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Abstract; To reveal the survival status and disturbance degree of wild population of Chimonanthus nitens
Oliv. in Wuxijiang River Basin, structure pattern, dynamic index, static life table, survival curve,
mortality rate curve, and vanishing rate curve of C. nitens population in natural forest and disturbance
forest in Wuxijiang River Basin in Suichang County of Zhejiang Province were analyzed, and survival
analysis and time sequence prediction were conducted. The results show that in natural forest, the
population structure of C. nitens is growth type; the individual number and standardized survival number
of individuals of each diameter class decrease with the increase of diameter class, and the life expectancy
decreases with the increase of diameter class in general ; the survival curve tends to B, subtype of Deevey-
II type, the mortality rate curve and vanishing rate curve both show bimodal pattern, and the two peak
values appear at I (1.5 em<basal diameter (BD) <2.0 cm) and VI (3.5 em<BD<4.0 cm) classes,
respectively; from the survival rate function, this C. nitens population has the characteristics of sharp
decline in the early stage, stable in the middle stage, and rapid decline in the late stage; after two, four,
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and six diameter class time, the individual number of each diameter class of C. nitens population in
natural forest gradually increases. In disturbance forest, the population structure of C. nitens is stable
type, the life expectancy of I (BD<1.5 cm) and I classes is evidently higher than that of the other
diameter classes, the survival curve tends to Deevey- I type, and the mortality rate and vanishing rate of
I to IV (2.5 em<BD <3.0 c¢cm) classes are negative; from the survival function, the C. nitens
population in disturbance forest has the characteristics of progressive increase in the early stage,
progressive decrease in the middle stage, and decline in the late stage ; the prediction result shows that in
the case of small diameter class individuals in C. nitens population not supplemented in time, the
population has a risk of total decline over time. Overall, the population structure of C. nitens in Wuxijiang
River Basin is still growth type. At present, the disturbance degree of C. nitens population in this area is
within the tolerance threshold, but if conservation measures are not taken timely, the development of the
population will be adversely affected. It is suggested to take measures such as in situ conservation,
artificial seeding or replanting seedlings, and construction of germplasm resources preservation bank to
strengthen the conservation and management of C. nitens population in this area, and promote the natural
regeneration and population recovery of C. nitens population.
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ex Hance ) Fl7K 42 ( Metasequoia glyptostroboides Hu et
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( Thunb.) Zoll.] . M K
( Loropetalum chinense (R. Br.) Oliv) (%8 B ( Itea
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- ( Dicranopteris pedate ( Houtt.) Nakaike) | [1128
( Neyraudia montana Keng) F1IR AT Mt ( Lophatherum
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Table 1 Basic status of test plots in Wuxijiang River Basin

LA AR IS L, 7E S5 IR YT AN ] X B, k428 11y s
MESF AR B AR A X I, BEHF 6 A Hb S 15 B AR I, K
Wi P12 P6, AR SL BRI Rl 43HE A b T AR
B 400 m?, BSR40 B 4 D FETT, o,
P1.P2 Fl P3 FEHBA T S5 VT 5 19 BE Ui AR v |
RGN KT TSR R A 2 1 i Ak (T AR R 2%
M) M2 B A 1 800 hm > ; P4 PS5 il P6 FEMLN T
N EMRAE T S5 1 5 LR RE RN (T RR T30 AR |, AR
STEEREN 1530 hm™, AAEHL A SEASESL DLF 1,
SRR TR LM R AR MR R IR AR TR AR
FEXTAE b P BT AT L A AT BRI RERT 22 07

de FEHL 2353 G W/m YR/ () Yam Hehsr A/ m? IS AT E
No. Plot Longitude Latitude Altitude Slope Slope aspect Slope position Area Canopy density
P1 TRl Mengyu E118°56'36” N28°36'16” 258 19 P4 West T Downhill 20%20 0.70
P2 ZEJH Zuojian E118°55'44" N28°32'10" 271 45 PEt Northwest T Downhill 8x50 0.50
P3  £ERE Jiaotan E118°58'29" N28°24'14" 305 50 ViR Southwest I Downhill 10x40 0.60
P4 ¥b4x— Shahuiyi E118°57'37" N28°32'40" 276 30 PERS Southwest 1 Mid-slope 20%x20 0.75
P5  ¥P4x . Shahuier E118°58'35" N28°30'50" 259 35 74 West T Downhill 20%20 0.50
P6  {P43= Shahuisan  E118°58'06"  N28°29'21" 260 25 P43t Northwest ' Downhill 20x20 0.60
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124 Diamater class

m v v v Vi v
1£4%  Diamater class

I T M IV V Vi w
1£4%  Diamater class

I.BD<15cm; II; 1.5 cm<BD<2.0 em; I; 2.0 cm<BD<2.5 cm; IV 2.5 em<BD<3.0 cm; V: 3.0 cm<BD<3.5 em; VI: 3.5 cm<BD<4.0 cm;
VI: 4.0 cm<BD<4.5 cm; VII; BD>4.5 cm. BD; %42 Basal diameter.

A: KR Natural forest; B: THiAK Disturbance forest; C: 44K Whole.

1 BEIRSLEETHENEREN

Fig. 1 Diameter class structure of Chimonanthus nitens Oliv. population in Wuxijiang River Basin
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B (2 (4.0 em<BD <4.5 cm) FIVIIZ% (BD>4.5
em) JMAEED 5/MEGMAECRAR Y, AR g (T
(2.0 cm<BD<2.5cm) & VIZ (3.5 ecm<BD<4.0
em) JIMAB R R 2 PR RESS A 2 iR AL AR
FE T U BH PR P B L e A A A 285 4 A X R (1A
1-B), BUSkRE, T 9Mm I HpMNEREGE S LA
40.3% , 2% 2 VI A% 5 R 53.2% , IR
VIR ) A AR K 5 HE N 6.69% , ] L A Ly AfE b 7
(AR AR S5 R R B R A | R R AR R MR A A
HinR L (ARG  (E1-0)

212 #*abhsemiEn TSNS

BRI L A o 1) [l U AR AR 2 SR LI 2, &t
A LA AR R R AR I AH DG R BCR 0.646, HAR G
IRBI 2 (P<0.01) 7K 306 B —JC 2Pk [l 15 5
2 H y=0.839x+2.069 ( F=258.673,P=2.684x107*)
T B L M P R 5 5 AR S S AR O AN T e

y=0.839x +2.069

FRiE/m  Height

0 5 10
JA%/cm  Basal diameter

2 ETHBNERNEZITRE L EEFMEENERER
Fig. 2 Regression model of Chimonanthus nitens Oliv. population in
Wuxijiang River Basin based on height and basal diameter
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2.1.3 ZHEBEMAIE (K 6 4R ML My R
) FEE R BRI e 25 SR (3R 2) SR s KAR M P H3 4
(3.0 m<Bki (H) <4.0 m) LB A0 MABCE I £
I 82 Bk, o AR b P LS AR A S B 1Y 35.0% 5
H5 2%(5.0 m<H<6.0 m) L1185 4 A 50 TR =

R2 SEIRSILEEMHENSEREN

12 #k, o5 AR 1l P L5 A A B 5.1% 5 H6
P (H>6.0 m) L& AR fie L8 B, iR
SRAREE Hb P 1L AR S 809 3.4% . T4k, H5
Gl R e 22, B HS ZOR H6 9111 i A
MR B 63 Ak, o T HUAORE 1 P L B A A 1R
BB 48.1% , FEARORE , LI BEARERI R ) = 5 R 4544
R LR RRREEE RS AE

Table 2 Height class structure of Chimonanthus nitens Oliv. population in Wuxijiang River Basin

KARHR Natural forest T4k Disturbance forest HEK Whole
B
Height class’ A i b/ % AR 5 H % AMEHCE /%
Individual number Proportion Individual number Proportion Individual number Proportion

H1 31 13.2 7 5.3 38 10.4
H2 51 21.8 5 3.8 56 15.3
H3 82 35.0 20 15.3 102 27.9
H4 50 21.4 36 27.5 86 23.6
HS 12 5.1 48 36.6 60 16.4
H6 8 3.4 15 11.5 23 6.3

&1 Total 234 100.0 131 100.0 365 100.0

DHI: 1.0 m<H<2.0 m; H2: 2.0 m<H<3.0 m; H3: 3.0 m<H<4.0 m; H4: 4.0 m<H<5.0 m; H5: 5.0 m<H<6.0 m; H6: H>6.0 m. H: ¥

Height.

2.2 LS EFMBNHSELST

Xof B R T L M A R 0 sh S Ak B g R
W3, M 3 AL KRR L0 g 458 ) 1) B
BAREE KT 0, FESSIEE( V) 27.71% , FlibL
T BRE(V,) R 1.15%, BEHL KUK 48 2%
(P.) 0 0.042, 156 B KSR AR v 1l 8 A 45428 21 1) A1k
B B S MR O R (A 5 Z AN T
R 7 % N S TS TN <SP B 3 7 N el N 1 8
VIS BRI KRT 0, V, (5K 7.00%, V, (5K
0.11%, P, (6} 0.016, Ui B3 T4 Ak e 1l 88 #y 2y i 4

®3 SRIRSLEBEMENHSER

PRI s LRI P /N R A P AR A AR R e S
G PR BRI G TRRE | RIRE S 32 A 3t
T, RIS MR EERRARIN B VA0, Hr v (8
KT 0, UbWZ LSRN SMALE R VAL (2.5 em<
1£(BD) <3.0 cm]) 7] V&% (3.0 cm<BD<3.5 cm) %1k
Bf 22 BIBH A, AR AR G ] B AR B ) B
BAFIEENY V(B 18.38%, V,/fH K 0.21%, P, fH
“0.011, 6 H FiF i L A A R A R B A 2
K@ Flee B 2N AT,

Table 3 Dynamic indexes of Chimonanthus nitens Oliv. population in Wuxijiang River Basin')

e e o

Ziiil - - ZjJI;m\*H B % VDyndml( 1n;lex . . v v P
1 2 3 4 5 6 7

RIRM Natural forest 8.96 37.70 26.32 25.00 42.86 66.67 25.00 27.71 1.15 0.042

THEHK Disturbance forest ~ —10.00 -44.44 -25.00 -27.27 39.39 55.00 11.11 7.00 0.11 0.016

#4K Whole 6.58 21.13 7.14 -3.70 40.74 59.38 15.38 18.38 0.21 0.011

DV Vs,V Ve Vs Ve Vs AIRAR M T (342(BD) <1.5 em ) I 11 (1.5 em<BD<2.0 cm) . T F M (2.0 em<BD<2.5 cm)  ME]IV (2.5 em<
BD<3.0 cm) IVF| V(3.0 em<BD<3.5 ¢cm) . VE|VI(3.5 cm<BD<4.0 cm) ,VIZ|VI(4.0 ecm<BD<4.5 em) MZ|VI(BD>4.5 em) BRI
4 Representing dynamic indexes of diameter classes from I [basal diameter (BD) <1.5 ¢cm) to II (1.5 em<BD<2.0 cm), II to Il (2.0 cm<BD<
25cm), oIV (2.5em<BD<3.0cm), Vto V (3.0 cm<BD<3.5cm), V to VI (3.5 cm<BD<4.0cm), VI to VI (4.0 cm<BD<4.5cm), VI
to VI (BD>4.5 e¢m) , respectively. V})i: FhEE S AT 5 Population dynamic index; V])L-'; BEWHL T4 3h 548 %0 Random disturbance dynamic index;
P, : BEHL TP XA Random disturbance risk probability.
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P S ] 118 % VB V90 L S A o A S 2 i R
(& 4) AL SRR Ll A o 45 42 R A AR B
(a,) FBRAEALAS A TG B8 (1, ) Y BEAR D0 T 32 ¥ sl
Ay T B4R (BD) <1.5 em ) BIE AT IS (e,) %
L, IR H13.493, BRKRF B A R Y N, £ R K
He 2B FREMBHE, T%(1.5 cm<BD<
2.0 cm) B T H UL LM (BD>4.5 cm) 8 VI 9%
(4.0 cm<BD<4.5 cm) 19 e {H T FFEIE R K, 7T
AE LI A B0 R /AR AR O o Bl A
J5 AR (0 PR BRIV i 385 0, 26 A7 25 0] 5 4 i

F4 SRIRBLEEMRENSSEGRY

HFEAEAZZE,; M2 (2.0 cm<BD<2.5 cm) & VIZ
(3.5 ecm<BD<4.0 cm) A M AR, $000 % 908 i,
W 2 AR X P22 5 AR Gk B VIS Ll i Al i A i
19, AR O S e | 2 i ) B L GH A

FIMA, VL (3.0 cm<BD<3.5 cm) Y a, M
LAEY e, IR e T 92V 9 (8] Bl G 78 2038 i i
B R, eV 22 VIR (8] Bl A5 A2 20 3 o i o2 ¥ sk
ANy THEN YR T — 290 b AL FE T A 1A 5L
(d,) FIAMERFET R (g )L T HZENH (2.5 em<
BD<3.0 ecm) M K % (K, ) ¥ 8 FU(E, U B Fh
i Z X SE AR G A R MRS (H il T

Table 4 Static life table of Chimonanthus nitens Oliv. population in Wuxijiang River Basin')

KERFK  Natural forest

(3

Diameter class a, I, d, q. L, T, e, In(l,) K,

I (BD<1.5 cm) 67 1 000 90 0.090 955 3493 3.493 6.908 0.094
(1.5 cm<BD<2.0 cm) 61 910 343 0.377 739 2493 2.738 6.814 0.473
IM(2.0 em<BD<2.5 c¢m) 38 567 149 0.263 493 1582 2.789 6.341 0.305
IV (2.5 cm<BD<3.0 cm) 28 418 104 0.250 366 1015 2.429 6.035 0.288
V(3.0 em<BD<3.5 cm) 21 313 134 0.429 246 597 1.905 5.748 0.560
VI(3.5 em<BD<4.0 cm) 12 179 119 0.667 119 284 1.583 5.188 1.099
WI(4.0 cm<BD<4.5 cm) 4 60 15 0.250 52 104 1.750 4.089 0.288
VIl ( BD>4.5 cm) 3 45 — — — 45 1.000 3.802 —
7 FT4HHK  Disturbance forest

Diameter class a, I, d, 0. L, T, e, In(1,) K,

[ (BD<1.5 cm) 9 134 -15 -0.111 142 1955 14.556 4.900 -0.105
(1.5 em<BD<2.0 cm) 10 149 -119 -0.800 209 1 821 12.200 5.006 -0.588
I (2.0 cm<BD<2.5 c¢m) 18 269 -90 -0.333 313 1672 6.222 5.593 -0.288
V(2.5 cm<BD<3.0 cm) 24 358 -134 -0.375 425 1 403 3.917 5.881 -0.318
V(3.0 em<BD<3.5 cm) 33 493 194 0.394 396 1 045 2.121 6.200 0.501
M (3.5 cm<BD<4.0 cm) 20 299 164 0.550 216 552 1.850 5.699 0.799
VI(4.0 cm<BD<4.5 cm) 9 134 15 0.111 127 254 1.889 4.900 0.118
VIl (BD>4.5 c¢m) 8 119 — — — 119 1.000 4.783 —
e K Whole

Diameter class a, I, d, 0. L, T, e, In(1,) K,

[ (BD<1.5 cm) 76 1134 75 0.066 1097 5448 4.803 7.034 0.068
(1.5 cm<BD<2.0 c¢m) 71 1 060 224 0.211 948 4313 4.070 6.966 0.237
IM(2.0 em<BD<2.5 c¢m) 56 836 60 0.071 806 3254 3.893 6.728 0.074
V(2.5 cm<BD<3.0 cm) 52 776 -30 -0.038 791 2418 3.115 6.654 -0.038
V (3.0 cm<BD<3.5 c¢m) 54 806 328 0.407 642 1 642 2.037 6.692 0.523
V(3.5 cm<BD<4.0 cm) 32 478 284 0.594 336 836 1.750 6.169 0.901
VI (4.0 cm<BD<4.5 cm) 13 194 30 0.154 179 358 1.846 5.268 0.167
VIl (BD>4.5 c¢m) 11 164 — — — 164 1.000 5.101 —

DBD.: 342 Basal diameter. a,: x 72 %A 1 EL Number of individuals of x diameter class; [

x 18 G AT AL A R A7 35 2L Standardized

survival number of individuals of x diameter class; d,: M x F x+1 ﬁéz}lE"Jﬁ‘?Eﬂﬁﬁﬁt/l\ﬁiﬁlxsltandardized death number of individuals from x
to x+1 diameter class; ¢, : M x B 2+ 1 BHAARIET: K Individual mortality rate of population from x to x+1 diameter class; L, : M ox B x+
1 B0 A R T 0 B Average survival number of individuals from x to x+ 1 diameter class; T, : KT 2T x B BT Total

individual number greater than or equal to x diameter class; e
Natural logarithm of [ ; K :

x

X

s v R A A W Life expectancy of x diameter class; In( 1) : I [ FH S8 XH 4L
x LAY 2% % Vanishing rate of x diameter class. —: $(#& Jo15 115 The data cannot be calculated.
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7.5
6.5

55

In(Z)

HEFPRE SBT3 LR 2k St Ze iy A fe k34— 3,
PR RUGERY 2 ANE(E A B E TR (1.5 em<IEfR
(BD) <2.0 cm ) FIVIZ% (3.5 cm<BD=<4.0 ¢cm), &i&
P3N g MK AA, KARMATEAFEE SR ECE TR
1 TP UG SURIBEAG H ¢ A1 K AE3AKF 50% , UhEH K
SRR APl B A v 300 0] DA R R, 4 Fh B AR
SE ,q K AE TR R R8BI A A S R T
A RREER A BAEHIG5R ; 124 (2.0 em<BD<2.5
em) V(2.5 em<BD<3.0 cm) ) ¢, Al K fH LT+
PAE N5 NV 2L (3.0 em<BD<3.5 cm) FFlf, ¢, 1
K MG T, 78 VIZRS iR 8l de s i, THupkd,
T AN T 92(BD<1.5 cm) A bk, 15 T 9% M2
VR g, F1 K AE TR, 32 B E, X — 15 07
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TRE 20 B 4 MR AR R R 3
BVRIG,q MK AR FT, IR 5 KRR
LA fh a3 Bk 30 4 A FR IS 42 vh e T,
2.5 WIEEHEFENEEST

FH S5 VL0 0 L 5 M o e ) 2 A o T 4 R (R
5) AT UL, RARBRA ) L E AR AR AR 0 A= 47 5 R BIORT R AR
FET- bR ) S P S AR ST a3, — 3%
(BD) <2.0 em] 2RI FF%, HBEE RIS K, BH
TR RECE T, IZ (3.5 em<BD<4.0 cm) &
BUETRIAF] 94.0% , BAR N A 47 F AL 6.0% , BLIT
Ly Mgk 3 A BRI I B, 31X — IR 45 SR 5 s A Ay

A
45 |

3.5 1 1 1 1 1 1 J
I nomN vV oVowow o
44 Diameter class

I T m v v

124% Diameter class

B
VIV 0.0 L :
I VoV
-0.5
-1.0

12%% Diameter class

—@—; KIRAHK Natural forest; —A—: THiAK Disturbance forest; ——: F{K Whole.

l,: x R IIFRUEAL IMAELE 16 X Standardized survival number of individuals of x diameter class; ¢, : M ox B x+ 1 R MAETE T Individual mortality
rate of population from x to x+1 diameter class; K, ; x f2Z ¥ 3 Vanishing rate of x diameter class. 1 ; BD<1.5 cm; II; 1.5 cm<BD<2.0 cm; III ;
2.0 em<BD<2.5cm; IV: 2.5 cm<BD<3.0 em; V: 3.0 em<BD<3.5 cm; VI: 3.5 em<BD<4.0 cm; VI 4.0 cm<BD<4.5 cm; VIl BD>4.5 cm. BD:

J£4% Basal diameter.

B3 SERITRELEEHENTEMR(A) FETERML(B) MiFRERMLE(C)
Fig. 3 Curves of survival (A), mortality rate (B), and vanishing rate (C) of Chimonanthus nitens Oliv.
population in Wuxijiang River Basin
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Table 5 Survival analysis on Chimonanthus nitens Oliv. population in Wuxijiang River Basin

B KARFK  Natural forest FHihk  Disturbance forest IR Whole

Diameter class g}y FGY  fi) A(h) S(i) FGY  fi) A(d) S(i) FGY  fi) A(h)
I 0910  0.090  0.045  0.049 1111 -0.111  -0.05 -0.050  0.934  0.066  0.033  0.035
| 0.567 0433  0.172  0.303 2000 -1.000 -0.444 -0222 0737 0263  0.099  0.134
mm 0418 0582  0.075  0.179 2667 -1.667 -0333 -0.125  0.68 0316  0.026  0.038
I\ 0313  0.687  0.052  0.167 3.667  -2.667 -0.500 -0.136 0711  0.289 -0.013 -0.019
\% 0179  0.821  0.067  0.375 2222 -1222 0722 0325 0421 0579  0.145  0.344
Vi 0.060 0940  0.060  0.990 1000 0.000  0.611 0611  0.171 0829  0.125  0.731
VI 0.045 0955  0.007  0.167 0.889  0.111 0056  0.063  0.145 085 0013  0.091
VI 0.000  1.000  0.022 — 0.000 1000  0.444  — 0.000  1.000  0.072 —

D 1.BD<1.5cm; I[: 1.5 cm<BD<2.0 cm; Il: 2.0 cm<BD<2.5 cm; IV: 2.5 em<BD<3.0 cm; V: 3.0 em<BD<3.5 cm; VI: 3.5 cm<BD<4.0
cm; VI 4.0 em<BD<4.5 cm; VI BD>4.5 cm. BD; 3£42 Basal diameter. S(i): A= 7R BB %L Survival rate function; F (7). RFIET- R K%L
Cumulative death rate function; f(#i) : JET=% & PR AL Mortality density function; A (ti) : GBS R BE4X Hazard rate function. —; $(4E 031155 The

data cannot be calculated.

TER—F, el WLz L SRR R ELA 2 i B 40
I R AR OE | B I PR S B R A SR TR
PRELTE 1T gl bt BAE AR AR BN,
SR PR FET 3R T 2 RN O Sl 48 ) A fb sk A —
AR 2 A, A3 ELE 1T 9OR VIZR

FHepkr, LSRRI RE A A= A7 R R AR RSB T
RRB AR DA, BT ST R RS, 5
M SEREAR S T, H =35 ¥ IV (2.5 em<BD <3.0
em) (I3 00, HHAEAESR R BT L, i 1L s Al
TEELA Sl 3 1 | P S ek i I R 1 R A
SO % B R AR B W (A 1R BAE V 2% (3.0 em<BD <3.5
em) , e [ 56 pR A WG HH 7 VIZ

x
o

70
60
50
40
30
20
10

Individual number

TR

/I\

PR | R VLI L AR B 1 A AR bR R
I ZBIET R R R H 5 AR MEEAAR ], B
HAETF R R MR AMT R, BRIET- R AG
S REL AR R R, [ % (BD<1.5cm) 2V
PRINBET % B R BUIR T R R IRAR 1TV 2 28 9%
(BD>4.5 cm) PIFET % B pREL = T[RRI IRAR
2.6 LLiBEHE AR B A B 18] R B T

XS EIL B LSRR 20T 2 4 F1 6 MRS
B MRS A AR AR AT T, 25 2R LI 4, 2
REIR 40 2 4.6 DGR, KRR 1L A
FhEE AR ARSI B2 WG 22 | S48 1 5371 Ry
36.5% 87.4% 1 65.9% , THLARH, 52 1L Mg AP RE )

0 1 1
rm m v v v W W I o m

124%% Diameter class

v v v

1249 Diameter class

1
0
Vi VI I m m v vV VI VI W
124 Diameter class

—o—. YR M AMAEE Number of individuals of each diameter class at present; —O—: 23 2 MR ] G B R A R B Number of
individuals of each diameter class after two diameter class time; ——; 283 4 MR HE] 5 £ 42 F 09 MA % Number of individuals of each diameter
class after four diameter class time; ——; 2833 6 MR E] 5 42 200 MAKCE Number of individuals of each diameter class after six diameter class time.
I.BD<15cm; II;1.5cm<BD<2.0 em; I; 2.0 cm<BD<2.5 cm; IV: 2.5 em<BD<3.0 cm; V: 3.0 cm<BD<3.5 em; VI: 3.5 cm<BD<4.0 cm;

VI: 4.0 cm<BD<4.5 cm; VII; BD>4.5 cm. BD; %48 Basal diameter.

A: KR Natural forest; B: THiAK Disturbance forest; C: 44K Whole.

B4 BEiTiiE s ieThEE e sh A5 6t iE FF 50

Fig. 4 Time sequence prediction of Chimonanthus nitens Oliv. population in Wuxijiang River Basin
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