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Analysis on population surviving process of Changium smyrnioides, an

endangered plant
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Abstract : Changium smyrnioides Wolff, a monotypic species of Umbellaceae, occurs only in a narrow zone in the eastern to
middle part of the Yangtze River Basin, south part of China. As a result of human activity and its btological characteristics, C.
smyrnioides has already become an endangered species. It is important to understand the basic life history and growth process as
well as endangered mechanism. Because of the difficulty in estimating the age of C. smyrnioides individuals, a Logistic Growth
Model was used to estimate the age of the individuals by non-destructive method, based on the experimental data of seed-
seedling conversion rate and seedling survival rate. The static life table and fecundity schedule, the killing power, Deevey curve
and Leslie Matrix Model were used to analyze the numerical dynamics of the population. All data were obtained from the field
investigation, including the age structure, seed production and natural germination rate. The killing power indicated that there
were three bottlenecks throughout the whole life history of C. smyrnioides. The first bottleneck, which is the low survival rate
of seedling, was caused by environmental stress; the other two bottlenecks, high death rates of mature and aged individuals,
were caused by human activity and shortage of light, respectively. That limited the development and recruitment of the
populations. On the sense of meta-population, the local population of C. smyrnioides had a trend toward extinction for its age
structure indicating the low birthrate but high mortality. Net reproductive rate (R,), instantaneous rate of increase (r,), finite
rate of increase (A1) and generation span (7T) showed that the population was the decreasing type. When the mean offspring
number is 1. 678, the population of Nan Peak would increase. Under the static hypothesis of two main parameters, the mean
birthrate 4; and livability P:, the Leslie Matrix Model predicted that the population size would decrease in the coming 30 years,
and the ratio of the old individuals in the population would increase. The population inhabited in seasonal gap originally, burt it
now takes refuge in the corridor near the edge of forest where sunlight is rich and competitive species is less. According to the

cause of population declining, we suggest to take the method of insitzu and exsitu conservation combined with human-aided
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offspring number increasing.
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B 3¢ & (Changium smyrnioides Wollf) R p HEERF MK ITH B, WE N 29°~32°N,114°~122°E, R B EF HF N BB
HY L AFAMHAER LT LA I . XYM PILEEE2H AR ABRAPHEH Y B TFANERRE B SNEDFHY
mEFERLRGEREERRREREYY AW B AEERERRE REASEAD . 04 FCHERIIIEHRIEL
By, UEBN%EXNAESHARASEPTHRE LY¥RYE AHREEES REZRE REF LR,
MR REYHMEFIBRNBIRRLMRE,

FENMMOUBEARMBESENBELRE. XTHEYHNEFTR, sh R Z R AR BE A4 7 5 4 (population
viability analyses, PVA),BEHYFHHFHIT PVA 2 HTEFERES . MY BTFERAEFESIH T EL A ROSE
ZHEBRBEPVA L, BEMNFAARMUNEAERRE, SNSRI GEERR. ATMBAESHATHREESFTFEBRXNH
M- BFEH EHMERREKLSFERASFRAXNED . ELRTERYEE. ELRERM 2253 A Logistic #1844
ARSHERNFER:ETZFE. RASEAEN BN E BRI BE4 R, 1T Deevey B R MBI E 1447 3 FI 3 Leslie
R ERMN A SHBERRA SIS ERTEE, FREA TS PRI A FRE, FiTHHEERRERILS, L
AN ERBHMFHHEREZS R AP EREER LR

FXEEEHEFIER L, £FHT PVA f ) 5 B 5E B (projection matrix) X 3 f& Y #b B 35 B 347 4 72 0 W AR B
AW,

1 #RERE
1.1 BRoH X5

AREBHHERUTFRERFILE- LR, BRBOTRFTERNSIE. HHNBXELYRE 16.4°C,1 AR NBRE A
(A FHEE 3. 9°C), FERMPL 120d, £ K & 1100~1600 mm, 10~F4F 2 A H X B rfEAAX TR GEKE R ELER 20%
~27%),

FHNHBEERMNUEREZ AR BREART RS EELH THES R R IR BELGEROMAEK. BESIAHE LN
Y. REBKNE(Q2~BE 6 A ESXRXRFERYBEXCN . FAENEYIESR. OB RWEY, 8 A (Trachelospermum
jasminoides) . W B P (Hedera heliz) ; (2)%5 B AAY) , % B (Rubus hirsutus) B ¥ W (Rosa multi flora) . ¥y 7K It (Pilea notata) . & B
(Achyranthes bidentata) . & B B (Sambucus chinensis) . K 3 (Semiaquilegia adoxoides) .4 BE % ¥ (Corydalis sheareri) L
(Arthraxon hispidus) %,

1.2 ESMAE

HHHRERERZE 2001~2003 £ FHM (120°10'E, 30°15 N R HFILESEWEHES 10X10m* Bk 34,5
BUi3oX10m Bl T B . E2 AXEFMIXIm* MEF 2D B—iCRZBEFNUXSHEEER . TE. B AXEHY
KESHLHETHRITFETT.

R HEMHFRBABEGC ATA~6 AIDXMNEER FHRATRAE B ERRKBEFASm BEEL P IX I EY B
B THEASERE, i AR FRBMEF PR FHRY . BT MMESMFERSER B AEHM KNS HER, DK
RMEEZRFEEKNF TR,

 BT-YERAE EYNRSHFEERN . ARAEBEERREFOXI DI N WRERZ 2m AER. 2T AR
KEZERY BREOHTETERR(ER 12em, B 6en) N B FRHAMARP (G RBRYBHFE LS L. Z 84 E
B R85 RIF R

DHFER EVRXSHBARSAXAERYPBELOMNKEMDAMBER LT LREE ANEE 4D 1X1m’ @
R RPRAI BT HEERER@E TN AEYNE ERSER.ENER) . BT EEREE. SRR 16
HROHEREAMFHEFS L TFRIHAETH B, Sk RBEREEA,

1.3 BFAMRE 7 A R 4F % B 3

IS TRERTEERR  FRESFRABRRNESENENRNKET B ERERAFAENNKESHEER
REL B RHHKSRERKNEGREAFBITUREHESERD, TEAXE TEEFEX—BK. BREEFRTE X
yRERN o ERBEERTE: y = 9. 5112 (r = 0.8704,n = 44), X B At B 8 B A M4 0 AT L4 A5 0 B 3% 2 1 4
. BBBRFRH K GFRZERNRRZUBRKER KRR ER SR FENRIED, RS ER . B SAS #1124
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Vi

1+ ( % — 1)9“"»»‘
RN RAEKER r, = 0.305657 HPMEEE, V. N2 EERV, EAKAEFUEDNHERXRER. H 160. 28;¢ 2 ¥ #at
8 L EHEERE » = 0. 9613(P < 0. 05),

—BETFHEYNGNSEMMAZHER 10 1M HEREEFREREMERE . TTUBRBRHAESHEEREKERN 504,
REUAEBL(ERERP AEHERY BE2VDNFERESSMERER . BEFHR S aEAMMEERR,
1.4 BHEEWBEHRME K Deevey i 22 H2

RABSEGRERAMBRER . FABEK. ZEENFER 150
FHRBRENARSUBAE. EXRANBTSEAREBEIUT
RNESLL L ERE T T REFT R NRELEES4d. NI
B I+1 MR T e T BB N TR, g.=4./J, X
1000;Li A T BJ 141 BE M F I TE AR BL L= (Ji+Ji41)/2;
THIRBRULEBERENIRFE LY. Ti=J +Jio 1+ e,
HEA I BRBENEROFHEMP B e.=T./Jsa..1 ERIFIHETIY
S EBRAF G BG K, B 8 B P8 E # (killing power) K, = InJ, —
InJ; "', TE UL RERE b BUAE I8 B 3 B AR AT 22 #1 Deevey 148, 00 10 20 30 40 50
1.5 FrEEETH N RE S £ Age (a)

MBLHAORCHWHESE ERHJ I BERHER
Bom I BHEKFHETHTFREGAEST Jom 5 iJom: Bt
BRR R (R VBRI E R ER (R, LA K (D it AR
FHRABMBRIT AR Y. HEARXWTF .

Ry = > Jimi T = D idom;/ > Jm; R, = InRy/T ,A = s

LRBEBAXTHAXLBSEYRARN Logistic K FRWE 1. V, = (i =1,2,3,,50), HP . B ES

g

4R Biomass (g/plant)
3

B 1 BIREBFR-ERA Logistic #l & H 4
Fig. 1 Simulated Logistic growth curve of age-volume for

Changium smyrnioides

1.6 Leslie 48 B 7Y

AFERENIMEYHIBRRETEHROTOER TESRHAEE, NEBERMEBEREYC, 5 %0 Dagmar i3
U J& Leslie M T —MRBEMFREHIERT TRHRBHTRNY . Leslie BREBIR S 18 7 FhBEAF 06 45 H3 . 57 LA T R0 BE 10 3%
B, EEEAREHRMN TR EBEEAARRAMNATENARTRITEAR CEMBESEDBAKREEA Y, A xHER
SaA1H UMARI0TH. b RIHFG-NHRE—-ITHBEPERTHARNFHE.P I I AMEEE~REBER T —6 B #
AT+ HPNM B SHEAMAETR L =1—-P) BT b6.P, FHMERKTATRE. TAEMES BN S0 BT R
W PEREN,

2 ERE5QWH 1000 e ®3% 11} Wenjianshan
2.1 FEAFELHE 3 " Hggﬁﬁfﬁiﬁﬁn
B S A% J7 19 Deevey B2 (B 2) B R4 2R B MRS e £ | W
AR F Deevey-1 B, IEAN, AREZHAEHE | F#)FE g "
TREE . —BERRE— R (G~5 )5 JET KRB, B i
EEEPEEREHIES. ; o- X
2.2 FEBBUCE S by
955 SR BEAE R T 8 9 (1 a) o 2 3038 B0 4 3R 55 0 0 of 28 1 | | 1 )
HAGRLE2~8 D REFERERRE. ] SROENFERR ’ N 2!%&«1? N ;
5. B PHAEBERA 10.9%, BIARBELR (R DA
BRI S EFERNETEREA L AL Bl 2 B35S Deevey fFi& i &

MY EREFT NN EEERRSK FHEEYEBEEZRY Fig. 2 Deevey survivorship of Changium smvrnioides population
(P<O0.0D . FAANEHER+B FEERMHERSHREBK. SBAELE: B TRERNAYERBET TREKEH O K
GERET. Ao EENEREAESOERELEMEZY . S0 2/ MY VLRI 6. #0003 240 8% g/
FIEREKS RGBFEHNEYFRENGEER.
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Table 1 Survivorship of Changium smyrnioides seedling in fields
R LB 2 2Rl la G4 B FFA Y FiEx
Habita types Seedling numbers /m? Seedling numbers after one year /m? Livability ( %)
B+ +HEe R T Humus soil+ Vegetation reserved 16 2.5+2.1 15. 6
JB T R 1 A 8 £ Bg Humus soil + Vegetation removed 16 0.51+0.7 3.1
YR+ + B SE T Sand soil+ Vegetation reserved 16 3.0+0 18. 8
WiE+ 3 Sand soil + Vegetation removed 16 1.04+0 6.0

5~15a R SHHEFERERREN—BREHE 2,H 3),
HEMS5SERIUBEFEIS~20a HE - RET/PEHB (K=

R2 PRSHBKEANR

Table 2 Fecundity schedule of Changium smyrnioides population

1.1331, 1.2432) , £ 30~50 a BB HAF 3 M T-RBEH (A Po:jlion I Ji m; Jrmi  Jrmitl
33 NHEHAFBERIEE SN K 458 1.6094, 1. 6864 #I T ] " 0 00 0. 0000 o 00
0.7731, Changium 5 0.170  0.34 0.0580 0.29
2.3 FhBHAERS 45 smyrnioides 10 0.165 0.24 0.0390 0. 39
RN ERERT RSN TSN population 15 0. 149 0.51 0.0760 1. 14
(0519 B 3 5 BE AL 3 b BT AR TR FE 1~5 a A1 15~ 30 for Nangaofeng 20 0,059 0.36 0.0210 0. 42
o AP J a 4 25 0.019 0.16 0.0030  0.08
BRI E (A 3), HEHRFHT . HRESFRERRIANE KR 30 0.016 0.33 0.0050  0.15
A, h BRI FEE (E 4).%%%%1‘:%7‘(:}:&&%(% 2) . 35 0. 011 0.21 0. 0020 0. 07
40 0.005 0.52 0.0030  0.12
2.5 @ PH Nangaofeng 45 0.001  0.68 0.0007  0.03
—i— & l} Wenjiashan 50 0.001  0.00 0.0000  0.00
: 2.0 —4A— E 51! Yuhuangshan Ro=0.21 R,=—0.1218 A=0.8853 7'=12.81(a)
g, BRUES 1 1 0.00  0.0000  0.0000
E 1.5 Changium 5 0.110 0.34 0.0374 0.1870
v, smyrnioides 10 0.108 0.24 0.0259  0.2592
-}E 1.0 population 15  0.094 0.51 0.0479 0.7191
i for Wenjiashan 20 0.057 0.36 0.0205 0.4104
W o5 25  0.057 0.16 0.0091 0.2280
30  0.027 0.33 0.0089 0.2673
0 0 10 20 30 40 50 35 0.005 0.21 0.0011 0.0368
¥ Age (a) 40  0.001  0.52 0.0005 0.0208
45  0.001 0.68 0.0007 0.0306
H3 HESHHIEES 50  0.001  0.00 0.0000 0.0000
Fig. 3 Killing powers of Changium smyrnioides population Ro=0.152 R,=—0.1421 A=0.8676 T'=13.26(a)
80 - WI#& Nangaofeng ERBIWET 1 1 0.00  0.0000  0.0000
g O &1L Wenjiashan Changium 5 0.195 0.34 0.0663 0.3315
b ol 21l Yuhuangshan smyrnioides 10 0.177  0.39  0.0691 0.4248
g population 15 0.104  0.51 0.0531 0.7956
§ ; for Yuhuangshan 20 0.03 0.52 0.0156 0.2161
g 40| 25 0.016 0.41 0.0066 0.0640
E 30 0.013  0.47 0.0061 0.1287
g 20 L 35 0.013 0.41 0.0053  0.0956
& i 40  0.006  0.52 0.0031 0.1248
o oz “é _“ HA ¢ ] B 45  0.004  0.61 0.0024 0.1224
1 5 10 15 20 25 30 35 40 45 50 0. 004 0.00  0.0000 0. 0000
8% Age (a) Ro=0.23 R,=—0.1497 A=0.8609 T =10.02(a)
Ro ¥t 3 7 E Net reproductive rate; R, B0 H & =
B4 BRESHBEREN Instantaneous rate of increase;A J§ PR 1% & &, Finite rate of

increase; T ¥ B Generation span

Fig. 4 Age structure of Changium smyrnioides population
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. BRI FHARLEMRTERSHHN/MFHE RN, %3 AEKUHTHRSHFHER
HRAEEBXNMAFITEIFAEAX—BRBPIPELESTSE KK EHE Table 3 Seed germination of Changium smyrniocides under different
YEM . conditions

T ) B LB B 5 B S R R A 2 A X R 9 — £ 35 ragem TRERUD gp
ABETEE . W% 2R BEA R F 3 (5 2) 0 LB B fh Habitat Soil types content Germination

) B B 1 K % R, = —0.1218, — 0. 1421, — 0. 1497, & BA & i ﬁ:ﬂigﬁﬁ?ﬁuws gjﬁﬂ;ﬂ 3L.344.3 040
HERPNFHRNFETE BIBKFE R,=0.21,0.53,0. 23, ¥ /) — %1
FLEARBARESHBREYE AT UHHEMNEER  Bamboo grove Yellow soil - o-4%33 39 1£8.5
REFEMFHARPHE MR PRI EK(T=12.81a, XRE
12. 26a,10. 02a) ; J& fE 48 4 %8 A=0. 8853, 0. 8676, 0. 8609,/  Zaoratory
T 1, RUMBEATEE TR, AELRERHN A2 HEF RN . FIHEHEITE.

AMEFE RS FREBRE . M FEIHREREEEOTERBEEL. RAY m=1.678 i , FAEEF IS H B IE N K (B 5),
EHEBREEHT . m EEEDPF 1678, XURFAHEELHBEHEHS.
2.5 FEZETW

B Leslie BN UE R TBMBEBBEHESTAD, R UBEECHE N Leslie BB HMAHYRE Y ITR
T EEOWT 10 MBI BERESHIAI, K XF| R Leslie BB, LL 5 a Jyitia) 8] 5, FiM B SR BEAE A3 30 a hfb

HUBNEREHHBENL. RS BN Leslie HRERMBMWME R R O4MEH .

# Sand 10.2+4.5 64.8110.1

-0 0.34 0.23 0.4 0.29 0.13 0.14 0.03 0.07 0.68 O
0.22 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0
0 0 0.94 O 0 0 0 0 0 0 0
0 0 0 0.78 0 0 0 0 0 0 0

0 0 0 0 0.8 0 0 0 0 0 0
S 0 0 0 0 0.78 0 0 0 o 0
0 0 0 0 0 0  0.41 0 0 0 0
0 0 0 0 0 0 0 0.13 0 0 0
0 0 0 0 0 0 6 0 0.33 0 0
0 0 0 0 0 0 0 0 0 1 0

L 0 0 0 0 0 0 0 0 0 0 o

HEATTLIGE AESHBERBEENAIELN 110 8/100 m? T 30 a 51 43 /100 m?, FhBE MBI A4 3/4, 41 3K
BUZER L EREHNBHE EBILER. Leslie BEEITBRAESHBRBAR AL BRI ENR . SR 50H
5 e R
3 itig

B 2B R AT MR8 B AR5 IE 7833 — 25

HOWEAEGH. WESHNSRANROSHHRRER ) 109 é
W, MEERSERFAMBHT LB~ BEFT Hk 55 1005 %%
MFFERAMTFESNAN LR AR WA BENRT "3 JonomE
O, BRERT SRS R LR ERRAT R O B | 015 § §
AKABUEROELT R R R R g, 8 [ ZOLT T Py §
B SHMFRERTED LHR, BE 3~5 A MERE R P07t IR Miean offsoian meaibe =
7 R AR IR R MU, 55 K 2 3R A A 6 1 O — B e TR —=— #WBK Net reproductive rate

e 15 4 YT W80 1 46 T 35 4 A L K B 00 T T A E90, A o A Lnstantancous rate of increase

MF B SRR, SRR SR A

BR— 1 EESHFEAMRNES. AMXAEE S HENG HS SFERFEKRFHTFRASHBERRENXE .
4 o 2 8 (Anthriscus sylvestris) - F 8754 ;2 Fig-5 Relationship between increase rate of population and mean

WS EREE. AT SME £ FRE K, B4 ofsering number
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EROHFEE XM,
A4S TEAEIPIERB- L ERAFEBETENLZE ¥4 PAUSHEAEEEI10<10 m BRI SHEMGRE 30 a)

ARG, ZAEBPHAFAERF(EERK>FEB)E D Table 4 Numeric dynamics of Changium smyrnioides population in
BK . FEH T R EALG AR N RBEKOIE TR, 30 years
RILIS I SHBEAERIARAREENNH. AP ER  TREAgechss N N N N N N

z

S (15~ 30 2) 12 450 (45~50 &), LIS BUBLFELE 1 5 4 : e 2T
BRI L ME NI SABERRERANE o L s 4 s 4
Y ENEFEGEEE SR RIIASNERERS 15 4 13 13 23 4 ‘
R AR, FBEAETE ) T M A A R FORN R I 2 M AR 20 12 11 10 10 18 3 4
BB KT TiX 3 AN FET- R e 22 2 f z f f ;4 i

ANHESHESHBOEEAFERRE HTFHE e - s s s 3 5 s
BHBREZAPH. BFEANMEFRLIERBEAE. . MK 40 1 1 1 1 ] 1 1
. S EM A RRED, RETERGHEWED B 45 111 1 1 11
FBRTULAEALR. AHRNBENAESEIELGE .Eé,i-l-5'(;‘otal 188 104 ;5 ;1 ;9 ;4 13

MNEX , EFELEELHG~6 AM)IEEKRFEESE. HANF
B LOREHLSE M REN. ATHBEAFRERAIZY  MEARTIT AT HFURIANETRBA K.

BRBRHBEBEN AN Leslie EEIWHERRBNERENTFRTR NEEEZHER. PEREBRERYHED
RAERBEBHRE: (DNMPEHRAERBO N EKEZRESE, WHERNREMETER AP SELFRENRITH—FFARBET . A B
FRBREERRY O TFIMMEERELVHHE. M EEBIEVERAMRELLEREER(RINETREMAHATIE,
RFBER KWK, BRAXSBRTEE.
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