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Population Distribution Pattern and Quantitative Dynamic Characteristics
of Endangered Wild Paphiopedilum appletonianum

XIA Dan'?, WANG Weifeng?, LI Donghai'?, LI Yu'!®, ZHANG Shunwei'?, YANG Xiaobo'®"

(1. Hainan University, a. College Of Ecology Environment, b. College of Life Sciences, Haikou 570228, China; 2. Hainan Tropical Rain Forest National Park

Administration Yinggeling Branch, Baisha 572800, Hainan, China)

Abstract: Paphiopedilum appletonianum is an endangered and class I protected orchid. In order to understand the
status of its wild population and promote the protection of wild population, two large populations distributed in
Nangaoling and Bawangling in Hainan were investigated in the field. The population distribution pattern was
analyzed by point pattern method, and the population dynamic characteristics was analyzed through static life table,
survival curve analysis, survival analysis, population reproduction strategy analysis and fertility table. The results
showed that the distribution pattern of the two populations changed from aggregation to random and uniform
distribution as the scale increased. The Bawangling population was mainly clustered at different scales, while the
Nangaoling population was mainly random and even distributed. The age structure of the two populations was pyramid
shape, and the survival curve was Deevey-1I type, showing a decline trend with the increase of age class. There were
two reproductive strategies: sexual reproduction and clone reproduction, and the asexual reproduction of Bawangling
population was stronger, and the sexual reproduction of Nangaoling population was stronger. Therefore, Bawangling
population was a growing population, while Nangaoling population was a slow negative increasing population.

Key words: Paphiopedilum appletonianum; Point pattern analysis; Quantity dynamic; Reproductive strategy

1A% B #: 2023-06-09 B2 H#: 2023-08-04

EHESWE: [ 5 Mol A= 55 2 RHEY) L 0 A 10 H (2020070707) 5 B

This work was supported by the Project for Special Investigation of Orchidaceae Resources in National Forestry and Grassland Administration (Grant No.
2020070707).

EH I EFH1998 44, Lo, WimiiAd, W77 A4 4% . E-mail: mmxiadan@163.com

* J@IRfE# Corresponding author. E-mail: yanfengxb@163.com



580 HAH W AR 27

¥32%E

TP b T 0 A b S R0 b T 2 25 BT 70 A2 2R M
TEACERAE I AR 25 (8] B 2 A Re i, AR R
FEIREAE T & AR, SEMESY
AR ON R —MN, RS R R AT
FREENMAAE 2 (A& R (0 AT 00, a3k 1T s A 7
BVARAS, XA 15 PR 5E 00 5 R AR A o 8] 58 4
RAZREL EZAERE3, A0 7T s i F
Tl 25 T’]EF‘AVF%I%E% SRR IR AN A
B, FEPO AR SR AR E 0 R R M, B A 22
BHEP LR N fE M, £ CEF AW G
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by REY ORI R CTEADREEE, SR N
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tonianum)FEIEHECLAIBT . P iU BXECLEE R, 1X
PRI 21O AR S AT A% R AR Bh A TR,
T AT 3090 HEL A0 A 0 A A S 0 o e 80 3 2 1
Y RI R B — 2P0,

4y 2= & 2 Rl (Orchidaceae) ¥ =% J& 2 tF i AE
LAY, FESAATHREHX, PEFEES AT
JUHL MR AT RO, 2021 ARG A (E R E
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Y, WfESENWISE. BET, XL 00
*ﬂﬁvﬁ_&c% (M-RIRE TR, MEAh,  BRAR SIS 140%
B EW gL A AT TR AR L, R
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AAEBFAMBIAETT, TR 2 N S A
ATk RN BCR B SHFE, DAL EAR G S e A i
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Table 1 Basic situation of plots

FFENE 1640 mm, EFEPIYIRE 23 °C~29 C. M
R HUAELAE R A O By Ll R AR, FE 7R DARG 344
(Dacrydium pectinatum)~ ¥ BTNk (Syzygium cham-
pionii)~ WSHIA(Heptapleurum heptaphyllum). 7K
RF-(Hydnocarpus hainanensis)~ ARij(Schima superba)-
B (Ficus esquiroliana) W A7 (Microcos panicu-
lata)ETvAR N E; AHUVAE AR A A 2 R
. 248 5 = (Tainia penangiana)~ =W = (Tainia
428>~ (Anoectochilus roxburghii). HE
VU R &Y J& == (Hetaeria ano-
¥ % (Cephalantheropsis obcordata) & W 2f
& Bt 4 I == (Bulbo-
= (Appendicula cornuta)~ B
E £ it (Dendrobium
williamsonii) VAL 2= (Didymoplexiopsis khiriwon-
gensis)5F; LI ﬁ:jj o TR TR o I B ﬂjﬁ
FERLE 2 NIEF 2 5 H—10 HAWZE, 11 H
BIFE 4 A NRZE. %EMﬁi@Tﬁ%ﬂi%iﬁﬂﬂ?m
HuFR AR, BEVE LUK (Castanopsis carlesii)~ KA
WU X (Quercus  fleuryi) ~ 115 K (Pentaphylax
euryoides)~ Fi¥2¥ « ' H & (Podocarpus neriifolius)-
W AT (Engelhardia roxburghiana) 1S AR T AN
I EE AN A RHEY): P T R

ERRW 55 TR AOh L, JREER R
T‘imﬂl/\{% R 2 M SR 2RI ] 5 R e — 3, (A
5.
1.2 FEHRE

A FUAE P = U AN F U & 22 5 AR 0T
XBELRETT, 2021 4F 12 2 2022 4 11 A0 EFAE
B 2R — N E AT SR . TS
FREE P ATIE AT, AR FL o ARG AN M T H S5 R
TEWSIAETT o B IR - AT ROR, wE 1 A4
50 mx50 m, WHEEHE 100 5 mx5 m, 2 500 4>
1 mx1 m F/NRETT s 85 UM oA Yo B B %
BEE 1430 mx50 m, AL TE 60 > 5 mx5 m, 1 500
A1 mx] m BT o AR h ARG 5 22
IIRRE. MU BELEEORISE IR, DA Y 2 4%

tenuiflora)-
=% (Erythrodes blumei)
mala)-
| == (Ceratostylis subulata)
phyllum tigridum)~ 214

=% (Campanulorchis thao)

FEHh ZRE (B)  4E N) K (m) Hehs Wi PR (°) B £ Syt JEFEUSE (cm)
Plot Longitude Latitude Altitude Position Aspect Slope Soil type Humus thickness
Bt Nangaoling 109°20’ 19°12' 1004 # Ridge 741t Northwest 5 I+ Yellow loam 15.6
#i FI% Bawangling 109°10’ 19°4' 1179 1 Middle  Z:F4 Southeast 27 i+ Yellow loam 4.8
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AR B AR, A FE N T g R R R
PRI SR o0 A BN A 5 2 5 0 = e 2 M) 20 A1 4%
i, FF H A RS S 7 AR 2 18] A i
JE BRI 1o A FH FEORT A 9% BRI B () X FREAS R JRUBE
)3 Ak JRREAT 7047, g(r) i1 Ripley’K BRALATAE I
K, TR T Ripley K AT e H L AT RARALR,

AT &Ly . 1 dK(r)
K(r):n—zz 27(1#), )= —x— 3

=l j=1 i

o ARETT NI S, A NREDT TR, uy
R T MR MEFER, r RETWRE, £
TR, Wy RILGROE R %, FFET 199 K
Monte-Carlo FEHUEANAT 2 B AS X 8] 99%[H) T 6
Z . g(r)fEAE BAIRE b J7 Ul M SRR A
TE BN B A UG R A BEAL 0 A, AR LR
77 Ul AR 9 2 5] 53 A
14 FERBEIEIITE

BEEMRSEEMLS T R 48 B S0 W
BRI A2 L 2 R R B R AT — e
AT RRIFRE i, xS5O B 4 S 5 24 AR R
=R IR 2= (Cypripedium  lentiginosum) P
MR I T [RIFE Y v e BB R S, DU AR 7 R EARER
— MBS GFAT R RN 5y, AW TR I 2 (A HE T
V) F4D 75425 o P 8 o B B S A i R U0 x AR
W ne NETFRRAETEE: N IbREGAATEEL,
Ne=ny/nox1000;  dx AFFEENR N x BELE] x+1 BeZ
IFETHL, d=NeNevis g APTEEA x B8R E] x+1 ¢
RWBETH, q=dd/Ne;: L N TPIFEEE, Le=(Net
Ner)/2: T NiEN x W R4 AMATE x W LG
FFAE MERLEAEE, Ty L e N x RERTTUART
A ERE, e=T/Nys K AR, K=InNy—InNer o
DL InNx NAARR 08 GO A b 22 1) A7 3 ith 2k
4 Deevey $i& th (4735 #4040 B2, 2% Hett
LRI 7%, RATREREUE AL Nx=Noe ™ Al
TR B Noe=Nox ™ X5 73 i 26 1 R B AT L&
o p19-20]

MEAEZ ST FIN 4 A FH ) e EON FH T
FREEAEAE A2, So NF B AEAE 2 BB, Sy =81 %

Sy xS83x++ xSy Foy N BRITFET R, Fioy=1-Sw); fi)
RFCT B FE R fin=(Si1=Si)/his Ay NG BR2L,
Aan=2(1=Sa)/hi(1+Sw); N, SRR, hi ke
R

BT 1R N N s e
FRRFAE R, XA BT SRS AT SEvt, HFgm i A
AT IR S x NFRLL: L x BRI A
2, L=Net/Nes my N x BERAMEN- 247 (1) AR EL
ALFE A 1 T AN 1 BT AR AR (LA S
THED, THEFEHPIETER, R=Slmy; WEIEKER r,=
InR,/T; JHFRIGKZ J=e; AT T=2xlom./
Slomys TolE EHE T1 m=To M EHE BV AR S
m=A P BT RS, ot B AR
TR IR, AERE AR 2 RS B
A H AR KRGt .
1.5 FHE ot

f#F] ArcGIS10.8. Programite 2014, SPSS25.0 il
GraphPad Prism 9.0.0 X7 Ge it oA AR

2 SR

2.1 FhEES AR

HEAT R R 0 BT, 2 ANFR AR E ¢ 1B B4 1 m,
B FRRE ¢ BCKMEN 15 m, R FIEE ¢ 5
KAEN 25 mo SRSRNTEERERI(E 1), #FHEW
FREELE 1~10 m PR FABED S 2 RES T,
7E 11~13 m 2FEYLAR, 18 14~15m 251504, B
B REERAAL,  m TR A0 RS R A 8 EUe P
FH, 1E 1~3 m F 22 m PIREE TR i dg 5 2
HEBEAMA, 16 4. 8~15. 19~21 Al 23~25 m 5L fH
WL As, 78 5~7 A1 16~18 m 2345134« I AT I,
T L L R A A A R B3GR, g R BA
MEEEE S A I BE ML o3 A A3 S A iR i, HLE
FIRFHRE A Joy LR SE A o 2, B b A
CABEHLAIES 21 50 A1 A 7 o 45646 22 o 22 B0 B (B
2)AT LA AR -, 2 AP EEERIR 2 5 T8 /N
PEEL, B FURFIRE R A ke R, RS
e W T REAN A 53 A W A B AL o
2.2 MEHEIDS
221 MpEER S A dr R 5 M2k
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or FHEI% Bawangling

5r —— WA Observed value
-« = Tl Lower envelope

4r - =« FA{uilZE Uper envelope

==« HAEE(H Expected value

g(r)

F A Nangaoling

I5 IIO 1I5
z3 [B] R Spatial scale (m)
1 B S PR AR R A AT

Fig. 1 Point pattern analysis of Paphiopedilum appletonianum population
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Fig. 2 Distribution map of Paphiopedilum appletonianum population
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Table 2 Static life table of Paphiopedilum appletonianum population in Bawangling

. T iy ¥ g .. . AR b
vy fewy PVERGEEC S RTEC ECR ey uy i ok
. Standardized Death Death . 4 Life .
Age Survival . Mean survival Total LnN; Disappeared
class (x) number (1,) survival number number rate (L) (T expectancy rate (Ky)
(M) (dx) (9x) ) ) (ev) )
1 280 1000 821 0.821 500 3690 0.659 8.631 1.723
2 50 179 111 0.620 89 890 0.890 6.908 0.968
3 19 68 29 0.421 34 390 1.026 5.940 0.547
4 11 39 21 0.546 20 200 0.909 5.394 0.789
5 5 18 7 0.400 9 90 0.900 4.605 0.511
6 3 11 7 0.667 5 40 0.667 4.094 1.099
7 1 4 - - 2 10 0.500 2.996 -

%, BEFEMEQ~T B GOBED KR Rl 2 DR
HET 2 (q) A 2R AR (Ko AR A S5 AR TR, skt 5
WeRHRERT B, TR, R BURIIBLR;
I MR ARAL BN, RN 1. 3 BB, 2.
4. 5 ERGOTRR, 6 WS INAIES fl. A I {E (er)
ST BRSPS RE ST, B R R

MIZE 1. 6. 7 WA RIS 1. 3. 7 W
EORAR, VEBIREZ AR e 2 1) M A T I PR 56 4
K B TIRFRRE 3 WA R =R PP 6 WU B (E
i, UIZE S R A R s R I R
B U 5 1A S B A o oy T T, T R v A
A A7 R L 0 v, O L 5 I R 0 A A7
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2RI T

7 T U A0 R e U R A 0 R (8 3) A T
Deevey-11 5 Deevey-111 ! 7 [f] . & T I8 4522 Ji ==
TR A7 A E TR N TR R BT 1R =
13.283¢ 0201 (R?=0.976), B HUT 2 =13.197x 1124
(R?=0.833); FE mI& ARG TT A Bk BT 12

R G R R L i e R

Table 3 Static life table of Paphiopedilum appletonianum population Nangaoling

y=11.424¢7032% (R?=0.94), TR T y=12.073
x 10 (R?=0.838), LA RWILE T EZF KT
(P<0.05). 2 MFEEHREGRE(R) K T HREL, UL
T B0 R BB B B i, R A7 VS T R R R
Deevey-11 84, 2 MM &R BIE T (A 1)
FF o

- .. NS RERTIE FETHL . . - A MR
FWe PERCT g ; FETH TR PR . .
Age Survival susx't\/?i?ﬁirzlf&r nlzﬁfl;l;r Death rate Mean survival Total f ]t“lfe LnN, Dlsafﬁzared
class (x)  number (n,) ™) e @) (L) Ty TP )
1 495 1 000 731 0.731 634 936 0.936 6.908 1.314
2 133 269 147 0.549 195 302 1.124 5.594 0.796
3 60 121 97 0.800 73 107 0.883 4.798 1.609
4 12 24 14 0.583 17 34 1.417 3.188 0.876
5 5 10 6 0.600 7 17 1.700 2.312 0.916
6 2 4 —4 —1.000 6 10 2.500 1.396 —0.693
7 4 8 - - 4 4 0.500 2.090 -
8¢ —A— #iFi% Bawangling N, WIHEEAS 1 £ 2 EREEHE, £FXT
g Els N i N v o N
e (i Nangaolne VEROR, RATECH EAHRR, KRBT 2 MFEE
6F e » 25 e
TR ISR . AP NG 1 IR T e
5, Brip e Ry TREES, RUFET R KBNS 1 i
£ o =) N > 4
F LTV R B R Ry LTS, B RN SS
5l 1 BT IR E LIRS . 2 DRRENES 2 35 7
U 0 A A7 2 b AN 3R TP T 3R g 4 R I Bl R T A
) NVLE, B T BBEL2<0.001%, BiFET-%>
WIS Age class 99%, UM 2 DNFIEENES 7 WeGOBEHEN T2,

Bl 3 G gL R A 2L

Fig. 3 Paphiopedilum appletonianum population survival curve

2.2.2 MHFEALE DT
2 NP R AN R R TR (B 4)

DL PR R MREAE o 2 AN FIEIR JE 2% JE i 2%
G i 2 AL F AL, EA LG RIS
N B R GUERR ARG, WS A
K Z B T R E BRI 4k SR B R R K
PET AP AE BB HEER 2 ETHES, ki

25¢ i F 1% Bawangling 3 T 04 Nangaoling ‘ o
i ol o FUBEEATHMHLS,
S 20} | Population survival function
E N _m BHIETRERE,
= L5y Cumulative mortality function
ol -1 BET WAL R,
2 - =2r Death density function
:zj 05 -3r f@l‘§2$l¥lﬁlu.>
ri% 41 Hazard rate function
T 00 -5
-05 - - - : : ' A S : ' : : : ;
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
AERAR Age class AERAR Age class

4 BEEYE PR BB 2R

Fig. 4 Survival function curves of Paphiopedilum appletonianum populations
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BEHEFE T2 PG T BTk, X0 AR S g
RTS8 4B, PR R R I T 32 B IR . Bk
K&, MAEMRGREHEEMR. FiEMEsER
—5, 2 MR RS T AR, TR
A EWAR IR ARG . BEARE mIR RIS 6 2
GRS R ANIE T8 B IR B, Ut B 2P v 8 2 45 R 3
BAFRER D Z RN TR o
2.2.3 FREEASE 1R

BT 0 PP B RIS I TR (R 4), 24
PR B IE RIS Y UL B N F, H# TR Hh
BT B IE R ) Ve A O, R IR AR A
PEETERE T TR PR SR . AR T J1R T3 4R
P2 1 (m ) Z S bR BT, B2y 1 MRSEL)

e R LS i

Table 4 Reproductive strategy of Paphiopedilum appletonianum

A 20 000 FiM1, F FILFh+ H IREH K ZEH 0.083%0,
R R E AR R R 0.042%0. HEIE A S
(K 5, 6)IFEH 2 (Ro)~ N B KR () JAIPRIE K
RO A (DT LA, 8 TR A
ANHARFR T DA 5.387 £, BRI AR KT
WEH FE TR, FhEELL 1.248 3% 138 B A JUT BT,
A TE BA R PR B 3R N 4.318 a, 4L Ro>1, 1>
0, A>1, XRIH FICHR N KBME; M
U B R AN AR PRI T ARG 2.672 £, WERTIET:
FRRKTWER HAES, FiEELL 0.595 % (3 BE/E T LA
B, AR AR (I N 4.495 a, 8L Re>
1, <0, A<l, IX3KHFGm U FREE v AR 113 K
RAFREE

. G TR AT AER WERE APEIA (m) AR (m)
Population Individual Number of Number of-natural Number qf natural Asexual fertility Sexual fertility
number underground buds flowering setting /% /%
#i Tl Bawangling 369 322 16 9 87.26 4.05
FiFl% Nangaoling 711 333 75 50 46.84 5.91
RS HEWEERE AR
Table 5 Fertility table of Paphiopedilum appletonianum population in Bawangling
W (x) AER (L) P (my)
Age class Survival rate Average productivity Lo Xy
1 0.179 0.554 0.099 0.099
2 0.380 2.166 0.823 1.647
3 0.579 1.491 0.863 2.589
4 0.455 1.756 0.798 3.193
5 0.600 2.800 1.680 8.400
6 0.333 3.667 1.222 7.333
7 - 1.000 0.000 0.000
FhEEISF 5% Net reproductive rate Ry=5.387 N B K2 Intrinsic rate of increase 7,,=0.221
JHFRIEK 2R Finite rate of increase A=1.248 AR 24 ] Generation span 7=4.318 a
R 6 FRIE G A R
Table 6 Fertiliity table of Paphiopedilum appletonianum population in Nangaoling
TR (0 A (L) ST (m) . o
Age class Survival rate Average productivity
1 0.269 0.280 0.075 0.075
2 0.451 0.775 0.350 0.699
3 0.200 1.188 0.238 0.713
4 0.417 1.257 0.524 2.095
5 0.400 1.217 0.487 2.434
6 2.000 0.500 1.000 6.000
7 - 0.521 0.000 0.000

TR IE5E % Net reproductive rate Ry=2.673

JEBR3E K% Finite rate of increase /=0.595

PN ELH K Intrinsic rate of increase r,,=0.520
AT ] Generation span 7=4.495 a




5

HPHE: WUEE A6 e 2 MRE A AR AN B 3SR 585

3 SRS

3.1 EREHER IR

2010 4Rl )56 2 yn 2L B AR P R 3 AR R Tl
MR, OFE=1. A, BT, JE. &
Ji AARl. EORARE, d. &L RIERE S
AU 13123261 JL AR AN TR R 5 R 0 I A
AR E KA E N EIE B, BT i
PR X 27301, 2021 AR 90 22 1 OB (L 5K AT AR
PP A AL SRS ) BN E K AR Y,
TELL B4 (IUCN) OB fa 555 . H TR =9t
AT PR AIRAS B R R AR B AR . R
71 Y 5 A 5R 2R g

H 57 46 =5 40 =2 7095 7 IR 0 ik b o0 A i
A, HENERSA, BILHTIWKMARL. KA
B, MEABEANL 20 Bk, LTI . A0FURE
ST TR A 1 2 NMRRFEE L, TR
AR, WK 1004 m, MAECEX 1000 FRLL
by BILE TR RIGFIEE, R 1179 m, MASL
29 400 tk, R0 H 2L SR M R GAE .
I R A A R0 2 AN G R g s R AT R
T A b R B B ASHET, WA R T E RS
SEYR SRR R AR, T AR G S AR AR
PR AL IS AR .
3.2 BEGFEFE MR

A G 2L TR ) AR SR A T S R T DU
IIATAG SRR R AR T AR Ak, R 2 RIS R S
25 () R HA DI R BY, X 5T AP
SER—E MR N RER R R B2 YR A B (3 B4
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