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Abstract: Phoebe zhennan S. Lee is a rare and endangered tree species in China, a nationally protected secondary plant. Tt
is mostly scattered in the wild in subtropical evergreen broad-leaved forests below 1500 m above sea level. As the primary
populations are almost destroyed, the existing resources are limited and scattered. Karst habitat has exposed rocks, shallow
and barren soil and frequent drought. In theory, it is not suitable for the growth and seedling regeneration of P. zhennan,
which likes humidity, shade and acid soil. Therefore, it may be difficult to renew the natural P. zhennan population in karst
habitats in Dazu District and Yongchuan District of Chongqing. To explore the survival status and distribution model of the
two P. zhennan populations, the field survey method is used to analyze the structure and the dynamic law of the populations

and their quantity, by assessing the diameter structure, static life table, survival curve, structural dynamics and distribution
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pattern. It is hoped that the future development trend of the population can be predicted, and the theoretical basis for the
protection, community renewal and vegetation restoration of the karst area will be provided. The results showed that: (1)
the age structure of P. zhennan population in Dazu District tended to be a stable type, while it was an increase type in
Yongchuan District. Both areas had abundant seedlings but with high mortality rates. (2) The individual numbers of both
populations of P. zhennan generally decreased with the diameter class increased. The life expectation of the two P. zhennan
populations fluctuated between different diameter classes. It was the highest in the diameter class I in the population of
P. zhennan in Dazu District, while it highest in the diameter class IV in Yongchuan District. (3) Both populations had
Deevey-1Ill type survival curves, that was, the mortality of young trees was relatively high, and a relatively low population
growth rate. (4) The population in Dazu District was randomly distributed, while that of the Yongchuan District was
consolidated. P. zhennan were clustered populations at the growth and development stage, but their strength weakened with
the growth of the age group. The population of P. zhennan in the karst region had a long growing time, a strong capacity for
natural regeneration but sensitive to external disturbances. It is suggested to enhance seedling selection and improve seedling

survival to promote natural renewal and restoration of P. zhennan population.

Key Words; Phoebe zhennan S. Lee; diameter structure; population dynamics; distribution pattern; survival curve
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Table 1 The environmental conditions of P. zhennan population

o - it . Wi ABFA L/ % TR % FHNtE UE%%EE
Location  Plot number  Altitude/m  Aspect Gradient Crown Herb | Mean | Litter
density coverage diameter/ cm thickness/cm
KX 1 491 SW224° 10° 90 20 26.67 2.0
2 463 SW230° 44° 80 30 26.12 2.5
3 457 SE132° 40° 90 15 16.82 3.0
4 436 N9° 15° 75 28 19.93 1.5
5 447 SW235° 35° 75 45 17.46 3.0
6 423 NW295° 10° 85 20 21.07 2.5
7 417 NW290° 30° 90 20 22.93 3.0
TN 1 550 NW321° 25° 95 50 23.38 5.0
2 540 NW60° 18° 90 45 25.53 3.0
3 550 NE60° 34° 75 35 12.48 3.5
4 570 NE65° 11° 70 80 29.36 4.0
5 568 SE107° 45° 80 3 28.07 1.0
6 383 NW294° 21° 75 30 14.99 1.0
7 557 NW297° 9° 60 65 12.37 2.5
8 544 SE152° 9° 85 65 16.93 2.5
9 471 NW319° 8° 90 10 18.47 2.0
10 541 NW340° 13° 80 20 15.86 2.0

S: ® South; N; dt North; E: % East; W P4 West
22 FhEERRZRISy
P T R — B (R AR 285 b (A8 ) AR %ot M T 0 B 358 7 22 B LS 0 R LA — S0P 2 T b B A A
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Fig.2 Survival curve of P. zhennan population
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/NT 0, R ARG TR A S 221 AR AN X VA VR T 0, Rl R B RAE (5R 4) .

R2 MUEMBHSESR
Table 2  Static life table of P. zhennan population

. a &/

Location & Diameter 4, L Inl, d, 0 L, T, ‘. K,
class classes

KEX I <10 27 20 1000 6.908 299 0.299 850 3810 3.81 0.356
I <10 11 14 701 6.552 132 0.188 635 2960 4.224 0.208
| 10—15 10 12 569 6.344 78 0.137 530 2325 4.085 0.148
v 15—20 8 10 491 6.197 53 0.108 464 1795 3.655 0.114
\Y 20—25 8 9 438 6.082 39 0.089 418 1158 2.645 0.093
VI 25—30 12 8 399 5.989 30 0.076 384 912 2.287 0.079
Vi 30—35 8 7 369 5.91 24 0.066 356 528 1.434 0.069
I >35 7 7 344 5.841 — — 172 172 0.5 0

A X I <10 333 169 1000 6.908 676 0.676 662 1300 1.3 1.127
I <10 16 55 324 5.781 156 0.483 246 638 1.97 0.659
| 10—15 29 28 168 5.122 63 0.374 136 392 2.341 0.468
v 15—20 23 18 105 4.653 32 0.304 89 256 2.44 0.363
\Y 20—25 10 12 73 4.291 19 0.257 64 167 2.287 0.297
VI 25—30 17 9 54 3.994 12 0.222 48 103 1.904 0.251
Vi 30—35 7 7 42 3.743 8 0.195 38 55 1.305 0.217
I >35 5 6 34 3.526 — — 17 17 0.5 0

A AFTEEEL Survivor a1V A B G715 AL survivors number after smoothing treatment; I FREAAEIEG AR Standardized survivors number; Il bRifEFLAE
TEAMAHU A RXTEL The natural logarithm of standardized survivors number; d, : #EFLSET-MARL Standardized number of mortality ;¢ : SET-% Mortality; L, : bRifEAb-F-3 77
T B9 MASL Standardized mean survivors number; T, SREACIEHEMA KL Standardized total individual number;e, : MA@ Life expectation of individual K 12
H Vanish rate; | —VIZORBUIFIRZE 73 15 1—8 1340

R3 NETMEBEETHKNGEER

Table 3 Test models of survival curves of P. zhennan population

i 207 T
KEX y = 6.8785 ¢ 002 0.9319 81.989 0.000
y = 6.9219 x 00! 0.9994 9737.636 0.000
TN y = 7.0314 ¢ 0% 0.9647 164.098 0.000
y = 71278 x 703 0.9900 594.715 0.000
x4 MEEMBEREMITER %
Table 4 Dvnamic indices of P. zhennan population age structure
(oA FEEE R Index
Population v, V, Vs V, Vs Ve v, V,: Vi P,
KEX 59.26 9.09 20.00 0.00 -33.33 33.33 12.05 25.4 0.45 1.79
AN 95.20 -44.83 20.69 56.52 -41.18 58.82 28.57 77.4 1.94 2.5

V,—Vy ABSRIA SR b 81 75 25 A6 8 %X Quantitative index of adjacent age class; V. : B fif £kt 2 25 28 fL 45 2 Quantitative dynamics index of
population;; V', : AN T HL A R A0 32528 (LR 4L Quantitative dynamics index of population by external interference; P, : BEHL T U HE 34k
KAH The maximum of probability in random disturbance

FRE ARSI ZE AR BUMT S R R KR IX (V= 25.40%) FIAKIIX (V= 77.40%) FhEFShASFE 40
KT 0, MRER AL R T KBS (R 4) . HAZMEIN TILmE, FhfFR R sh S8 V', =0.45% F1 V', =
1.94% YT 0, HARELS X FEHLTPE AU B0, RUBENL T V0K i RAE P, = 1.79% (KE) .\ P, =
2.50% (A&)1) (R 4) , BEBA N A MU RS XS BE AL T 0 A BUSME R . B, Y PIASFPRELE 32 BT

http ; //www.ecologica.cn



12 1] A AF T PRI R A T T RS A -5 B A AR 4909

PWHIFLL T, KR EATREIG KR AR, O I GE BB, O LW SN SO o
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Table 5 Distribution pattern of P. zhennan population

V2 2 A 4 =

Mﬁ 7?% S c , K / M PAI c, . /ﬂﬂ‘%h
Location ~ Variance Mean Distribution patterns
KEX 25.33 13.00 1.95 1.64 13.70 0.95 13.95 1.07 0.07 B AL
ANIX 10402.00 44.00 236.41 499.38 0.19 235.41 279.41 6.35 5.35 R

C. 9B Z %X Coefficient of diffusion; K ; i IR SH Negative binomial distribution index;/: NG T8 Clumping index; M* CE P EY)E Mean
crowding; PAL: BHHE AL Index of patchiness ;C, : Cassie F8#R Cassie index

R6 METRRRNHIERD

Table 6 Distribution pattern of different diameter classes in P. zhennan

A 4 G
{Ljf;tion i;& V:che H{H Mean c ' K 1 M* PAI C, Djif:ii
class patterns
KX I 89.27 3.86 23.14 38.35 0.17 22.14 26 6.74 5.74 R4
I 19.36 2.20 8.80 11.03 0.28 7.80 10 4.55 3.55 R
Il 16.00 2.00 8.00 9.90 0.29 7.00 9 4.50 3.50 R4
v 10.24 1.60 6.40 7.64 0.30 5.40 7 4.38 3.38 R
\ 10.24 1.60 6.40 7.64 0.30 5.40 7 4.38 3.38 RiE
VI 23.04 2.40 9.60 12.16 0.28 8.60 11 4.58 3.58 R
VI 10.24 1.60 6.40 7.64 0.30 5.40 7 4.38 3.38 RiE
VI 7.84 1.40 5.60 6.51 0.30 4.60 6 4.29 3.29 R
FKNX I 9980.01 33.30 299.70  633.64 0.11 298.70 332 9.97 8.97 R
I 31.35 2.29 13.71 23.79 0.18 12.71 15 6.56 5.56 R
Il 102.98 4.14 24.86 44.63 0.17 23.86 28 6.76 5.76 RE
v 73.47 3.83 19.17 31.47 0.21 18.17 22 5.74 4.74 R
A 18.75 2.50 7.50 7.96 0.38 6.50 9 3.60 2.60 R
Vi 31.61 2.13 14.88 25.96 0.15 13.88 16 7.53 6.53 R
VI 7.84 1.40 5.60 6.51 0.30 4.60 6 4.29 3.29 R
Vil 4.69 1.25 3.75 3.37 0.45 2.75 4 3.20 2.20 R4
4 iFig

ZHRFFEF N TS B A A T IER IS IR IR A b 7 | T ke bt DX 1 20, B 5 B TR AL
BIBAR  ANEREA I, SR, KR XTGP AR B 45 F S TG E B, K 1| X AR AR AR R 25 1 Ja T 2, X
SRS A 7 M B 25 R — B, DT MU BEE RS0 M DX A= < (B A DX B0 i sl 25 A 2 i TS A A
Jrri il g e FEIR AU B

AR DX ISR i B S aBAR S 73T DX B I8 Al s BRE BL ARG 155 00 , BV 2l ISt By B 2 2R
B, TP DX A ASTRR — B2 3 Y A R ORAP R R B B ) A A T g SR B R AR R B e 5
By, WA —E BT EAEE BRI 7 SR SR Y | ELWURIARER P BE R 18 70% LA L, B
ISR, TG 35 43 FOG RGBT N, S 80504358 4 01 55 () U TE L HEAMGE 2 . Janzen ™ 42 Sh I HUEE |
LIV T AP (Y5 E 23 52 0T/ 4 S RERR OB RS A G, U R AR AR .l TR I 20 em LUR B A 4
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5 WAL S L TN A VA 4 SR B o 3 R R SR XA XA AR R A A 301 LA SR 32 3 Ay
TR BER/N , 1A RUEL B bt 32 A\ D iR ™ B, (HK 9 A DX W A A B A7 AR S S 18 BN T 0 19 By
B, UEH PSRRI R S8 HA M T U =

WU A4 23 ) 23 A 46 Sy 2 19 B SR D7 sURIEREE RS2 I AR, BT 357, KR DX R e 140 25 1] 23 A A%
Jy BB AN XSRS R RE S SRR A . RS R T SRR S A SR R AR 5 DL 1 o3 A 7 a2 DR AT
TR T RRRE T Ao, EBUREE [ Py A S AR | DN SRR A RER IR, S BRI, 7)1 X AT
FEEEERE A, — R S WSRO R8I0 5%, o — 5 il 5 HB IR 53 9 oA 5% 1t Rl B2 0T 1 37
RFERIFE 08— AR 7 SR, DR O SR A A ] USSR MR AN R LRI BE T o TR AR IX B MR o e S22 B i
B AT BPIRDL , FC A ] SRS At A 2 18] ) 5 4 S 200, 4l it se A2, L4l iy B U =2 ) 1) 5 4 B R A
T BEIR (DGR TR FIFRIMEE) B SRINK, 3E R, AT A4 5 730 A1 AR e o RIS, DR DX 5 71 X
ARV AR, R BE AL 3 BOWURI R 2 A1 20 A7 M SR 22 5 9 75— SRR, KON IXC R A 249 e R A L R R IX
% 288 mm , T IERIIRYE IR, PRI 1 XS A AR B9 A AT, LA — 5 3 [ PN R A B8 B DR X R
REA NI MR 2, AN, O XA AR LR A X MUREAR Y 3 A5 245, nl RS2 1 T P 3 18 RUBE AN [
SRR AL 25 X WREA WU K B R, 2 A SRy e SRR 20 A 1] BERIL A AR

AL B PR X5 7K DX A A ol A A7 BRAR R, A 2 AR e 3, (EL Ry i R 1R 4T3 47 538 B
%o STMTAHEIIAR B , &30 A 18 b WORE AR RE AT A B3 1 ST R ), (R R R R A R R st A% R
BRSS! AT BURR IS N RE IR . R, X R RR AR 4 PR 5 (TS AN RS LA O, T B A S 35 L R 7
i, AT BRA AT B [ A A0 v A AR SR T A 0T AT LUR N A B , 5 4 i AR A 1Y
W TTREAE— 0 2 DB N R IR 58 4 e 7, R &l v 1 S0/ IR I P H AR A 2 3 1 B A A IX AR BT 2 F
TAWIY R BEIR , i B2 i A S E A2 T E

22 3Lk ( References) :

] EWE, BIRER, BB, KE, EEK B RS 53 RE. A2, 2021, 41(7) : 2826-2834.
1 W, ska ZBIH, BURMY, TKIEH. TERIT AR (Salweenia bouffordiana ) FVEF 45 M 5 ASEHE. 554, 2020, 40(4) : 1184-1194.
] OAINEE, RTLL, EiEN, B AR R PN, B BRI AL, 1994
] 2 FREEHIX 3 R E R G AR R AR S A SE [ D] M s B AU R AA, 2015,
1 A PEMAKR-ESE . e P EBOL T R, 1983.
] hEREE T EAEY SRR D S PEEY AR (B4 . dbat. B, 1982
[ 7] BRI, BRACSC, Wiock, ki, EIRTTE ot M BRI BT A A, S1deRl B2, 2020, 59(24) ¢ 128-132.
1 IR, AR B B I 1% R R A SRR X A AR A BRI R [ DL OHEZE . DI R, 2015,
1 AER, BKAE, SR, WALk R R AR SRR PR AL il B R TS, L AW, 2017, 36(1) ; 45-49.
1 RHAZ, TS, R, k@ BE S RARF RS B ILRVE RRERFZT. #IdEAOlRBH , 2017, 46(1) « 38-43.
] BRI A AR, IR, 1980, (3): 87-88.
1 Zhang Z H, Hu G, Zhu J D, Ni J. Aggregated spatial distributions of species in a subtropical karst forest, southwestern China. Journal of Plant
Ecology, 2013, 6(2) : 131-140.
[13] DuH, HuF, Zeng F P, Wang K L, Peng W X, Zhang H, Zeng Z X, Zhang F, Song T Q. Spatial distribution of tree species in evergreen-

http ; //www.ecologica.cn



12 1] A AF T PRI R A T T RS A -5 B A AR 4911

[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26
[27
[28
[29
[30
[31
[32
(33
[34
[35
(36

T O A |

[37]

deciduous broadleaf karst forests in southwest China. Scientific Reports, 2017, 7(1) : 15664.

JE 5. W A X TR A B AR A SR PR SE R [ D] OREZE U1 R, 2019,

BASHE. UL L 1 A BV 0 5 S0 S 107 B HOXT SR A AP D . Uik R, 2019,

Olatunji O A, Pan K W, Tariq A, Zhang L, Wu X G, Sun X M, Luo H Y, Song D G, Li N N. The responses of soil microbial community and
enzyme activities of Phoebe zhennan cultivated under different soil moisture conditions to phosphorus addition. [Forest-Biogeosciences and Forestry,
2018, 11(6) : 751-756.

Tariq A, Pan K W, Olatunji O A, Graciano C, Li N N, Li Z L, Song D G, Sun F, Justine M F, Huang D, Gong S X, Pandey B, Idrees M,
Dakhil M A. Role of nitrogen supplementation in alleviating drought-associated growth and metabolic impairments in Phoebe zhennan seedlings.
Journal of Plant Nutrition and Soil Science, 2019, 182(4) : 586-596.

PRIRAR. WHALA R A B HEAL S RARERFIEATTE [ D). M . KITR2E, 2016.

PRI, RN, 22005, v . SUMRAT AR DR KR AR SRS, RBeR R, 2019, 47(14) @ 122-125.

TR, RN, BB, R, X075, a. WAL RE MR AR 2L S 250, Mol RHBsE, 2013, 26(1) : 21-28.

R, REE. AL b 8RR I ARSI ZS [ 731 A% BB L5, MolkBL, 2003, 39(1) : 23-30.

B, B, EIREE. SN R R EBITTE. Fh T, 2015, 34(6) : 57-60.

GLE, SR PRI B AR S S R SRR, BB, 2014, 32(6) : 16-19.

Wu J X, Zhang X M, Deng C Z, Liu G J, Li H. Characteristics and dynamics analysis of Populus euphratica populations in the middle reaches of
tarim river. Journal of Arid Land, 2010, 2(4) : 250-256.

AR, BT, BUBR, LR, SCUENE. MWLIL PR AR B SR OU N S B0 AR R A M. R A SRR, 2012, 36(2) ¢ 144-150.
FECHA. WA AR U LE MRS B A S5 A RAEDRIFSE[ D] KU Ml BHER2A, 2020.

BrE, TVER, BAAE, BB, BREE. ASECE=M). et mEEE R, 2014,

fpls, SRS, SRS, SRR, AR SRS IO PR R A A S B AR, AR5, 2014, 34(15) ; 4272-4279.

T, e, UM, AR, XURME. S8R R AN A e HHERP R 540 5 S8Rk, I AR ZS# 4, 2020, 31(2) : 357-365.

Hett J M, Loucks O L. Age structure models of balsam fir and eastern hemlock. Journal of Ecology, 1976, 64(3) : 1029-1044.

WRIBETE. AR B S Sl S AL T T IABIR L. ARSI, 1998, 18(2) : 214-217.

FRICHE. AR EAEV M AZFIRE SN AT A% Jo) S P B AR AR AR 2S5, 1997, 21(5) + 480-484.

WK, TRy, MR, B, BT, MR IR B MU A B A AR . Mol BT IR, 2016, (4): 37-39.

JEBURL, sk, RIS, M0, B, A, ZRE. WIS 8. IMOLARHE, 2011, 32(4) : 89-91.

Janzen D H. Herbivores and the number of tree species in tropical forests. The American Naturalist, 1970, 104(940) . 501-528.

IE 4% Mo

Comita L S, Hubbell S P. Local neighborhood and species’ shade tolerance influence survival in a diverse seedling bank. Ecology, 2009, 90(2) .
328-334.

Liu J, Shen Y X, Zhu X A, Zhao G J, Zhao Z M, Li Z ]J. Spatial distribution patterns of rock fragments and their underlying mechanism of
migration on steep hillslopes in a karst region of Yunnan Province, China. Environmental Science and Pollution Research, 2019, 26 (24):

24840-24849.

http ; //www.ecologica.cn



