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Biomass change and community succession characteristics of dominant species in

evergreen and deciduous broad-leaved mixed forests in Tianmu Mountain
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1 School of Forestry and Biotechnology, Zhejiang Agriculture and Forestry University ;Lin’an 311300, China
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Abstract ; Characterization of the spatial distribution of tree species within forest stands is a focus of global research in forest
ecology. The tree arrangement provides forestry ecologists significant information on ecological processes such as
competition, facilitation, mortality, and dispersal, which tend to follow specific types of spatial patterns in a forest stand.
Assessment of inter- and intraspecific interactions of tree species in forest stands that reduce growth and induce mortality, or
enhance establishment and growth, has important consequences for both forest dynamics and management. In addition, the
biomass ratio distribution of various dominant tree species is a synthetic reflection of the community structure and function in
interspecific relationships, niche differentiation, and population dynamics. The objective of this study was to reveal spatial
associations of dominant tree species in a subtropical evergreen deciduous broad-leaved forest in southeast China, and to
quantitatively identify their ecological relationships and explain possible causes for their successful coexistence in these
forest ecosystems. To accomplish the objective, niche breadth, niche overlap, and interspecific associations were used to
analyze the inter- and intra-specific interactions of trees based on field data collected from forest permanent plots (1 hm®)

in the National Nature Reserve of Mount Tianmu, Zhejiang Province. Furthermore, the biomass structure of the stand was
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studied at the community level. Field surveys of the forest permanent plots were conducted in 1996 and 2012, respectively.
Field measurements showed that the niche breadth index of the dominant species Cyclocarya paliurus and Liquidambar
acalycina decreased; on the contrary, that of Cyclobalanopsis myrsinifolia and Lithocarpus harlandii increased. Moreover,
the niche overlap degree of the dominant species in 2012 was higher than that in 1996, which showed that the sharing and
utilization of resources was higher in 2012. Species with similar biological features, ecological adaptability to the habitat, or
a higher degree of niche overlap tended to be positively related, whereas those with different biological features, adaptability
to the habitat, or existing interspecies competition tended to be negatively related. The test showed that positive correlations
of the majority of the dominant species-pairs in 1996 and 2012, accounting for 48.48 and 71.21%, respectively, were
followed by negative correlations of dominant species pairs accounting for 31.82% in both 1996 and 2012. Only some species
pairs displayed no correlations in 1996. The results showed that all the dominant species showed similarity and niche overlap
adaptability to the community environment and the ecological characteristics of the subtropical evergreen deciduous broad-
leaved forest were affected by niche breadth, proportional similarity, and overlap in vegetation/succession. The biomass of
the trees in which diameter at breast height (DBH) was = 10 c¢m decreased from 151.03'Mg in 1996 to 148.53 Mg in
2012. The biomass of the dominant species in which DBH was 5—10 c¢m in 2012 was 10.03 Mg, which suggested
considerable potential growth. Our results explained the successful coexistence of dominant tree species at the study site and

highlighted detailed tree-tree interactions of the species in the subtropical evergreen deciduous broad-leaved forest.

Key Words:; evergreen and deciduous broad-leaved mixed forest; dominant species; biomass; community succession;
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Table 1 Biomass model

el FAL 25 REAVR i IR Fh
Category Model formula Model variable Applicable tree species
W= W+ Ws+W, W, oY (ke) ,
W, = 0.0600 H*™3* p'-8%03 W, A (kg) 5
1 W, = 0.137708 D147 [0405207 W, AR A (k) | LR ( Pius. massoniana) \Ei LKA (P. taiwanensis) %5
W,= 0.0417 H 078 22618 W, PR AE P (ke) 5

W= W,+W;+W,

- 8959 1. H A . 4
W, = 0.064 7 H*¥3° pl.4580 jﬂ Tl,/i( m), K2 ( Cunninghamia lanceolat) \WIAZ ( Gryptomeria
2 Wy= 0.097 1 D714 00346 D Fyite (em) fortune:) 45
W;: 0.061 7 H-010374 2115252 L K@K (m)
Wy = Wyt W3+ W, HER M ( Cyclocarya paliurus )y, 3¢ ik A ( Daphniphyllum
3 W,= 0.056 0 H***? p#1+0 macropodum)”, T & ¥ (Eurya hebeclados ) | it % W F
Wy= 0.098 0 D681 04610 ( Liquidambar acalycina) KRB KZETF (Litsea auriculata) |
W,= 0.054 9 0106820953 21 B4 ( Lindera _erythrocarpa) %5
W= Wy+W;+W, NI XIU( Cyclobalanopsis  myrsinifolia ) . 7~ 7 1 Bk
4 W,= 0.080 3 H*™!3 D156 (Lithocarpus harlandi ) . ¥ " & K ( Cyclobalanopsis
W5= 0.286 0 D098 [0.9450 stewardiana) . ¥ # ( Catalpa ovata ) . Wi F ¥ ( Nyssa
W,= 0.247 0 H>1745 1754 sinensis ) %5

W= Wy+Wy+W,
W, = 0.044 4 HOT197 pl709s
5 W= 0.085 6 D265 [03970 TJXL%‘(Liquidamba formosana) \@/[\‘(Sassaﬁas tzumu ) i
1= 0.

W4: 0.045 9 HO.1067 D2'0247

W= W,+W;+W,
W,= 0.039 8 H*5778 L840
6 W= 2 80x10-1 [ 083 747 02740 FEAT ( Phyllostachys heterocycla cv. pubescens)
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R2 1996 F£F12012 ERBMHWEEE
Table 2 Importance values of the dominant species in 1996 and 2012

. 1996 4 2012 4
Serial number  VEIRIFD HYH/ % PR A HYEH/ %
Dominant species Importance value  Dominant species Importance value
1 HERMI Cyclocarya paliurus 53.66 INHF K] Cyclobalanopsis myrsinifolia 40.86
2 K2R Cunninghamia lanceolata 41.61 2K Cunninghamia lanceolata 39.36
3 /N X Cyclobalanopsis myrsinifolia 21.46 FHEMI Cyclocarya paliurus 35.39
4 BT Liquidambar acalycina 21.02 2E1kA Daphniphyllum macropodum 32.34
5 ZZiLAR Daphniphyllum macropodum 14.50 IREARE Lithocarpus harlandii 28.33
6 WMEAS Eurya hebeclados 14.19 BN Liquidambar acalycina 21.25
7 KHEAKRZETF Litsea auriculata 12.31 T REAE Cornus kousa subsp. chinensis 18.66
8 VYIEAE Cornus kousa subsp. chinensis 12.02 WiAZ Cryptomeria fortunei 18.17
9 W2 Cryptomeria fortunei 11.77 KB AKZETF Litsea auriculata 17.28
10 AR Lithocarpus harlandii 11.16 MEBA Eurya hebeclados 14.10
11 e Catalpa ovata 10.86 R Nyssa sinensis 11.49
12 L1888 Lindera erythrocarpa 10.05 Y- X Cyclobalanopsis stewardiana 10.61
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FEHR L B AR R R 3T B AR B E) 1.3177, Z5(H M 0.4007 , BN 1 RE H P i AL Sz i By Ap ) i A
1996 47| 2012 4[] A= 250 S8 BEFE AL B, (B3 K B Fe K ( 25 kO AR AR A ik, 3L B I 1996 4
HEZESS 12 19 0.6762 3] 2012 4F FTHE T HEZESS 5 89 1.1655 22 (H M 0.4893  HAR St o Z 8, [RIEE ] LU
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Table 3 Niche overlap and the difference value of dominant species in 1996 and 2012

1996 4 2012 4E

22{H
(Urez B {2 B. Difference
Dominant species ! Dominant species !
R KR Lithocarpus harlandii 0.6762 R KR Lithocarpus harlandii 1.1655 0.4893
LA Daphniphyllum macropodum 0.9788 LA Daphniphyllum macropodum 1.1788 0.2000
WIAZ Cryptomeria fortunei 0.8205 WIAZ Cryptomeria fortunei 0.8796 0.0591
T Cyclocarya paliurus 1.3165 FHEMI Cyclocarya paliurus 1.2274 -0.0890
BRENA Liquidambar acalycina 0.9146 BRENA Liquidambar acalycina 0.8794 -0.0353
2K Cunninghamia lanceolata 1.2646 2K Cunninghamia lanceolata 1.3071 0.0425
TUREAE Cornus kousa subsp. chinensis 0.8513 T REAE Cornus kousa subsp. chinensis 1.0646 0.2133
KHAAREF Litsea auriculata 0.8289 KEAMNRZEF Litsea auriculata 1.0004 0.1715
B Eurya hebeclados 0.8691 B4R Eurya hebeclados 0.9284 0.0593
INM:T5 K] Gyclobalanopsis myrsinifolia 0.9170 INHTE X Cyclobalanopsis myrsinifolia 1.3177 0.4007
21 B8 Lindera erythrocarpa 0.8205 ¥ M5 X Cyclobalanopsis stewardiana 0.7696 —
FEW Catalpa ovata 0.7846 5B Nyssa sinensis 0.7760 —

33 ANNES

H 2 4 v A T 1996 45,2012 474 M b 350 9 A= 254 F B (EH <0. 1 1 R RIS (30 XA 4 X,
22.73%7E 4 3.03% ) , A4 EE(E>0.5 MEE W 235 0 (25 XF 48k 53 XF,18.94% 45 4 31.82%) , H 1996
AEHEAE 4 PN SISO (AR A BRI BRAE | DU BEAE RN AR S A Bk AR I A B 20 SR AR 21 SR R X AR
BARR) T 2012 SEARFFAEAREZ MBS, X R, 2012 FEAYEIHAFAEL T 1996 4F | Az 2540 7 5 A2 i o

http ; //www.ecologica.cn



20 4] AR A K E I akg i RS A 4y A8 Al SR T ik 6767

5 R B ) S SRR R R
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Table 4 Distribution pattern of niche of dominant species in 1996 and 2012

H(E T 1996 4F- 2012 4

Range 3§ # Logarithm % XH Logarithm %
<0.1 30 22.73 4 3.03
0.1—0.3 48 36.36 47 35.61
0.3—0.5 25 18.94 39 29.55
>0.5 25 18.94 42 31.82
JeHE No overlap 4 3.03 — —
M3 Total 132 100.00 132 100.00

3.4 (LHFRFHEIRSS

(1) BRES RBAC fHIMHT

Xt 1996 AL SRl ) B TR 25 70AT AT HR S R AL AC (EITHREER (B 1) FroR, X 2002 4500 5 b i ol 1] 1k
L5 HTHEATIR 4 BB AC ISR (18] 2) B,

1 ® 0.60<AC 1 ® 0.60<AC
o2 A 0.20<A4C<0.60 o |2 A 0.20<4C<0.60
x| O] 3 W 0.05<A4C<0.20 2 lels W 0.05<4C<0.20
* -0.05<AC<0.05 * -0.05<AC<0.05
ol o B 0 -020<A4C<-0.05 O|a | m 4 0 -0.20<AC<-0.05
K | x| K[ K|S A -0.60<AC<-0.20 m|la|x|o0]s A -0.60<AC<-0.20
Al A| A A| *x| 6 O AC<-0.60 Ol alx]|alals 0 AC<-0.60
= hd u ° * A 7 O A | | A A * 7
= A = u * = u 8 O [ ] A [ ] A A [ ] 8
olo|alo|x|o|x|a]|o
* O | | A A | A * 9
O|Aa | a|m|*x|alx|alalio
| | * A A | | * O O | | 10
x| alajlalx|m|lalolm]aln 0
x| A|lm|a|m|x|m|m|2r|m
x| a|lAa|a|x|m|lo|lalala|m|n2
[ ] [ ] [ ] [ ] [ ] O [ ] ] [ ] [ ] [ ] 12

B 1 199 £RBFACHE
Fig.1 AC value of dominant species in 1996

L R AR, Lithocarpus harlandii; 2 ;21 Fe498% , Lindera erythrocarpa;

B2 2012 FREMACHE
Fig.2 AC value of dominant species in 2012

1: 75 ® 1 &%, Lithocarpus harlandii; 2: ¥ "W ¥ X, Cyclobalanopsis
3. 381K, Daphniphyllum macropodum s &:891%% , Cryptomeria fortunei;5

FEMI, Cyclocarya paliurus; 6 SREZANFT | Liquidambar acalycina ;7 : %

stewardiana ;3 ; ik AR , Daphniphyllum macropodum ;4. W R , Nyssa

sinensis ;5 M2, Cryptomeria fortunet ;6 : M , Cyclocarya paliurus ;7.
K, Cunninghamia lanceolata ;8 : VU B8 4E., Cornus kousa subsp. chinensis;

9. KRB AT, Litsea auriculata; 10: {4, Eurya hebeclados; 11 /7)N
I35 X1, Cyclobalanopsis myrsinifolia ; 12 A8, Catalpa ovata

BRI | Liquidambar acalycina ;8 : 2K | Cunninghamia lanceolata ;9
PUBRAE , Cornus kousa subsp. chinensis;10: KX H ARFEF, Litsea auriculata
1114 FEAS , Eurya hebeclados ;12 . /N3 X, Cyclobalanopsis myrsinifolia

FE 1O 2 RIS 5 AT 1996 4F 12 i ZAE = 10% (AL 34 Fh 3t 66 X Fh (0] e 45 BE 45 R AL AC [HZE R+,
FKIH EHRLE B A 19 X, (7 BXTELY 28.79% , Foril (b 25 1E CHR A 1 X, 7 1.52% |\ 3 1E BRI A 10 X,
M015.15% AW ETFEMERAE 8 X, 5 12.12%" , KM ICKEEAA 18 X, 5 27.27% ., R N ABLGEAH
29 XF, b BT EL Y 43.94% AR 3 UOCHRAA 6 XT, 5 9.09% i 3 1 OCHK A 17 X, i 25.76% M i 2%
TRBRIIA 6 XF, i 9.09% ;2012 4F 12 Fh B B{H = 10% AL S Fh 3L 66 X} Fhlal Be 45 B sl 28 AC HE5 R, &
UM IEBRES 1A 38 X, (X4 57.58% , F e 3 IE SCHR A 13 %, (5 19.70% 535 1E R 12 X,
hi 18.18% AW LM SEHIA 13 XF, 15 19.70% , £ R ICKBEIA 9 X, 15 13.64% " RI N ARG AH
19 %5, o5 A X0 28.79% , Horb R i 2 60 CHRANA 7 X, b 10.61% 38 0GB 8 X, 5 12.12% Ml
TRERIIA 4 XF, 5 6.06% ), 1996 4EF1 2012 4Ff4 1F 57 28X b 43591 4 0.66 F112.007
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R 5 1996 £ 2012 FRHEF AC EXHE
Table 5 The contrast of AC value between dominant species in 1996 and 2012

1996 2012
- A€ X : FxH :
Connection % %
Species logarithm Species logarithm
IEHRE, AC=0.60 1 1.52 13 19.7
Positive connection 0.20<AC<0.60 10 15.15 12 18.18
0.05<4C<0.20 8 12.12 13 19.7
i AC<-0.60 6 9.09 4 6.06
Negative connection -0.60<AC<-0.20 17 25.76 8 12.12
-0.20<AC<-0.05 6 9.09 7 10.61
TREX -0.05<A4C<0.05 18 27.27 9 13.64

No association

AC fH . BR %5 R 8, association coefficient

(2) EFEHBL A R PC {EIMHT
Xt 1996 AEPLHAFI AR EIHESS 20 A AT LR 8L 23R PCAETHRAE R (B 3) s Xt 2012 AR 35 Fh i
P EIERZS S A AT 3 A B 0% PC AT SR (1] 4) P,

1 ® 07<pC 1 ® 0.7<PC
/]2 A 04<PC<0.7 ] o2 A 0.4<PC<07
= I W 02<PC<04 s mls W 02<PC<04
s T x 1714 * 0<PC<02 * 0<PC<0.2
g S I PC<0 LI EE / PC<0
= - m| /| m| /5
A I S B O ; m]a|m|m]s
/|l m|m| /| e| A7 - -
/ A A /
/| [ mm| /[ m]s U
rlr m| s || rjmjejmj/jejals
; ; = - = A = / / 10 A / A / A A / A 9
/ / A / A ™ / / ™ A 11 A / / / | | A / / A 10
- / A / 2 = / / / Al m |2 H | A | A | A | H | H BE | a / m |1l
[ ] | | [ J | | | | [ ] A / A A A |12

B3 1996 £EEHH PCE

Fig.3 PC value of dominant species in 1996 B4 2012 £HLEF PCHE

1. 7R A ER , Lithocarpus harlandii ;2 : A REIBE, Lindera erythrocarpa ;
3.3 1A, Daphniphyllum macropodum; 4 . WIAZ , Cryptomeria fortunei; 5.
FEMI, Cyclocarya paliurus ;6 . SREEANAT | Liquidambar acalycina ;7 : %
K, Cunninghamia lanceolata; 8 ; VOERAE , Cornus kousa subsp. chinensis;
9. REAKRZET, Litsea auriculata; 10:.§4FEAS , Eurya hebeclados; 11 /N
HX , Cyclobalanopsis myrsinifolia ; 12 . FER , Catalpa ovata

Fig.4 PC value of dominant species in 2012
1. %R M A1 ¥k, Lithocarpus harlandii; 2: # " % X, Cyclobalanopsis
stewardiana ;3 ; W/ N , Daphniphyllum macropodum ;4. W R , Nyssa
sinensis ;5 M2, Cryptomeria fortunei ;6 HERM , Cyclocarya paliurus ;7
BRI | Liquidambar acalycina ;8 :#2K | Cunninghamia lanceolata;9 ;
VU B& A€, Cornus kousa subsp. chinensis; 10. KX B K % T, Litsea

auriculata ;11 JHER , Eurya hebeclados ;12 ; N , Cyclobalanopsis

myrsinifolia

Ha 13, [ 4 15k 6 WA, 1996 4F 12 Fh s BL{H = 10% AL H P 66 X ] 45 2 [m/] ) B E /3% PC {H 45
S RIWN IEEEE AT 32 XF, b7 BXTE 48.48% , FLrb il i 25 IE SCIR A 1 X, 5 1.52% W 3 IE R A
10 XF b 15.15% A 5B EAHSCHYA 21 X, 5 31.82% ) . R AT CBRAYA 3 X, 5 4.55% ;2012 4F 12 Fh i
BE=10% MR HEFIIE 66 %R EEZS LR H B E 435 PCHZS R, RINIEBES AT 47 X, o5 S50
71.21% , oAbl i 2 1E R BRI 5 XF, 5 7.58% S IE SRR 21 XF, /5 31.82% AR IEAHSCHA 21 X,
07 31.82%, FINTCCIRAYA 0 X,

3.5 Ay

HRAE 1996 4EH1 2012 4E K H 1L 2 & - [ HHE SSR R g 42 (DBH) =10 em BT AR Tl 1 4= ) = 50
TH RS AEY R0 151.03 t F1 148.53 «, B A= )i /3 513E E T 151.03 v/hm® Fil 148.53 t/hm®, HI,
2012 4EFF AR AR W BB BT B 1996 AR /0 T 2,50 ), ST, B 16 4F By IR R R Hb i 42
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(DBH) =10 em 7R A4 9 i 0/ O IR, HE AT T 0k — 22 10 i

F6 1996 £ 2012 FEHLBF PC BT

Table 6 The contrast of PC value between dominant species in 1996 and 2012

1996 2012
o pe 8 = Fo 8 :
Connection % %
Species logarithm Species logarithm

IEBRSS PC=0.7 1 1.52 5 7.58
Positive connection 0.4<PC<0.7 10 15.15 21 31.82

0.2<PC<0.4 21 31.82 21 31.82
TIRLS - - - - -
Negative connection
TR 0<PC<0.2 3 4.55 0 0

No association

PCAH LRI BLE 73R percentage co-occurrence

B3 7 ATZA1, 1996 4E 1 2012 AEREHL T 942 ( DBH) =10 em BYPLHF B4 W 23 51K 79.14 t F1128.61 t,
HER T 49.47 ¢ i 18 1996 SRR 2012 4F i A A St BOLE SR B AR A9 A 4 A
0.59 tHl15.05 t, SN 5.64 t; 7 1996 4E Mokt BLE AR 75 XU R 2 1T 2012°4F 1R 1 32 1 O S
b, B EAE S 91355 10.619%F1 11.49% , Hi94% (DBH) =10 em BYRE ALY 73 1555 4.25 ¢ F18.37 v, fe Ny
12.62 ¢, A0 AR P AAEAy R R B S 0 A R A BR SSLEAS N XIRIIAZ , A 1996 4F- 2012
AENR] HEE IR T 17.81% ,17.72% ,22.25% ,0.23% , W 53 T 3.99 .8.42 16.64 11.74 t, 4%
H7E 1996 4E A= 1)K IR 23 91 R 129.90% (174.46% 146.09% F11164.81% , A= 4 1) 485 1 6 K ok Rt Jt

RFH AR F (L5 1996 41 T ZARABF)

R FHEBRHEMESIT

Table 7 Biomass of dominant species in 1996 and 2012

fE#F Dominant species

H: W Biomass/t

Rtk REAE 3.07 7.06 3.99 129.90
LR kA 4.83 13.25 8.42 174.46
Hitz Mtz 7.12 18.86 11.74 164.81
Rk I 14.84 11.49 -3.35 -22.60
RN BREE AR 10.34 13.06 2.72 26.27
A AR 12.04 13.56 1.52 12.61
VYRR AE 7Y A AL 1.12 1.82 0.71 63.51
KHAARZET, KHRZEF 7.33 8.09 0.75 10.29
MER MER 1.42 0.78 -0.64 -44.96
JINHS %] TN X 11.39 28.03 16.64 146.09
AR LL oIt X 0.59 4.25 — —
FER WA 5.05 8.37 — —
J3F Total 79.14 128.61 49.47 —

HH & 5 AT, 2012 4EREHB P AR AE 1—5 em F1 5—10 em MITRARECEIEH K, Ty 3785 ¥k, H IR AR M 81
86.20% , PN, 2012 4AFHGAELE 1—10 ecm BT AR BAY =N 25.15 ¢, Hid 2012 4F 12 MEFEFD 1—10 cm
RIFIFE AR B AN 16.03 t, 15 63.74% . ML ATAL, BAR 2012 4ERE TR AR B BEAE W) 8 AN K (B4

R AEE K,

R 8, WF9E b & K . 1996 4EREHL T 1Y 10 BRI (DBH) >60 em B9 RB, 7E %A 52 2K T8 i 15
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LB T 2012 AT (AT AL T EIHbAET SRS 3500 - 3233 o 109t

T2) 19 8 MR, 2 KRS 2AE N 1996 4F FZ AR Fh 3000 - " 20124

IS SR T, A R E R kB T 2 B0

10.33 t, 55 7 1996 4EH1 % (DBH) =10 em Fi AR 5 2%T

PEPIRLEY 68497, AT, 1996 Ep R RN 2 T

SR TET UL P 2012 ERE IO DS N “S’zz I 552 e a6

R Lo T o
1—5 5—10 10—30 30—60 >60

4 w5t o

Diameter distribution of tree/cm

41 e 5 HHMFAERIM

FETFXF 1996 41 2012 AFFF M W I K5 4 ) 4% FH Fig.5 Diameter distribution of the trees in 1996 and 2012
TSR AR SCRTE AR A4 H K H L S i i R
SEMRM 1996 451 2012 4F (AP AELAFAE , 373 Mr FLAEVE B9 20 ORI 45 #49 1) 25 FE Bk S 40200 AR S
BT BT HR AT AT, 2012 AF (9 A SRR AR BT 1996 47, Az 285 (v 5 2 P B B R, X I 1Y) e 52 R R R R R
1 HARSE R RIS 1 AC (EFT PC{E/HTZE AT 51,2012 AF M08 SR A H T 1996 4, £ 25 Al G S Bk
B HE AU /) | 1E DI A3 it e 1) A 8 2 1 DGR A 3 1 DGR A Ol S i, O R AR 7 T R 1 o
W, AR 25 I ] TSP I TO R 4 it B 1) S Rl kK05 1996 4R 2012 AF IR H LU 4%
I i YR AR OE A S AR AR W T AR AL T ARARRE v 104 Y wh I e X SO B B, HORAE B LU T
E VR I

8 1996 FHi1E>60cm BT R EWE ST
Table 8 Biomass of the dominant species trees( DBH>60cm) in 1996

P M4/ cm B /m BT/ m W/t
Dominant species diameter at breast height Tree height Clear bole height/m Biomass
LAY Pinus taiwanensis Hayata * 69.40 30.00 17.50 2.49
WIAZ Cryptomeria fortunei * 68:70 30.00 17.00 1.25
WIS Crypromeria fortunei 61.40 30.00 18.00 1.13
WIAZ Cryptomeria fortunei * 60.20 35.00 22.00 1.10
WiAZ Cryptomeria fortunei * 68.10 25.00 12.50 1.14
WIAZ Cryptomeria fortunei,* 64.40 35.00 22.00 1.23
WiAZ Cryptomeria fortunei 62.80 35.00 21.00 1.18
W2 Cryptomeria fortunei * 63.70 32.00 19.50 1.15
BRSSE Liquidambar acalycina * 68.30 30.00 17.50 1.08
HEMI Cyclocarya palitrus ™ 64.00 25.00 12.00 0.88
STt Total — — — 12.64
#NIETTR

(1) A SCHY T4 b Al 00 1996 AEREM AR, 5 BMI A= 25007 58 BEFR KL B (H I, [RIIE 5 B ML 2 1996
AT i R (R R R R, X A R TE 1996 AT HLA f5e WA W 9 A O SRR R I VR v ) JF:
H.,1996 4R b, 55 BRI 04 A 1y e 2 B R, X U A 55 BRMIAE. 1996 4F Iif 2 31 ¥+ A KA O die - (O A
R STR] T 2012 ARSI A SO 98 RETE 0B, (E W AT BT T I, ELAE 12 SO 3R0 h 35 BRMI Y T Fee R BE ek
THERMINY AL P L2 1996 4F 12 A PEHAER 2 i —— D ERARA RIS AR 1996 4E 1Y 79 R TSI T
2012 4EHY 62 Bk, 455 T ERMI AL HAB DL SR A Fh R IR SE 45 2R, 550 UL T35 ERMITE 1996 4F 2| 2012 4E[A] (1 4k
Oy SR B SR R S X U AT BRI E K T L S v I ] - SPR 1 T  aed  v Ak T 45 S A A
IR

http ; //www.ecologica.cn



20 4] AR A K H I akg i RSSO A 4y A8 Al SR T ik 6771

BEAR e AN 1996 472 2012 4 (8], A= A7 Vi BE 84X B A S AE Wit 0k i R & /NEE 2208/ (R 3R R
L AT AL AR B BN £ SR R R (i R 10 A= W & ik IR AR K, i DR M AZ
AREAE R H LAY FZR R A 8GR w K) I BRI AAER R T 2012 4528 2 TS5z, DB
6 AP FIAE R H LU H 275 I I R A AR s Bt B rh R B

(2) ARSI AT R vl LU 21 . A 1996 4Frh | S BLE AR AL T8 BE 48 50 BB M HEAE SRS 5 A2 7)N
M X T 2012 4F R 1 B EE AR 2500 58 BEFE 40 B A B35 B9 3 1R T 2012 A4 Py e FLG 3
PEERIBR S S I L /N XTE R 2R B D 1996 4E31] 2012 4FEHL A 5 R A 3E I, {E 5k i B 125 S s (A9 5 Y
BN E XY EAR KR ESGTE T A 5—10 ecm BIZIRd, BAE 2012 4ERE LN A TE 5—10 . cm £
W ARG N R AEAR K, R BN 3 X AR i 3 KB AR KD &5 Ak K72 1996
AETT 2012 SR FRIEIBE L, A3 #r s SR 2200 T /N5 XIZE 1996 4F3)| 2012 4F ] i A4 S 80 A1 K it 3, X
VLB /N5 XUEE K L R0 I 98 YR S PR AR R 1o e v A 1 I S A A A 37

[FAEEAS—FE R & 1996 4 A< B A A% 19 31 B AR A5 98 FE 48 40 B (E AR HEAE 55 12 47, (B 7E 2012 -
BUE A=A GEREFEEL B AEARHEAE 7565 5 47, AR ma A BR A/ N 75 XD 1) 2 22 (E AR A5 67 S BE TR 25 BB 1996
AEF) 2012 AF R I B SRR SRt T i R B L I HL AR A AR A A R AR 1996 AERT A 12 LR
B/, BT 2012 AERFHEY AT T Bk, SkiR T 1009% 7 S B BB AR R A ERTE 1996 4EF] 2012 4E(H]
FAE R I R A3 A 3, X U B AR B A BRAE R H LU SR i i) TR S MR B 1 B el e b b T B R AR 4 Y
Hif

[ A, AR H P N 1996 4F-21) 2012 4 (8], A=A T8 BE T8 40 B A= i ik i A BH Lok, PR3 e B R AL
PFP LA LA DU RBIEAI R B ARZE F (A ASIEAR M 1996 4E31].2012 48] 4= Py Ak iR e 12 A~ FZLHAFP
TR R BT 200%) 0 AL, W SR FIAE I X BT 2012 4F 0 T EAR SR AR, B IX 5 SRRl E R
H L5 S5 - ] TR A8 AR ) i i A v LA R 3
42 #5ig

25 PR 38 i A SO SR AT LAAS K 1996 4F- 3] 2012 4[], K H 1 Sk 7% - [ TR 3 O b e B o 72
HT N RS P A AR AT I 8 A S o, 48 7 X)W SRR AR DU R AR IR H R 2% T B A —
SERPEE  WRER LTI R MRS AR BB AN A A 3, H SR IAL T 45 S S g i
IKAHBA 33X 5 R B IR ST - ) 1RSSR R S5 AH W) G (DB Il T S PR 328 9 2t 8 Sy R ik A ] ot ooy
B MIAZ Z T - b o A Bl B ) 3458
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