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Population structure and dynamic characteristics of the endangered plant
Trachycarpus nanus in different habitats

BAO Chongyin', SUN Yongyu®, LI Minmin®*, XING Hongming', QI Jianhua'"
(1 College of Forestry, Southwest Forestry University, Kunming 650224, China; 2 Institute of Plateau Forestry, Chinese

Academy of Forestry, Kunming 650224, China; 3 Yunnan Forestry Survey and Planning Institute, Kunming 650051, China)

Abstract [ Objective | The authors analyzed the population structure and dynamic characteristics in differ-
ent habitats and explored the main influential factors, so as to provide basis for the protection, restora-
tion, and renewal of the population in this area. [ Methods] In order to understand the population structure
and dynamic characteristics in different habitats, the static life table, survival curve, and survival analysis
function curve of the population were drawn by investigating the population of the Trachycarpus nanus in
three different habitats (broad-leaved forest, mixed forest, and thicke) in Dajianshan Nature Reserve of
Chuxiong. Population dynamics were predicted by using the time series model. [Results| (1) In the three
habitats, the population was in a declining state, and was sensitive to external interference. The survival
curve was Deevey-Ill type, and a large number of individuals died in the seedling stage. (2) In the three

habitats, the distribution of T". nanus population was uneven and clustered, indicating that seed spreading
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of the T. nanus was centered around the mother plant. [Conclusion] The population density of T. nanus

was the highest in the broad-leaved forest, followed by the mixed forest, and the smallest was shrub.

Combined with the study on the population age structure, it was further proved that the broad-leaved for-

est and the mixed forest with better water conditions were more conducive to the survival of the population.
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Table 1  Basic situation of the population quadrat of T. nanus
MR 5 IR W) WE WL AR FA AR
Vegetation Quadrat  Altitude Slope Slope Slope Canopy Human
type number /m direction /(%) position density interference

1 1986 Fi ¥ South slope 15 H1# Middle part 0.4 WA Felling and grazing
2 1987 TE 3% Southwest slope 10 I3 Upper part 0.4 A% BB Felling and grazing
3 2 069 %44t 3% Northeast slope 25 T#B Lower part 0.4 TRAX B Felling and grazing
4 2071 3% South slope 28 B Upper part 0.6 WA T Felling and grazing
5 2 099 P4 b3 Northwest slope 5 T# Lower part 0.4 J& No interference

l}}?rlzﬁ 6 2105 M South slope 30 &8 Upper part 0.6 AR B Felling and grazing

lff;\:(: 7 2106 M South slope 30 1 [ Middle-upper part 0.5 AR B Felling and grazing
8 2121 Vi3 Western slope 45 %8 Upper part 0.4 WA U Felling and grazing
9 2138 M3 South slope 15 |k Upper part 0.4 L Graze
10 2 144 P4 b3 Northwest slope 10 H1# Middle part 0.5 WA I Felling and grazing
11 2 151 Pt Northwest slope 40 Fr |3 Middle-upper part 0.6 A% Chop down
12 2213 Pt Northwest slope 30 F#B Upper part 0.6 AR U Felling and grazing
13 2 069 Jb 3% North slope 30 H1 |- Middle-upper part 0.5 AR B Felling and grazing
14 2193 Pi I Western slope 20 R # Lower part 0.5 B A& Felling and grazing
15 2 216 %3 Eastern slope 30 H1 R Middle-lower part 0.6 X% Chop down
16 2118 Jt % North slope 30 H1 R H Middle-lower part 0.4 X% Chop down
17 2198 Z b3 Northeast slope 30 HR B Middle-lower part 0.5 A% Chop down

ﬁ%a‘(\@ 18 2 107 Pt Northwest slope 30 H1 R # Middle-lower part 0.4 J& No interference

lX[)lrti? 19 2 166 T3 Western slope 30 H1R# Middle-lower part 0.6 JC No interference
20 2 159 PEIL 3 Northwest slope 35 R #B Lower part 0.5 J& No interference
21 2163 Jt3 North slope 35 R # Lower part 0.6 J& No interference
22 2123 Jt % North slope 30 T#B Lower part 0.4 #hHb k1% Arable land and felling
23 2162 Z<dt 3 Northeast slope 20 3 Upper part 0.5 J& No interference
24 2 083 TiR % Southwest slope 20 T#B Lower part 0.6 BEH A Ploughing and grazing
25 2 070 Jt 3% North slope 15 F# Lower part 0.4 BEH A Ploughing and grazing
26 1977 Jb3 North slope 25 T Lower part 0.6 #BEHL KK Ploughing and grazing
27 1985 P4 b3 Northwest slope 20 R # Lower part 0.3 B Ploughing and grazing
28 1974 % b3 Northeast slope 10 H1 R H Middle-lower part 0.5 PFHb Plowland
29 2212 Jb3% North slope 50 T Lower part 0.6 JC No interference

N 30 2 230 Jb3% North slope 45 T Lower part 0.4 J& No interference

Thicket 31 2 250 Pidl Western slope 10 I Middle part 0.5 Btk B Felling and grazing
32 2195 T3 Western slope 30 H1 R Middle-lower part 0.5 A% T Felling and grazing
33 2 030 Pi L% Northwest slope 20 T Lower part 0.5 JG No interference
34 2119 ¥ Southeast slope 10 T#B Lower part 0.5 HEH A Ploughing and grazing
35 2118 ViR Southwest slope 45 ¥ Upper part 0.3 AR I Felling and grazing
36 2142 5% Eastern slope 20 3B Upper part 0.4 A% Felling and grazing
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Table 2 Classification of age structure of T. nanus populations

gy I f4 b 4 A P T
Life period Blade index Age class Average density/(plant/mz) Average height/m Mean crown width/m
Zbﬁi?f%r\l?i 0<IN=<3 1 0.46 0.17 0. 81

Juvenile stage 3<N<6 1 0.34 0.35 0.99
6<<N<9 Il 0. 30 0. 37 1. 36
9<IN=<12 v 0.22 0.41 1.43
JEA U
thieb B 12<N<15 v 0.18 0. 43 1.47
Middle age stage

15<<N=<18 W 0.25 0.45 1.52
18<CIN=<21 VI 0.22 0.57 1.53

+ 24 N<C | .15 . 65 .5
S B 21<<N=<24 Vil 0. 15 0. 65 1.57
Mature stage 24<IN<27 IX 0.02 0.98 2.02
N=28 X 0.01 1.15 2.65
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Fig. 1 Funnel map of the age-level structure

of T. nanus populations in different habitats
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Table 3 Dynamic change index of the age structure

of T. nanus populations in different habitats

A FEH Dynamic index

ﬁ%&ﬁ%ﬁm
Anamics VA K B IR S A HEMA
exponential Brol‘?gr’lifved Mixed forest Thicket
v, 56. 60 25. 40 25.93
v, 56. 52 87.23 87. 50
v, 85. 00 33.33 —16.67
v, —70.00 —69.23 —25.00
Vs 50. 00 69. 23 0. 00
Vs —50.00 0. 00 37.50
v, 50. 00 —50.00 0. 00
Vy 40. 00 50. 00 20. 00
Vy 33.33 75.00 50. 00
vV, 53.56 45. 90 39.01
\ 2.68 4.59 1.95
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Table 4  Static life of T. nanus populations

i e R/

Vegetation  Age a L d, 4 L, T, b . Int,
type class

I 106 1000 189 0.19 906 4749 0.21 4.75 6.91

Il 86 811 188 0.23 717 1887 0. 27 2.33 6.70

I 66 623 189 0. 30 529 1170 0.36 1.88 6.43

\d 46 434 189 0. 44 340 642 0.57 1.48 6.07

Jid] B Vv 26 245 188 0.77 151 302 1.46 1.23 5.50
Broad-leaved

forest Vi 6 57 10 0.18 52 151 0.19 2.65 4.04

VI 5 47 9 0.19 43 99 0.21 2.11 3.85

W 4 38 10 0.26 33 57 0.31 1.49 3.64

X 3 28 9 0.32 24 24 0.39 0. 84 3.33

X 2 19 2.94

1 63 1000 190 0.19 905 4749 0.21 4.75 6.91

Il 51 810 191 0.24 715 1921 0.27 2.37 6.70

I 39 619 190 0.31 524 1207 0. 37 1.95 6.43

\ 27 429 191 0. 45 334 683 0.59 1.59 6.06

St FIR b V 15 238 159 0.67 159 349 1.10 1.47 5.47

Mixed forest i 5 79 16 0.20 71 191 0.23 2. 41 1.37

VI 4 63 15 0. 24 56 120 0. 27 1.90 1.14

I 3 18 16 0.33 10 64 0.40 1.33 3.87

X 2 32 16 0.50 24 24 0.70 0.75 3.47

X 1 16 — — — — — — 2.77

I 54 1000 185 0.19 908 3167 0.21 3.17 6.91

Il 44 815 185 0.23 723 2 260 0.25 2.77 6.70

I 34 630 186 0. 30 537 1537 0.35 2.44 6.45

\d 24 444 185 0.42 352 1 000 0.54 2.25 6.10

I V 14 259 111 0.43 204 649 0.56 2.50 5.56

Thicket Vi 8 148 18 0.12 139 1445 0.13 3.01 5. 00

VI 7 130 19 0.15 121 306 0.16 2.35 1.87

] 6 111 18 0.16 102 186 0.18 1.67 1.71

X 5 93 19 0. 20 84 84 0.23 0.90 4.53

X 4 74 4.30

Eia,. fE x FEH N ARECEI WAL TS MK L, AR 2 SFIRGOT IR AR LA T BRG], o IR RE] o+ 1 AR 90 b o
T H g, N o FRHE] o+ 1 ARG BRI ASE TR LN o AR o+ 1 MRS M AREG T, N 2 SRR B« 4RI
IR B b, AR AT R R e, EA 2 IR R s — R T S — I G e B T B

Note: a,» number of surviving individuals within x age class after smooth treatment. [, , standardizing the number of individuals alive at

the beginning of the x age level. d, . standardized death from the x age group to the x +1 age group. ¢, mortality rate during the interval

from x age class to x +1 age class. L, , average number of individuals surviving from x age class to x +1 age class. T, ., total number of indi-

viduals from x age level to over x age level. %, disappearance rate by age group. e , life expectancy of individuals entering the x age class.

represents data that cannot be calculated because x is the last age level.
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Table 5 Test models of survival curve of
T. nanus populations
B A VN

3 X
Habitat type Equation R F P

B Ak y=100.1402 7% 0.977 8 130.548  0.000
Broad-leaved
forest y=65.502¢ 357 0.847 2 5.379  0.007

y=64.2332z " 0.844 9 22.891  0.000

Bt [ TR 38 bk
Mixed forest

y=44.999¢ ¥ 0.803 9 5.525  0.007

WE A y=51.053z "**  0.8701 23.931  0.000
Thicket y=36.521e “%T 0,784 2 5.423  0.007
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Fig. 2 Mortality and disappearance rates of

T. nanus populations in different habitats
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Fig. 3 Survival curves of T. nanus

populations in different habitats
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Fig. 4 Survival rate and cumulative mortality of T. nanus populations in different habitats
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Fig.5 Death density and risk rate of T. nanus populations in different habitats
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Table 6 Time series of T. nanus population dynamics in different habitats
s [# - #K Broad-leaved forest A TR MK Mixed forest M\ Thicket
53
Age  JRIHEE J5 R B Tk B A
class  Primary M, M, M Mg Primary M, M, M Mg Primary M, M, M My
data data data
1 106 63 54
il 46 76 47 55 40 47
Il 20 33 6 27 5 23
N 3 12 44 4 S 30 6 6 26
V 10 7 20 13 9 18 8 7 15
Vi 5 8 10 32 4 9 7 23 8 8 7 20
M 10 8 7 16 4 4 6 13 S 7 7 12
W 5 8 8 9 26 8 6 7 7 19 5 5 7 6 16
X 3 4 6 6 13 1 6 5 6 11 1 5 6 6 10
X 2 3 5 6 7 1 3 4 6 6 2 3 4 ) )
2.6 MBZESHEE 0, KM R RENM AT R (D IR T 0, H AP
B 7 AT, 3 RO | A= 5T e A bR &5 ) 43 RERUREE 734 e bR PP RE R S F R B (PO R T 1,
kg SR &0 2 RN, AR BEY BUR 8 C=S7/X  FMBERRESAR. FHo A 5 R Pk 48 B

IR 1,46 KT 1. R R AE 0 T 048 %K
(KO RF 0, B RBES; Cassie TR (CHYKTF

RGGEFN 1. 15, i bR A 35 09 58 e k45 B /N L AR
1. 06,
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Table 7 Spatial distribution patterns of T. nanus populations

AR ; G347 1 )R
Vegetation ﬁ% 91 SP/X K C C, I M P Distribution
Variance =~ Mean
type pattern

it 6 15 R
Broad et I o 10.53 722 146 1575 L. 0.06 1.69 2.16  1.06 Aggregarion derribution

B 1 1R 3 Ak . . RE5A
Mixed forest 7.53 5.16 1. 46 11.23 1. 0.09 1.81 2.06 1.09 Aggregation distribution
et 4.58 3.14  1.46  6.85 1. 0.15 2.14 1.8 1.15 Aggregation distribution

E:ST/X.FE/ MK 0 RGO Y IS C, . Cassie 3850 T MEIREGM P35 % P BRI H

<2 . . . . . . . . ~ N . . . "
Note: S°/X, variance/mean. K, negative binomial index. C, diffusion index. C,, Cassie index. I, clumping index. M " , average con-

gestion. P, clustering index.
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