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Abstract: Statistics on three natural populations ( Zhushan, Gucheng T1 and Gucheng T2) of Toona
ctliata Roem. in northwestern Hubei were carried out by contiguous grid quadrate method, individual
quantity dynamic index (V,) in different age classes, static life table and survival curve of different
populations were analyzed by method of diameter class structure of tree replacing age structure of
population, and spectrum analysis of three populations was also conducted. The results show that all of
three populations of T. ciliata belong to growth population, individual quantity dynamic index of
Zhushan, Gucheng T1 and Gucheng T2 populations in natural state is 46.27% , 53.46% and 37.71% ,
respectively. And standardized survival curve of three populations is conformed to be Deevey Il type,
Deevey II type and Deevey I type, respectively. Mortality of sapling in the 2nd age class (2.5 ecm <
DBH ( diameter at breast height) <7.5 cm] of three populations is comparatively high, that of sapling in
the 3rd age class (7.5 em<<DBH<12.5 cm) of Zhushan population is the highest, that of big tree in the
7th age class (27.5 em<<DBH<32.5 c¢m) of Gucheng T1 population is the highest, and that of middle-
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aged tree in the 6th age class (22.5 em<DBH<27.5 e¢m) of Gucheng T2 population is the highest.
Average life expectancy of individuals in the 1st age class (DBH<2.5 cm) and the 2nd age class of three
populations is relatively high. Amplitude of fundamental wave of Zhushan, Gucheng T1 and Gucheng T2
populations is 1.061 6, 1.097 1 and 0. 788 2, respectively, and their obvious minor cycles appear in the
4th, 2nd and 4th harmonic waves accordingly, which is indicated that there is periodicity in regeneration
of natural population of T. ciliata in northwestern Hubei with multi-harmonic wave superposition of minor
cycle, and fluctuation of population is in accordance with V, value of age class. The analysis result of
population dynamics shows that due to strong light-demanding physiological feature, natural population of
T. ciliata is under restriction of environmental sieve and experiences environmental disturbance, resulting
in loss of sapling and deficiency of middle-aged plants, which is the principal extinctive factor of T.
ctliata. Therefore, some suggestions for T. ciliata are proposed, including intensification of artificial
positive “disturbance” to make forest gap, increase of natural regeneration capacity of population, and
species introduction and afforestation, to preserve and develop this endangered plant resource.

Key words: northwestern Hubei; Toona ciliata Roem.; population dynamics; static life table; survival

curve; spectrum analysis
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Table 1 Environmental characteristics of three communities of Toona ciliata Roem. in northwestern Hubei
N +- 4 Moy NATHh
R72) i3
R s GEE WBUm? Wm BE(0) DO g geme PHIT e WA T
: ) . . . Slope 3 . pH Canopy
Community Longitude Latitude Area Altitude Slope .. 5y Aspect Soil 1 Forest h Human
position” " value 5) density disturbane
type type isturbance
1 E110°01'59"  N31°39'58" 400 660-665 21 L ES15° MYB 6.5 BB 0.40 0.4
2 E111°15'59"  N32°01'20" 300 394-402 35 MU WN55°  YB 6.2 DE 0.65 0.1
3 E111°15'25" N32°01'32" 475 298-314 22 ML WN65°  YB 6.3 DE 0.70 0.6

D1 #7100 Zhushan; 2: 4838 T1 Gucheng T1; 3: A% T2 Gucheng T2.

D L. FHA Lower slope; MU 1 b 347 Middle and upper slope; ML F1 R 3457 Middle and lower slope.

3SE. AMWFS East by south; WN. PE{i-t West by north.

4 MYB: 1L # 4758 Mountain yellow-brown soil; YB: I Yellow-brown soil.
S) BB, [@H4TH#k Broad-leaved and bamboo forest; DE: J&M% £k RE M AK Deciduous and evergreen broad-leaved forest.
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K B4R 2(2.5 em<DBH<7.5 em) , ZhHH4%
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Table 2 Individual quantity dynamic index in different age classes of three populations of Toona ciliata Roem. in northwestern Hubei')
\ R MR S A48 %
ki ) Individual quantity dynamic index in different age classes V./% V. %
Population v ’
v, V, Vs Vy Vs Ve v, Vg

Prii##f Zhushan population 69.49 -21.74  60.87 -43.75  81.25 33.33 -50.00 — 46.27 5.78

A3 T1 FBE Gucheng T1 population 82.35  -43.75 -15.79 80.47 -60.00  80.00 -66.67 66.67  53.46 5.94

A9 T2 #E Gucheng T2 population  47.82  —16.28  74.42  -56.00 72.00 -22.22 66. 67 — 37.71 1.57

1>V]

F 1B 2 I AMARER S A FE S Individual quantity dynamic index from the 1st to the 2nd age class; V, : 2 2 FI58 3 WA RE = 3h T8

Eie Indwldual quantity dynamic index from the 2nd to the 3rd age class; V;: %3 F% 4 ﬂf‘g&/\ﬁiiﬂliﬁﬂﬁﬁliﬂl Individual quantity dynamic index
from the 3rd to the 4th age class; V,: 554 |55 ﬁ'\ﬁ/\ﬁigﬁmﬁﬂk}ﬁﬁl Individual quantity dynamic lndex from the 4th to the 5th age class; Vs : 5

5 F5E 6 WHAAEE B ATE 7;& Individual quantity dynamic index from

Individual quantity dynamic index from the 6th to the 7th age class;
the 7th to the 8th age class;

the 5th to the 6th age class; V,: 5 6 £ 7 ﬁ'\ﬂ&/\ﬁgiﬁézﬁ]k&lﬁ

5B 7 B 8 WA Lj]jthfﬂl Individual quantity dynamic mdex from
Vg . 55 8 B 9 I g E o s fﬂ( Indlvldual quantity dynamic index from the 8th to the 9th age class;
PR T B ARBUR 3 5454 Individual quantity dynamic index of population in natural state ; V'

. AR
SR T AL ﬂ‘ﬁ‘f/\ﬁiiﬁliﬁﬂf*ﬁﬁ Indwldual

quantity dynamic index of population under external disturbance. —: JCX} NV #% %% No corresponding age class.

A B B N-43.75% . —15.79% . —60. 00% F
-66.67% ,UtHTIZFPREIX 4 MR H IR 2E 2V, |
V, Vo Bl V(5 8 5 9 W4 90) I P M AR R 4k
MgV, (E R 5. 94% 18 3 S FRE T RO, U]
AR AR R BB R ) Ak . AR IR T2 A
ﬁ$ﬁ%&%VDVﬁV%%%Awﬁgmﬁhﬁﬁ

TG H VIS PR R B S R AU, A T
ﬁmﬂ:@ﬁﬁﬁVﬁﬁWﬂ%“ﬁnﬁﬂﬁ
1.57% ,8/INTHT 2 ASFEE 48 30 T2 FhRE ARt R 1
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ﬁh%mﬁkﬁﬁﬁﬁ%mﬁ%ﬁﬁ¢Wﬁwﬁwo
PPk T1 AR RSB T AMA S (d ) FESE 1 &2
55 8 W MBI PG KB AL TR 5 9 G U I
B T2 FPEE d (EAESE 1 255 9 I S KB
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Table 3 Static life table of three populations of Toona ciliata Roem. in northwestern Hubei'!

i Population e, a) L d, q, L, T, E, In(a,)  In(l,) K,

Ay FE 1 59 57 1 000 298 0.298 850.877  2219.298  2.219 4.043 6.908 0.354

Zhushan population 2 18 40 702 298 0.425 552.632  1368.421 1.950 3.689 6.554 0.553
3 23 23 404 246 0. 609 280.702 815.789  2.022 3.135 6.000 0.938
4 9 9 158 18 0.111 149.123 535.087  3.389 2.197 5.062 0.118
5 16 8 140 18 0.125 131.579 385.965  2.750 2.079 4.944 0.134
6 3 7 123 18 0.143 114.035 254.386  2.071 1.946 4.811 0.154
7 2 6 105 18 0.167 96.491 140.351 1.333 1.792 4.656 0.182
8 4 5 88 88 — 43.860 43.859 — 1.609 4.474 —

A T FiEE 1 51 54 1 000 259 0.259 870.370  2203.704  2.204 3.989 6.908 0.300

Gucheng T1 population 2 9 40 741 444 0.600 518.519  1333.334  1.800 3.689 6.608 0.916
3 16 16 296 37 0.125 277.778 814.815  2.750 2.773 5.691 0.134
4 19 14 259 74 0.286 222.222 537.037  2.071 2.639 5.558 0.336
5 2 10 185 74 0.400 148. 148 314.815  1.700 2.303 5.221 0.511
6 5 6 111 37 0.333 92.593 166. 667 1.500 1.792 4.711 0.405
7 1 4 74 56 0.750 46.296 74.074  1.000 1.386 4.305 1.386
8 3 1 19 0 0.000 18.519 27.778  1.500 0.000 2.919 0.000
9 1 1 19 19 — 9.259 9.260 — 0.000 2.919 —
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ik Population x2) a, a,’' l, d, q, L, T, E, In(a,) In(l,) K,

A T2 PPt 1 71 62 1 000 194 0.194 903.226 3 225.806 3.226 4.127 6.908 0.215

Gucheng T2 population 2 36 50 806 194 0.240 709.677  2322.580  2.880 3.912 6.693 0.274
3 41 38 613 129 0.211 548.387 1612.903 2.632 3.638 6.418 0.236
4 11 30 484 113 0.233 427.419 1064.516 2.200 3.401 6.182 0.266
5 25 23 371 113 0.304 314.516 637.096 1.717 3.135 5.916 0.363
6 7 16 258 113 0.438 201.613 322.580 1.250 2.773 5.553 0.575
7 9 9 145 97 0. 667 96.774 120.967 0.833 2.197 4.978 1.099
8 3 3 48 48 — 24.194 24.193 — 1.099 3.879 —

Dx. #9% Age class; a,: x BEAFIE S Survival number at x age class; a,’; I ANBER HY x WEHAFTEMAESL Homogenized survival number at x
age class; [ : x WA T UE I BRI AE TS M4 %K Standardized survival number starting from x age class; d, : x 2| x+1 RRIRIBR I N bR AELSE T
1&%4 Standardized mortality from x to x+1 age class; g, : x 3| xv+1 9L E BRI I JE T2 Mortality rate from x to x+1 age class; L, : x $ x+1 #Z[H]
W 1 [E1] P A7-36 AR Survival number from v to a+1 age class; T, : x 8L « WG LA 1 OFFIE A B K Total survival number from x age class to
higher age class; E, ; A x GRS H ey Average life expectancy of individual into x age class; In(a,) : a, f{) H SR XT %X Natural logarithm
of a3 In(l,): [, ) SR XL Natural logarithm of [, ; K, : PAE Loss rate. —. X IS {E No corresponding theoretical value.

21, DBH<2.5 cm; 2: 2.5 em<DBH<7.5 cm; 3: 7.5 em<DBH<12.5 cm; 4: 12.5 em<DBH<17.5 cm; 5: 17.5 em<DBH<22.5 cm; 6: 22.5
em<DBH<27.5 c¢m; 7: 27.5 em<DBH<32.5 c¢m; 8: 32.5 em<DBH<37.5 ¢cm; 9. DBH=37.5 cm.

551 ZA 3 WA AR 0 o, B4R 4 1%
Gy DC IR SR A | g (8 B, RhREZ AR E K e
BT FIREZ N THLE/N 56 7 1% g (H i, >
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W AR AE A 2 BT 5K 28 S ¢, fH A
0.600, F TR K B AT e th TORIRAMEA L, 4
PEAMRI ALK 56 8 W5 ¢ fH°M 0. 000, B BHIZ I 2
LT RE i AR 12 SR SE 3 . A9k
T2 FhRESZ AN T, 5B ¢ A%, A
0.194, i, 755 7 9% g HEm, >
0.667 , TE M 27 2 1) TR BR FIHE A 848, B AF7EN
TR,

W1 (E, ) SO i 9 N AR 9 7 35 4 47
FP L LA E (ST A GOR B, R
3.389, MRBR H fe ik Al Ay Sy FAAF A, AR T A
) E AS7E5 3 WPk NG, Jy 2. 750 , FLALAR 4 0%
{ECUEBH 2 R R v A A S G i, R A R ZVE UK
W AL FPRE G HAR B BB, 3 T2 R
EABAESS 1 SGGRBIEME by 3. 226, & T RIS G A
2 ANFPRE, UL BRI S 7 01 A K T S R R, A AT
et ey, L 288 0 AR ) 5 4 20 N 5, A A 5
HARHT TR, 3 NSRRI (K,) 5 ¢ [H2 1L
TREEmS A AR BRI EE K AHS ¢ R —
.

2.2.2 AEWES>M  AEMEEM TS
B SR T R R I AT I B, TR o e A I 4
AR Y A SRR BB AR AR SR B 2R
FEUR B A5 AL AT AR E ) FL AR XSS In (1,) A

AR DL 2 O R AL AR AR TR 2RA £ Pl 1) A 355 i
(1) o MARUEAFIE TR M X e R4 R?
FFAH, ARG 2 R 45 R Wk 4, 71l
AU T MR I T2 FRE A8 A o A A7 3 il 200 5 Dy
Deevey %Y Deevey Il BIFI Deevey I #Y, B #2038
R AT LA REAS A B 1 s/ 5 A8 I T1 R AR 2.
S5 4 0 5F 5 U A PR B0 0 2R B At 1 S RS

7.5
6.5

55

In(1)

45

35

2 5 1 1 1 1 1 1 1 1
W2 Age class

—o—: Tt Zhushan population; —m—: AT MRt Gucheng T1
population; —a—: A3k T2 #H# Gucheng T2 population.

In(l, ) s HE 0% 20T 4R I B0 A oE AL A7 35 A R B RS H 9K X 8L Natural

logarithm of standardized survival number starting from some age class.

1. DBH<2.5 cm; 2: 2.5 em<DBH<7.5 cm; 3: 7.5 em<DBH<12.5
cm; 4. 12.5 em<<DBH<17.5 ¢m;5: 17.5 em<DBH<22.5 c¢m; 6. 22.5
em<DBH<27.5 c¢m; 7: 27.5 em<DBH<32.5 cm; 8: 32.5 em<DBH<
37.5 cm; 9: DBH=37.5 cm.

B 1 SBEAL3 MBMERAELEERE
Fig. 1 Standardized survival curve of three populations of Toona
ciliata Roem. in northwestern Hubei
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Table 4 Regression equation of standardized survival curve of three
populations of Toona ciliata Roem. in northwestern Hubei

o R 2
ey RO FEng
" 1) Regression R? F Sig. o

Population™”  ~ . Survival

q curve type

1 y=7.251x"%22  0.940 93.567 0.000 Deevey Il

2 y=8.299¢70-11%  0.914 74.555 0.000 Deevey II

3 y=7.903¢7%91*  0.851 34.209 0.001 Deevey Il

D 1. 71 #h B Zhushan population; 2 AW T Fh R Gucheng T1
population; 3 DR T2 P Gucheng T2 population.

SE, FEBH 2T 5 BH M 0 AR R BRI R 1) 4 oV
AU T2 FREAESE 2 B T WP IRBUR L YA
KRBT 20 R AR AP EE R B B e, R T4k
BT B EZ N R X 5 B LC AR R 2h & 1R
J s L
2.3 LIHEMBERES R

T8 S AR R 6% G 5 R 28 20 W A BB SE PR AT
B A I SRV LIAR TR ) 2, DL A A R 9
VE R 5 1% o3 A B 9 22, 30 P RE IO Y 9 2% (n) B9 9%
8 WAL HE, P (k)= n/2=4, SPP5IL 3 DELHER
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Table 5 Periodical fluctuation of three populations of Toona ciliata
Roem. in northwestern Hubei

N R
it 22 Amplitude of each harmonic wave®)
Population"
A, A, A Ay
8 1.0616 0.4502 0.0412 0.5481
2 9 1.0971 0.1502 0.8490  0.000 6
8 0.7882 0.3464 0.0430  1.006 7

D 1. 71 fh B Zhushan population; 2 AW T R Gucheng Tl
population; 3: Z3 T2 ### Gucheng T2 population.

D, PRI S Age class range of each population.
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