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Abstract; Analysis of numeric dynamics of populations has been widely used to study endangered species, however, its
application to China orchid is rare. By investigating biological characteristics and reproductive behavior of Cypripedium

lentiginosum , an orchid endemic to Yunnan of China, the number surviving in each age-class, the frequency and number of
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filial generations, and the reproductive behavior and mechanisms are explored. Internal distribution pattern is figured out
based on genet frequency; on the basis of the number surviving in each age-class and the number of filial generations, the
population static life table and fecundity table are made, the survival curve and age pyramid are drawn, and Leslie matrix

0. 211z

model and the density-dependent growth model N, = 658e are structured to predict numeric dynamics; reproductive
behavior and breeding strategy were analysed by observing phenological characteristics and pollination biology. Based on
these, we analysed the relationship between the numerical dynamics and reproductive behavior, as well as its internal
distribution pattern and age pyramid. We found that C. lentiginosum showed a clumped dispersion distribution pattern, its
age pyramid is pyramid-bell shaped, and the population survival exhibited a Deevey I shape; the net reproductive rate and
the intrinsic and finite rates of increase for C. lentiginosum were comparatively high, indicating the population is
expanding; the population growth is affected by self-density, and the prediction model based on this factor is N, = 6000/ (1
+e” %%y " wwhich is suitable for predicting numeric dynamics of C. lentiginosum. The species are endowed with both
asexual and sexual reproduction. The former does not increase individual quantity, but sustain the current genetics of the
population and accumulate energy for sexual reproduction, while the latter involves pollinating flowers by mimicking brood-
site to lure hovefly into the labellum, whose fruit set rate is 54.37% +6.08% , the fruits grow into sufficient young plants
and most of them could live through the sexual reproduction stage. Sexual reproduction generates progeny many times over a
long period suggesting this kind of reproductive mode is the main factor affecting numeric dynamics of a population. The
species’ successful reproductive strategies and their impacts on numeric dynamics in spatial and age distribution indicate
that the population development of C. lentiginosum corresponds to its biological characteristics. Discontinuity and

narrowness of growing space in the habitat are the main factors restricting population development, however, at present, the

species does not need , nor will it prosper from, ex-situ conservation.

Key Words: Cypripedium lentiginosum ; population dynamic; Leslie Matrix Model; reproductive behaviour; endangered

mechanism

KA 2 ( Cypripedium lentiginosum) F2 "1 E4S 7 19 22 Bl Orchidaceae ) F Y, AN i F Z A AR H
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RS AL)RRPTERED . BET, BX RS 2R ANE LG MRS S, TR
BRI RZEMR SRR R A E A, REGENZER AR R SIS, o E W AR
W R, B A BUA R RUKIE T B E A LM E™ B & T E SR 90% UL B 2 RHE YR
FPRFEE SIS H #0E , A AR R R 3078007 DU B 2 AU M R B AR IR a5 i AR R KRB H AR 2 R
PEmaRA EH ™ . T 2 RME YA A TR, YA/ LA R A AR R, M T B R AR B
B, BEEZANATHRFREERNA T HABRE SIS RCEKREN 2 Y= mE N R E %N
R A b, B B R AT ) R GRS B R AR IR AR S, T A 22 R B AR
b3 T Leslie 45 PR BRI TIFPRE SIS BB O, LESI KRR N, = N, MFEFE R A KERE BTN K
PR Z R EEEE AL, R T BN R R . AR 22 5925 [B148 J5) | AF 8 4 1R S 98 5% s LA TR IE FL R
BEISH SR EN ENZ B MHEE, FRAMRRENSHON, Se5EUFRESR, TITK
P Z I BEHLR , BFRR AT A X — 2 R Y IR R IR KR
1 KEBH=87A&5HXExR
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A) , ¥ T8 ( Quercus spp. ) . #% )& ( Castanopsis spp. ) 1 ¥k 8 ( Lithocarpus spp. ) ZW AT, 5E T H
( Luculia pinciana) J& AR ( Eurya japonica) %5 (llex micrococea) \WiFiF ( Elaeagnus pungens) FFEARFEA (E
1-B) o AR XAz T4 B & 1L 37, B B BV m R EX SR, £ FHRE 17.6C, &% A PR
10. 1C , R A PSR 23°C YT, ZEMUEEHAIA], M5 89 22 20 A X B9 SR (K IBH) 2 B899 SR O 16 ~
28C ,BRIRE N 8 ~12C ,BEH 58% ~100% ,EHMEEEFFE 1. 3m AL XE N 0 ~3. 4m/s, AR ER A JE
H80% ~85% ., TREWNI2 AFGREERES A, LF. WREN N4 ~11 4, PRk KR EE
PRERE, DERBIERARERTHTE, TRRE, HESEEA AR SR AR M 2R
AREEVR S BUA 1L TR R AR AT bR

2 MRAE

2.1 AYrEeEEA

TR Z ) BRI X IR R R (1700 ~2200m) BEE 20 A~ Sm x Sm #£31( & 100m R IXE 4 4
FEHL) , LA 50em x 50cm g RFTEE X7 R PIAALE , X AE 3 N B ) 22 B — D R R TE IR I T
B MBI, TR AR E M B T R AT A KK BAER, B—IEREERKERT
BT ZEE; R RK JHEMERR, RIBHEGFEEEERE otk THERT
—AH T ZERRRE, DURIE T 22 E B BRI AR, ST T N R R B TT IR BB M4 S8, 7R
TRAIIRESRFREOFHR, HBRZREN G- HROMTHE AESRRE BN T8, i
5 R BA t BRI AR 4RI , LA ER ol e HBEA N 1 44T, LUTE MR E A TR
&, IMKIEE— M BRI AR T B BRI R E,

2.2 LRGN Y2 R

TR Z BB 07 40 AR, B 10 ZEHATSRBLR G R - 10 DMEAEEMALE, BR
AW RS L, ST H BRBFERE 10 MEMAEEEF I ER, A2 H LA RS Z, 5t H
FERA10 MR Z RS, WA MR T gL L, BER, HE LTSS
52, G AR 10 MBS ZGER TG BRI R T AR SR AL |, BER,
HEELTREEEE, BRI HERE,

FEK IR 22 BB SR T e AR ) SR .7 :00 ~ 19:00, &3F% 3h I 5 ~ 10 150 4 20 0 B 20 = FF7E
HESNAERNENLEER FEFENATFRATOUEERNEHE SRR (%) ;7:00 ~19:00, 5 3h
WL 5] 20 ZRFF LI TE R 7 & AR s TR BB FEPLARIC 10 AR B P ZEM 7:00 ~ 1900 ELWMEAR LT b
ZFUIE SR, S ER S IRTI AT AT R R MR IR B WU S MR 2E L U5 15
WL UTAERY 8] | R — U5 () — R U5 IR AR B TR Bk R IR R AR,
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FRAEC A 22 B ML bR B B R LA B i AR IC AR KR, R A “ s AR )7 B SR AT R A R R
gm0, BARPIAS X ARG L (R TEZR) , X IR IT JA I AOARIEAL AT FE 80 (1000) 5 d, (FET-%0) , A X
BRI X +1 BEIMENTETE 9, GETR) X BB ERIETH ¢, =d,/], x1000;L, , A X F| X +1 §9°F
WHEEERELL, = (L +1,,)/2;T, X BB RIS FRBBEREE,T, = L + L, + L, +,. . e, (EmHH
W) A X ER BRI e, =T/ ;a, (FFIEE0) , X BB IT 1R B3 A9 SCRRA7IE B0 (ZERE/500m’ ) K, ,
FREHAR K, =lnl, -1nl, .,
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AR B MRS R A T B RVEE TR 2, DA R R BRI BSE TR, DISET- RN YA AR, R IR
B RFE T R LR . DTS SR B RE (B LB ST HUE) D9 AR, DLAR IR A B AR Rl A il &
2.5 FhRPAETH IR SR
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B)o WHRMBRPHER, R, = ) Lm, sWEMKE, r, =R, /T; AR E A = s HHAFHEAY, T =

S Xim/ Y Lm, o
2.6 Leslie %5 FEEEL F M B A SIS E T

FIRAMRPEERTEL BFER P, (X BREE X +1 BEWEFER) P, =L, /L =(,,, +1,,,)/
(L +1,.) s R HHED X BREFHAEFRIFRFEED X +1 BRENBREL,, £, =P, xm, ; NP EEE
A HESE H 23 307 i) D R O FRBE SR B AR IR M N, =M - N, =MD - N, e MONFREER 51
4§ [ ( Population Projection Matrix) **’ ;

_fo fl fz f19 fzo_
pa O 0 - - 0 0
0 p O : :
M= : 3
0 0 0 - - po O

FIRAFE I RTBE NN ESKE r(r,) , BHMIHELIMER N, =N " MEE AR KEE N, =K/
(1 +e"™") BATARRFRE SIS B E T
3 GR54H
3.1 KM 24yt
3.1.1 HEKRR

KIWA ZE K TREAARRNES, LA RE MG A B E L EAEREE, Kk BRI T BHRK
R E A TR 1. AR EAUREE RRZE L R—FIEHFENZE, B EK 5 ~ 8 om, BT E L 2 T
B 1ME2 Bt BREPARREEREM A KB, 2 cm 320 cm A%, FraotkfEE4E4 AERS Ao
MUE D M FH, i R R 11 5 TR T RBEVRIGER T/, B ZEEM T, 5 —FE R T 8 RERK,
MBI EZE L TR MRER B Y v LLE PSR B ER & Sa AT EFRAEK, 2% 6 4E4 B W REH
1o M 6 B AT, FFIEMRAEERE M B W BmAFK, BInt e 2 e, JERFFm A . AR
ML B M T ReSE 1 N H BB R LA i TR Z AR RBRMNF, M F FREEBE LN
TEBURIRIR, I 2R, 2 RAERK — Rt MRTE TR M4 K BZE R 28 M AR ZE iR
A BT, BIEFIRER, FeoRAE 4 ASK 5 BWHTHAARIRIP HE KRBT k. B—EHREFEREK—
Bk, RAE B ZERIE. ARITA KB EE PN ERGE Y BT, BBV R FF L2 N
56.23% +7.12% (n=20) , L5RZ AR 54.37% +6.08% (n =20) , & FRLAH FHTF 20000 %I,
3.1.2 ZE[ER

KA 22 2R 07 RIS sP B TR AR B 8 AR B 7 46 H BLIR R BIA N /0 R B B, o SY/m
=8.22,[(m = Y Ax)/n, §" = (Y (A=) - (3, (%))’ /n))/(n-1) 1, AT 1, Bk, KA 22 F
BERYZR RIS BT XA MM R S A S B A AR T RO A %, BT FE R KA
A B GFE, I 5K 2 TP B X R DRI K FUE R YRS, e R F KN 20 2 [
R XM A KA X FAEARE, LHR RSSO, T B4 F R 58 8 E A B 23 S 8
1k, B A IR 2 — R 7E R T R P A K HEZ HE RN — TR B (B 1-B) s i F B EERE
TR RRE T ERIE R , DEBIE RN Z ERA KIS A b BTSSR 76 , S EBE AR E
AR DRI . XMERSAEREIFREERNTREHERETRIHERN, SRBAE
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WEBERLY 30 cm x30 om, AR ME B ARG T, BRENRL ) 12 Bifp/m’,
3.1.3 SEid4EE

AL A SRR SV 20, BET DY B A5 B A 0
AR HEES B A B A E— b MR, 5T post biooise | |
— RGN TR BN BB KRIOER SR S st
HERKH], BENMRED, FE MR R RS FBE ¢ tdiophase | 107/
MAERRTRER FREFRTEFEHRER 5 L r5F // //A
(B2) FHTmwb v mote sk sl L WL
g, TR Ix
3.2 KIHZRBEB S AR

BA20 MEZFEH AT H 1a (PRI Skl K M2 KRR

Fig.2 The age pyramid of Cypripedium lentiginosum population

A 2R AR, HER IR 1,

M 1 AT RIE H AR 27E40 8 (1 ~5 ) JEAME A BISE T MM BN R R (K,) 8K, R %K
BAGTHIE R , R B R BN IR R R RS R, P B R 5 A SR B B I S R IR ISR S K R
MRENTRERE, SHAERGWESTH- P ARSI R -3 EAMEHEMRTICTER2.45% , MU
JRAFIRHIFET 89 97.55% , b, WAEFHAR I (6 W4k ) T 16 2 A= ZE RE ARSI AR (15 14 ) 1L RS TR
18.56% o — 75 T BH I AR RO 47 OB Ttk R IR , 75— 05 T A AP AR E AR IR BB , MR B 57
R TFERBTRE , XE I K Feor M A 2 F AR B SIE RS, B HIL T B8R, 7E 16
REWAN AL EEH R E2RRNRE, HEPIET 8 78. 9% , MErE @ At 280w, S T#H
BEARMFREEN I R IR 22 A KT B, OBk RO B BE O AR R ), W LU R AR5, (BB T 42
BITER AR, BEATER S ™ A S5 A BB 0 T2, 5 e bl R

F1 KEHZMEBSEGR
Table 1 Static life table of Cypripedium lentiginosum population

X a, L, d, q. L, T, e, Ini, K,
1 48 1000 21 21.0 989.5 13209.5 13.21 6.91 0.02
2 47 979 0 0 979.0 12219.5 12.48 6.89 0

3 47 979 41 41.9 958.5 11240.5 11.48 6.89 0.05
4 45 938 21 22.4 927.5 10282.0 10.96 6.84 0.02
5 44 917 0 0 917.0 9354.5 10.20 6.82 0

6 44 917 21 22.9 906.5 8437.5 9.20 6.82 0.02
7 43 896 63 70.3 864.5 7531.0 8.41 6.80 0.07
8 40 833 0 0 833.0 6666. 5 8.00 6.73 0

9 40 833 41 49.2 812.5 5833.5 7.00 6.73 0.06
10 38 792 21 26.5 781.5 5021.0 6.34 6.67 0.02
11 37 771 21 27.2 760.5 4239.5 5.50 6.65 0.03
12 36 750 21 28.0 739.5 3479.0 4.64 6.62 0.03
13 35 729 62 85.0 698.0 2739.5 3.76 6.59 0.09
14 32 667 63 94.5 365.5 2041.5 3.06 6.50 0.10
15 29 604 144 241.7 531.0 1406.0 2.33 6.40 0.27
16 22 458 166 362.4 375.0 875.0 1.91 6.13 0.45
17 14 292 84 287.7 250.0 500.0 1.31 5.68 0.34
18 10 208 104 500.0 156.0 250.0 1.20 5.34 0.70
19 5 104 62 596.2 73.0 94.0 0.90 4.64 0.90
20 2 42 42 1000 21.0 21.0 0.50 3.74 -
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KA A8 AT RN 3, A 3a AT, KA 2P TE R BN Deevey [ Y, Fm4)y
BTG RE R RS 3R H SRR A B A 5 3, BT RA DR BT — MR ISR T &R,

RER e, XM RE SR ARM LA L. B 3b TLIEH , KR Z MRS BN E , LT
R PR AR TR A S 3, P RE AR IR BEEFE T R E R AR, SR (1 ~5 BB ) BER L FLT R
AL, R LT HEE6 ~ 15 84, BB BRI R BB R 16 AR LR KIRH ZHE A ZR BB, LT
2RI, 5 BL I, i P OB B Sl A R T LUWUR] B 3 AR P B B, B A 1 TR AE ) B AR TE RE AR B 7E

R BET BRI R B, XA it U B g™ A 5 (R RS P (AP R R A8 AR I B T

—_

In Ix
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Fig.3 Survival(a) , Mortality curves(b) of Cypripedium lentiginosum population

3.3 KRMZMEAEREHRMEES BT
KWW 2R RAEE ARNE 2, AK2TIHE
KRR ZHE I ER(R,) 4 10. 425, R EW &
— AR R LA FE 10. 425 5 W EHKE(r,) H
0.211,r,, >0 FKEABRET A= B R FHREFE T3 AR
BRAE(L) H 1.234, RAKWHN ZFELKE L) 1. 234
AR R EEILME BT R AR (T) A
11.132a, KA K WA 2 A T PIEAR W E B ER AN
11.132a, ¥R, >1,r, >0, A >1 LR FEH, Kl
MZMBELA BERBEREN, ZRAAIREM
ﬁ[l?s,lﬂ o
3.4 Leslie %5 M A 5 5 4B BB ) H 2E
Leslie 40 PR R REAS TR A SN B RS BB 2R
i, EAEWAEYMERPNEE ERAEENN AN
8, BERiEEM Y AR E BRI RERN N A, BN
X5 2 N ER Y AC T, AP KA 2
Leslie %R AR, Fi] F K MR 22 199 A= 2 et O LR
S5, TE 20 MRS S B AR 45 S0 O BB R
(6 WFFIREIAERE) B9 30. 57% , G HMEET 2T
HH 1.74 BR(m,) , LA REFpF & 20000 Riit5E,
HERHRERN 0.285%, ARG T BRBEER
25 0.087%o0, LA 1a Sy i} ][] B , TN 122 b BEAE oK Ok

#4% Age class

| 1 | L1 | | — |
1234567 891011121314151617181920

£2 KEBHZMBEEENR
Table 2 Fecundity schedule of Cypripedium lentiginosum

population

X 1, m, l,m, Xi,m
1 1.000 — — —

2 0.979 - - -

3 0.979 - - -

4 0.938 — — —

5 0.917 — — —

6 0.917 0.93 0.853 5.117
7 0.896 1.13 1.012 7.087
8 0.833 1.20 1.000 7.977
9 0.833 1.23 1.025 9.221
10 0.792 1.33 1.053 10.534
11 0.771 1.06 0.817 8.990
12 0.750 1.20 0.900 10.800
13 0.729 1.23 0.897 11.657
14 0.667 1.30 0.867 12.138
15 0.604 1.37 0.827 12.405
16 0.458 1.00 0.458 7.328
17 0.292 1.06 0.310 5.270
18 0.208 1.10 0.229 4.122
19 0.104 1.33 0.138 2.628
20 0.042 0.93 0.039 0.781
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20a WRFEEELE FIAE IR 520 4k . ARSCIG SR RS2 B & 88 R B SE 35 A= 7= R B (m, ) THE B AN 22 Fh i
Leslie AEERALARI L 2R 3,

£3 KEBHZMEAY Leslie 5 FHER
Table 3 Leslie matrix model of Cypripedium lentiginosum population
0 0 0 0 0 0.887 1.089 1.170 1.184 1.294 1.030 1.133 1.120 1.087 0.967 0.667 0.661 0.5150..622 0.268

PRIV 22 LAY, 6 M BRI S T A B 2 B, R E S, Fh i h B R R R AR A
PRI (B ARSI B N, = N, " SRR E R WA N, = 6586, HAh R shAS 4 & T 45 5 1
=4,

M 3.3 4 TLIE H : Leslie 48 BRI BRI A RS KA B MO TRIN 45 R, A 2 R o R JB (b
T) FhBE, X ST AR TR PR RS A — B, BREBBERS EI S BRR 1 ~54
He A BB B, LR R 45 o i A T o5 E 451 a3 K {E B30 2 B A A BT R B AR AL T T IRRAS, B
PR HIERETSE . HEER, KWA2FREE N BETH N, =658 #/500m’ 23t 20a +F-F Ny, =
44394 BR/500m” , FHRESCER b A BIRRE) 67 54 X BATEE, B TRIBAZ R REK 2 8 S5 EEMN, I\
M RIAESRRE , KR KNI BEA YR (Carrying capacity, K) 2 6000 Bk, X R AEMRIRAEH P ITA 1Y
23 ()3 B B AR HU BT 3R T MiAE B RY , S2BR b3 KRR /D, A KRB 2 32 U X AP B A R i 2 &
B TSRS, MR B MRS RIE N, =N,e", K =6000, i, e =9. 1185, 81 In 9. 1185 = rt,¢ =
In 9. 1185/r, 78 H HA BB AT E AR HINE Y 10. 58,48 N, = K, FEEY TR IA TG, 263X 4 0
B PR BN ALFIE , FEr BB T BB IR P X R T B Bk . o FEREAE IR, WA S WA FREY,
FES|AFERAETF(1 -NK) Ja, A N, =K(1 + ") R E it N S8 o =2. 094, KA 2 M8
HE BRI N, =6000/ (1 +e*™ ") ZEigffisich Y1 - /K BiETF 1, HEEIUTHEE; Y N3
KL EE) N = K i, Fob e 5 20038 00 8 /5 15 3 — AN E RN A B EATRAS, BRE— B KN E (F
4) o SRV, KA 2 R RER IS K r 2RI R A E Tudk DA BE A, K& A R ES S E
FHRAWALEY , L, AP AR K LB TR E 2B £
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T4 RE20a WRGHZEEMRETMFHBHETN
Table 4 Numerical dynamics of density-independent growth model in Cypripedium lentiginosum population in the 20 years
FERE
Age NO Nl NZ N3 N4 NS NS N7 NS N9 NlO Nll N12 N13 N14 N15 Nlﬁ N17 NlS N19 NZO
class
1 48 59 73 90 111 138 170 210 259 319 394 487 601 742 915 1130 1395 1722 2125 2624 3238
2 47 58 72 88 109 135 166 205 253 313 386 477 588 726 896 1106 1366 1686 2081 2569 3171
3 47 58 72 88 109 135 166 205 253 313 386 477 588 726 896 1106 1366 1686 2081 2569 3171
4 45 56 69 8 104 129 159 197 243 299 370 456 563 695 858 1059 1308 1614 1993 2460 3036
5 4 54 67 83 102 126 156 192 237 293 361 446 551 680 839 1036 1279 1578 1948 2405 2969
6 4 54 67 83 102 126 156 192 237 293 361 446 551 680 839 1036 1279 1578 1948 2405 2969
7 43 53 66 81 100 123 152 188 232 286 353 436 538 664 820 1012 1250 1542 1904 2350 2901
8 40 49 61 75 93 115 142 175 216 266 329 406 501 618 763 942 1162 1435 1771 2186 2699
9 40 49 61 75 93 115 142 175 216 266 329 406 501 618 763 942 1162 1435 1771 2186 2699
10 38 47 58 71 88 109 134 166 205 253 312 385 476 587 725 895 1104 1363 1683 2077 2564
11 37 46 56 70 86 106 131 162 199 246 304 375 463 572 706 871 1075 1327 1638 2022 2496
12 36 44 55 68 84 103 127 157 194 240 296 365 451 556 687 847 1046 1291 1594 1968 2429
13 35 43 53 66 81 100 124 153 189 233 287 355 438 541 667 824 1017 1255 1550 1913 2361
14 32 40 49 60 74 92 113 140 173 213 263 324 401 494 610 753 930 1148 1417 1749 2159
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Fig. 4 Curves of density-dependent growth model in Cypripedium

lentiginosum population
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1L Y 22 R BEAET N
Fig 1. The habitat and pollinative behaviour of Cypripedium lentiginosum
AESE; BUERRE COTAEMIbK: D A Y552 M i B AL D3R E S AP IERN G 8 SR TG (k)

A. habitat; B. a population; C. flowering plant; D. Ferdinandea formosana escaping from the basal exit of the lip; E.

Ferdinandea formosana (female) with a pollinium on thorax
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