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Abstract Aims The Changbai Mountains had a large area of undisturbed temperate old-growth for-
est that was partly destroyed by large-scale industrial logging at the turn of the 20th century and re-
placed by secondary forests and plantations. Our objective was to further understand ecosystem devel-
opment, community composition and structure, and spatial distribution of major tree populations.
Methods Three long-term 5.2 hm? forest plots were established in secondary Populus davidi-
ana-Betula platyphylla forest (PBF), secondary conifer and broadleaved mixed forest (SCBMF) and
Tilia amurensis-Pinus koraiensis mixed forest (TPMF) in the Changbai Mountains following the proto-
cols of the Center for Tropical Forest Science forest dynamic plot. We tagged and recorded the species,
diameter at breast height (DBH), height and crown diameter of all live and dead trees with DBH >1 cm.
We determined the spatial distribution of five dominant canopy tree species by pair-correlation g(r)
function and performed variation partitioning analysis to estimate the environmental effect on spatial
distribution.

Important findings We recorded 20 949, 14 725 and 12 062 live individuals and basal areas of 24.74,
32.07 and 56.64 m*hm? in PBF, SCBMF and TPMF, respectively. Tilia amurensis, with the overall
highest importance value and basal area, was the major dominant tree species in SCBMF, P. davidiana
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and B. platyphylla dominated PBF and P. koraiensis dominated TPMF. In the secondary forests BPF and
SCBMF, the size-class distribution of Pinus koraiensis, Acer mono, Abies nephrolepis, Picea jezoensis

and Tilia amurensis showed the reverse J-shape form, whereas P. koraiensis and T. amurensis showed
normal distributions in TPMF. Paired-correlation g(r) function showed that the main tree species had
aggregated distributions, and the aggregation intensity decreased with the increasing distances. Envi-

ronment variables had a strong effect on tree distribution, but the interpretation power of environment

variables was very low in TPMF.

Key words size-class distribution, spatial distribution pattern, dynamic monitoring forest plot, environ-

mental interpretation
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Table 1 Summary of three permanent forest plots in Changbai Mountains
A FEHACAY Z45 )% Longi- 1k RSN TR J SR A
Forest types Codes tude and latitude Average Plot areas Primary vegetation
altitude (m) (hm?)

7R L 2T Pk
g\ﬁihi lus davidi Plot1 ~ 4219-1667'N 899 32 Eﬁ;# M\d Pi

econdary Populus davidi- 128°07.817' E (260 mx200 m) road-leaved Pinus
ana-Betula platyphylla forests koraiensis forests
Ve N VEL O bk v ARSI
Se M:rl ot dbroad-leaved ~ Plot2  42°20907'N 748 32 o qu&llM M\d Pi

econdary conifer and broad-leave 128°07.988' E (260 mx200 m) road-leaved Pinus
mixed forests koraiensis forests

A AR S v RS
?lijl& " is-Pinus koraiensi, Plot 3 42°13.684' N 1042 32 flﬂ—&ll& M{d Pi

l1a amurensSis-r'inus Koraiensis 128°04.573' E (260 mx200 m) road-icave mnus

mixed forests

koraiensis forests
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Table 2 Abundance, basal area at breast height and importance value of 36 tree species in three
forest plots in Changbai Mountains

B Fif A HERR WA R R VR AS AR 41 s
Tree species Secondary Populus davidi- Secondary conifer and broad- Tilia amurensis-Pinus koraiensis
ana-Betula platyphylla forests leaved mixed forests mixed forests
ZE MEkEi EEE 2E el ELE 2B WEBiEA EEE
Abun-  Basal area Important Abun- Basalarea Important Abun- Basal area  Important
dance (m*hm?) value dance (m*hm™) value dance (m*hm?) value
41Ky Pinus koraiensis 439 0.99 3.79 709 2.06 6.35 911 28.55 24.62
KM Tilia amurensis 2268 3.58 10.66 1103 6.30 11.64 796 15.55 16.74
WA Tilia mandshurica 86 0.17 0.56 42 0.10 0.40 0 0 0
BLKY Abies nephrolepis 1071 1.34 521 2616 2.65 11.28 3847 4.05 13.02
KR Quercus mongolica 727 1.49 4.98 237 2.41 5.06 1 <0.01 0.05
fa 1 k5 Picea jezoensis 508 1.46 4.73 192 0.83 2.40 214 0.44 3.71
KM Fraxinus mandshurica 773 3.22 7.54 285 2.58 4.65 0 0 0
AR, Acer mono 2 845 0.98 8.01 1947 2.04 9.11 329 1.33 5.73
B Acer pseudo- 778 0.13 3.01 3048 1.51 11.07 962 0.75 7.98
sieboldianum
MW Acer tegmentosum 1755 0.31 4.98 490 0.38 3.30 59 0.22 1.22
LW Acer barbinerve 4585 0.27 9.73 1852 0.25 6.45 4681 0.65 18.71
1EMSWR Acer ukurunduense 277 0.06 1.23 566 0.11 2.82 174 0.08 2.93
F14-0 Acer mandshuricum 84 0.01 0.62 0 0 0.00 0 0 0
FMi Ulmus japonica 754 1.03 4.41 167 0.17 1.77 0 0 0
WML Maachia amurensis 175 0.18 1.33 260 0.80 3.30 0 0 0
FBE Phellodendron amurense 45 0.08 0.45 31 0.17 0.65 2 0.13 0.13
M Ulmus macrocarpa 0 0 0 17 0.05 0.29 2 <0.01 0.05
1Mk Sorbus pohuashanensis 63 0.05 0.59 25 0.04 0.46 1 <0.01 0.05
JKHi Sorbus alnifolia 83 0.20 0.89 26 0.08 0.44 1 <0.01 0.05
KA Larix kaempferi 10 0.05 0.22 34 0.19 0.63 1 0.05 0.08
M1 Ulmus laciniata 128 0.10 1.11 33 0.03 0.47 3 0.01 0.10
¥ Populus daviana 1777 3.03 8.90 143 0.95 1.93 3 0.20 0.25
Ki&¥ Populus ussuriensis 64 0.57 1.18 45 2.86 431 71 4.52 4.42
W Populus kareana 0 0 0 55 0.18 0.41 0 0 0
N Salix koreensis 76 0.64 1.50 0 0 0.00 0 0 0
K Betula platyphylla 733 3.69 7.98 643 5.23 8.91 2 0.04 0.04
WHE Betula costata 30 0.11 0.50 133 0.83 2.16 1 0.02 0.02
Bk Juglans mandshurica 42 0.06 0.48 0 0 0 0 0 0
k¥ Alnus tinctoria 233 0.76 2.12 0 0 0 0 0 0
KEMI Salix raddeana 19 <0.01 0.11 5 <0.01 0.08 0 0 0
Bt Crataegus 0 0 0 6 <0.01 0.11 0 0 0
maximowiczii
1T ¥ Malus baccata 53 0.02 0.70 8 <0.01 0.16 0 0 0
BZ% Prunus padus 410 0.12 1.81 3 <0.01 0.07 0 0 0
FZ= Rhamnus davurica 15 0.02 0.20 2 <0.01 0.04 0 0 0
PEVEBE Cerasus maximowiczii 41 0.01 0.40 2 <0.01 0.04 0 0 0
2L 5 A% Taxus cuspidata 0 0 0 0 0 0.00 1 <0.01 0.05

#il Total 20 949 24.74 14 725 32.07 12 062 56.64
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Fig. 1 Species-area curve (a) and individual-area (b) curve of woody plant in three forest plots in Changbai Mountains
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Table 3 Environmental and spatial interpretation of spatial distributions of main tree species in three forest plots in
Changbai Mountains

S T FEHLT Plot 1 FEHI2 Plot 2 FEHE3 Plot 3
Tree species a b c a b c a 5 :
KW Tilia amurensis 8.89 46.64 9.04 1.72 26.90 6.85 0 51.53 0
141§ ¥8 Picea jezoensis 1.63 45.36 0 27.45 68.10 29.98 0 62.71 0
AR Acer mono 6.36 40.84 5.72 4.60 56.80 4.76 1.33 14.89 0
ZIKY Pinus koraiensis 3.09 66.04 426 5.35 38.35 4.99 1.34 44.29 0
BKN Abies nephrolepis 10.18 78.22 12.09 12.75 50.74 13.29 0 64.71 0

a: PRBEAR B R 4 (%) Variations explained by environmental variables (%) b: 25 1] 45 B fi# B 43 (%) Variations explained by
spatial variables (%) c: FRIEAR & Fl 2% 0] 48 5 A2 H1E FH f# BE 3 70 (%) Variations explained by interaction effect of spatiah and environ-

mental variables (%)

B, BEARRE R E FEROR, R AR O Ak L 41
HIAS TR o T AR Z1 A A oA b /N4 R oK LU 451
D, KA R AR LA 3 I, AR 4y R
Wr IR K. FEARARE R T, ik e
S T BRAEVE 22 0 B Pl e v U o 8 AR T Ao
40P HIA BT 5 4 BORE B 1 H 2 i ZE AR T 2%
FEARMRAR, AnMAs ZOAA AR () R PP LA . 56
WA oy AT 1) g A DRI, AR SRR 204
ARIET E 58T Be A5 s tn o) A4 Re gk 2219 LAZERE . #x
PR T R 5 285 1) B =4 I A0 o R 11 1) R
AN RIS R B B ) AR MRRE 1 o DI g A £ 2 1)
RN RN A, X5 DUAE AT 5T 46
(KR A, 2008; Zhang et al., 2009). AKAHY)
TNE AT TG« FAEE R (WD IR g
SV BT I R (B AL HE) S SR A A R g5 2R .
HI 1124 h B A AR 4 93 A 5 24 855 55 A 56 4y
W], 106 R A, 84FH(79%) /b 15— Fif
A 85 B 25 40 ¢, CCA (Canonical correspondence
analysis) A& b ALAL FE 51000 56 75 3% 40 AT e W, R
G5 W) R 3 A 52 b B AR BT DR PR CRY o AAE
2007). 5T, mOGML &l TR A
I 39800 B S A SRR IR R R ST . A T
A7 (1) B B % X F-(UhL et al., 1988; Nep-
stad, 1989; Gerhardt, 1993; Hooper et al., 2002),
XF - SR B R RS E S A B E . BB R ) o A
(1) T B ML (Engelbrecht et al., 2007). k3 fi%%
(2008) 1 Zhang%%(2009) & B, 75K A 1l Ik A4 e
MRS ARAET R YR AT R, A PR ) A e AN [ A=
KB BeAN A3 18] 23 A1 52 Wi AN [|], BB DR 32 224
FT- 2l B R/ANBRE 0 KB IR R e ) 322 . AL
I LS R 7, B AR T E 2% [ b S 1) B 55 A B 2

28 AP 2 R RR AR V% P AL SR B B e . IR
PR R IR - 5 2% 1) A Rl A A ORE ARG o 2% (1] 4
A 7% S (1) fif R e D ek, Ul BA B b B PR B DR 1 A
TAE IR PR BT B IR 0E WK B, A A
K& JR O B B DR - (1) 205 18] 25 48 T8 i 1 s ) A4 Rt
(Dray et al., 2006) . B £ bR rhp) il 2% 1] 23 A %
T R A D i N A 2, HIX AR
FA5E DT 10 B Ao 23 [A) A% Jo) AT 560 o T AR 21
FARR IR BB, AR B 32 22 F KA A AR AL
J8G, DAL A 2 ) s S 52 e 25 TR B B R 200 B A
H S A R e i B R — 28, Ak, B
HESHAE. NERMEE G, LRW &
WEL 1 T PUFAT sl BE LR 1 5% i 35 R 4
FEI) 2% [a) 4% J5) (Borcard et al., 1992).

it

AR v O L R P AR AR ) b 2R b, AR
T RRAR A T B, M e DT T B R A . B AR
PRIV IORR, 200 SR MBONT SRR Tl R 0 A ¥ v 1)
MR, SR, AR L TR K Hh g
S IHAE BV TP S SR SRR
Pl 3 AR08 SR SRR Gl T AR 2
LY 2 PR VI UPESU TR IERAR 7

PRI LR P R SLAR A8 WA (142
DA RSP TREANAL, T LLRR SR AR 1
VUl A5 TR A Sy B S A o TR, ROR AT b A AL
FA BN EPEA T . K Al AR
B BOAR AR 3t v 54> T2 SRR Y DUOR SR ) A
E, I BAEEUN I RE R E (r<4 m) Bkl K
RS o BT AR, T2 BB B 2 18] 20 A 19
IS AR B R WD AN RSO B B, R
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