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Spatial distribution and interannual dynamics of tree seedlings at different
successional stages in a conifer and broad-leaved mixed forest in Jiaohe, Jilin

Province , China

YAN Yan,YAO Jie,Zhang Xinna,ZHANG Chunyu,ZHAO Xiuhai "
Key Laboratory for Forest Resources & Ecosystem Processes of Beljing , Beijing Forestry University , Beijing 100083, China

Abstract; The spatial pattern of seedlings plays an important role in community regeneration. Our study was based on 415
seed-seedling census stations established in three large permanent field plots, each representing one of three successional
stages in a conifer and broad-leaved mixed forest. We conducted three censuses from 2012 to 2014 for seedlings <1 ¢m in
diameter at breast height and analyzed the quantitative distribution of woody seedlings and the spatial relationship between
seedlings and adult trees for four major species: Fraxinus mandshurica, Acer mono, Abies holophylla, and Acer
mandshuricum. The Syrjala test was used to analyze interannual differences in the spatial pattern of the number of individual
seedlings and the number of seedling species at the station level. Our results indicated that (1) there were obvious
differences in the quantitative distribution of woody seedlings among communities and years. Seedling density exhibited
substantial spatial variability at the station level , whereas spatial heterogeneity of seedling richness was low. These results

indicated that spatial heterogeneity of seedling distribution had an important impact on seedling density.(2) Spatial pattern
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of the number of individual seedlings and the number of seedling species varied among years at the station level. This
demonstrated the influence of seed production, dispersal method , and community composition on the spatial distribution of
seedlings.(3) Judging from the spatial relationship between dead seedlings and adult trees, dead individuals of the four
major seedling species exhibited a similar distribution pattern with that of adult trees, which indicated that the distribution
pattern of adult trees might affect the distribution pattern of seedlings,. It further confirmed the negative density dependence

of the spatial pattern of seedlings.

Key Words: seedling; spatial distribution; interannual dynamics; successional stage; Jiaohe
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mandshurica) B & ( Corylus mandshurica ) . 7< 46 1L #§ 46 ( Philadelphus schrenkii ) F1 $| T il ( Acanthopanax
senticosus ) %, B AL VL ( Meehania fargesii ) \ 5% M = 8R ( Urtica angustifolia ) | faf 7 46 ( Hylomecon
Japonica) \ﬁégﬁﬂﬁ?%_)ﬁ(mhwium niponicum ) FIVFE R B 35 Bk ( Athyrium brevifrons) & X AL Frh A LR AT,
& 52 2 S R Tl R R U, B 2 T R M 2 RN, B 2= R M 2 K B M2 WK, X ZFERE K,
AR 3.8°C BT 7T H HIgIR 21.7°C % A 1 A PR -18.6°C, BEKZETIEE T 428
700—800 mm,, A FEHREAR O AL,
1.2 kb S kA

4 CTFS( Center for Tropical Forest Science ) 4% AR FLIE (hitp ://www.ctfs.si.edu/) , 2010 FFEFEWFFT X N
AR ARG (4 2 T B B RVRE A 2 1k, 6 B 3 b A [6) 2 & B B A T e Y S b o o7 [ W 000 R s, 4 v i A
(21.84 hm?,420 mx520 m) AR (42 hm®,500 mx840 m) FIZHHK (30 hm?,500 mx600 m) , FEHUHEA U155 1
FRi7R o 3 BRI T A U AR AR ) TOUZMAE Bl 206 B ok 3 ) BORU 3 5 3R 0, ) A i SR A A 3 PN P
£ (DBH) =1 cm RYAEMRMAYIFI A FR AL (em) A& (m) ACT & (m) MR (m) |, IE 45 R R
FEAL

F1 HREAERAR R A AR

Table 1 Summary of permanent forest plots in Jiaohe of Jilin province

. ZHE . N WP B y
How HEAL TR, I #538/m Bt i Bt
Longitude and . . Succession X X
Forest type Plot area . Elevation No. of stations Primary vegetation
latitude stages
21.84 hm” 43°58.383'N , N
HF 468—51 bl U RARIN
(420 mx520 m) 127°44 317'E o % RES LA AR
42.00 hm’ 43°57.783'N
MF 459—517 209 *
(500 mx840 m) 127°44.389'E il
. 2 43°58.071'N
OGF 3000 hm 576—784 143 JE

(500 mx600 m) 127°45.539'E
HF; ##3HK half-mature forest; MF; S ZAK mature forest; OGF; Z#BHk old-growth forest

1.3 #ifiHmxE

2011 4% 7 AR NUBEAR S0 3, 76 3 D FEHL Y L3 8 T 451 A4S Fh TR -4 i WL IUAE sty | JHG v e 8 b
99 A~ AR 209 A EWEAK 143 S (E 1) . BEAEEEH 11 0.8 mx0.8 m BT RIS &8 SOL DU A BE L 1 m
e 4 A1 mx1 m Gy /METHE (KL 2) .

gtk HF A MF Zit bk OGF
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B1 HsaTEE
Fig.1 The layout of monitoring stations
1.4 i
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405 41<N,<45; 46<N, <50; S5I<N, <55; S6<N,, B2 RIS EREE
<60; 61$NH$65; 66$N14<70; 71 $N15 $75; 76 < Fig.2 Quadrat layout at each of the sampling station

N,<80; 81<N,<85; 86=N,,<90; 91=<N,,<95;
96 <N, <100; N, >100, Geita&HEuli N FH N MA%L

HEHL Syrjala #2567 ke S HTAE s FUBE &I 85 18 R = B 1) 2 [ 40 i ZE AR BRIBI Y 22 5. Syrjala 456 /238
AP MEARY Cramer-von Mises 35K /3 AT LA Z [A] A9 25 [B] 73 A 25 5%, Syrjala 460 1 I R 7R
WFFEIX IR, PIREA YIRS 0 A e — B0 o WAL S & WARAR R (ke k) d, (ke vk ) R 0 DFOEE b S5
FEARL . AR — S TR/ N AR 6 ORI 1) 1 %% B 0 S b AL .

gamma.i(xk,yk) = d.(xk,yk)/D,
AP Do d(xk vk ) WMAE LG, 55 0 DRIEETE 8L (ak , vk ) A0 B89 REROM T B, & GAMMA.i (xk, vk) |
JEPITA IE AR G Y B, gamma. i (wk ,yk) o Syrjala Fa 302 (BS B GT T8 PSR Z ] R (Y
ZEAERYFT7 SR BT AT REAS R A B
psi = sum{ GAMMA.1(xk,yk) — GAMMA.2(xk,yk) |’

psi A AR FE X IR (1 A AT SO 1Y, psi S5 4 U, B 1 AR 1 IR, AR R-F-34) psi (B R 80K
BRI E . WEREIAY psi 3 P RS B EAE IR 25 O HES B A5 0 R 36 G 1B 15 8107 38 TR 1Y

A A B g A 5 4 B 38R E Bl AR R-3.2.0 (hitp ://www. r-project.org ) FlI Microsoft Excel
2010 S8,

2 FEREH

2.1 IR

2012—2014 4E[a], FPi ML R 14 ANSYFFF SRR T 8 B 10 J& 5 BRI IEE 2 21 A~ i il
T RET 11 B 15 )8 BRI S 20 SRR SRE T 11 B 14 J8 20 FEY) (£ 2) . 3 MR,
R BRI 2 AR AE 2013 ARIRBWE(E , (A4 DB R i AR R B AZ AL CSABER, B B 1T
HBEFI 2 R 198 T 45 A 48 1) - T %88 B 20 7 2013 AR AR (R 2)
2.2 AR B AR

WFFE ], 3 A A 8 A 380 18 A AR 0 40 1 380 A iR LA A 1) 2 AR ol AT R S LA A 1 40 1
FEHL P 7 S BCAE 2013 AFRIR BB K, 2014 ARG A fe /b, 2978 2012 4F 2013 AR BRI —2F (R 3) .
2012—2014 4E[A], g AR ) 10 # 11 )8 18 FoRAH Y 41t , Hirh 2012 4 A& 3 16 F 1338 #R4IH 1%
BRI ( Tilia mandshurica) FIT-4:H ; 2013 AEJHAE] 18 MWFR LT, 36 1942 Bk 17 2014 45384 5]
724 B 17 FhANHE A LA (R 3) o RV 2] o B 11 8 17 R ARAKEYI S, Hodr 2012 A A F|
17 Fhaly i, 2 4041 Bk 2013 1 2014 4F 5300 98 25 2] 5160 F1 2379 #R %, HH B AT & I E 4R ( Corylus
mandshurica , %% 3) . EWEA 3 RN BTA ] 16 AR FILE SRR T 9 B 10 J& 2R 451 2199
2229 F1917(F% 3) .
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Table 2  Seed rain density of woody plants
HF MF OGF
YIFp Species
2012 2013 2014 2012 2013 2014 2012 2013 2014
I Tilia amurensis 245.72 262.26 122.54 436.32 503.91 525.58 392.01 401.34 195.61
FIHE Betula platyphylla — 33.36 22.60 47.55 1385.65 465.89 1.85 10.04 —
IK M Fraxinus mandshurica 46.04 357.28 43.62 261.76 666.81 21.28 9.99 121.05 8.84
T Acer pictum subsp. mono 9.26 26.58 4.04 136.11 407.64 86.22 133.89 249.72 10.18
B Betula costata. - 0.46 2.67 - 119.33 253.88 - 229.43 344.78
T4 M0 Carpinus cordata 0.28 — 0.32 41.40 0.35 40.91 90.47 0.80 104.96
HRALI Acer mandshuricum 3.65 6.53 3.93 17.55 34.58 29.39 33.43 69.13 23.22
W BE Phellodendron amurense — - — 0.05 0.22 — 89.16 51.82 72.92
FHiy Ulmus davidiana var. japonica — 0.22 67.03 — 0.02 19.19 — 2.05 26.93
iT# Tilia mandshurica 0.03 — — 45.08 1.88 33.43 1.75 1.29 5.60
Ak Quercus mongolica — — — 4.42 19.26 12.36 9.20 11.00 1.91
HHEN Acer tegmentosum 0.03 0.38 0.11 0.77 3.38 2.59 0.27 26.75 6.20
UPHS Abies holophylla 1.85 0.63 2.18 0.14 3.39 5.79 1.03 10.48 2.59
ALK Sorbus pohuashanensis — — — 0.14 0.41 2.41 2.70 1.70 5.82
W2 Padus racemosa 0.16 0.06 — 0.03 — — 4.31 2.38 0.71
AW Acer triflorum — — — — 3.00 0.65 — 0.30 —
WIBEH Juglans mandshurica 0.69 0.43 0.63 0.38 0.35 0.65 0.25 0.25 0.16
BARIERE Actinidia arguta — - - — 0.08 0.51 — 2.34 0.24
FEEM Acer barbinerve — — — — 0.08 0.09 — 1.25 0.36
ZLFA Pinus koraiensis 0.02 — — 0.02 0.09 0.80 — 0.02 0.16
K A& Larix olgensis — — — 0.02 — — — — —
At Total 307.73 688.19 269.67 991.73 3150.43 1501.63 776.29 1193.15 811.17
F3 ARFEVMHEAOWIAR X Z E/ BFEAXRE/ %
Table 3 Species composition, the relative abundance/ % and the relative frequency of woody plant seedlings/ %
HF MF OGF
I Species
2012 2013 2014 2012 2013 2014 2012 2013 2014
JK MM Fraxinus mandshurica 51.1(88.9) 34.2(87.9) 36.9(61.6) 34.7(76.6) 26.4(79.4) 30.2(59.8) 3.2(28.0) 1.9(16.1) 2.2(10.5)
F2H Abies holophylla 23.2(19.2) 6.3(19.2) 6.5(13.1) 34.4(42.1) 3.4(20.1) 2.5(15.3) 45.0(51.7) 3.2(182) 6.3(23.1)
T Acer pictum subsp. mono 8.8(46.5) 26.2(69.7) 21.4(51.5) 13.3(72.7) 32.4(90.9) 26.4(73.7) 13.4(66.4) 33.2(83.9) 28.1(62.2)
KA Acer mandshuricum 4.1(33.3) 21.2(69.7) 15.6(42.4) 3.5(37.8) 16.2(75.1) 10.0(51.2) 7.9(55.2) 18.8(66.4) 17.9(48.3)
TRk Juglans mandshurica 3.4(23.2) 1.3(14.1) 1.9( 10.1)  0.7(10.0) 0.2(43) 02(1.9) 0.5(5.6) 0.1(1.4)  0.1(0.7)
2L Pinus koraiensis 2.1(9.1)  0.4(3.0) 0.3(2.0) 2.2(234) 1.0(139) 1.1(10.0) 1.7(21.0) 1.0(11.9) .6(9.1)
Fiy Ulmus davidiana var. japonica 2.0(6.1) 2.5(17.2) 4.8(8.1) 0.6(7.7) 1.1(14.8) 1.0(8.1) 12.6(49.7) 6.0(30.1) 7.0(18.9)
FEEM Acer barbinerve 1.7(7.1)  L.1(6.1) 5(3.0) 0 3.2(13.9) 2.7(18.7) 4.8(14.4) 55(23.1) 9.2(37.8) 6.4(154)
F# Populus cathayana 1.7(1.0)  2.6(1.0) 5.1(1.0) — — — — — —
W Tilia amurensis 0.7(4.0)  2.1(9.1) 4.0(14.1) 2.0(18.2) 8.6(36.4) 19.5(57.4) 1.3(13.3) 4.4(21.7) 14.8(41.3)
A Ulmus laciniata 0.3(3.0)  0.3(5.1) 0.7(4.0) 0.7(10.5) 0.5(9.6) 1.0(8.6) .6(9.8)  1.3(9.1)  2.3(7.7)
H#EBE Phellodendron amurense 0.2(2.0)  0.2(2.0) 0.3(1.0)  0.0(0.5) 0.0(0.5) 0.1(0.5) 0.5(4.9) 1.0(10.5) .3(4.9)
HHE Acer tegmentosum 0.2(2.0)  1.3(8.1) 0.4(3.0) 0.6(5.7) 2.8(29.2) 0.8(7.2) .0(7.7)  11.8(53.8) 4.8(20.3)
P25 Prunus avium 0.1(1.0)  0.1(1.0)  0.1(1.0) — — — — —
4% Populus davidiana 0.1(1.0)  0.1(1.0)  0.1(1.0) — — — — — —
B8 H 2 Rhamnus ussuriensis 0.1(1.0)  0.1(1.0)  0.1(1.0) — — — — — —
1IH Tilia mandshurica — 0.1(1.0) - 29(23.4) 23(23.0) 0.7(4.3) 3.3(26.6) 1.6(11.2) 0.4(2.8)
T-4&Hi Carpinus cordata — 0.3(4.0)  0.1(1.0)  0.6(8.1) 2.0(25.8) [1.5(11.5) 2.0(16.1) 6.1(28.7) 6.3(20.3)
EH% Corylus mandshurica 0.1(0.5)
SR Quercus mongolicus — — — 0.2(4.3)  0.1(2.4) 0.1(1.4) 0.5(42) 0.2(2.8) 0.2(1.4)
AW Acer triflorum — — — 0.1(2.9) 04(6.7) 0.2(1.4) 0.0(0.7) 0.2(2.8) 0.1(0.7)
KT Total 1338 1942 724 4041 5160 2379 2199 2229 917
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Fig.3 The number of individuals and species in each of station

FRARAIT T H B Sl A AT 56 43 A AT 6. 7E 2012—2014 4E (8], 3 AMRE b b 43 0 K 22 50RE o 1 IR 4 e 5k
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1—5 BREYAE RS ECE U] 2 5 T 2012 4E1 2013 45 BUAARTE 2013 4E4) 50 6—10 PRIFE ISR 2, i
BARAE 2012 AELEEBCN 6—10 BRIUREEESURZ (18 3)

X RE s T BRSO RR B T GE T I, IR ARAE 3 W A ) A R 055 40 A 2 IR R A R A T
HAEBR) 22 W 4. 2012 4R 6 ARl iR R BT R R4 1, 85 A FEub (o5 AE il S 85.9%) i 31
IR NT 55 2013 AR L 1—5 DR RS BUR 22, R 29 A>3 T 2012 4FEAT 2014 AE A S5 R
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Table 4 Syrjala test values for the annual variation of the number of individuals,the number of species and seedling abundance of four major

species in the three forest plots
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Fig.4 Spatial distribution patterns of the dead seedlings for the four main species during the year of 2012—2013,2013—2014 and 2012—
2014,and their parent trees with DBH =20 cm in the HF
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Fig.5 Spatial distribution patterns of the dead seedlings for the four main species during the year of 2012—2013,2013—2014 and 2012—

2014 ,and their parent trees with DBH =20 cm in the MF
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Fig.6 Spatial distribution patterns of the dead seedlings for the four main species during the year of 2012—2013,2013—2014 and 2012—
2014 ,and their parent trees with DBH =20 cm in the OGF
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