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Abstract: Dacrydium pectinatum is the only Dacrydium genus of Podocarpaceae family in China. It is one of the symbolic
species in tropical mountain rain forest in Hainan Island and one of the key species to maintain the natural communities in
that region. Its distribution range is very narrow and it can only be found in the forest region of Bawang Mountain,
Jianfengling Mountain and Diaoluoshan Mountain. From the beginning of 1960s, the natural forest of D. pectinatum has been
severely damaged because of people’s massive logging of tropical forests in Hainan. As a result the distribution area of D.
pectinatum has become ever smaller, the quality of D. pectinatum forest has gotten ever worse, and it has become ever

harder for the D. pectinatum to naturally regenerate themselves. What's worse, there has emerged a decline in tree-age
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structure. Based on this situation, D. pectinatum was listed in China Rare and Endangered Plants Red Data Book as the
third degree of endangered plants in 1992. The paper first defines the three stages of D. pectinatum growth based on its
diameter at breast height and tree height. Specifically seedling is defined as the tree with a height under 50 ¢m, sapling
refers to the tree with a DBH lower than 10 ¢m and a height over 50 ¢m, and matured trees are those whose DBH are larger
than 10 em. The paper used geostatistics and constrained ordination analysis method to analyze the space distribution
characteristics of D. pectinatum in three life stages from the perspective that there is relevance between its space distribution
in different life stages and microhabitats factors. Also, the spatial autocorrelation of 11 microhabitats is analyzed. The results
showed that: 1) there was an obvious difference in the spatial distribution of D. pectinatum in its different life stages. The
seedlings were in aggregating distribution and lived with significant spatial autocorrelation. However, the aggregating
intensity gradually weakened with the seedlings growing into sapling and then to matured trees; 2) RDA analysis showed
that there were significant differences in the relationship between the distribution patterns and microhabitat factors in
different life stages of D. pectinatum , and the effect of habitat filtering varied with the change in its life stages. 3) The effect
of microhabitat variables on the spatial variability of the seedling, the sapling, and the mature trees were 78.4%, 41.2%,
and 33.6%, respectively. In the whole life stage, the period from the seedling to the sapling is the key to successful plant
colonization. And seedlings have got stronger environmental sensitivity than the adult tree. It follows that the restrictive effect
of microhabitat factors on D. pectinatum's distribution mainly occurred in its seedling stage; 4) In sound conditions, 22.2%
variation can be interpreted by PCNM variables and microhabitat variables in common. And a typical induced spatial
variation’ phenomenon was found, which means that the spatial variation of microhabitat variables can result in the spatial
variation of D. pectinatum throughout its seedling, sapling stage and matured stage. The results confirmed the relevance
between microhabitats and the distribution of D. pectinatum in different life stages. And the paper provided a scientific
foundation for better understanding of the relationship between the mechanisms of population maintenance, the spatial
distribution pattern of D. pectinatum, and its regeneration dynamics. If there will be any further research on this topic, it is
suggested that the monitoring and the study be carried out during a longer time span, and larger size of sample be studied,

for a more accurate analysis of the influence of microhabitat factors on seedling regeneration and its survival pattern.
Key Words: semivariance; spatial autocorrelation; microhabitats; variation partition
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Table 1 Parameters of semivariance models for D. pectinatum

B 45K

AR BB Hoht AR FEAHE sill . 522 PUE R B

Life stage Number Model Nugget (Cy+C) l?rupf)ruo? Residual SS R? Range
(€y) (C/7(Co+C))

411 Seedlings 134 Exponential 0.0297 0.1894 0.843 5.87x107* 0.916 20.3

B Saplings 45 Exponential 0.0076 0.1060 0.928 1.45x107* 0.667 26.7

A Adults 23 Exponential 0.0032 0.0955 0.966 2.01x107* 0.484 36.6
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Fig.1 Semivariograms for D. pectinatum Fig.2 Spatial autocorrelation index Moran's I for D. pectinatum
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Table 2 Descriptive statistics and semivariance analysis of microhabitat factors

AR B Z g £ ZEHIH
BT woi SRR g e A WERE K o
Microhabitat factors Mean (0 L Model (€ (CoHC)  (CACytC)) Residual 5 R Fractal Range/m
THUA Inorganic N/ (mg/kg) 26.67 0.22 Gaussian ~ 0.0011 0.0091 0.879 6.01x107%  0.561 1.916 21.7
B Ammonium N/ (mg/kg) 19.91 0.28 Gaussian ~ 0.0017  0.0131 0.870 5.37x107°  0.557 1.948 17.5
A% Nitrate N/ (mg/kg) 6.76 029  Exponential 0.0012  0.0131 0.908 6.82x107°  0.198 1.971 17.1
AT Available K/ (mg/kg) 88.62 022 Gaussian  0.0046  0.0138 0.663 9.29x1077  0.986 1.746 80.0
M Available P/ (mg/kg) 7.75 046  Exponential 0.0070  0.0650 0.892 2.40x10™* 0219 1.937 21.3
A HUR Organic matter/ (g/kg) 97.13 0.14  Gaussian  0.0021  0.0069 0.697 1.44x1077 0985 1.770 135.5
7k Soil Moisture/% 0.43 0.17  Spherical ~ 0.0007  0.0118 0.941 278x107° 0478 1.901 32.9
HiBPE Canopy density/% 0.78 0.11  Exponential  0.0009  0.0049 0.909 3.70x1077  0.823 1.895 26.1
FARZEE Herb coverage/% 0.36 0.37  Exponential  0.0019  0.0170 0.888 1.87x107%  0.954 1.917 19.2
WA Litter thickness/cm 6.01 0.31  Exponential 0.0449  0.1828 0.754 1.34x107*  0.985 1.841 53.4
IR Soil temperature/C 17.24 0.03  Spherical  0.0001  0.0040 0.975 3111070 0.276 1.924 23.4

TSR (d=1,2,3) HHE(d=1,2) FBARE(d=1,2) MVEWIEHE (d=1,2) THLA(d=1) B
RA(d=1) TIRE (d=1)7 DUESTZ B BAT B 12 B AR CEH (£ 3) /Nl E B E, Moran's [
FRBONIE A 35 A0 13RI 1 25 1 SRS # . Moran's T 48 5Bl 7 I HE 25 0 ) 38 S Ml / ), i A B8 A0 kB
FUBE 38R e SRS S B e A Sy S OB B, 2 18] F AR S h TE AR S8 N AR OG . A Akl | AR 2
TS AL Moran's | F8ECERRE , AR B S TR R I W35 19 25 () A AR OCEE 4, 23 1) A1 i 1) T BEAL 0 A

£3 REERFEEBEEXDHN

Table 3 Spatial autocorrelation analysis of microhabitat variables

A B WRIEBIZL Lag class

Microhabitat factors 1 2 3 4 5 6 7 8
FEHLA Inorganic N/ (mg/kg) 0.2779 " 0.0375  -0.1503*  -0.1964  -0.0291  0.1091 * 0.0943 -0.1187
B 75, Ammonium N/ (mg/kg) 0.1788*  -0.0219  -0.1447 -0.0699  -0.0106  0.036l -0.0555 -0.0700
THZS % Nitrate N/ (mg/kg) 0.0891 0.0924  -0.0606 -0.0498  -0.026  -0.0136 0.0029 -0.0180
TZE Available K/ ( mg/kg) 0.3483*** 02278 0.0242 -0.0906  -0.1892* -0.1313 -0.1930 -0.0862
AW Available P/ (mg/kg) 0.0459 0.0158  -0.0406 -0.0487 0.009  —0.0435 -0.0765 -0.0157
AL Organic matter/ (g/kg) 0.1840 0.1704 0.0256 0.0599  -0.0575  0.0066 -0.2626 -0.4377
KR Soil Moisture/ % 0.4403***  0.0662**  0.1812*  -0.2207 -0.1683* -0.0873 -0.1159 -0.1040
AREAEE Canopy density/% 0.2859***  0.1163** -0.0576 -0.1872** -0.1470  -0.0223 -0.0166 0.0710**
HARJEIEE Herb coverage/ % 0.1262 0.0593  -0.0261 -0.0297  -0.0210 -0.0336 -0.0666 0.0246
HivE YIS RE Litter thickness/cm 0.4153***  0.0862** -0.0166 -0.1071 -0.2177* -0.0033**  -0.0199 -0.1097
35 IEEE Soil temperature/C 0.2528**  -0.0618  -0.0801 -0.0500  -0.0474  0.1030 0.0904 -0.1449

* * % P<0.001; * * P<0.01; * P<0.05

R4 RAERTESHYRTEASHEIEREEREE

Table 4 Correlation and the explain percentages between microhabitat variables and distribution of D. pectinatum

I Seedling 4# Sapling B Adult
AT LIPS o AHIE R EL o HHIE R AL .
SR 2 R 2 e 2 R
Microhabitat factors Correlation . P Correlation . P Correlation . P
.. Explains/ % .. Explains/% .. Explains/%
coefficients coefficients coefficients

TEHLA Inorganic N/ (mg/kg) -0.1521 3.9 0.133 -0.0117 <0.1 0.918 -0.0282 <0.1 0.833
£ A% Ammonium N/ (mg/kg) -0.0101 <0.1 0.947 0.1511 2.3 0.213 -0.0955 0.9 0.411
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%34
T Seedling 4} Sapling B Adult
LR HREE e HXARE e HXFRE e
icrohabitat factors orrelation . P Correlation . P Correlation . P
coefficients PN/ % coefficients PN/ % coefficients PN/ %
A Nitrate N/ (mg/kg) -0.3013 9.1 0.017 -0.1701 2.9 0.180 0 0 —
HALHR Available K/ ( mg/kg) -0.4690 22.0 0.001 -0.2605 6.8 0.026 -0.1373 1.9 0.257
LW Available P/ (mg/kg) 0 0 — 0.0973 0.9 0.420 -0.3755 14.1 0.003
F HUFT Organic matter (g/kg) 0.1347 1.8 0.258 0.1546 2.4 0.182 -0.0351 0.1 0.764
£ 7K Soil Moisture/ % -0.0700 0.5 0.601 -0.0431 0.4 0.600 0.1108 1.2 0.349
AR Canopy density/% -0.4544 20.7 0.001 -0.3747 14.0 0.002 -0.1220 1.5 0.320
HARJZTEE Herb coverage/ % -0.0430 0.2 0.714 -0.0310 <0.1 0.797 -0.0283 <0.1 0.817
FVE Y Litter thickness/cm 0.3516 12.4 0.002 0.1567 2.5 0.194 0.3640 13.3 0.001
3R Soil temperature/°C 0.2794 7.8 0.027 0.3002 9.0 0.011 -0.0962 0.6 0.520
AR B SRR A HUR A AR
FAR)Z TG TCHLE S A A s A 8] 43 A 34 00 ’ o
FHRR(FR4), HILTE RDA HEF 20 B H A B X H A4~ T
NIASE A AL A 7E RDA HEJF I LA r CD N
AT, 5 G TEAT G ST G287 5 TR AR S e p——
P, BN SRS R AT R .
B, SR AR GERE A RAHE, FEY I Saplings
s AR 43 A 55 OO SO A PR B S AEAE G, S Ak VR
YR E 2 W A (K 3) . Adults
70 ABEJT AT 345 34 A4~ PCNM 28 38 53 i i) 16 45 |
WLIFE AT 10 AN B B M (P<O. 05)%[1[71?@ pcNv YL AP e
ASkk, 5 X PCNMs (1.2.5.6) 9 K JRBE g 725 ot o
PCNMs( 12,14 18) A R AR f 4 PCNMs(29 30, B3 RS HESHMEETE RDA HE

34) jg/J\Rr—m— = Qﬂ .j\] PCNM 7 EZIEU *HE%E I,i 5E Flg 3 . RDA 'ordlnatlon diagram of D. pectinatum and
microhabitat variables

AL, PRI AL T2 PONM A AL 2 [ 0 S ST 3l 41 Seedlings, #H Saplings, BB Adults, /i 7% ¥ )R LT, 145
PCNM ZZ & 4320 7] DA X A [R] R BE R 2 [R) 25 44 JREE ST, BUAHE AP, B8 AK HBFIEE CD, MSZ5% NN

*5 AEREPCNMEESHSMERTETENH
Table 5 The variation partition of different PCNM patterns and microhabitat variables
AR 223 f#ER Y Variation partition fractions

PCNMs

a b c atc b+c d
KL PCNMs(1,2,5,6) 0.042 0.041 0.222 0.263 0.262 0.696
R PCNMs(12,14,18) 0.227 0.107 0.036 0.263 0.143 0.630
/INRUJE PCNMs(29,30,34) 0.257 0.035 0.006 0.263 0.041 0.702

PCNM ; HH 4B 4 A4 4R Principal coordinates of neighbor matrices; a: fit 24 1% 4% & B fft B 3K 43 Variation can be interpreted by microhabitat
alone ;b ; %% [B] A% 5 B 00 fiF B8 (1) #0 43 Variation can be interpreted by space alone; c: fs A4z 53 A8 5 55 2% [A] A8 w5 3 [R] i B 19 &8 43 Variation can be
interpreted by microhabitat and space in common;d; TGiE AR B FE 4> Unexplained variation

4¢3ARF (%) PCNM A8 35 20 35 5 A B8 AR T 1 45 G A M R AR 1 W P O AR B4t 5 ) Bl IR B A
Wi 7 AR 1t | A T4 25 73 534, 3 AR IRUEE PCNM Eéﬂé—}%ﬁﬁT A B 5 PCNM 285 %F B A 4 i
LN ﬁim/\%ﬁﬂﬁuﬁﬁ 155 0 A 30.4% .37% .29.8% , Tl b B AR i A B R i (26.3% ) ANAE RN RUEE
PCNM 78 541 (123 [A] il B s 43 M 26.2% 14.3% 4.1% 7 lﬁﬂﬁ’q’: R PCNM R A0 /N /N, K
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o N PCNM AR i 21 5 6 355 48 L R B 4043l A 22.2% .3.6% ,0.6% , Bifi PCNMs XU s /1N 1 e
R(&ES),

4 @RSt

Bl IS AN TR A= 36 52 B B 25 (] A3 AT Jmy A7 A6 B S 25 55 4T L WA i) i 2o Y Ao o v | SR R B 22 R T 55
B AT oA BAT B A (8] AR DCEE A | B T I S 04 14 % i el SR S G A S B B A S R
B A RN 25 12 [B] ) AE DG Z5 4, 25 [ o A #a T REML AR (B 1) o i REENE AR 2R 4 R il 2
[ S S X6 S o 1 2 B 45 R B MR S, b 3 B BE AL N 22 i 1L b X I 2248 | AR B S S K, AUHE D 4
b BEIE TR B R R DRI BN B IR SR AR A A A% SR, B A 08 I B AL RR IS IR XD IR 3743 K 43
TR B P B )3 4 i), 5350 A i A ALss (s P4t el /L | SR A2 0 B 0l 55 | 120 T S B RE LI 0 A A R
TR 2S 1045 Jo SR SR 5 P B AT I 38 K N R AE Z R AR AR AR B ENGE S i ¥ 20 A 25 1) S o bk 32 2 A2 25 ) |
FHIC P RSN (A1 84.3% , 41 92.8% , A 96.6% ) , Hh BEALIA 285 |2 1925 ) 5 SR BT 7 FE 4l . Daniel
AT T SR P Y VUZL AR ( Tetramerista glabra) FEFT A oA 25 1) S B B i g A 2R 8, 75 15 4% 0wt
AR & B BB 4y v s ) S S MR IR O TRV s | 40 P s () 0 A S B S 9 SR AR A, EL R 1) 25 () A48 5 2 B2y
[ A ARG (77.4% ,85.2%) , BEALK 285 [ 62 1928 53 iy 7 LU 1341 ( 22.6%,14.8% ) .,

RDA HEF & RGN Gh B -5 D 7e HE e 1 B A0 07 B H BT, 52 S 38 AR AR OG I 4 i L 4l 5 p AR 56
PERC2E BT 4l i A 257 B AN ], 2 WA i B4 2 ) 3 A 14 26 B DGR VEFE A [m] A 3% S0 B Be AP 22 5, AR 521
Az 25 AV BN FE T 5 3R A 1) A 257 A K RV 25 4 N 22 Rk 24 1 3 S, )b A PR — e A o BT MR TR A A=
B2ERRIE SR AR R A A5, N 25 AR AR 2200, T AE [ 4R A b AR 21 5 4 52 4 A TR 9 A1, b 22 57
e 3H A7 4 00 ] — A AR ) A 355 S B B T A7 A I B AR SRR T B AR S A i i
AT 76 SRR S8 4 RN BT SRS, W Fh AN ) AR 35 S0 B B A 256 404k, X B 558 PR 19 Al e 2 2 AS TR) R
FRIZAS Ak, M 3B G A R 270 Bl AA A S0 v o A 3 Sz B BERY X 4 A Janzen F Connell 42 4 ) £ 5% i
2 BdE (J-C MBS 0 e SEBEAR B4 &0 v T 2 B EE AR (4 ] 2 BRI A T J-C ARSI R R ) AR T
3 SRR S AR AT AR T R R 38R 2K ( population recruitment curve, PRC) P i I 25 (38 4in
Y IO AF TG R R DS RSO TRE . e BE B9l O AR Rl B 50 T (0 It Stk 3o i g, 7k ik
S 22 N R sl T A 32 A I B DR BRI MR A A ey L I ARG
bR 1 2 A 1 N 24 ARSI B 25 ) 3 A BT sl 5 AR B G R TR, & BURE b AN [RIBREA (9 4 -5 L%
LA S B A 8 2B B8 IR I A7 AE 2200, BB AN [ A 176 50 B BB A ol 908 10 26 A A TR) A 15 3t 108 1) 5%
St A AR 1 S B B AN R AT B 22000 o Bl AN TR AR 1 S B B A ) 40 A 25 5, T BE & B T AR BT R L3
PR 1SR T8 Bl 5 ) ARG PR PR T 10 D - 2 A e, A 05 TR 7 4 ) S o M i A ) ISR A K #hFE
FOT 122 S | AR S5 0 3 R Ao A 35 s SR L W] TR BB S A e ) 4 AL )

YT AR A 18] 53 A0 5 R R RS IE R O S A G, SR B | OSOE R AS AUE U OG
S 3RS 5 W UG, ARPAT R/ NI M YRR T I, A R i - SRR T v %) - L A 2
PP & Mg At . A AR X AR G IR 2 () S5 J5i 1 45 7Kl M B O 2R AR 9 3 T, Ol W R 9 2 T S
TR B T A P 0 22 B R S A B SR, Claussen 2504 X HAGHS T AR Fob B HT RS R 4 BIF 9T AL
UESEOE IR IRLBE P11 e S 4l A A i S R T O T i A S B i S AR bR A M SR )
% ,Renato 45 X WV I b 07 FRIBK A 94 0 TS 18 25 ) S S v 5 - R PR G R IF S R W AR
FIT Pk R S EH S Ah IR AR, BRI, SR S &, 9l 2s (A = o
PR 54V P JE B TE AR G, WT R B T 18070 ZE A Vi 1 A0 T 1 DX sl DA T 0K 5 5 S RN mG 15 S s W VR
H A V5 P B (R b AR T8 B PR S s, A R T R A ARG 3, WA A9 o JEE i A v ) 7 2
P71 & ELAT BEARAE L, Al 7 P BB b 7~ 5 = 39 sl b 7 15 BH Y 10 42 i, AT A D 7 & 28 5%, b7 BT %
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PRIt 1 T2 55 AR ME rh Bl V& P DL BEL AR, 3 U4 I AE T2 T 0 o M 75 0 2520 X RAR K ZE MR 3R
FVE AR B R RSN AT T RGBT, R IR AR AT BB A b ] AR S B B A s E) A OG . 2
B BIREFE AR T 520, el e DGR G b 380 3 ARG 8 5% 0 S5 B A 58 AR AS [ R JBE M 2 i o
PP & A A A g e n "

AR RESHRRI RS, PCNM A8 5 530 AR B0 i B B R i L [F] i B i (22.2% ) , SRRl i g it
SR 2E) 73.0% , FRIAAFAAE LA B “ 175 325 0] 48 257 (induced spatial variation ) sl R A 85 AR s ] AR A 5 |
AL 13 75 e BB I RA L T IR SRS Y 20 7 A R &S [RI 46548 . FErP RUEESRAE N A AE— 30 B =S 1]
U S ik R I AN BE B 2 B2 742 B A B 10 7 25 R 24 VAR 22 19 28.9% , AT LA TE Hh RUBE B AT REAAAE i AR 5
FEAEZS RV 250 (4 A A S MR R 25 ) oA ), /N RUBE PONML 78 K8 431 T 40 Fh RV s 28 7 A 1Y
JRyB s [ 4548, T R M R 25 25 T AR 55 rh A g 2 e A G Tl S U E R AR A O R It A [l AR ik
Tl 3520 3 ) A R PR 43 B PONML RUBE it/ N TR AT TR 25 (R 45 4 5 T b B A2 1 AN A i 1k
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