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Population structure and dynamic characteristics of
endangered plant Firmiana pulcherrima in Diaoluo

Mountain of Hainan Province
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Abstract: Firmiana pulcherrima is not only an endemic species in China but also a national grade
second-level key protected plant. It is naturally distributed in the tropical rainforest area of central
Hainan. To explore the survival status, development trend and the main reasons for its
endangerment of the population, this paper conducted a field investigation on the natural
population of F. pulcherrima in Diaoluo Mountain. The age-class structure of the population was
constructed by replacing time with space. The population structure characteristics and dynamic
change rules were analyzed through methods such as static life table and dynamic quantitative
analysis, and the future development potential of the population was predicted by time series
model. The results were as follows: (1) The population of F. pulcherrima was a growing type. The
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number dynamic index of entire population structure when ignoring external interference V) is
greater than the number dynamic index of entire population structure when considering external
interference V), and both are greater than 0. The maximum risk probability of population to
completely random disturbance Pmax was 1.82%. The population has a complete age structure,
weak anti-interference ability, poor growth and stability. (2)The life expectancy of the population
reached the maximum at the second age class, and then decreased with the increase of age class.
Mortality and vanish rates peaked at age I, VII and IX. The survival curve was Deevey-III type.
(3)Survival analysis showed that the population decreased sharply in the early stage and tended to
be stable in the mid-late stages. (4)After 3,6 and 9 age classes in the future, the number of
individuals in the remaining age classes increased except for the IV and VIII age classes. The
population has strong natural regeneration ability. Consequently, strong light environment
screening and interspecific competition are the main reasons for the endangerment of F.
pulcherrima. It is suggested to take measures such as moderately thinning and pruning,
strengthening population and habitat protection, actively carrying out artificial breeding and
returning population expansion to promote the growth and recovery of the population.
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SRR CORIRIREE, 2014; TS, 2022) o XIRAICRA B A 4B Y 239 B 959 J& 2
127 By RS EY 22 (Hopea hainanensis) 8B 758 (Cycas taiwaniana) L=
(Cymbidium insigne)  #&Z %>~ (Paphiopedilum appletonianum) 4 Fh[E K1 & f R B
EAEYY, WAEER (Heritiera parvifolia) « A ( Gymnosphaera podophylla) i+
(Alseodaphnopsis hainanensis) ~ WA (Chunia bucklandioides) ¥ ¥HAE ( Cephalotaxus
hainanensis) 5B XN E R B AEAE ) 92 B M 20 1L B R AUA B IRHB AR (L
MR RN, LTI OB S NS R T55, 2022; ZFREASE, 2023)

2 BT
21 WEHE

S FREE (20200 WEIVE, EEMKIAEF 20 BERAFEEEN X E 6
A 30 mX 30 m [F ML AR A AR, REASREH A LD 10 m AR RE, R A 4Ok SR 9 A
10 mX 10 m FI/MEETT, &t 54 MEERETT . WEEHL A4S (DBH) =2 om HI2ETN KM
SEARHEAT I B E SR AR R = . B4R s, DBH<<2 em MIZNH L RS FIRIES%
BRI R ARRR . W . MRS G R, SAhEAE R E 1 iR,

R 1ABENERER
Table 1 Basic situation of survey sample

P 3 4 K W Wera]

Plot Longitude Latitude Altitude (m) Gradient (°) Aspect

P1 109°49'54.15" E 18°42'4.33" N 468 6 #dt Northeast
P2 109°55'6.69" E 18°40'0.88" N 194 5 P75 Southwest
P3 109°53'43.68" E 18°40'17.72" N 275 7 It North
P4 109°53'57.64" E 18°40'5.32" N 309 8 ™ South
P5 109°53'52.29" E 18°40'0.96" N 371 5 It North
P6 109°52'55.42" E 18°40'17.01" N 468 5 #Jb Northeast
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Fig. 1 Age-class structure of Firmiana pulcherrima population
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Table 2 Number dynamic index of Firmiana pulcherrima population

EizE 7

Index

141 Vs Vs Va Vs Ve Vs Vs Vo Vio Vi Vi

Pmax

Value (%)

9545 -40.00 -50.00 30.00 -12.50 50.00 -46.67 46.67 37.50 20.00 59.02 1.07

1.82

T Vi BRI AH SR8 0 1 B B A RACTRHL: Vi 9 20 SR TP AN 254 (R O S R AR 2L
Vi 975 FEAMB TP B MRS A B S ASRAREL Punax JYFREXS 58 A REA LT DL AH 1 5 R R
Note: V, is the number dynamic index of two adjacent age classes of the population; V), is the number dynamic
index of entire population structure when ignoring external interference; ¥ is the number dynamic index of entire
population structure when considering external interference; Pmax is the maximum risk probability of population to
completely random disturbance.
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PIFESR TR IR/, B85 2B e 2R RGN 256 18 J5 I sl A a S, $ILE5E IX i
BB AEAEE TR, BOMARIR B A AR R IR WAL T S BN, FF e A AR .
FEAL A 2 Ceo) ik B S T BRI AR A 3y, A i SRR AE 58 TL RS R T sy e KM (5.3 1),
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Table 3 Static life table of Firmiana pulcherrima population

Iy )
1% 2%
Age AX ax lx lnlx dx qx Ly Tx €y K SX
DBH (cm)

class
I DBH<2 132 132 1000 6.91 841 0.84 580 1424 1.42 1.84 0.16
1I 2<DBH<7 6 21 159 5.07 15 0.10 152 845 5.31 0.10 0.90
111 7<DBH<12 10 19 144 4.97 15 0.11 136 693 4.82 0.11 0.89
v 12<DBH<17 20 17 129 4.86 15 0.12 121 557 4.32 0.13 0.88
\'% 17<DBH<22 14 15 114 4.73 15 0.13 106 436 3.83 0.14 0.87
VI 22<DBH<27 16 13 98 4.59 15 0.15 91 330 3.35 0.17 0.85
vl 27<DBH<32 8 11 83 4.42 15 0.18 76 239 2.86 0.20 0.82

VI 32<DBH<37 15 9 68 4.22 8 0.11 64 163 2.39 0.12 0.89
IX 37<DBH<42 8 8 61 4.10 23 0.38 49 98 1.63 0.47 0.63
X 42<DBH<47 5 5 38 3.63 8 0.20 34 49 1.30 0.22 0.80
X1 DBH =47 4 4 30 3.41 — — 15 15 0.50 — —

TE: AN x RBIANEEG ach A BTG x BB IAAE MRS LOPREAF TR MARL Ink bR AF
WS EG de 9 x B xt] BRI AR EALSE T8 g WPETER Lo N x B ot 1 BRI 10 4735 > 1

B TN x RPEEE x SRR EEG e NAEMBIE, KOWHRE, SOAHRR.

Note: 4, is individual number of age class x; a. is the number of surviving individuals of x age class after A

smooth sliding; /. is the standardized number of surviving individuals; Inl; is the logarithm of standardized survival

number; d; is standardized number of deaths during the interval between age class x to x+1; g, is mortality; L. is

number of surviving individuals between age class x to x+1; 7% is total number of individuals age class x to over x;

ey 1s life expectancy; K. is vanish rate; S is survival rate.

R 4 SN KA A5 2 I AR A

Table 4 Test models of survival curves of Firmiana pulcherrima population

A7 it 2 E{YNEy it AEER
. R? F P
Survival curve Fitting model Fitting results
Deevey-1I N=Noe™ N=6.241¢005 0.867 58.965 0.000
Deevey-III N=Nox® N=6.641x02 0.892 74.445 0.000

TE: No ST G x W NAFIEEG No AT AT MR TR 2L

Note: Ny is survival within age class x after smooth sliding; Ny is the number of individuals surviving in the early

stages of population formation.
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Fig. 2 Survival curve of Firmiana pulcherrima population
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Fig.3 Survival rate and cumulative mortality rate of Firmiana pulcherrima population
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Table 5 Time sequence analysis on dynamic change of population quantity of Firmiana

pulcherrima
[ PSR ET
Age class Primary data M M M

I 132 — — —
I 6 — — —
I 10 49 — —
v 20 12 — —
\% 14 15 — —
VI 16 17 33 —
VII 8 13 12 —
VIII 15 13 14 —
IX 8 10 14 25
X 5 9 11 11
XI 4 6 9 11

H: MOAZRE 3 A 64 9 MNRGN A G t B ZRIRIRER N

Note: MV indicates the population size at age t after the next 3, 6 and 9 age class.
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— 5T, NN T BA R Z A4, HENREXSAN, L mlia N4 M NS
GeERRZL, 4RI, WA E . A5 (2022) MK (Phoebe
zhennan) ) ui ISR/ A IR 1 N I A N 5645, (B4R T3 T A .
4.2 SRWH KA TR ) SRR

5 LA ST 5 R G o) ) i S A A R R 8 S BAE AR 28 I [B) T 2 — Wb 2 AR E S (R AR08 3))
A (RHEEE, 2021 , AAE5 A ] 20 F5000 ] 4l B 25 28 R ) IR PR AR AR R ok
WIESE, 2023) , EIRTTVRILE S MG A PR A AR DR SR SRR . I kR
HOREEEAEM . EMAKRFEIET R (g0 AHER (Ko SAXEHHRESE 1R, 5
BRI S A G B LRI SRR, A B (e MR B2 5ORAE,
KA TR E R ZUN A EETHAE R J5, 58N N A (R0 . e 115 USRI, i A A
FERE ST e MUJE ex BEWS LI AW, g B K AESE T 2258 VI R A6 2 R FFEBUIR
K, PR IX R POE B ZE Il . IZIEAE T B J5 R AT B2 L N K AR BA i 5, 5
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MR (REBEE, 2004) o P L ET KA FPHALE & S HEBILA MY (Salweenia
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—3, ¥ Deevey-1I1 B2k, RS EA FINGR. 5 & TR iRE . MhiE R
HHPE T2 5 n] Re 2 SRS R B A7 7155« SREN I b A e ) 57 4 45 (R 38 SR [A) S 880, W 9T UE SR
FET- S 4 KB IR B NEF M AL T R 5 T RIEFM A (Coomes et al., 2018; SAEEREE,
2020) -
4.3 RN KRR R K RS

N [8) 7 20 T 25 SRR AR i ARk 3 ANy 6 AN 9 MRS R 5, % 1L SN KA A
MEECZEEIG 2 5 IV S VI LRRAN) , Forp s T 55 IX AR X1 e R KB
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fERREE B SRTE B A A, SECMHEREIR o BRAMREIC K I 1 2 1L 40 55 T K AR 23 AT T AR T
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