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MRFIE. RS )00 E, S S5 R ORRE— & AR .

KHEIR: AR FERRahads; FRME; AR, A
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Abstract: To explore the composition and interannual dynamics of tree seedlings in the montane region of
eastern Liaoning Province in China, we established 1,600 seedling quadrats of size 5 m x 5 m (25 m?) within
a 4-ha plot to monitor forest dynamics. We analyzed species composition, height-class structure, interannual
dynamics and spatial distribution of tree seedlings from three censuses (2014 to 2016). We recorded a total of
22 species of tree seedlings during the survey period. The species composition of tree seedlings did not vary
significantly among years, but varied greatly among quadrats. Species that dominated as seedlings largely
reflected the dominant species among adults. Tree seedling numbers varied significantly among different tree
species across years, with Fraxinus rhynchophylla, Acer mono and Juglans mandshurica accounting for
75.6% of the total seedlings in the three censuses. The abundances of F. rhynchophylla and J. mandshurica
seedlings varied greatly among three years, while the other species varied little. Similarly, seedling density
also varied greatly among different species. We also found interspecific and interannual variation in new
seedling recruits and those that died. Recruit abundance during 2014-2015 (3,888) was higher than
2015-2016 (1,710), and the seedling mortality rate was also higher in 2014-2015 (23.7%) than 2015-2016
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(12.7%). The mortality rate of recruited seedlings (18.8%) was higher than that of existing seedlings (8.1%)
during 2015-2016. Finally, we found that the dominant seedlings showed spatially clustered distributions and
the spatial pattern of seedling distributions was consistent with that of adults of the species.

Key words: forest regeneration; interannual dynamics; spatial distribution; montane region of eastern Liaon-

ing Province; secondary forest
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1.2 #MRFGE
121 #iigESEHEAE

20138 H, Z MR CTFSHF Hb i 5 Am 1E A5/ A
76,(Condit, 1995)7E 7 5 il T ) S IR bk P 1 B — 3k
4 ha?/AE AR 2 I, A RIS 9200 m x 200 m,
FH A R BEAFE IR 73 1100120 m o x 20 mirg i
75, AR WA B4R (DBH) > 1 em AR A,
LSRRI RIS . BAE R A AR S, FEEERARIE, DA
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Fig. 1 Topography of the 4 ha secondary forest plot in mon-
tane region of eastern Liaoning Province
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LA LA AR X R AE R TR AR 4 1 4k e AR bRl & 1151

T 0 AH AN S A A AE R R 2 22 57 (F = 4,016.3,
P =0.001) (#3). MIFETAL T 15 = 2H BN 43 A
(P LR, 34 [H] I AR 4 i 1 B & 25 BROFN 73
A A7 AE AR i 3 22 5 (P = 0.001) (%3).
22 FMEHEBESEMK

2014-20164 1], Hidl 5% $120515,598 4% i 1 7
KW . 25 (Prunus padus) F1 T 4 i (Carpinus

T2 201454 ER SHEHTE

cordata) ¥ 4 AV AE 201544 W I 3], FE AN,
ARk SABRREE 18R BT s 4 v, b
AR B R AR 2, O AR (AR, i 1
K R 5008k (1)

20154 Hr 41 143,888k (3R 1), Bl 4 &
$011169.45% . PHALIT, 7E678ANFETT N AL T B 4))
H, BT AR IR A AT, W

Table 2 Species composition and quantitative characteristics of tree seedlings in 2014

A YHIH YIHT YIEEEAR SRR MANZE HEXNRE =ZE
Species No. of Seedling density CV of seedling Relative Relative Importance
seedlings (mean * SE, density (%) abundance  frequency  value
n = 1,600)
1eMifl Fraxinus rhynchophylla 5,189 3.685 + 0.347 376.97 32.93 10.81 21.87
BB, Acer mono 3,910 2.777 £0.146 209.71 24.81 17.13 20.97
BBk Juglans mandshurica 1,712 1.216 +0.040 131.52 10.86 19.53 15.20
I T4 Syringa amurensis 827 0.587 £ 0.042 288.83 5.25 7.13 6.19
M Acer pseudo-sieboldianum 742 0.527 £ 0.044 336.29 4.71 5.53 5.12
K0 Fraxinus mandshruica 622 0.442 +0.042 379.44 3.95 5.42 4.69
1i# Populus davidiana 614 0.436 + 0.046 425.41 3.90 3.17 354
JT & # Bothrocaryum controversum 379 0.269 + 0.023 348.90 2.40 4.58 3.49
Zi-Hr Ulmus laciniata 291 0.207 £ 0.015 283.45 1.85 493 3.39
%Kk Quercus mongolica 240 0.170 + 0.016 386.00 1.52 3.05 2.29
FHHME Acer tegmentosum 208 0.148 + 0.014 379.95 1.32 3.01 217
/INHEBR Acer komarovii 178 0.126 +0.012 383.95 1.13 2.82 1.98
PHE Maackia amurensis 180 0.128 +0.012 378.25 1.14 2.71 1.93
#4425 Prunus padus 172 0.122 +0.013 440.27 1.09 2.55 1.82
KR Sorbus alnifolia 143 0.102 +0.010 379.01 0.91 2.57 1.74
F4&#fi Carpinus cordata 154 0.109 +0.012 434.08 0.98 2.34 1.66
YL Tilia amurensis 86 0.061 % 0.007 483.57 0.55 1.20 0.88
TEME M Acer ukurunduense 41 0.029 + 0.008 1,105.50 0.26 0.58 0.42
HE¥ Phellodendron amurense 33 0.023 + 0.007 1,215.70 0.21 0.42 0.32
¥ Ulmus propinqua 29 0.021 + 0.005 1,022.49 0.18 0.35 0.27
M1 Ulmus macrocarpa 7 0.005 + 0.002 1,415.22 0.04 0.12 0.08
=1EM Acer triflorum 3 0.002 + 0.001 2,164.87 0.02 0.07 0.05
it Total 15,760 100.00 100.00 100.00

R3  2014-2016FFAYEES KL TR ES

Table 3 The results of perMANOVA for tree seedlings during 2014-2016

H I df PRl SS Y5 MS F P
4 Year 2 343.18 171.591 4,016.3 0.001***
¥ # Residuals 4,797 204.95 0.043
M4 Total 4,799 548.13
2014 vs. 2015 2,674.386 0.001
2014 vs. 2016 5,036.132 0.001
2015 vs. 2016 7,513.394 0.001

RS



ks

1152 £ ¥ % B M Biodiversity Science

26 %5

DUIRE T B LA, HBLL-3F 5 186 20 B (A 5 0 I
%, 3H6081 .

20164 Fr M 4T 1, 7100k, o 37 3 401 AL B0
30.55%, A 789N J7 A £ R H G 4, AR A
% (SR IFE A2, LR H 36 2h i IR 7 44
Bi%, HHE61AN . Fri 4 B 4 S o An e
S PR B £7 7E 0 35 22 (R 4) (F = 2,7015, P =
0.001): BREAMkMk- A, oAl A g 38 41 v % 4R
X I A 2014-2015 4F [8] £ T 2015-2016 4 [A] ,
2014-20154F 7] %) i 3Fr 14 5= 30 2015-2016 4F [] (1)
2.3, HA e, oM. (LA SR Al T
R %, 2014-2015 4F 8] 78 #h A0 5 1 & 2
2015-20164F [A] #7342 B 10 A% o BABARK &) B 1
H 5 ) 2 B~ 2015-2016 4F 1] B {2 £ T 2014-2015
], BT LA NG #2215 . BEE A BT, B
B AR AR R R R .

23 RTYEBESHEMK

2014-20154F 8], FiEAm(UImus macrocarpa)fi
— ek (Acer triflorum) 2 4b, 20/ MR R FE T g it
3, 7358k, EHRKMAIIERI I ZE T B i 2, (HAET:
SE64.87%, BETE g IR R BBk (75.4%)
(1), 2015-2016%F (], BREciifl ={emz 4k, 204
BEFRBE T 401 FE412,0158k, JET-$Em & 2 K K2
fetin, e AR, JLit1,4020k, (HETI RS
[169.58%, F A 1l 4% 1) 36 T % & = (38.8%), H
2014-20154F [A] &AW P &) B (PR T 2 84K b T
2015-20164F 0] (1), @i L EH 4w 1 B A %)
HIAE T LT LUK IR, i )bt R i B T
CAHAHET .

24 HEsERMNFS
2014-20164E37R 4N T M A gi it 45 B R (K2A):
B A SN TR e D, T S34E
TR N TR ARG T # E EAET0.1-0.6 mi R, &
WG ST BB T4.5% . 71.1%H169.9%, Hofth =
g (8] 4y 1 B AR R D, A IR E I R . TE

T4 20142016 FNEFT ARG ENES RS T HEN

0.1-0.2 mm BER N M E R . & AN
[ HERS, 25 = B e A B %) v 42 22 BE i /D,
Hr0.1-0.2m. 0.2-0.3 m. 0.3-0.4 m#10.4-0.5 m&;
FE R P A T AR BRI B4R N . AT RN EE
77 BT AR T B AR H A A R
XF3UCHE 11,6005 m x 5 m/INFETT A 4 B R
FESE T & BL(EI2B), 2014-20164F [F)AE 7 P 4F (7] 5
ANKETT PN M WP &0 PR A R R B I A B R
(B XTtR 36 2014 vs. 2015, P < 0.001; 2014 vs. 20186,
P = 0.003; 2015 vs. 2016, P < 0.001): 7E20144, 7%
BRI HILIFE 61924, LR TR A% H B
[IFE 743814, 2-5FF T A%y iy i B I FF 7 4821
(51.3%), 12FhFe AR % H HILFE 7 A 14~ . 2015
B, WA TRRYE IR T 3344, LMTRRY)
B LR RE 7453664, 2-5Fh TR AR 4T H B IRE 5
HT7167~(44.8%), 13FTr A% HILIIFE 7 A 11
20164F, WA TR H IR J7 A 1894, 1FkFF
KRYH BB IAE 74074, 2-5F TR AR %t B IIRE Ty
F815/~(50.9%), 13M T AL B L IAE T A 1A
2014-20164F [A] 5V - %)) i e FEE 2 53 A 4 0 43 Hr
SERR L FET-H)E F EAEPLE0.1-0.5 mim EEE
B A (I3A),  H At vy 2 2T L A &) 1 A T B A X
A, MEST S E N, FETHE R TR
# o 201520164 [H]H7 4 F O A FE T4 1) = 2
ROy At HLRE (BI3B), % fEIK i B 4% (Rl B T4
BRZ, HAT-HEE &N FEAK, Sl
B R R I LR
25 HEMIZEIE S R HE
2014201647 1 7 B 5] 77 A &)1 H 30 (0 A 75 4
(LI SRR B (3R L): AR AT A Hh Dt
AR 7 B ) SRR T #69.1% . 53.2% A1
34.6%, X5 EATY M EER Z 2 —F), e
b ) S W 2 T R BRR BABR AR, H B T
BT JEWE, Bt i ) SR AR R AL B
5o BHRRIREE 20154 H B A J7 %0 St /D T-20164F,

Table 4 The results of perMANOVA for recruited tree seedlings during 2014-2016

B df SFI5F SS HI7H MS F P
FA Year 1 166.74 166.744 2,7015 0.001%**
¥ 7 Residuals 3,198 197.39 0.062

M4 Total 3,198 364.13




311 1 B TR X IR BRI ARG 4 A sh & 1153
4000 ¢
A 450 [ g
« 3500 400 |
< i) L
S 3000 | S350 X A6
2 S 1 2014 vs. 2015 P < 0.001
£ 2500 | 03007 2014 vs. 2016 P = 0.003
© = Z
S 2000 | 3 250 | 2 2015 vs. 2016 P < 0.001
7] Z
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