conducting five-year surveys using mist nets, hand nets and harp traps. We identified 40
chiropteran species belonging to 4 families, 14 genera through morphological examination, phylogenetic
inference, comparing to species identification from the literatures. Of the species we identified, 25 are
primarily found in the region, and 9 belong to new provincia records. Current and potential future
distribution area for bats was predicted based on all occurrence coordinates using the online platform “the
Biodiversity & Climate Change Virtual Laboratory”. The random forest algorithm performed better than all
other methods, and further indicates that precipitation seasonality and annual mean temperature contribute

ek H A 2020-06-03; $25% H #: 2020-09-11

REWH: KA RRFHE4:(31672258; 31670381; 31970394). [ 5K H ARl % H: 4 [H BrAF # KW H (31110103910).  [H ZRBHE JEAl 4 T-F £ 10i(2013
FY 111500)F1) ™ MK 53 AR I A A B 37 1 KI5 H (BJ201707)
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the most in models. Additionally, we found that the central and southern region (about 30% of the Luoxiao
Mountains area) are hot spots for bats. The future distribution prediction for 2050 illustrates a trend of range
expansion under the lowest greenhouse gas emissions conditions (RCP 2.6). Nevertheless, suitable habitats
for bats will dramatically contract and transfer to higher regions under RCP 6.0 and RCP 8.5. We hope this
study benefits future research, conservation and management for chiropteran in the Luoxiao Mountains.

Key words: Chiroptera (bats); Luoxiao Mountains; species diversity; habitat prediction
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Fig. 1 The site of Chiropteran investigation in the Luoxiao
Mountains between 2013 and 2018
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E2 ZTELBKEFEUMIMNLE. 10 hEkIE; 22 ELEAFKIE; 31 KFKIE; 4 KEFHKIE; 50 KIKFEKIE; 6 IFkig;
7. RIEFSKER; 8 KIEEE; O hiELE; 10: TLICHAE; 11 kEME; 122 AmEREE 13 PEREIR 14 KIEREIE 15
AIERELE 16: €HRELE; 17 £k RELE; 18 £T/KRELE; 190 KERELE; 20 EHIKRELRE, 21: REYEL 22
RE1E2; 23 REE3; 24: RIRE,; 25 RE L 26 RE2; 27 RIRE,; 28: KiFig; 29: FLetE; 30: BmAUE; 31 I
ig; 322 ERERIRE, 33 YRERIE 34 WKERIR 36 hERIE 36 KHERIE 37 BEXIE, 38 LiMKRIE.

Fig. 2 Bats sampled from the Luoxiao Mountains. 1, Rhinolophus affinis; 2, Rhinolophus huananus; 3, Rhinolophus luctus; 4,
Rhinolophus macrotis; 5, Rhinolophus pearsoni; 6, Rhinolophus pusillus; 7, Rhinolophus sinicus; 8, Hipposideros armiger; 9,
Hipposideros larvatus, 10, Hipposideros pratti; 11, Coelops frithii; 12, Myotis altarium; 13, Myotis chinensis; 14, Myotis longipes;
15, Myotis davidii; 16, Myotis formosus; 17, Myotis laniger; 18, Myotis petax; 19, Myotis pilosus; 20, Myotis rufoniger; 21, Myotis
sp.1; 22, Myotis sp.2; 23, Myotis sp.3; 24, Pipistrellus abramus; 25, Pipistrellus sp.1; 26, Pipistrellus sp.2; 27, Hypsugo pulveratus,
28, Eptesicus serotinus; 29, Nyctalus plancyi; 30, Tylonycteris robustula; 31, Scotomanes ornatus,; 32, Harpiocephalus harpia; 33,
Murina eleryi; 34, Murina harrisoni; 35, Murina huttoni; 36, Murina shuipuensis; 37, Kerivoula furva; 38, Miniopterus fuliginosus.

PAKCRAE T E PR, H A8 oA SHoE . TPR = 0.999; TSS = 0.999; Accuracy = 0.999) (#2).
23 FELEFHEERXTN IR TR 1 7 2 SR P K 251 1 (b15) 4P Hi

RIEBCCVLIAELRIE X T &5 5. JETBENL B (001). S FHB/K E(012) fdd 25 % /K 2 (b19)
ARAREE B B SEAR M B0 R (AUC = 0.999; X% & 11 fikith X 38 F H oA B A EEZE 520 (E5).
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Table1l List of Chiropteradiversity in the Luoxiao Mountains

HFh Paiipitt WESEH LLISEZN: S 3 X BERERIE

Species Distribution Endangered category Habitat Location  Sources

%#3LIER} Rhinolophidae

145§ 3kiFE Rhinolophus affinis W LC X Cave cd FRZS Specimen

2% 1% Rhinolophushuananus — NT 7 cave ¢ d FRA Specimen

3. K% 3kIE Rhinolophus luctus w NT 7K Cave  abc,d FRA Specimen

4 KH%j3kiE Rhinolophusmacrotis W LC X Cave cd FRZ% Specimen

5. K%k 1% Rhinolophus pear soni w LC N Cave ¢ d FrA Specimen

6.5k 48 Rhinolophus pusillus S LC X Cave  acd Fr4% Specimen

7.914£353LiF  Rninolophus sinicus w LC TR Cave  ab,c,d i Specimen

B¥IERL Hipposideridae

8. KHifilE Hipposideros armiger W LC T/ Cave d P4 Specimen

9.}l Hipposideros larvatus® W LC X Cave € kR Specimen; Feng et al, 2017

10.3% [CHFlE Hipposideros pratti” w NT X Cave ¢ FrAs Specimen

11. 7B UE Coelopsfrithii W VU T/ Cave d FRAS Specimen; Xu et al, 2013

UHIERL Vespertilionidae

12,7475 B H-0E Myotis altarium S NT X cave ¢ d FrA Specimen

134 FL HUF Myotis chinensis u NT X Cave a FRZ% Specimen

14 K35 R 48 Myotis longipes™ o LC X Cave ¢ d FRA Specimen; Yu et al, 2018

15. K P& H i Myotis davidii™ E LC W7 Cave  ab,c,d R4 Specimen; Renetal, 2017

16,4 B8 Myotis frater 0 DD A7 Cave  cd Liso et a, 2014

17.4: 3 WU Myotis formosus’ S VU FRAK Forest cC FrA Specimen

18.4E R /K S H i Myotislaniger” o LC M Foret c,d FrA Specimen

19. 78 WK B3 H-iE Myotis petax™® ) DD WX Cave € kR4 Specimen; Feng et al, 2019

20.K /2 B H-E - Myotis pilosus’ u NT X Cave € kR4 Specimen

21K B L% Myotis rufoniger” S VU JH7¢ Cave d kA Specimen

22 A 1 Myotis sp.1° - - AR Foret d ¥rA Specimen

23. - 2 Myotis §.2° - - AR Foret d ¥rA Specimen

24. 53 F-i 3 Myotis 5.3 — — MM Forest d FRAS Specimen

25K WARE Pipigrellus abramus E LC f5)# House ad b2 Specimen

26.JNH:AR 3 Pipistrellus javanicus S NT M Forest d Liao et al, 2014

274K3 1 Pipistrellus sp.1" — - I Foret c,d FrAs Specimen

28.{k# 2 Pipistrellus sp.2" — — M Forest d FrA Specimen

29. 7Kk 3 Hypsugo pulveratus’ S NT AR Forest C FrA Specimen

30. KEilF Eptesicus serotinus’ u LC M Forest @ FRAS Specimen

3L 4E1IIE Nyctalus plancyi” S LC J5J& House d FrA Specimen

32.48 Jm ilg Tylonycterisrobustula™ W NT M Forest ¢ d kA Specimen; Zhang et a, 2014

33.51iF Scotomanes ornatus’ S LC M Forest a FRZS Specimen

34. &R BIF Harpiocephalus harpia® W NT MM Forest acd FrA Specimen; Chen et a, 2015;
Yueta, 2017; Yueet al, 2019

35. YK B IF Murinaeleryi’ w NT M Foret ¢, d ¥rA Specimen

36.14 [ 0% Murina harrisoni” W DD AR Foret d FRAS Specimen

3744 B Murina huttoni™ W LC M Forest ab,c,d  FrA Specimen; Huang et a, 2018

38 KT &% Murina shuipuensis”  — DD M Foret d FrA Specimen; Wang et al, 2016

30 FIE Kerivoula furva™ w DD M Foret ¢, d ¥rA Specimen; Li et al, 2015

KBIERI Miniopteridae
407 JHK EIF Miniopterusfuliginosus O NT il Ccave  ac.d FrA Specimen

O M5k A, 1999): W RiFAY; S pEE A B R U dALAY; O A5 IR, Ry = R b BE, @BE S (B
ALk, HENIGE, 2016): VU 5fa; NT: iifE; LC: Jofa; DD: HdREih=; @ TEILAMHICE; # AR MHICT; @40 X I
a FELK b Julg ik o Bk d e LK.

(DDistribution: W, Oriental realm; S, South China region; E, Monsoon type; U, Palearctic realm (Zhang, 1999); O, Difficult to categorize with wide
distribution; “—’, missing data; @Endangered category (Red list of China's Vertebrates, Jiang et al, 2016): VU, Vulnerable; NT, Near threatened;
LC, Least concern; DD, Data deficient; &* New record of the Luoxiao Mountains; # New record of province; @Location: a, Mufu Mountains; b,
Jiuling Mountains; ¢, Wugong Mountains; d, Wanyang Mountains.
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Fig. 3 Phylogenetic tree of three genera Myotis, Pipistrellus and Murina in the Luoxiao Mountains. A, Maximum likelihood tree of
Myotis based on Cyt b gene; B, Maximum likelihood tree of Pipistrellus based on COI gene; C, Maximum likelihood tree of Murina

based on COI gene.
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Table2 Habitat distribution prediction analysis from different models

HEZLASEAY Profile models  #1#%%% >J#54Y Machine learning models

Giit[E| R Statistical models

Bioclim ANN CcT MaxEnt RF FDA GLM
HEBAEZE True positive rate 0.999 0.998 0.833 0944  0.999 0.972 0.917
FLSERIGSEHE True skill statistic 0.889 0.998 0.750 0.896 0.999 0.917 0.917
HERAIE Accuracy 0.944 0.998 0.875 0951  0.999 0.958 0.958
SRR M2 T 0.970 0.998 0.880 0970  0.999 0.980 0.980

Area under the receiving operator curve

Bioclim: HEZEMi%Y; ANN: A THZM4HA, CT: ML, MaxEnt: i KRR, RE: BEALRMENES, FDA: 24858 FE MR AR
% GLM: |7 LR,

Bioclim, Profile models; ANN, Artificial neural network; CT, Classification tree; MaxEnt, Maximum entropy; RF, Random forest; FDA, Flexible
discriminant analysis, GLM, Generalized linear model.
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Fig. 5 Response curves for random forest. b01, Annua mean temperature; b15, Precipitation seasonality; b05, Max temperature of
warmest month; b10, Mean temperature of warmest quarter; b19, Precipitation of coldest quarter; b06, Min temperature of coldest
month; b09, Mean temperature of driest quarter; b12, Annual precipitation; b08, Mean temperature of wettest quarter; bl8,
Precipitation of warmest quarter.
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BB, SRR B AT L 0 18, B E Lk E T
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Fric sk, A 3k R HiE(Myotis sp.1. Myotis sp.2.
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S5 (2005)FR H IR R B B B Lk DA R CRE
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A FE R [A] (Webb et al, 1995; Rebelo et al, 2010);
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2014).
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Speciesdiversity of fish in the Luoxiao M ountainsregion

Xiongjun Liu®, Jigjun Qin”, Xuefu Ao, Qin Guo, Wenlei Xiao, Xiaoping Wu, Shan Ouyang’
School of Life Sciences, Nanchang University, Nanchang 330031

Abstract: The Luoxiao Mountains is a key area of biodiversity conservation in China, and is also watershed
of the Ganjiang River and Xiuhe River basins and Xiangjiang River basin. However, there is little research
on fish diversity in the Luoxiao Mountains, and species composition, distribution and threat factors are
unclear. Here, fish specimens were collected in eleven streams of the Luoxiao Mountains between 2014 and
2018. The fish specimens collected from the Luoxiao Mountains belonged to 113 species, 64 genera, 17
families and 5 orders. A total of 108 fish species were found in the eastern slope of the Louxiao Mountains,
which were more than those from the western slope (72 species). The ecological types of fish was mainly
settlement, demersal and carnivorous, and fauna was mainly the endemic fishes of the river plain in East
Asia. From the perspective of species diversity, the Suichuan River, Yuanshui River, Shushui River and
Xiuhe River had a high diversity in fish species, and alow diversity occurred in the Jinjiang River and Fushui
River. The analysis of beta diversity showed that some differentiation in fish species was found between the
Suichuan River and Jinjiang River, Heshui River, Fushui River.

Key words. Luoxiao Mountain; fish; diversity; fauna
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Tablel Comparison of fish species diversity among streamsin the Luoxiao Mountains

Al River B4 Family JE# Genus F%( Species Ffa%l Findex Gfe# Gindex G-F#%#{ G-F index

%3 Eastern slope 16 62 108 8.79 3.94 0.55
HRYL Jinjiang River (30) 8 22 2 271 3.08 -0.14
#/K Yuanshui River (YS) 14 48 62 6.27 3.82 0.39
K Heshui River (HS) 8 23 27 3.32 3.07 0.08
Z7K Shushui River (SS) 12 34 45 5.27 3.41 0.35
P )IVT. Suichuan River (SC) 14 52 68 7.58 3.77 0.50
EJRIT Shangyou River (SY) 8 28 33 2.93 322 -0.10
&3 Xiuhe River (XH) 10 33 43 7.08 6.71 0.05

a3 Western slope 15 46 72 5.10 355 0.30
k7K Mishui River (MS) 12 30 40 3.73 3.27 0.12
HZVL Miluo River (ML) 9 25 28 4.02 3.18 0.21
7K Fushui River (FS) 7 20 22 2.88 3.00 -0.04
WPHI Liuyang River (LY) 5 30 37 3.98 3.37 0.15

#2 FBULMOKRE &L IEY. TRKSHEL

Table2 Theanalysisof g, index anong streamsin the Luoxiao Mountains. River codes are the same asin Table 1.

BT 0 #K YS ARAK HS Bk SS  ZJL SC EMIT SY &M XH K MS  JHPYL ML E/K FS
K YS 392
R HS 184 427
EK SS 355 395 314
ZJINT. SC 545 48 61.3 44.2
EAiT sy 249 383 29.3 333 40.3
B9 XH 256 436 313 40.2 48.6 317
K MS 293 411 28.8 36.1 49.2 322 315
HEYT ML 239 41.9 23.4 3338 45.4 238 29 26.6
K FS 204 47.1 23.1 32 56.6 249 31.9 293 20.7
WPHE LY 25.2 41.6 24.8 36.7 49.9 29.7 335 34 28.6 25.2
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BEFA . BARBU LT AN [FRL R I Fh 73 A AR
[ (Routledge, 1977). & JINL 546YL. AR/K. & KA
(I8 FE U i, U3 K ey i (8] #8285

I L%
33 &XYMEZHEMZEMmER

B 1 ik DR IRTT IR I SRR U 4
AKX 437K, 2w ] g K 11 R R 7K DX 78S S 8
T BT 1 i PR R o TR TR AV S 5 A A A T
B EFRMIRI Z . KNG OB R
Z FE MK, H4FA % 5 (Grossman et al, 1990;
Meyer et al, 2007). it , YRR RAS RS E N
55, XPANFET PP R R I ER AR, — H A2
BN B AR o £ A T YRR IR 1) v 2%
W, WHRRA S KRGS W IR e M I RE 48+
FREIE, ERPME LIRS, BRAKCOEER
IR T MR T AT L W5 AT A3 sl 4,
8 L BE S TR A7 BL 42 52 28 T T R VR i 1 R URR 1K B
SRIRIE (Lytle & Poff, 2004). #R1 32 S i A . /K
PG, ANRYIFINAR . FRARIS BER AR SRR
U T R R 2 R S 1 Rg e, FRE 2 BRI
RGO 2 3™ E b, WR BRI R ER
ZHER T ENAES RG22 —(Allan & Cadtillo,
2007). % & koK R A 832 @i . Bz
RIL, B 1L ik X 9%l AT 37t A 7K H vk i) 2 4k
8290 KRG YL, RS LE A AEIES B, K L
FE A BHL T f0 SIS i 0, SO VR GG S b T 2 R
RV Jet, TR ARG oo AR 1 i B R 858, FEVRHl 5
IR T RN FP LR, Wb T AN AR R,
IX MR 2R 7 b 2R 1) AR A7 (Fu et al, 2003; Liu
et a, 2017), WAk, KESEIIEIE. K5 YRR
B & 1 R RS2 U ) R R &R .
34 FTERKkE EIRIPXIR

HAT, BARAON TR ZIRA
B, (HA2H EA O M 2R 2 R R R0 o 2
SR IEW fE AN 2K (Fu et al, 2003). [AII, %[
Xof £ A 7 32 BEAR VA AN TR, AT 1
DX VT 95 93 i F 2 B IR ) T 2 AN R R (kI T AR

2017). ' 1L kb X CL 3 T Ak H AR R X

Ho [ X g H AR R XCEBAE, IRt T RYF
MRS . S8 BERIARMBE A KIRSE LR TRE M, TR
I IX NI A ORER IR AR B ARIRES, 78 B AR R
DX a8 A 24 34 A 0 8 T

BT D E Lk ARG B A R, SRR
JURERBHR RS . (DFEm A AR &R,
g, R, HBMAREIET Y, (ISR IEE
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FEE: A SCR B A0 2 8 1 ko XK 2 350 1 TR AT T 9 ISR 2, JEREFR 45,1002 5. 4 & TEE ¥
SorAamstgrik, %E KM 21 1 74920 H 7281 218)@ 6728, b SR B LK115R . L& lik168F . il
WKT7RR . JTEE L k220F . 1Lk A93FT, i B (L GHTL SR B 37N . Frd SR RS14F . X B LR B HE )
FRAL R BT B, & 10F0 DL AR AR 18R, LR &L A S 81 73.36%, NZFLE R, BEEE R AR R
L BRI R RE A 34NE, A EL S AR 155.36%, LN #EEE (Entoloma) . R (Amanita) . /N
- J& (Marasmius) 55, fEZ LRI EREAT @24y,  ERA A4~ . KRB VHEA FANME PR R, B8 WLkH
B ATAL33F . ZFH A 136F. FERE8TRN, R EAT RAFIIN AT 5t A FCAIZHIX R R IR0 R4 . R
FVE IR T B BB R

EHEIR: HWX R, 2R RAKHE, A ERW

Floristic analysis and resource evaluation of macrofungi in the Luoxiao
Mountains, China

Wanggiu Deng, Taihui Li", Zongping Song, Ming Zhang, Junyan Xu, Hao Huang, Xiangrong Zhong,
Chaoqun Wang, Yong He
Sate Key Laboratory of Applied Microbiology Southern China, Guangdong Provincial Key Laboratory of Microbial

Culture Collection and Application, Guangdong Open Laboratory of Applied Microbiology, Guangdong Ingtitute of
Microbiology; Guangdong Academy of Sciences, Guangzhou 510070

Abstract: The resources of macrofungi in the Luoxiao Mountains have been investigated for 5 years, and
more than 5,100 specimens were collected. A total of 672 species of macrofungi, belonging to 20 orders, 72
families and 218 genera, have been identified based on morphological and molecular analyses. Among them,
there were 115 species in the Mufu Mountains, 168 species in the Jiuling Mountains, 77 species in the
Wugong Mountains, 220 species in the Wanyang Mountains and 193 species in the Zhuguang Mountains.
There were 37 newly recorded genera and 514 newly recorded species in the Luoxiao Mountains. The species
composition of macrofungi in the Luoxiao Mountains showed that there were 18 dominant families with
more than 10 species, accounting for 73.36% of the total species, including Polyporaceae, Agaricaceae,
Entolomataceae, and so on. There were 34 dominant genera with more than 5 species, accounting for 55.36%
of the total species, such as Entoloma, Amanita, Marasmius, and so on. There were 2 genera and 46 species
endemic to Chinain this mountain range. The assessment of utilization value of the macrofungi showed that
there werel33 edible species, 136 medicinal species and 87 poisonous species in the Luoxiao Mountains,
indicating the resources have good application prospects. This study provides important scientific basis for
the protection, utilization and management of macrofungal resources in this area.

Key words. funga flora; diversity; dominant taxa; economic fungi
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5 LKA T A K Bk AR R, A e G e
W], HiAbIRE . b, VLR =R AL, Bt
BLFE ANk, ACBORE LKA LI L, B
S EINLBKF G LK, F B ET k. P
Jik b Ak A7 AR T B 2%, I VR T 2R SR,
A, DR, 2 K b AR A = i
HEEMSMEX . ZXEEERHEE, ILEFI)
BRUBIE DX (1) S PR A SR, A2 TP 2 350 0 AR 5 4
] R L B R ARER, EAERE . RLEE AR, BE .
T VERE AR, W SR R AR, VR RE AR, R TR
AR, W AR, ATAK, b EE RN, L
T, &R, A, P LKACE B A AR
X T R BB WD AT . MRIEEE(1990)
T8 T F XL KA BT 187 A8 4% (2004) 1 iE
TRINLEHE. 4HE. SFE6eLM, FET27
Bla1)g; 1] 52 B8 ¥ 5 (2006) R 18 1YLt & il E 4R
PR IXOR Y L B 1320, 45 ik 55 (2009) e i 1 JLig
L K7 EL 9 H 2881 73)8 144 %, X171\ B 2% (2010) 3
8 T 5% 2 1l K2 TR 182 B Sk 45 (2018) ik i
TR R BT 98K, b FH A 2580 . Z5H e
39, BEE12F0. thAh, 7EB K HL X A A
HEAE A, Bl RiE47)8 928 (Wang et al,
2009; Dai, 2010; Jia & Cui, 2012; Zhou & Dai, 2012;
Cui eta, 2019). &4, '8 Lk X ckiE KA
FEATOR, Mgl Jvei. BRI, BRI
VAT LU S5 X R R LK Y B T R A T 9 RO

KB LR B 2 FEPE S S SR ) 2 FE M2 D) A
Ko B EH LMK ESEHEYMEAT F 8 IR RERA
A, 2l Bk [F] It 2 e R O R B,
HARDRAMZE. (B H T OHRERFREAN L
DA sz B2 X 3R 20 B R U ) 2 R AR 5 R (o DAL,
VEHAER B L ki X 4 17 2R ¢ 1 T e R A L 1 %
PR A, DA R 90 12 [X 455 ) B B2 48 AL B R A
R BER, S SRTF KR AR AR T B8 IR AR}
WA

1 PAESHEE

11 BEFE

BF M AR B A PR X DL R
PRI FE AN B SRR XN, Femi2 & Lk A
B RUFR)/NIX, R 1 A b R 8 k434
KA. B AR RAEI A B A AN T SR TR, B A

i[85 N AT PR, IR CRER R, A RA
T MRS SRR, CSREM AL TR MIE
ARERE . FrEEFR ALERAR T 50 CHEF, JF
TRAFAE ) R 48 A B 75 P 5L B A A% 1 (Fungal
Herbarium of Guangdong Institute of Microbiology,
GDGM)H.,

12 EEFH*

K B RS 5 F0 93 7 A ) 5 A 6 6 I 7 6 K
BB bR AT 0 RS . A ARE WY
A RIS FFE 52 (2 K55, 2015), H ARy
PRI SR RN N NN (N A4
RIMFHIE T R B SR A . TR AR 2 98 J
(BT U M AR ) o K B R R (B ALK
N R E)E AT IS KAE . HIE
PR SO IREERAE; AR A OO S WA HE1EDL
TR PSR A T RE R 22 E ), T SE R
JTEAR BT TR RN, /SR, 48
7R B RIRHE. RRTER T, FIRIAE
AISKRNAR, Wk E, W E, LA 2
T EBURECE LBz 7 K/NEL100M5 )4
T 0 T R K B AT B, AN B AR 20
AL AR A7 o M KGRI (M el zer's reagent)
ForI FAB A 7 BE 2 N TE R i . 2 AL R IR AN 8
ARIEA 32 BLAES% KOHFI LYW L0 idk 4T, (3 ALE
KOH Gy i 2k, PRI —MRAETC /K AT M2

K FH B 2 [R] ZH DINA PR $ 32 38 77 & A7
DNAFZHL, £ AE H I F B (nL SUAMNITS) ik 0
LRI 3G 51 M)A S AR R 24T PCRY 5 (White et al,
1990; Eberhardt, 2012), 34 ¥ik e KFEH A 7]
TFr, ¥ Fr 45 2R B4 ) R 5178 GenBank £ 41 =
BEATBlastFF AL o FJE, LREIRAHITEA 73 2R
FRHIEEX G R AT R R e . AT ES R (T
T4 1 R A FR) (KB IR 7K &5, 1990), 72K RGEKHE
10k Dictionary of the Fungi (Kirk et al, 2008)F1 &
¥ % % 5] B i F Index  Fungorum
(http://www.indexfungorum.org) I E # 3 K R 4t . X
RUA G Moy Tk S B/ ) E /R ZE |
(2000).

13 RXEZIFEHRFIFNTGE

RIEYIFh 0 RE R ER, W DE ILKHIR, &
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125 K (2000), KW FhE> 1050 R ML AEL
VIR SPPNE e R R . KRB R BRI
24 A B A BRI SR 20 BT 525 SOk (B R R
R, 2008; KRS, 2010; &7y /REE, 2014; FRAE
2155, 2016; Wu et al, 2019) i iE i & &« 25 H
DA R B IR0 44 5

{E# T 2013-20184F7E % 5 1L ik L RAE KRB K
WARA5,1002 5, HATEEZMA N KB ITmA
672F (M 1), kB T Hw A2 17420 H 7281218
J& o X ELPIFPE R B 1 ik A AL A2 R 1 K LU bk o A
WA Bl ik LA5Rh, L&l bk168Fk, Hahil
k778, T3 L ik 220F, w1 k193 . AR I
BH T B E LML R BTN F R 5145,
BOKHAEE Tz LR B O AR RS
21 KREERMRBREHERK
211 RBRILERK

B Lk OCTY E AR A R B 5 R B OR (GR D),
Pk 2 MR A RN Z LR, A5 25)% 687,

*1 FELUKKBEERKRBRIIR
Tablel The dominant families of macrofungi in the Luoxiao
Mountains

 Family )fer%SNo. of (*;fﬁz No. of species
ZfLEFl Polyporacese 25 68 (10.12)
BETER} Agaricaceae 14 43 (6.40)
MPEEAL Entolomatacese 2 42 (6.25)
4-HFEAL Boletaceae 18 39 (5.80)
% #ERE Omphalotaceae 5 39 (5.80)
215 Russulaceae 4 36 (5.36)
/NEZARL Marasmiaceae 5 35(5.22)
£ # Rl Hymenochaetaceae 10 32 (4.76)
#EFR Amanitacese 1 30 (4.46)
It 4=} Hygrophoraceae 4 20 (2.98)
#iskH R} Physalacriacese 9 19 (2.83)
/N4 Psathyrellacese 5 22(3.27)
/NEERE Mycenaceae 4 15 (2.23)

ki u5%} Strophariaceae 5 13(1.93)
XM EAL Cantharellacese 2 10 (1.49)
hERl Cordycipitaceae 3 10 (1.49)
IRl Stereaceae 3 10 (1.49)
FIEER} Tricholomatacese 7 10 (1.49)
&1t Tota 126 493 (73.36)

P 110.12%,; B KRR B G R, a4
JEA3FY, |5 SR EL16.40%; 5 = KR K8 E A
42%h, 5 ERIEL6.25%. Le4tit, & 10R L BRI
ARG 18R, 5 126/8493%, 5 H TP &l KA
LB PR A1 73.36%.
212 hBRELEMK

B8 LR 38 o i 4 R R (3R 2), & 5F LA

*2 FTBURKRBEERRAERETIE
Table 2 Dominant genera of macrofungi in the Luoxiao
Mountains

J& Genus F%L No. of species %

¥#8EEJE Entoloma 39 5.80
#&EE Amanita 30 4.46
/N7 48 Marasmius 30 4.46
RIH<:JE Gymnopus 28 417
Z1%%)% Russula 23 342
{548 Hygrocybe 17 253
/NI TE B Psathyrella 14 2.08
F#EJ® Lactarius 12 1.79
/NEEJE Mycena 12 1.79
H#:fLE & Trametes 12 1.79

£ EALWE Coltricia 9 1.34
ik Lepiota 9 1.34
% fL#J® Polyporus 9 134
M EFLE B Trichaptum 8 1.19
BELEJ® Agaricus 7 1.04
RZJ® Ganoderma 7 1.04
)8 Lycoperdon 7 1.04
W <=Jm Marasmiellus 7 1.04
KRESLFE Phellinus 7 1.04
P W E Sereum 7 1.04
&4 NTH R Aureoboletus 6 0.89
XM )E Cantharellus 6 0.89
HEE Cordyceps 6 0.89
48 Gymnopilus 6 0.89
/NLEJ® Microporus 6 0.89
£ hi%J® Ophiocordyceps 6 0.89
/NEEER Oudemansiella 6 0.89
Jei%E R Pluteus 6 0.89
HHJE Crepidotus 5 0.74
RAHE Xylaria 5 0.74
I EEJE Laccaria 5 0.74
fifi fz %) J&  Scleroderma 5 0.74
#fLHJE Pycnoporus 5 0.74
JEFLEEJE Laetiporus 5 0.74

&t Tota 372 55.36
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Rt R A 344, A k3728, & R
55.36%. i % IR 34 & vk 48 2 & (Entoloma),
LA 5308, | B FIE5.80%; KB ME
J& (Amanita) 1 /)s Jz 4= J& (Marasmius), 7% 7 30F,
o d BRI 4.46%,; IR AR 4 & (Gyminopus)
28Ff, 41 %% J& (Russula) 23FH . < J& (Hygrocybe) 17
Fhas
22 ZTEUKKBEERNTERFELEH

BE KRR AL B SR, 228
THEEM RO RS, AFFAAEDE L
Jok & B e [ 4 A TR 2)@, B4R 2 B (Erythro-
phylloporus) F1 41 <= J& (Sinohygrocybe); 4545 F1146
B, BiEmAEEESH, ERESM, RZE
(Ganoderma) 3Ff, KIF#A %k J& (Macrolepiota) Al )=
% %% J& (Xanthagaricus) % 2 1, LA & 4 fF 4 )&

(Boletus) . %4~ AT J& (Chalciporus). 38 K4 AT 8
(Chiva) . % % fL # J& (Coltricia) . & & 4 &
(Crinipellis) « & H- J& (Dacrymyces) . % % J&
(Flammulina) . ¥2<J& . 7= 2214 J& (Hyphodontia) .
ey - ef JE (Imleria) . 480 L EA J& (Laetiporus) . 34
% J& (Lepiota) » /)N B2 « KF8 LR & (Megasporia) »
&k 18t % )8 (Metacordyceps) . #7 4+ AT & &
(Neoboletus). E#i 1 J&(Phillipsia). L% . WY\
& (Craterdllus) . L4 EE. 4 HHE
(Fistulina), /)NEH %= (Oudemansiella) . #8FL4- AT
I J& (Phylloporus) . 3% # J& (Sanghuangporus). £
<= J@ A1 [ % J& (Tricholoma) 2% 1R (K1, #%3). BT 4=
H S BB 2 AR R IR A 78 55, A SCHTER B
XEREA B E AT e EAGE, sBrS e
—BITZ BTG, AR A X AT RS R I

El FTELURPEFEARERDSMHERSE. A: HEIBE, B: ZEBHMFE, C: JHUE, D: AEMEE, E: £Z;
F: B AIFMEEE, G BIRGRERE, H: PEERRF; |1 £EFOE.

Fig. 1 Some endemic macrofungi to China from Luoxiao Mountains. A, Amanita rimosa; B, Neoboletus brunneissimus; C,
Craterellus luteus; D, Entoloma caespitosum; E, Ganoderma sinense; F, Macrolepiota detersa; G, Metacordyceps taii; H, Phillipsia

chinensis; |, Tricholoma sinoacerbum.
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Table3 The macrofungi endemic to Chinafrom the Luoxiao Mountains

il 77 B & koA

Species Type locality Distribution in the Luoxiao Mountains

MR8 E  Amanita brunneofuliginea Z ™ Yunnan W HR B AR AE Shennonggu FP, Hunan

IKFEREE A griseofolia ZF Yunnan RGN L AR AR XA L T AR AR A B YT SR X B R X
Bamianshan NR and Jiulongjiang FP, Hunan; Jinggangshan NR, Jiangxi

IRPERSE A griseoverrucosa ZF Yunnan WAL AR A BE Jiulongjiang FP, Hunan

ZURHE A rimosa #F Hunan TLPGRHIE AR CRF X Yangling NR, Jiangxi

HIERSE A sinensis Pu)il Sichuan R S AR A YL PG BHUS H SR RY X Mufushan FP, Hunan; Yangling
NR, Jiangxi

§ESPRA-ITE . Chalciporus radiatus* iR Hunan WIS LRI AR B A Jiulongjiang FP, Hunan

B IRA P Chiuvavirens ZF Yunnan IR LT &M AE Jiulongjiang FP, Hunan

JE4FFLH Coltricia crassa = ® Yunnan T LRI AT FEE AR RS AR AR, YL E R

f# ¥ X Jiulongjiang FP, Mufushan FP and Shennonggu FP, Hunan;
Jinggangshan NR, Jiangxi

MIIEBALE C. weli IR Hunan g T LSRR P XA R 4 AR A B YT T R AR R X
Bamianshan NR and Shennonggu FP, Hunan; Yangling NR, Jiangxi

#IHW\E Craterellus luteus J"Z Guangdong WiFd JLEVLARARAIE Julongjiang FP, Hunan

MEBEES: Crinipellis floccosa* YL Jiangxi YLV HIS 2R {47 X Yangling NR, Jiangxi

= FfEH Dacrymyces yunnanensis = Yunnan WIEd zFH 1L Yunyang Mountain, Hunan

T8 # Entoloma azureosquamulosum [~ Guangdong #iEg /\ 1 1l [ 2R 477 (X Bamianshan NR, Hunan

WA E. caeruleoflavum ZF Yunnan TLPEBAE 5 AR LRA X Yangling NR, Jiangxi

ARFEEL E. caespitosum ¥R Hainan WS L RIL AR MR A E; VLS B 2R R 7 X Jiulongjiang FP, Hunan;
Yangling NR, Jiangxi

WK FE# E. carneobrunneum #§F Hainan WIFE AL RIT AR A FE  Jiulongjiang FP, Hunan

HECIRM 8 E. crepidotoides 5 Hainan WIEE Pk IEIR 5 2R R4 X Taoyuandong NR, Hunan

LT YR E. liaoningense T Lisoning  YLPEE I HARLRYIX Guanshan NR, Jiangxi

Wk #5# E. praegracile 5M Guizhou  WARF K= AR AR, WIFHTT Dayunshan FP and Liuyang City, Hunan

I FERFEE E. subtenuicystidiatum® TP Guangxi WIFFNIPH T Liuyang City, Hunan

LR HF R Erythrophylloporus cinnabarinus #F5 Hainan IR FLRIT &M A E Jiulongjiang FP, Hunan

WA Fistulina subhepatica =® Yunnan TLPHRHIS E AR 537X Yangling NR, Jiangxi

ZF&% Flammulina yunnanensis ZF Yunnan R Bl ARAR AR Mufushan FP, Hunan

1R R Z Ganoderma hainanense 37/ Hainan TEPEH L E R 37X Jinggangshan NR, Jiangxi

RZ G.lingzhi 4t Hubei R A M A R Shennonggu FP, Hunan

22 G.sinense ¥ Hainan R\ 1 & 284437 X Bamianshan NR, Hunan

Far8#E<= Hygrocybe sparsifolia J" 7% Guangdong YLVGI:XILL HAALRH X Jinggangshan NR, Jiangxi

A2 15 1 Hyphodontia tropica B Taiwan WFE 5 L AR A Mufushan FP, Hunan

Wi 4-AF5 Imleria subalpina ZF Yunnan HE Kz AR A Bl Dayunshan FP, Hunan

WGUAFLE Laetiporus zonatus ZF Yunnan WIEE N\ W AR RY X . KRz IR AR JURITARRAE ., MRS HRK
/~[@ Bamianshan NR, Dayunshan FP, Jiulongjiang FP and Shennonggu FP,
Hunan

U IRFF %G Lepiota cristatanea ZF Yunnan WKz 1L AE Dayunshan FP, Hunan

Jii J7 K¥RAi%E Macrolepiota detersa 2 Anhui R R LA AR . JBHT Mufushan FP and Liuyang City, Hunan

SRR RINTE M. subcitrophylla ZF Yunnan IR Kz 1L AR A B Dayunshan FP, Hunan

R A/ <= Marasmius subabundans J7Z% Guangdong YLV FHUS HALRIIX Yangling NR, Jiangxi

KtaKFLE Megasporia major J"Z%% Guangdong H1d J\THI L EARARS X VL PEH X1 B4R 297X Bamianshan NR, Hunan;
Jinggangshan NR, Jiangxi

FRICSHE R Metacordyceps taii 1M Guizhou YLK L AR X. Jinggangshan NR, Jiangxi

ZH B Neoboletus brunneissimus = Yunnan WIEE AW TT Liuyang City, Hunan

B R/NBEEE Oudemansiella bii J"Z Guangdong IS SLEVT#RAR AR Jiulongjiang FP, Hunan

FHEEAE Phillipsia chinensis P4)1l Sichuan I KB L AR AT SRR AE,; W F AR Y X Daweishan
FP and Jiulongjiang FP, Hunan; Yangling NR, Jiangxi

WPUREFLA-ATE Phylloporus luxiensis ZF Yunnan R Bl AR AR AR Mufushan FP, Hunan

/NELgE/NAE R Russulaminutulavar. minor 7R Guangdong W B JL B VL AR AR A Bl YL PE B L B AR R 47 X Jiulongjiang FP, Hunan;
Guanshan NR, Jiangxi

¥ Sanghuangporus sanghuang FHR dilin PG 2R 497X Jinggangshan NR, Jiangxi
RS> Snohygrocybe vel utipes* PY)il Sichuan I MEYE E AR #97[X Taoyuandong NR, Hunan
HE C1EE Tricholoma sinoacerbum J7Z% Guangdong YLPEH: X1l B 48 f-4 X Jinggangshan NR, Jiangxi
B W 2B %E Xanthagaricus caeruleus* YL Jiangxi ILPGE T Yichun City, Jiangxi
wMNEZEL X flavosquamosus* YLVE Jiangxi YL EAT Yichun City, Jiangxi

(1) * AR R C R RRIH I8 The new taxa discovered and published in the study (Xiaet al, 2015; Zhang et al, 2015; Hosen et a,
20173, b; Wang et a, 2018; Zhang & Li, 2018). (2) FPE A AT, NRE R B LRY X . FP represents forest park, and NR represents nature
reserve.
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23 FTEUKABERZFRERTN

DEILKBEEEAFEMHEEHE. 4HE
KB R, Hob H R SRR 2 1 404 8 105,
#5785 J (Laccaria) O, /)N B4E R g 6% 24 FIFh 2
W2 A RZJEMA)ZILEE (Phelinus), % 7Fk,
ok & d ¥ 8 (Cordyceps) Al 28 i % JB
(Ophiocordyceps), %67, #&fLE & (Trametes) 5Ff;
BEBE 4 PR R N RE B B 17H, 4175 J& 5,
¥ k8 R . M < 8 (Gymnopilus) < BT AE 4 8
(Panaeolus)#%-3Ff .
231 BRAEHR

BT AR, 1EFX D LK &%
BT Gevt o3 b, 45 SRR B XA & H B 133,
B AN B R 2R 45 B AR B (Auricularia cor-
nea). 454572 T 1% (Neoboletus brunneissimus) . %
05 5 09 911 14 (Canthar el lus cerinoalbus) » 7]NA i B (C.
minor). 4 WY\ (Craterellus aureus). 1667 B
(Lepista sordida) . B #1 /) B {8 3% (Oudemansiella
raphanipes) . & # 17 7% Z B ' (Phallus cf.
indusiatus). i 5 {l H-(Pleurotus ostreatus). it K
K W % (Macrolepiota detersa) . 4> H- (Naematelia
aurantialba). 4i{%E41 % (Russula aeruginea). [a] 71
¢ (Termitomyces intermedius) « R H- (Tremella
fuciformis)%, HH-EARE. GPfa/NBUEEE  hE 5 )
H. felamE. &5, RERT A TSI &
FH TR BRI, 748 0 8 XS v B AE TR IR A B id #k, AR
TR )& A OR3P, 2017).
232 HAERER

Zgiit, P8 LK H E A 1368, A 2 A
A RAMEMFRAIEAE R PR, 88
8 E 1 7 2 (Amauroderma rugosum) Al 45 2
(Ganoderma sinense); L3855 G 58 ) I T S AR A
JIH9RE ) 2 B 1 (Armillaria mellea); ELibififb g, 410
IR BUEE . ANEF S VETT SCRUE R AR D AR
(Cordyceps militaris); JFA%R. BRIE . 0 9 7E F Y
41 %40 )2 FL 1 (Fomitopsis pinicola); ELfdfixi. 41
L BRI Prinke . BoRGeZESEMEABRZ
(Ganoderma lingzhi); EHT ¢« $i) g A A A
FH i) 2% %2 (Sanghuangpor us sanghuang); Hi&#. 79
26 IR AN YA T R 0 = 2 (Trametes versicolor);
DA K ELRIAE . #ME L 1 58 S 7 I AW R A R
(Xylaria nigripes) (3 L B 140 K., 2008) .

233 BEHRIR

AR A RN, P8 LKA 87,
DL P 251 2 A5 AL UGB (Amanita fuliginea) . 2457
& (A. rimosa) . FHRIEE (A. kotohiraensis). KK [X
#55 (A. oberwinklerana). fEi# = BERSE (A, pseud-
oporphyria) . ¥&AEKSE A P45 A (A, sychnopyramisf.
subannulata). T} 44 # (E. omiense). &3 #8 & (E.
rhodopolium), 74 Zfii<p(Galerina sulciceps). %
22 % 4= (Inocybe rimosa) . 7% i 7K B #5 <p-(Panaeol us
cyanescens) . JH i iy K /4 i & (Pulveroboletus
icterinus) A1 25 44 ¥ 41 % (Russula senecis), FLrFHK1E
gUIGE . LB KIS R R, S
MIGE R, NHEEREY, FRENIBILE; 7
RISE . BRIKISE . BB PR E N St s 1Y
B, RITEANAER, HeHd, B KPERY
DAMERE AR, TVORFEE . SRR,
MR . RN AL N B W R AR
24 FTEWLBKRBEEREXZRRKS S

T8 WL KEY X ROTFER M, 78RS X
Y X R A LLEE R B M. A
WEFC IR A B 2 L ik O 8 BB L A A R B A A
BB AT B BB A, n, TR R A R
RS JE (Xylaria), P B A1 E A 1 JE (Cookeina)
MEMERE, RHETEHPARKERNAKHE
(Auricularia); FLIR B 2 56 28 2 FLEE RHR /N AL
B J& (Microporus) A1 i £L T8 J& (Microporellus), ® 2
R 2 JE (Amauroderma); < B by 48 R A R
754 J& (Clitopilus), /N B2} /I 5z < g F i Kz <=
J& (Marasmiellus), &5 #8<=F}H XS i J& (Ter mitomyces)
LK /N5 A B FL T i (Favol aschia) 7 /& #4145
SRR, R X IR R BB P A S PN By R
AT S FBCE A R SERE, P L KO L AT
RO IR R, BRI KB
(Cookeina ingititia), 1XL&Ff)™ 4 75 K 75 B9 (1
it R AERZ, 2003), GF IS E (Amanita ovalispora)
HIZR 77 7} 3 <=(Clitopilus orientalis)z B 7 #uifs 4
MW ARE LR TS A HE. R AR
J& A Fh 2 L% 7 7 (Lentinus squarrosulus), &)
2o T AE . . R, §EEA T
JUNE PR TR B B 2 8 45 A By,
AR R ) I F) e 2% 2 b (Pegler, 1983). L4,
D& Lkt — et 5 E, Wk, 4
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1EJE . NERETE R (Psathyrella) . ¥ fLE B . Z1LE
J& (Polyporus). % fL1# J& (Pycnoporus); LA AL
A3 A B L %5 J (Lactarius) &5 . AW R R, 2 &1
JikR PN KR 26 = 28 ik e . AR X &R (1 B0k v
Fr, BB UKG B R B i sk (K R, ORAE 7
ARV U E R 2 F BF . EA . R
Pl VEFEALED Lk i) R 3 BB 1A A B /INE
W # & (Amanita farinosa) A1 3% ¥y K 4F AF
(Pulveroboletus ravendlii)[f] W7 7> i T R W Jb3EiR
G A S A5 T W S e Rl R B - ]
(Halling, 2001)
25 FELKKRBEEEFREFRIFSAHRHEMEF A
KR R A R G0 A AT sk (1) 41 i 7
TE b BR A ) Pl 1 Jo 08 B0 R R B U 3l R $E R AN
ATEARER, B EZENESME, 2 a4 H
W5 AR EEEVIMK, BAERIHESE5
Wil FRE 2 AW 2 R 52 B B ™ B [ K 2
—o WL EFIH. HEE Y. AR, BBk
KEWHAER R, MUSEES 3. B2
FEA, 9 [RDA B OK 28 S B 1) 2 AR M (I — 22 5%,
2020). &' 111 Bk o AL 25 AR G (a0 R4 4138 g
AR AR S R G0) Ml L2208 IR, Tth
PEEGE R IR E N R R, 0 KA
(W AAF = e E R . G, FRIE 25 44 BB K
TR 96 A2 19444F A8 X 1L 2R3 78 (VI 76 48 2R ML) R B
TR R Y ——4H /) 5 1 (Geogl ossum pusi-
lum) (Tai, 1994), HKFVKFELIRIE, CBNK
IR, AUCGHEHAR R 40N B 40 A 5
ABR, M DL ISR () PR AR T, A S 3 e FTR
A BT R -5 35O A A BIOK 2 (FE SCREE, 2020). —
Ji, BT AT R B BB R IR S, R
A 2 1 R 472 77 2N B 25 B R TR 52 8 1
F R R (&ML, 2018). fldn, S iRy i
(Shiraia bambusicola) & & [E 25 4 25 FH 1, B sk
B, GAERDLHRIE (RIS, 2004), (HA
A FFEARKI . Vree i) 5 A a B A, EAEN
HEWEG A, FERBT B ARE, KEM
N TRAH O HA M AL Y 1 T . AR5
(2004) th, % 4 i oK Th WL 2 ' A W Sk G
(Hericium erinaceus), ZY%1 & & fa ¥, A KR
AR BIEL TG AT IR RN TRk,
LB A RYRE PR, PP R 3k, [FIRE TG 6 ™

S

X HR R T FC R B ORI AT TR AR, TR
Yo ok 28 bt L PR A W) 2 A R T A I SR A E
P — X PRI R R, XX et PSR-
ORI B IFh Z R R 2R RS 2 R
FRAEZEM. 2R RNERIIML. KRR
A TR I T 8 e By e Bk TR i ok 55 5 T, AR TR
Yo TR SN B SR BEBOR, IS RGP X
VG IR  RTRRLk K R (RS, 2018). 534k, T4
R BARY X ARR KB PN R VB, KAE
W PRI LE S . P, 248 KR A 2
o ) b ZE A ARGE AR, x5 A JRy KR LT
SRORY A F LA E R (W 5%, 2020). AT
B IR TEFAB B RS H IR R, R g Ok
I EIFR AT T A BEIR ORI AT o ASHIT FTAERS 2 1
BRR T i 2 RE R A R AR b, KRR E
(115,100 SHr A BEAT T HHE(E B RN, KGR
A7 AE PRl AT AR 48 2R Mt T i 0T b A T
TR 3 B T L R (R T A AT
ORoeR, 7T LR SRR TEAIT KA SR bR A A LA
R B, T 12 DX R R ST ) S b R AT AT
FRER B BB
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Camera-trapping survey of wild mammals and birds in Daxiangling
Nature Reserve, Sichuan Province
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Abstract: Camera-tapping is one of the most efficient tools for surveying terrestrial mammals and birds.
Between October 2017 and October 2018, we placed 167 infrared-triggered cameras to investigate the
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biodiversity of wild mammals and birds in Daxiangling Nature Reserve, Sichuan Province. A total of 3,317
independent wildlife photographs were collected with an extensive survey effort of 6,738 camera-days. These
included 2,673 photographs of 23 mammal species belonging to 5 orders and 14 families, and 644
photographs of 33 bird species from 5 orders and 11 families. Among these, 3 species including Ailuropoda
melanoleuca, Budorcas tibetanus, Moschus berezovskii are listed as national first-class protected wild
animals, and 10 species including Macaca thibetana, Ursus thibetanus, Ailurus fulgens, Martes flavigula,
Capricornis milneedwardsi, Cervus equinus, Ithaginis cruentus, Chrysolophus amherstiae, Lophura
nycthemera, Tragopan temminckii are listed as national second-class protected wild animals in China. Of the
species identified, Moschus berezovskii is Critically Endangered (CR), 9 species are Vulnerable (VU), and 10
species are Near Threatened (NT) in the Red List of China's Vertebrates. Among the recorded species, 2
species are listed as Endangered (EN), 5 species are listed as Vulnerable (VU), 3 species are listed as
Threatened (NT) by the IUCN Red List. Four species are also listed in Appendix | and six other speciesarein
Appendix Il of the CITES regulations. Petaurista xanthotis, Cervus equinus, Dendrocopos darjellensis,
Nucifraga caryocatactes, Turdus obscurus, Brachypteryx montana and Trochalopteron formosum are new
record species in Daxiangling Nature Reserve. We found that Elaphodus cephal ophus (RAI = 125.26) had the
highest relative abundance, followed by Macaca thibetana (RAI = 64.71) and Tragopan temminckii (RAI =
43.34). This study provides basic information on the species composition and relative abundance of large and
mid-sized mammals and terrestrial birds in Daxiangling Nature Reserve; it will also provide information and
references to wildlife management and protection.

Key words: infrared-triggered camera; Daxiangling Nature Reserve; species diversity; relative abundance
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the number of species recorded in Daxiangling Nature Reserve
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Regional assessment on biodiversity and ecosystem services and policy
experience within the IPBES framewor k

Yang Wu, Yuxue Pan, Boya Zhang, Fengbin Dai, Yu Tian’

Sate Environment Protection Key Laboratory of Regional Eco-process and Function Assessment, Chinese Research
Academy of Environmental Sciences, Beijing 100012

Abstract: Biodiversity and ecosystem services have laid important foundations for human livelihoods that
impact quality of life. However, recent studies have shown a continuous decline globally, thereby reducing
human interaction with nature. Multi—scale assessments can explain the current status of biodiversity at
different scales which can help formulate decision-making recommendations for regional and national
agencies. In December 2013, the Intergovernmental Science—Policy Platform on Biodiversity and Ecosystem
Services (IPBES) adopted the first work programme and decided to undertake “regional/sub-regional
assessment on biodiversity and ecosystem services’ (regional assessment). Biodiversity and ecosystem
services in the four geographic regions of Asia—Pacific, the Americas, Africa and Europe-Central Asia were
assessed. The four regional assessment reports and their summary for policymakers were adopted at the 6th
Session of the IPBES Plenary (held March 2018 in Medellin, Colombia). This paper summarizes the
importance of biodiversity in each of the four geographic regions and the progress made in biodiversity
conservation, the major crises and opportunities, and explores the impact of the assessment on other
international processes. This research analyzes the characteristics of biodiversity and ecosystem services in
each region and the differences between regions, along with a summary of the policy experience of the
assessment to provide important scientific reference for China's biodiversity conservation.

Key words: IPBES; regional; biodiversity; ecosystem services; assessment
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AR RGERES R~ NRET R
AR R ARG . SR, ATk, BT ANRIES)
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(55, 2016), HAX AR TTER(ANRER . 454
ST KME BRI, AERE 1005 A0 AT BE TH I
KA KBS (IPBES, 2019). BfE H brtt 4% 4%
FEPE LRI AN SEAGHE I BE A Wb i, PRGNSR
TEBSN AV Z AL REIR, FI0I A=) 22 ke 2R 0t
NFEARHE T RE MR S AR RO T, BCA 24 T PRt
2\ & BURFAURE 2 G il 5073 1 A A R) R (But-
chart et al, 2010). “EW) Z PRI 38 R GRS BUR
8] B 2 B 5% °F 4 (Intergovernmental - Science—Policy
Platform on Biodiversity and Ecosystem Services,
IPBES)1-20124F4 H 7 B & 5 5 A 1E X o, BA
1364 1 0 [ o AR AR 22 R 1 U — N ST
B RILA, IPBESE £ 18 ik i s A 7 B X AR 4
ZREEFAES RGNS B, M SEELAY) 2 4%
PRI S TR 8R H, DA R R KIAAR AL S v+
SRR ETREL IRl BA EREMRE . ZEK
Fa R ERETECEIUCN) & (EMZ A
21) HEK HURH LR T, IPBESTE
R EoE, 1R X EXE RAEY)
Z FEPEFIAE S R G055 1 R O Je FEAH LB &
TFREVEAY . 20144, IPBES/E B 1 Y A Hb I [X I 374k
TAF . 201843, VUK HBIR [X d ¢ T- A= M 2 REE AN
A3 R G R S5 1 DY G PPk A 1 R SR R A A
AN W EIERRAG, WALk S ok B 2Bk
100% 1 [H 55X 1550 % fir & o2 3 [A] 8 5 (5K 8 4%
2018).

|PBESIX f5 Tl 1 15 & F AT AR SR
Ry, VEAGHE I 4 BRVE AL VI 5 A T R AR 1
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WA KR Eib. RE%Ze. BRI
AL SIS AR B L, TG R T HES) & X 45
IR B T RE R R B AR DTk, A, T
i B0 FH G 23 2 oK SR TR 58 R R 24 7 1m) 5 =5 |
FEM . PEASHRE K 5 SUE 2 FE A S R SR
AT E I A Je, 98 1B 78 AR W) 2 14 40
BEATRTUE . AT 5 1%, SEIUAR R 28 5 KA BRI
— MR .

ARSCAEIPBESHE & HE L IEA |, @ i % PY A4S X
BPAL R S BIREIRFA 0 AT, 256 5 DX s R %

DI A= 2 FE AN AR 25 R GEIR S5 AR e 2251, JF
N T R XIS IR AT J1508%, NARKRIBLIRF
PR AL

IR AR PR AE . M FRAT TP . AR A A
FAALLPE . Rl ORI K AR A2 25 R G0 S A SRR AE AR AT 55
JE U, 1PBESH: 43Kk [l 23 9 DU K b 2 X 3, BV
R LN AR X BRIHAD A X 5K
] SR Y DA AR RIS BRSO A, ik T 7R
S BRIPAS o (FHFAE, 2015). |PBESIX 31T Ak w2 5ot
T DY K i X S8 O R AR 2 AR AR ES R G
R4 TF FEVEAs, BAEER: EMEREERNAES RS
MR %5 M BCHIR a3, AV ZREMRAES RS
W Rt NARHE T TERE A, DA R SRS R
SuI) ELEE AN R IR B R 265 A WO AL IS 5 A it A )
FIEMZ R A S KRB WS I A m AR
AL B A B .

11 TERXIFH

PR X 3 0 A 1 B st e %, d ik
JuAt, HhOT RN A X A K (IPBES, 2015). 4
ERZ190%[ 7K 7= FR AL T R X 38, R X I
RO E AR ™= 5. FE A Z RS R
GilR S5 AR AR HE TR B /KL RRIEL STALAN
REAP S HE, R I X 2 KA T S STR,
812 [X 355 Ry 3 T A 3P SR R ) X 2 — (IPBES,
2018a). AT, mELA TG KAPUER A S8BT
AV ZFEE NN AL FIRE R o BRZR AL E AN R I — 2
DX (PPIR LG R BT 2 A, 2 HUIX S AR 2 FE
FER RGURMIELE AL . REAL T RIEWHIX,
HTSAT TS RARS AT o BFHEA, RIX
AT EEBUR, %X 199020154 #f M 5
RGN T 22.9%, TRIFIX 1 7E 55 WK R I m, 2
VA X3 7T T R (1.8%) e A 1 vk (X Jk

EESPUR T K RIRE IR 22 A T FR 4k J8 B AR,
WARXIBER G EGENZHEEINE R LR
B ATR), WA S AR, e T e
FEL THIRARE B . R XIS AR S
CEMZREYEAZ) CHUEET AE S Fh E Fr 5E
AN 52 IR e 1 X SRR T Bl A SO
DX IR 35 5 58 5 X I LAG S SR B DR R, s
CEIAEMZREME B bR) . BEA E T E S & 8 H ks
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(2015-20304F) LA Jx (%2t ) HArteftail k=
A7), 9 G LE FR AR K OR A IXE B O I ) 3 e
(IPBES, 2018b).
1.2 SEMXIiTEE

LR — ANV Z RN X 8K, 14 20%
(1) B A W 22 B DX 3R 269611 il 1 2 4 2 3
M. i AR RGE R DA k24375105 T
MEGFINE, NEMEREG . RERAE. HRT
PRAISE S A e R 7 B TTER . Bk, SRt
FNRAH T H0A F 5 15k, FRHERE I A
7 R0 VAR B A ) 2 R AN B AR N SR ) DT R
(IPBES, 2015). 1Ak R BRI
R PIAEYIREIRAE Zy Hh, Fo N 38 SR 2 T 5P 8
K365 (IPBES, 2018c). FEMB/KEIFEFEE, H
TR FRE, NH%RKEERRE TR, o
FIMBEEE R AL, RIXtt . GBS RN
ERBR, FAERESAIIIE, Fehl et
U Tl B RN R S P X AT AFAEAS D ZT RN 1 R 55
HFEAE

PEAGZE R, BRI 1k 1 A2 553 R UK
B OB 2 8GE, (HEEMRE D ES RGN
FEIBAk . 5 B AR N B st X AR K7 o SR AR
SR O E R A A o SE I X RN —88 5. AR
Y2 FEE R RIS T TR R B B AR L 5 X
o AH S I B ARG SZB, 12 X 3K 22 250 FABLT- 5 A
1 20204 1% — f e 11 PR A SE 3K 4 19 52 %0 H A
(IPBES, 2018d).
1.3 dEMXIIFE

FEMEVMZHEEMES ARG MRS UL+
FHE 75 R0V 0 & A2 AR W X 38 AT R 82 K R 1 4 e %
J5o AR HER B s — NAE A2 KB LB
Xk, FAEWE. &l EEARGETENAREEE
ZHMAES RS, NIEMARIEME TRE. K. f
TR Z R EBENHEA RS, 1Z XA R R
FER TS RGNS . L2205, JENE
G287 RE, EARIFEEBA T M 23 A 1 53,
WE. AKMBEIERABIREE, ™ H 2 2R AR
A TH(IPBES, 2015), S8tttk R KK, 1A
5 NPIATPEE, XFATEE 2 IR KRG 2 ph R 1
HLVE (IPBES, 2018€).

3E W [ 5K 1E 7E ) 8 A2 4 2 K P R i R AT Bl vt
R, HARTEIEAT (2011-20204F 4 BRA= M 22 FE 1 R 1%

TR M7RE TS T —Legt R, (HERTHE
FRe e WSS IR, V2 JENE K AT 3 A28
A%, NSEIL CEMAEVZ R EARY i Tt
b, RPN R AE LLAn I e i (2063 FE) H AR
(IPBES, 2018¢). [Alitt, JEIMZ7E 70 K IFEZIXIRAY)
ZREMERIANE, SREUATRRE A AR T 58, A
D ARG A2 BRI . RFEERI3E 55 FI B
% (IPBES, 2018f).
1.4 EOMFNA L XS

KA X IR A 2 R — T =, Bf
HRMAT HE2 M E. BRI NERMEE
YIRZikt, FRiRptag e Rk NS g,
N BN HE 77 A DX R EUR ST AR AT LR 9 ST Ak a8
77, TTEE s AT AR S T . 115 IR 55 I ¢ {1 A
fe, R T R KT & A0 B 4 R IA 1,965 T
Thas BRI, AT I XI5 A 0 2 A TE A R 48
Wk, VEZ TR (L3I AR A A FR 7K T 1A
) KIE T BE(IPBES, 2018g), Wk #25%. il 23%f]
A FH b I 357 B2 0k, o TR E A, PR
KELIE 15%0H) & RICIEIRG 2 2 IR K. iRAK)
TR pAy i b 2 7K A 35552 31 00 W R ™ L, 71%0)

0 2R AN60%1 P B 1) B R AR 1T 25 105 Fr i/,

AR GUZET I K o HR 3 XY 2B VR BT A

REMS AR 2 JE IR AR 25 8, JU L ORI R X

AT 3% 2 3 X (R R B R M S AN AN R gdE 1, R
b5 (33 0t T At b X 3 R T — S AR R
EE Q1 4 BRAF 2 AR AR B v A7 10%2 B 277 1l DR
I F V8 2 )

iR e e VI AR R S S 32 -4y I VS /A
ITENA Bh T R 2 RV a3 . S mT
R e H bR &, BRI AN o 0 (R 1) 2 BRI ) 7E 26
BeORd . NRA@RE . ARE 2K 277 ek b
HUAg 7 — SR g Jie, vl AT RE SR A R4S 17
BRAGHE 1) AR N, TR % e P AR A A 55
CORIRKE o« ARBEIRORY ) B RIEUERR . A
BEX VR TS 5, A R AR 2 R B AR
SZHL(1PBES, 2018h).
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XA V2 ILRAEL, BT a. S0, &5,
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M FREREE S5 7 T RREE AN ], & XS AE AR AR
IR AR 2 R 2R (1 SR 50 DR 25 DA R T s Pk
oA B S5 7 AT AR AE 22 57
21 BAX AFRITTE

T XA PR AL 4R A o, IPBESE Y3 T H AR
A& 5Tk (Nature's Contributions to People, NCP)
X—ME, BEEATMMEEAR S ALMKR.
H ARG NI 18F sk (IPBES, 2019), AMY i
T BN NATE R E AN TR, SR T B
X NSRRI A% Tk (] e R ok ), Ko vr £ ot
BRAAEZS RS 10 BB VIR L. NCPX T4 HF
RIFHAEE R e EmE ., HRNS X E R
BET T TTER(ER . AUETETRR KR TSR .
JRoTER(EY) S KA RE IR S8 AR BT ok (5 > Ak
I055). SZHW RS AL S U 2 R, HARN
F X SR AL e ST BT AR BR TR R
RMETFRR, WRKIRPENZHEERES RS
T A o B B SCAR RIS P 75 3K SN X AR 38 &
GUAE T MRS SO IR S5 7 TR T B DTHR; BR
PRD A IE X3 1) AR 25 2R SRR 1 Dk B 1R w
ZHFNE, IR K (21,9655 Jt/hatE) . B4k
$71(765% ulha i) 17T 5 (4643 Jo/ha ) T
7 (2893 To/ha ) A5 R Y IX sk f E
NCP#l 2 &Y. felli. BEJ7 RIRSY ok, Kt
JEIRATH R KR B 2R, HT A2
e R (PPIR LA W R, % X INCPE: i 5 50 T B
B W S R I AR Y o R B A T
22 £ HEMRANRIER

TEARZ IR IIIREN T, YR XSk A9 2 F 1
RS RGNS HZ R T BN ™ BRI (E L. A
P, Pt Polimi b2 & X EM 21
PERE R o B AR IR B R 3R, AN AR BRI )
TR, SECEHA G SR, W ERIER TR
MR o SRR AR FNAZ . BRI R
RAELML . G R R EENERERINE. <
15 AR Ak R SR AR K, K 51ROk ARl K
B9 IR SE— I A, &5 T ReRCN 4
BRI P S Bk i . Rk, RS EEE 31T
ARG 8D R = SRR, VR RS A
AAAH S% T, O B ] A 2 000 R0 TR0 < A AR A
s, B usel (e M HEw. Fi, 4b
SRNZYF B ECE AN F RGN, 208G B X A

MIZFEER/D BRI 3, 72 sR a3

SR, X3 IX IR, A2 2 A PRl 26 1) S
KBRS AR WA XSk, ShRIFA
12 R0 BT YR AN T 47 B2 ) O 3 A ) 2 1 P ek /b A
FHEM R, WK X IRV 2 E AR I AT
A, sy KR G Rk G T IuE K R, BT
AN NAZ 0 RS . 3t i e A AR A
S I DX 5k DAL K R AT AR T X 35k 2B 4 22 B Dk 2D F
REZEMIRENFEER, N T REARE AR R
7, X X R A T L AR RO, 5K
ABEIRA WEHIIBLL . AT AR BEIR TR, XHAER)
SRR T BRI . TEASR, SRR LA
Tl BRI A 2L AR, BRI AR R AR X
WK 5 2 S A e, B 3R E AR
FHE BT = T AR, & R B )
Bl (EIA50%LA )™ B A WIAAE S R BE DL &
LS RAWIE.
2.3 EfpAnBkER

SZ AN F SR B PR 25 RS2 0], 8% DX 3 T I e ol A
Pol A X et o 0 DX 3 ] SRk 1l £k A
J N T8 22 A9 45 B2 50V AR in) Ui =, 3R 51 & TR
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