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Abstract: [Objective] The aim of this study was to provide a basis for the growth, protection and
management of Tilia amurensis secondary forest by analyzing the quantity and spatial structure
characteristics of standing live and dead trees and exploring the growth state, succession process and the
main causes of standing dead trees under two disturbance modes (non-cutting and selective cutting).
[Method] The research was conducted by analyzing the species composition, diameter structure, height
structure and spatial structure of standing live and dead trees. [Result] (1) Tilia amurensis, Acer mono, as
well as other dominant tree species in living trees also had a dominant position in dead trees in selective

cutting stand, while only 7Tilia amurensis was dominate among the living trees and standing dead trees in
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non-cutting stand, but Acer mono was only dominate in the living trees, and it was rare in dead standing
trees. (2) The standing live and dead trees of the small diameter were dominant in all two stands, and the
diameter distribution was roughly inverted J type. The height class distribution of living trees was roughly
left-skewed distribution in two stands, while the standing dead trees were inverted J type, meanwhile, the
small standing dead trees accounted for a large proportion. Therefore, it could be analyzed that the main
reason for the formation of dead trees in the two stands was the competition among trees. (3) The trivariate
distribution of spatial structure parameters had shown that there were more dominant living trees, which
were randomly distributed, highly mixed and dominant in two stands. Whereas, most of the standing dead
trees were randomly distributed, in disadvantaged state, and the surrounding trees were all other tree species
or only one was the same tree species. (4) The quadrivariate distribution of spatial structure parameters
showed that the standing dead trees of the two stands were randomly distributed in general with good
mixture of species and obvious size differentiation. There were three or four standing live trees around one
standing dead trees in that state. [Coneclusion] It further indicates that inter-species competition is the main
reason for the formation of standing dead trees. This study analyzed the spatial structure and quantitative
characteristics of standing live and dead trees in the secondary forest of 7ilia amurensis. Therefore it is not
only exploring the formation of dead standing trees in the secondary forest, but also provides a theoretical
basis for its protection and management.

Key words: Tilia amurensis secondary forest; living tree; dead standing tree; spatial structure; selective

cutting; interspecific competition; trivariate distribution; quadrivariate distribution
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A VA RSy A N i R T ERE S S 77K S ENE AN
TR (45°11" ~ 45°25'N, 127°38" ~ 127°51'E) . #h3%
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2k 28 3k (Adiantum pedatum)- B+ % (Filipendula
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Tab. 1 General condition of sample plots
FEHbg 5 W A TR I P12 WA/ (m> hm ) ARo-PIRAE  MRAr B RE/(Bk-hm ™) REFRZE Rk
Sample Slope Slope Average Crown Basal area/ Mean stand Stand density/ Tree species
plot No. degree/(°) aspect altitude/m density (m*ha™) DBH/cm (plant-ha™) composition
[} 32151
1 27 Southwest 378 0.80 30.4 15.1 1291 34
i) 43K IR
2 24 Southwest 420 0.84 29.8 14.7 1235 12

TESON B GO AR, SONEE IR FO ERE RS T 0T R 22 9 LAl . Notes: %8, Tilia amurensis; €4, Acer mono; %%, Quercus

mongolica; H, Betula platyphylla; ¥, Tilia mandshurica; %, Acer tegmentosum; 7%, other tree species.
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Tab. 2 Spatial structure parameters

Z# Parameter A3 Formula

£%7¥ Remark

B3 % Mingling

l)'l
Mi:HZVU
J

LSRR S H AR AAEFIF I, 7 HUE 1 B EE 0
The value of Vj; is 1 when the reference tree i is not the same species as that of
the adjacent trees of strain j; otherwise, the value is 0

£ E Uniform angle index

HEINaf/NThrUER a ], ZBE A1 75 NEVE R0
When the first angle a is smaller than the standard a;, the Z; value is 1;
otherwise, the value is 0

K/INEEEL Neighbourhood comparison

FHARA LS A i/, KU N0 5 R 1
When the adjacent tree j is smaller than the reference tree 7, the value of Kj; is 0;
otherwise, the value is 1

LA LE Living tree ratio

KA ARAG ARG SLAKT, 1A 905 75 WHE A1

When the adjacent tree j is standing dead tree, the value of /; is 0; otherwise

it’s 1

£3 ARE. BZE. K/DLHMBEIARLESHHBEREX

Tab. 3 Specific values and meanings of uniform angle index, mingling, dominance and living tree ratio

iR TR NG WAL
Uniform angle index Mingling Neighbourhood comparison Living tree ratio
BHI L, BEAE SH . SH .
Parameter - Parameter - Parameter - Parameter o
Meaning Meaning Meaning Meaning
value value value value
A LR . .
TF ) . AR SRR AT AT A
P TR .
w=0.00 Very regular M=0.00 No mixture U=0.00 Predominant L=0.00 4 adjacent trees around the reference
disrt};iblﬁion state tree without living trees
W5 N AR RS Z: B ] B AR AR SR LIRS AL AR
IRIRAZ
W=0.25 Regular M=025 Lo r;bl ture U=0.25 Subdominant L=025 There is 1 living tree among 4 adjacent
distribution W mixtar state trees around the reference tree
BEHL A LR AT R 2 Z: JEAR ] FRLARRAH QAT 2ME L AR
W=0.50 Random M=0.50  Medium U=0.50 Medium ;l:z;te L=0.50 There are 2 living trees among 4
distribution mixture u adjacent trees around the reference tree
e HCIEE 2SN
Eikiigil e PETRAT BEORTS Z [ A LA RRAR A8 AT 3R 3L A
w=0.75 Clumped M=0.75 High U=0.75 From medium to L=0.75 There are 3 living trees among 4
distribution mixture disadvantaged adjacent trees around the reference tree
state
. HERE e o
REN G Absolutel Z: [ ) LA RAR SR AAT 4R SL A
W=1.00 Veryclumped M=1.00 Complete U=1.00 disadvanta };d L=1.00 There are 4 living trees among 4
distribution mixture & adjacent trees around the reference tree

state
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2.5

31

SFEIMAE R 9.124 cme SEHRAE S AR AR th o 2 Al
SEAHE A ¥ LA TE B R R s B T AR o AR K L
o, B H 1 ERAB R ST A X 22 B 5 AR R R 2 43 )
N 58.33% 1 43.91%, 15 LA M £ B 5 A0 X} 5 3%
FE 43 1 43.56% F1 42.47% . FEH 2 S Mk ST AR A
X% FE 5 AR S R 4 0 N 42.40% A 25.84%,
LA M X 2 5 A X B 2 R 4 B 33.33% F
29.86% . HE b, ML 1 VG LR, SR BORHR. 5
TR AR K AR, 25 B AR /N T 70 BR/hm? (R 4),
Fili SEA AR AB LA e K, LA AR B FE BN T 6 MR/
hm?s (RO T- W AR, DR i A R 3 9 55 B o LU AR K,
HEZE SN 11.94% F1 10.8%. FEHb 2 {135 57

T8 SR R A 3L A T 2B B O B B HAE

Tab.4 Tree species attributes of living trees and dead standing trees

FEHB1 Sample plot 1

FEHb2 Sample plot 2

R/ WAy P R/ Wrmdy P
Ry Fof (#-hm™?) (m*hm™?)  Mean R Fof (Ff-hm > (m*hm ?)  Mean
Tree species Density/ Basal area/ DBH/ Tree species Density/ Basal area/ DBH/
(plant-ha™ ") (m*ha ") cm (plantha ')  (m*ha ") cm
L
- ki . 529 10.089 15.781 B 485 5777 11.865
Tilia amurensis Acer mono
o L
EAH: 323 4.246 12.463 . i . 311 7.148 17.721
Acer mono Tilia amurensis
=3 == b b
R 70 2331 19212 kel 89 0.426 8.073
. Quercus mongolica Acer tegmentosum
FEYA
Ny WK A
tg:ng Phellodendron amurense 40 0.756 16421 Tilia mandshurica 75 1.718 17.531
KAy ETHE
Ulmus laevis 38 0.947 17.732 Betula platyphylla 34 2.114 30.482
S EQUYS
Betula platyphylla 30 1.449 24.581 Quercus mongolica 28 1373 25313
oAt A
Others 187 3.921 16.961 Betula costata 26 1.545 28.964
Foft
Others 98 2.260 18.685
P n
- ki . 44 0.232 8.644 A 33 0.114 7.135
Tilia amurensis Acer mono
IH-#67 kAo
KU 6 0064 12434 RE 29 0.193 9.123
Ulmus laevis Tilia amurensis
WK H R
Phellodendron amurense 3 0.064 13.043 Acer tegmentosum 3 0.012 6.234
e IKHAGAERK
Quercus mongolica 3 0.018 7.491 Sorbus alnifolia 4 0.043 12.423
g SFi
Albizia kalkora 3 0.026 9.321 Betula platyphylla 3 0.074 19.563
FhATA L AU
Dead Populus davidiana 5 0.016 6.974 Betula costata 3 0.078 18.134
standing L R ARk
tree Betula platyphylla ! 0.102 35.962 Juglans mandshurica 3 0.006 6.426
1€ 0 AR
Fraxinus rhynchophylla ! 0.005 8.123 Tilia mandshurica 3 0.007 6.595
L 233 EJL
Tilia mandshurica ! 0.005 8.123 Quercus mongolica 3 0.095 21.764
=k hb fnp e}
B TR 1 0.003 6.424 o H’ﬁ . 1 0.007 9.575
Acer tegmentosum Ulmus laciniate
K HiAH
Fraxinus mandshurica ! 0.006 9.264
[] e
KUl 1 0.086 11312

Ulmus laevis
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P FEHB AR AR S8 8 T I K R S50 . MRy T E
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Fig. 1 Diameter class distribution of living trees in sample plot 1 and 2

2501 a1 Sample plot 1

“[] .

6 8 10 12 14 16 18 20 22 24 26 28 30
% 9% Height class/m

s
1

9 BE /(bR -hm™)
Density/(plant-ha™)

2501 BeHi2 Sample plot 2
~ 7 200t
=
£ 2150
ge
o 2 100¢
0 I:I M
6 8 1012 14 16 18 20 22 24 26 28 30 32 34
R £ 2% Height class/m
B2 FEHL 1 FIREHD 2 35 SO R R R A
Fig.2 Height class distribution of living trees
in sample plot 1 and 2
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Fig.3 Diameter class distribution of dead standing
trees insample plot 1 and 2

FRELIK) 48.33%, HIAEAE 5 ~7 cm, 5 RREUN) 21.67%,
HOAEAE 9 ~ 11 em A 11 ~ 13 em [R5 1) 5 B bk B
11.67% F1 6.67%, 142 KT 13 em [ R 4 2R3
(1) 11.67%. FEHb 2 Kl SEARFERY 70 A KB B8,
il ST AR B B 5 A2 B B 3 O 2R R B, R SR
W42 5 ~ 7 em AMRECE5OKR 36 B, (R
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