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Composition and the spatio-temporal distribution pattern of tree seedling in

natural secondary forest of Wuchao Mountain, Hangzhou

ZHU Hong, YANG Le, YUE Chunlei, LI Hepeng”®
Zhejiang Academy of Forestry, Hangzhou 310023, China

Abstract: Woody plant seedlings are an essential part of the forest ecosystem, and their ecological processes of settlement,
survival and growth are potential indicators and screening for forest vegetation regeneration. To explore the regeneration and
succession mechanism of the community of the subtropical evergreen broad-leaved secondary forest in Hangzhou Wuchao
Mountain, Zhejiang Province, the species composition, quantitative characteristics and stem base diameter (SBD) classes
of the natural regeneration seedlings in a 150 m” plot were counted based on the sample plot method. On this basis, the
nearest neighbor analysis ( NNA) and the point pattern method of Ripley’s K function were adopted to analyze the
regeneration dynamics of the main dominant tree species and their spatio-temporal distribution patterns. Results showed that
(1) tree seedlings in the plot are rich in species composition. A total of 811 seedlings were investigated, belonging to 12

families, 20 genera and 27 species, among which Lauraceae, Fagaceae, Theaceae and Symplocaceae are the main dominant
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families. (2) Machilus thunbergii, M. leptophylla, Camellia fraterna and M. spauhoi were identified as dominant understory
plants, ranking the top four position in importance values of all investigated species. Meanwhile, the violin plot of the SBD
classes further shows that the populations of these species belong to the fast-growing type, stable-growing type, slow-growing
type and stable type, respectively. (3) M. thunbergii, M. leptophylla and M. spauhoi are mostly clustered at the small SBD
classes and small scales. With the increase of growth and spatial scale, the clustering intensity firstly increases and then
decreases, and finally changes to a discrete distribution or a random distribution. As the growth and development and the
spatial scale increase, the aggregation intensity fluctuates and eventually transforms to a discrete distribution, which can be
regarded as a mid-term succession tree species. Meanwhile, the three trees are different in the intensity of aggregation,
sorted as M. thunbergii > M. leptophylla > M. spauhoi. The population density of Camellia fraterna is relatively low, and it
is randomly distributed on small SBD classes and small scale. With the increase of growth and spatial scale, the aggregation
intensity fluctuates, and finally becomes a discrete distribution. Therefore, C. fraterna can be regarded as the middle stage
of succession. This study initially revealed the population structure and distribution pattern in the succession process of
Wuchao Mountain woody seedling population on a small scale, which can provide a theoretical basis for subtropical forest

management and vegetation restoration.

Key Words: Wuchao Mountain; subtropical evergreen broad-leaved forest; stem base diameter classes; nearest neighbor

analysis; Ripley’s K function
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VA (PRGBS FRREZE ) o3 AR SR 5 R AR A R R (R 5 i ) ZRARTE T SZ W Pl 2B BURR I IR B |
SRTIE T HAE PR R S HAH LA FH RS20 3 264 1y i A1 A= 40 1 DR 2R B g [ R 2 ) T A W 22 Ak, A il 1
PRI 738 18] 53 J0 M R ) S S ol AR T LA B 2 AR R

B AP LT R R D S A A T e B AR AR AR AS & LAY R P35 3, 5 3850 DIl Ay D 2 A
T E IR 1960 45 WL MO LA BT BER HAE R RE i DAOR AP, 285 4 S A 1L B bk R
TR T AAAT ( Schima superba) .7 X ( Cyclobalanopsis glauca) ¥ ( Castanopsis sclerophylla ) %5 Sy S A A #0
JEH R TARUAEARY | SEAESR A5 D7 LU AR AR I BE TR 254 AR AL D RE MR A5 07 T 2 2 U T — 5 1Y
HEJE T SRIMAR IS F2 B T AR, S AR R &0y 17 1) DG B B S A SRR R A R b 1 S 1
TR Z A, T BRG] 1 X X IR AR AR 25 R S AT AR

41 BT B BRI Ay 2 AR AT o A e RN e AURR A B B, A 2 g B AT 3 2555 5 T Y 28 1k
W T T YRR A3 )43 A A B SRR R T , AT B T 000 AT R 1) R R
BT ARG E A DI AR LU RIRUAE AR R IR BT 4 e R W0 R, O LATR 3 D7 IR 1) B RS
)RR AL RIS AL 5 2) T ZOC A R B AR A5 5 3 ) DL ARAS 4 B TE A [F) K 8 B B 25 ) 43 A KL
INRUEEZS [R)ONE . BIFFE 45 2R B TE R 5 AU R BRARA) b Z2 A P A A 5 B P T R ML AR BB, oA PR X
Sl )R AR O B A R AR 20 BB AR A

1 #R57EE

1.1 W5 IXHENL

5T X M AL LN PEE 8 R H LAk, SE Y94 264 m, 06 504 m, S AEH & 3 2 KU, Hirh 4R
PSR 15.4°C e = 39°C , At e (IR -9.4°C , A4 8K B0 1 992.5 mm, 4F TCRG HH 240 d, 45 F- 4 4 X
MR IE 81% ; ARMAT DY IS IR o o g R bR i s AR BT TR SR A IR AT I PRORITIE AR PR 6 2R AL AR AR
T IERIK 98.20 , LHERA LT
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2021 4F 3—4 F  FEFTHIAR - B A i HEAl L Al o0 A B0 F & A S EA 45 3 ( 30.19°N, 120.00°F, 34K
237 m) BEE — 5 RARE I T 10 RECHAT R R R, FETEAE R FIARSRAS TR0 6 5 m x 5 m 1Y
ANEETT A AR AL 150 m?® o DARETT 26T f3 o AR b I s 3 B A AR PR AR, 9 I SRR J7 A I 428 ( Diameter
at Breast Height, DBH) <1 cm BB N AT 411 A 50 24 FRANZS (8] Z4EARAR (2, y) , FERI G RORECR s < R
CREERRT BI04 BR2S 7] ) I AR B #F 5 A1 4% (Stem base diameter, SBD) .
1.3 Hskbai
1.3.1 2R defE

LT R = 4P SRR B R A (m?) (1)
Wit EE I =R R AL (m?) (2)
W EEE (1V) = (KX 2 B+ AT AE ) /2 (3)

T AHXS 2 (RA) = (R M BURREL BT AT 4 SRR x 1009% , 455 (F) = FEW0 A 300 e 50 1l S 4K
X 100% , FHXTHIEE (RF) = (W Rh i sE/ A IR AR 2 FT) % 100% 2
1.3.2  DLHARALE I8 E R R AR G 45 1 R 53

P FEHE R/ NHATHER (£ 1) T 1V=0.3 BYRE IR EARAR Y E R G SEHF N 5 AR5 25 1]
R ARAEIRY” 1Y SRR 77125, RIDAE A D/ INER DR ) MG R g i TR P O 2%, 7 S 2 BE A 1l 4913 B J5 ] ( Frequency
histogram ) , 45 R A1 B8 KL T VBRI G 43 (bR o | [ Bt 45 2 s 9 4l AR B0 1 Br R 1) SE B
TEOL, LB RIE R PP EAR (BD) K43 R /NE 2% ( Small-size classes) . P22 ( Medium-size classes) Fl K%
2 ( Large-size classes)3 TR, WM AFERKET B, H 2048 ( Machilus thunbergii) 3 ™2 HAKIK N
1.32 mm<BD<5.55 mm.5.55 mm<BD<9.78 mm F19.78 mm<BD <14.02 mm ; & M E1 (M. leptophylla ) HIK
4:0.16 mm <BD <4.49 mm .4.49 mm<BD <8.83 mm Fl 8.83 mm<BD <13.16 mm; LW 1% B 2K ( Camellia
fratema)ﬁ(?jﬁ'\yﬂ;O.SS mm<BD<7..03 mm.7.03 mm<BD<13.70 mm FI 13.70 mm<BD <20.38 mm,@ﬂﬁz(]ﬂﬁj
(M. pauhoi) MK A :0.28 mm<BD<3.05 mm.3.05 mm<BD<5.82 mm I 5.82 mm<BD<8.59 mm( & 1),
1.3.3 i Bordr

) FH BRI A0 53 #T ( Nearest Neighbor Analysis, NNA) BT AN F I FIZE A [RIAE ST BO2S B0 Ak Ry, Bk
T 1954 AR d B BOR K AE A Clark il Evans 211 2 —FP 2810 A% 5 2007 07 i . FORUZ K AL 23 4
BT 00 T o 30 <08 R 2 15 S B U I 45 21 1Y e 3 S0 1 24 B R R AT LGB, A 3 1 de 3 48 4 28 ( Nearest
neighbor index, NNI) HeAEHFERIY 43 A R A0
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n 2 ./n/A
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A, d S R A P FERE BT AR , n et A e — T D O A B,y IR BN Z TR S
W, A RONAE R A Y w, <d B, 1 (wy) = 1525w, >d B, 1 (uy) = 05 R0RFFT 2508 % K(d) FETFF-

T AR T
L(d)= /K;—d) —d (6)

FERENL A T, L(d) TR 23 RS T % 0; 24 L(d) >0, Rl i MM R /31 3 24 L(d) <0, 3%
AT RN N B

B 5 515 E B AR A (null models ) 3 3 Monte-Carlo 42 25 B /), & F . PP Sl &
SEIAIE 99 UK, W 5E 95% M EAF Ko SEPRBEE AR RE R L(d) 8,4 L(d) TEREZ LAY, ) 2 B AL
O3 47 L(d) (EAEALRZE LA b W 5t 28 AR A3 A 5 47 L(d) TEALIBZE AT 52 8 34 ) 4 A 5 iR P A i A%
JRy Mk iz 17 L I HE PAST version 4.03 G144 (hitp - //folk.uio.no/ ohammer/past/ ) HSZEE

2 HREHS

2.1 MRS B R IE

WFFEREH N A0 5 3 811 BRSEA= 401, S JE 12 Bl 20 J& 27 AP (3% 1) , Hh Rl (Lauraceae ) (5) 7238k
(Fagaceae) (4) [ ILUASEL(Theaceae) (3) FILALER Symplocaceae ) (3) MHEZA R 4 B9l 75 4 MEHAF(1V=0.3) K
Z1hG A  BARESEAS LT SRRSO 691 BE, (AL YT Y B 85.20% s L A4S K
AR RN SR AR AR B I AN TR] (I 1) 5 b S AR 4 1 8 B RN i =F & BE 435011 5.4 K/ m® A1 0.18 Fif/m”

R1 FHURTYHEDER R HERFE

Table 1 Species composition and quantity characteristics of understory seedlings in Wuchao Mountain

THE -5 B A . .

A G Sl e FOREEEE
Species No. of seedlings density/ stem diameter Mean height Importance Sorting

B/ m?) +SD /mm +SD /m value (V)
214§ Machilus thunbergii 326 2.173 4.20+1.86 0.34+0.28 0.51 1
WA Machilus leptophylla 262 1.747 5.01+2.08 0.38+0.26 0.41 2
EARERIR Camellia fraterna 29 0.193 11.244.54 0.93+0.41 0.39 3
WAL Machilus pauhoi 74 0.493 4.21+1.44 0.36+0.13 0.30 4
H WX Cyclobalanopsis glauca 19 0.127 6.63+2.53 0.45+0.31 0.26 5
AKAaf Schima superba 17 0.113 7.68+4.04 0.70+0.42 0.26 6
W hE Castanopsis sclerophylla 15 0.100 4.84+2.71 0.42+0.14 0.20 7
T Symplocos anomala 12 0.080 9.47+5.08 0.86+0.61 0.19 8
# Lithocarpus glaber 11 0.073 3.99+1.55 0.31+0.13 0.19 9
LA Symplocos sumuntia 6 0.040 18.78+10.98 1.98+0.92 0.13 10
AN Elaeagnus pungens 6 0.040 4.34+2.09 0.83+0.85 0.13 11
HNEEAR Laurocerasus spinulosa 4 0.027 6.42+1.42 0.56+0.29 0.13 12
TREPAR Ardisia crenata 3 0.020 5.26+£2.53 0.38+0.26 0.13 13
HeM- i ## Photinia glabra 4 0.027 8.65+4.35 1.01+£0.52 0.06 14
FLIEASE Manglietia yuyuanensis 4 0.027 10.24+6.81 1.12+0.98 0.06 15
Eith# Castanopsis eyrei 3 0.020 3.58+0.19 0.22+0.02 0.06 16
2% Camellia sinensis 3 0.020 9.73+1.53 0.94+0.09 0.06 17
H ) )
'i‘;lfﬁrel:: Tig*siie?(iiividual number less than 2) 13 0-016 B o o 18=27
AT Total 811 — — — — —

HoA 10 Fif & 44735 llex chinensis .75 1T Pleioblastus amarus \ 3% & Symplocos stellaris | R B2 Michelia maudiae 8547 . rotunda 211K [t
Cleyera japonica .32} Lindera aggregata , & 11§ Styrax confusus . Wi YL A2 T Neolitsea aurata var. chekiangensis % 3£ LM #4 Eurya rubiginosa

var. attenuata
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Fig.1 Spatial distribution of four dominant tree seedlings at different growth stages in Wuchao Mountain with 150 m? plot
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B R s B B2 R B R SR A A 0 3
B AR ORI A3 AT B 4, N BRI § o)
51.72% , ARG Bk, Fiss iR T ko, g
AE IR S A AR G0 B IE 2520, AR 4 o HE A Bk B st !
77.02% , FiE L4 R TR
2.3 PR AS FAR PRI 23 (0] 43 A1 A% =) O gg %E*?;if %‘J% HR KM
IR AB S0 43 5156 4 A 35 3 R g 2 KB Typical species
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Fig.2 Violin plots of stem base diameter ( SBD ) classes
distribution of understory seedling for typical tree species in
Wuchao Mountain
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T A SRR /INME DL NNT d8 %<1, Z (E3 R 8, #E 28 () b 52 0 28 R 0 A s h AR 90 NNT 550483 1, Z (H
RUE, REEFELTE P<0.05 fY7K-F L RENLE AR R , 7625 (] b 22 5 25 B AL 534 ; KAR G NNL $640>1,Z {634
MIEAE, 2SR B E B UG . BARE A AR NNIF8 8043 1, Z (HoN IE(H, RABIE 4 7E P<0.05 1)
KV L BERLZ B, FE 28 0] S AN 2 BEAIL A4 5/ o RRAR ) NN F8 85034 > 1, Z (H¥ 0 B A, 7E 25 1) |
R E B . BB R EAR NG AR L) NNT $6 8084 <1, Z (53 R (e, 7E 23 [a] |5 g 25 R4 4
M s KARGL) NN 8 80>1, 7 (E35 0 IE(H, 7625 8] b 2 B & B i Ah

®2 FHLUANMMBARGEERRDERKNERNRIEBITER

Table 2 The nearest neighbor analysis (NNA) result of 4 dominant tree species in different growth stage in Wuchao Mountain

ﬁtgmﬂ: . R G Sl E i1 z P gpijﬁiﬁjiin
Dominant species SBD classes NNI pattern
Wi JEREN 0.733 -9.221 0.000 i H R
Machilus thunbergii /N 0.665 -10.570 0.000 ERE
rh 1.391 5.188 0.000 2 B HL
x 2.894 8.874 0.000 B E B
WY R JERUN 0.783 -6.729 0.000 i EH R
Machilus leptophylla /N 0.643 -0.754 0.000 R
h 0.958 -0.903 0.366 AN BEDL
x 1.350 2.591 0.010 B E B
EERS ENEN 1.013 0.129 0.897 A R
Camellia fraterna /N 1.409 3.027 0.002 WER
rh 1.531 3.049 0.002 i 2 B L
x 2.500 6.419 0.000 WER
AL AR JENEN 0.560 -7.259 0.000 BERE
Machilus pauhoi /h 0.534 -0.295 0.000 R
rh 0.641 -5.185 0.000 B ERE
*x 1.861 4.003 0.000 B E B

SDB: #:4% Stem base diameter; NNT . fit 2B 1T 5 5L Nearest neighbor index

2.4 ARHEFRLIE AR R AR L R RRAE S0 Hr

Ripley's K BREUMTEZE R (B 3) Som , ZLR BARFI/NE AR 0—4 m 35 F N 35 2 B E i W IR R AE 0—
1.25 myu R FEHL A, 7E>1.25 m S RENM G, KABYAE 0—2.5 m LB N R BN, - A Ak
FUNERAE 0—4.9 m 0 N S PR ZU R0 h AR e 0—3.9 m JE BN 2 BEHL M ; KIRHRAE 0—2.8 m
1 3.8—4.5 m JEHE PN R FEHL A, 7E 2.8—3.8 m Y FE N R RENG . BANERI AT 0—4.5 m WHEINZ
e R B SRR s /MR AR 0.8—2.2 m S Bl N R 45 R oA, P /D i B AL A3 0 5 AR R R AR R A
FE0—4 m F1 0—2 m B ZBEVLI G, BIAETE RS AR P AR HAE 0—S m BN 2E P, Y d=2 m A
4 ,L(d)= 1.23 , BAER /WA R R s MR RAE 0—2.7 m 30 Fl N 24 T A s KRG IEAAE 0—3.9 m i ]
PR BERL A
3 itig

TF S8 FRAEE V5 20 A 45 F Bt e R i AR AL B, W T R R BRI S M L P L A B
ST RN R BORE S PR A I A L TR A G v B R AL B R T BRI AR AR A R A v, R WA
T ESRER R AT (RS R ] A AR S Pl 25 SRR, RIUR R A ) B0 AR ) 5 RS N R AN, )
SERFE— R 1 S WA P R R (4 AT A 45 PR A N AR K 8 IR, B Ay T R B RN R I8 0 Bl 7S R Sk 4 ) —
PR 6T A (AR L rh | 20 R 30 e 2 2 (e i 19 7 AR ol 2 mp 3 0 0 A 1Y
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Fig.3 The Ripley’s K analysis of four dominant tree seedlings at different growth stages in Wuchao Mountain
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