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Abstract: Secondary coniferous and broad-leaved mixed forest is very common in subtropical regions. Studying the
community succession characteristics and regeneration rules of the secondary coniferous and broad-leaved mixed forest
will provide a scientific basis for vegetation restoration and forest management in this area. Using two datasets (2013 and
2018) from a permanent 1 hm’ secondary coniferous and broad-leaved mixed forest plot in Dongbaishan (DBS), we
analyzed the community composition and structure dynamics of tree species composition, community species diversity,
species importance values, and size class structure and so on. The results were as follows; (1) Species richness and
individual numbers were significantly reduced in the community during 2013-2018 (P<0.05); (2) In the plot, 1 505
individuals DBH=1 c¢m died, with an annual average mortality of 6.40%, and 71 new individuals recruited, with an
annual average recruitment rate of 0.35%; (3) The community species diversity indexes declined significantly ( P<
0.05) , of which Margalef richness index changed greatly, decreased by 25.03%, and Shannon-Wiener index decreased
by 11.88%; (4) The dominant position of evergreen broad-leaved tree species were strengthening, while coniferous tree
species were gradually reduced; (5) During the five years, the proportion of large and medium size class plants
gradually increased, while the proportion of small size class plants gradually decreased. In general, the community
composition and structure dynamics of the secondary coniferous and broad-leaved mixed forest community in DBS
changed significantly during 2013-2018. The community is in a rapid succession stage from secondary coniferous and
broad-leaved mixed forest to evergreen broad-leaved forest.

Key words: Dongbaishan (DBS) , secondary coniferous and broad-leaved mixed forest, community dynamics, mortality
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and recruitment rate, size class structure

BV SIS T AR MR A 25 22 I 58 0 05 ) 8 22 —
(Rees et al., 2001) , ZRARFEV Sh A F 2 W MY
VR IR R As Al 88 R A % ( £1ATR,1987)
PRRZE 1 RN RE V& 25 A8 2 AR MR VR 1 HE 2 4 AR
gy, TR TE 4540 2h 25 A8 1 Xt B A AR W 2 R AR
JR A A LA B 25 2R G Y B AN 4 R b LA E
& X (Fardusi et al., 2018) . ¥T4F3k, B N AN &
2 M) AR 309 3 245 W R s (T2 RSB ) R T K
S ARRRE P8 2 BRI 45 4 A5 I AR G AT, AR TS
FEIE DRI LR, A A% B AR 5 1 R T B 25
S5 05 1 ( FLFHESE 2008 ; Anderson et al., 2015 ;4B
A5 2018 RPKFEEE 2020) , F T [ E REHD O FEVR
LER SR SE B ST X B 32 2 A A B R AR
(HERAE4E 2010, Feeley et al., 2011) W7 $RAH5 H
R AR (B AE,2015) il S bR (Miura
et al., 2001) %, T ARG KT
SRR TR B AR MO — 2 R R AR AR IR
AR AT R PR R A R ( RAE &S, 19805 R 2L
H,2002) , HEET [ A 00 S HGHT A T RETR
SEMRIHE VR 2 A A 43 AU DB R T
T AR R SR (2R 55, 2020)

YRR A TR S8 RO S AT b DX L 1) B AR 2
TSR AR Sk i I RO A Pk & 2o B i B
Wy B, 2 2 R AT R IR A O U AR (PR e A
2019) , WA TR 38 AR BIF 5T 6w AR £

FEPEBIFFE ) N S TR B S R B2 (W IE
#6255 ,2008) o AR I LLIX i T HP O AR S bk
b G I b 2l %) i ) L R RE R T AR DX ( SRAE
H5,1980) . Tz AR5 (2015 ) 7 [ 2 B b 25 14 3
Bl b RFAR LA B I R S AR VR A A S A 2
FEPEBUIR FEAT 1 BAKR I3 A ABZR Ll DA R 52
MREYHE TS Bh 2 — HOR WARIE .

2013 4, 2 B ey [ 2R bk A ) 22 0 A T 1R 2%
( CForBio) By # AR UE ( H 50,2008 ) , 7E A4 1 ILAA
HARRY XML EST T 1 hm® KA ( Schima
superba ) =5y FE A ( Pinus massoniana ) Y 1R 22
ARSI IARESD . ASCRZR A IS 1 hm?
] 2 PR AT X4 7E 1 hm B RV K- L 3l
REXF 2013 4 2018 425 A0 i A B 1y B A5,
ER I (1)2013 4FF1 2018 4F 7R F Lk A £ TR
SRR ZE SRR 7% W) b 22 AT ] HAR AR 1L
(2)5 a [)AS[F] 3 B 25 4 5 2 A4 22 1 BE A an 4T
(3)5 a AL IE A ACFIFE T2/ 4 1) 28 9 45 ) S 4n ]
AL, AWFFEA BT 3R AR IO AR B TR S AR
T 7R O TE R AR IR R G ST AR, Ay A e DX A B K
32 BRI ZE 8 PR AR 2R A

1 MHEF*

1.1 AREXER
AE WA HHE SRR X (120°22' 45—



6 N WTTLZR L0 O A B R R S MRRHE v 2 B S 45 4 2l 25 1069

120°30'48" E,29°07'36"—29°36'18" N) {3 T-#f L.
BIEE RN AR FH 3 a8 BEab, B L S 071.5
hm” |, FIE R FHRIEKR 1 194.6 m, XNPFFE
ARG RY I3T 179 B 749 J& 1 530 Fh, B &K —
G G E SRR AR Y 8 B, P A AE A
1.2 T3 Kk, 2 75 M ot ¢ R OR 40 B (AR KR 5%
2007) ,

IR I A b B 2 XU A
VU253 WY, R & e, AR E L AR B SR AN R
11.7 C ;BB FEKE 1 541.4 mm, A BRZAL K, 4
AERET R XE R 4—6 H 8 A .9 A LW 4K
T 233 d, AEBRIA AR K Fe K 1935 260 d,
FEAE 220 d; KN R B - ERAIG 274 W A
A 5 5 Fh (Fh5EFASE,2008)

1.2 Hiig &

Z: M/ CForBio B AR IE, 2013 FF7E AR H 1L B
SRARY X I 35 X N7 T 1 hm A9 [ 5 sh 285 M
I RE 1 (120° 237 35. 69"—120° 23’ 40. 63" E,
29°34'01.36"—29°3405.87" N) . JEMEiS 1 hm’ &
MoK 9845 100 m (BERZHE B WY 1E 7 T8 5 S AR
K135 m, @R 157 m, S K& E 2 22 m; /D
P RE 80, e KRG 62°, I8 340, 2013 4%, X
FEHL Y BT A Mg 42 (DBH) =1 em A A H ¥ 347 &
A 5 FIEE R, I 8 A 10 SR AR 44 BRI AR A
K W e AL AR SR A R, DA AT K K M,
2018 4 FEB RTS8 TS —HEU T AT T
SR A, W C 5% BT A HE OB AR 1 A O 38 A
FUETEIRZS , XT38 9 DBH=1 cm B9 (Fb 5
AR I A S YR HERMORIC SR AR AR
1.3 HIEFEIt 590

DL 2013 F1 2018 4F P U A A1 A5 1Y B A0 St
S FERY AT EEIE T A DBH=1 em (I AKRAAEY)
(IR A RS & Y Fh 2 e | S B AR R s
Fa) S5 ) AR A1 0 ( Mori et al., 1983 ; Condit et al.
1992 ; Levesque et al., 2011),

WA A B hm® MAEAL 1 BR BT 48 DL
Flve B hm® MR 2 ~ 10 Bk B9 4% B ( Hubell &
Foster, 1986;He et al., 1997)

LT A W AR AN A AR G ) AR I B T R
(M) FIAE AN B3R (R BRI M 22 5. M =
(InN,~InS,) /T;R= (InN,-InS,) /T, .. N LK
2013 4 I A B 5 9 i S IR 4k S, = % R B AR
2013 A5 2 B S5 1 P ) A7 3 AR 8 VAR 2018

AF R A I R R B AN A T R T Y ][] B
(Condit et al., 1999) .

K B 5 FX E B (1994) (14 Fh 2 RV
BOtT5 3, Margalef £ & FEFEE(R):R=(S-
1)/InN; Shannon-Wiener £ £ YE 8 %0 (H) . H =
- Y Plog,P,;Simpson Z M5 E (D). D=1-
Y P?;Pielou YA EAEEL(J) . J=H/InS, .S
RREEYIFE N AR NSRS P = NN,
N @ DR R MRS

Z BRAEHR (1980) 7E ¢ H [ RE 88 ) Hhox) I i )2
B30 4305, ELAAA) 43 7 Vs 10 2 B 5 R MO )2
(=8 m) WHRAZE(>5m,<8 m) MIEARZ(<5m),

S KPR 5 J7 % (Zha et al.
2009; T 3CH 45,2014 ) , S8 J5 AR 48 I A 09 55 PR
B0, FERE L BROR AR R R A T N FE R R
(1 em<DBH<5 cm) 2% II(5 cm <DBH< 10
em) 2% MI(10 em <DBH<15 em) A2 IV (15
em<DBH<20 em) f£4¢ V(20 em < DBH <25
cem) B2 VI(25 em < DBH<30 em) FIAER 2 VII
(DBH=30 cm) , # DBH<5 cm & H/NMED;5 em <
DBH<20 em B N H 4% ; DBH=20 cm & N K
"9,

KA Excel 2016 1 Origin 2019b 17 41
Pt 52K, KA 25420 m x 20 m #EF N
2013—2018 4F[H] (Y ) A B30 Al bR BORI B 95 W) Fih 2
FEPEVE R AR & -7 FL R T 3 Origin 2019b H
AT t-test K 5 a 0] 22 7

2 HERERMN

21 YHMARRBETK

2013—2018 45 FEv& A9 4 Tl 2L AR K
ETH KRR (R 1), 2018 4F 4 KA HH) 35
LSRR T 17 Bl 28 J&, AN 2013 4EALE, S a [A]y 2>
T 6 FH10JE 13 Fl, 38/ 1Y 24 Ry M A 508 DA Hor
21 K¢ %8 ( Meliosma oldhamii ) | it #& ( Castanopsis
eyrei) 5. J& 4& ( Premna microphylla) 55 8 ™ R i A
Fp, B ¥ B ( Toxicodendron succedaneum ) . 111 3 #l
(Litsea cubeba) % F (llex chinensis) % 5 4~ 18
DAl
5 a [AFEHL A ARAAEY AR 5 493 B b 3]
4 059 %k, fB bR B B A T 1 434 Bk, B IR X
26.11% MAh, #5138 T 71 # DBH=1 cm AY#h 54
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A, 5 2018 AEARAFEY A SELY 1.75% ,AF- 3 4b
BN 0.35% ; JET-AMAK 1 505 Bk, 5 2013 4EAE
AR A A WA IR BB 27.38% , 4E ¥ 38 T2 R 1k
6.40% (3% 1) o FFHL PN K Z 500 B 00 5 38 A %K
/N TRETARE (3R 2) o W) Tl BORIAR Ak 507 79
YA ) 22 57 8 3 (IRD 1), 2013 4F 09 9 Fp 5 R
FEAR B 2 T 2018 4 (P<0.05)

R 1 FAEULRESHFRZHK 2013—2018 £
BHEBUETLER
Table 1 Community dynamics of secondary coniferous

and broad-leaved mixed forest in Dongbaishan

during 2013-2018

A5 & Variable 2013 2018
YA EL Number of species 48 35

FREL Number of trees 5493 4059
#b 5180 Recruit number — 71

BET-4L Mortal number — 1 505
AR B3 % Annual average recruitment rate (%) — 0.35
AEFET- . Annual average mortality (% ) — 6.40
J0 25 W I AR Basal area (m® + hm?) 41.09  43.87

22 BERYMESHEETH

MHETE Y Tl Z HEPE R HR PR B (2 3) 25 a [H]
Margalef 3= & FEFE AU A AL R, AR T 3,145, F
%4 25.03% ; Shannon-Wiener FEEU AL 0.21 , &
R0 11.88% ; Simpson 54 VA 2 Pielou 35) B 45
BOR BRI 500 6.74%F1 4.16% , PUFNREI& 4
Z VTR RO W 2 T % (P<0.05)
IMEREEFUNEEEISTH

Xof FE Vi PN 25 bR R el i) R R R AT 0 A (3R
4) KBS a [AARIE JZ Hh i S ) A Ao Y B A 1
T 6.41% 4 63.73%, £t M i F A FEAR T
5.7% 9 33.82% , MIEJE AR RN A HE
( Lithocarpus glaber) .77 ( Castanopsis sclerophylla)
FHEZE ( Castanea henryi) W) FABA & B 70 5 17,
R/NHER AN AR AR I 4T AR i 71 2 A 14 o 2
AR, H R BEE G N T 6.81% , Ty A
FEAR T 5.42% . AT AR JZ FOHEAR 2 oK A Bk
WA 2542 ( Eurya muricata ) 555 2% [8 A4 #4055 = &
Moz, B A B EAE B W, BRI LS a
(] A b, - T 485 ) i 4 o] AR D 1) B B TR AR

A REIN A B b A — 25 s i A AR R (SR
PASE ) 1) T BE A B W55

AN TR) T 45 F 16 AR AR B0 AR AL, MO 2
oI A MU faf B BE T AR B 22, 40 00l R 311 B
176 Bk, AARHER S = 56T 73 Bk, X 3 ASHFR )
BT N TS B 30.56% , AN, I RJZESE
TR ZMYF AN 6T T 141 8k, HKCOh A8
A, A PETS 43 BR AN 26 Bk #EARZ P IET- A
K% | 2 W W) Fh R KR far K ( Loropetalum
chinense) F1A 8k, 43518 301 £k 94 £k 80 #k
24 BHERPENHET K

2013—2018 4F[], 78 1 Ll vk A= 4 7 TR 32 bR
ARG MR R R T BB K, /IMER (1<
DBH<5 em) FIH 2 4% (5 <DBH<20 cm) 1A%
WAES % 4y WIS T 938 BRI 640 B, K ARG
(DBH=20 cm) MBI T 144 BR(EI2:A)
2013 4EAREHLN DBH=1 em O FIE 5 493 £k | %
KM R 29.1 em, FHI IR H 8.31 cm ;2018 4F4F
HiN DBH=1 em ¥ FRIL 4 059 Bk, e K4S A
33.7 em ,EHI 0428 9.73 em, 5 a [BBEVE PR
i) A28 L R 35 i A0 (0 2 B Kk 3, RS TR 4%
P RERE R 2013 48 K MRS RS
O3 & AR B 2.38% . 56.75% F 40.87% ;
2018 ARG AL R Won K i NERHI AR
SR B 6.78% .61.02% 1 32.20% ., 5 a ]
KRG LA 7 S8 T 38 0, /N A 1A% L A1)
FEZ T T,

MAFERICT ARG S a [EFEHL N SE
TR AR R E )" B (K 2.B) . RREIER
PIBETMABER I IR K 2 5, K /INMER A FE
TAMERES A 5,541 #1959, FET- ANk FEAEH
IR T/NE AR, PR T M E63.72% , W& 1%
PR, FET- MR B M A > BRI, RS
AMETET- R D INERARIET K

3otk g AR

T2 0, 2013—2018 4F- 7R Ll #F Hi 47 Fh 4
FREAR B 25 T B, WD) 13 DR EE TR
AR DL AR, X AT RE R B TR A PR R A
AAR L A7 % B ] 24 2500 A R W A A A b v 3
Jrke 55, I 45 5 8% 58 G HEFR ( Comita et al.,
2010; Wang et al., 2020) , BRILZ 4k, 4FFRlaE] )R
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2 FAURESADRIZK 20132018 FAXEM S ETH FETHMMLE
Table 2 Abundance variation, mortal and recruit numbers of woody species in secondary

coniferous and broad-leaved mixed forest in Dongbaishan during 2013-2018

- £J¥ Abundance LA FETRL i
Species Abur.ldzfmce Mortal Recruit
2013 2018 variation number number
AKAaf Schima superba 2 727 2221 -506 517 11
LR Pinus massoniana 1132 801 -331 334 3
fi¥k Lithocarpus glaber 526 336 -190 197 7
Ma254% Eurya muricata 242 248 +6 18 24
W h# Castanopsis sclerophylla 145 51 -94 94 0
i %N Loropetalum chinense 144 43 -101 102 1
LRIE Rhododendron ovatum 130 112 -18 24 6
LA Symplocos sumuntia 81 79 -2 15 13
B9R Vaccinium mandarinorum 44 3 -41 41 0
WaF Gardenia Jasminoides 32 34 +2 3 5
HEZE Castanea henryi 20 9 -11 11 0
ks M yrica rubra 27 17 -10 10 0
WA Albizia kalkora 21 7 -14 14 0
KA Cunninghamia lanceolata 17 10 =7 7 0
JEMRML Quercus serrata 16 11 =5 5 0
FI#E Q. fabri 16 2 -14 14 0
WL Rhododendron simsii 20 5 -15 15 0
Bk AL Styrax dasyanthus 18 6 -12 12 0
524 Lindera aggregata 15 2 -13 13 0
FABEAR Rhaphiolepis indica 15 10 -5 5 0
F I Castanea seguinii 11 5 -6 6 0
WA Liquidambar formosana 11 8 -3 3 0
e JIAT Phyllostachys nidularia 10 5 -5 5 0
MK Sassafras tzumu 6 5 -1 1 0
VLG 4% Vaccinium mandarinorum 9 3 -6 6 0
AR BF A Styrax odoratissimus 5 4 -1 1 0
BACEE AL Camellia fraterna 8 7 -1 2 1
T K Schoepfia jasminodora 4 1 -3 3 0
Wikl Diospyros kaki var. silvestris 5 5 0 0 0
A8 Dalbergia hupeana 4 2 -2 2 0
BB Toxicodendron succedaneum 4 0 -4 4 0
AT Pleioblastus amarus 4 1 -3 3 0
WiTTAT Diospyros japonica 3 3 0 0 0
BRA T llex rotunda 3 1 -2 2 0
TAT L suaveolens 2 0 -2 2 0
FHAE Symplocos paniculata 2 0 -2 2 0
X Cyclobalanopsis glauca 1 1 0 0 0
IIASH Litsea cubeba 2 0 -2 2 0
X llex chinensis 2 0 -2 2 0
HIHI Juniperus formosana 1 0 -1 1 0
K48 Meliosma oldhamii 1 0 -1 1 0
fEithé Castanopsis eyrei 1 0 -1 1 0
M ZE Castanea mollissima 1 0 -1 1 0
NI AR Photinia parvifolia 1 0 -1 1 0
AT Lycium chinense 1 0 -1 1 0
1AM Lindera glauca 1 1 0 0 0
HEJEE Viburnum erosum 1 0 -1 1 0
T4 Premna microphylla 1 0 -1 1 0
Bt Total 5493 4 059 -1434 1 505 71
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B ARE IS TR ASH 2013—2018 4
Prip AR AR R A
Fig. 1 Number changes of species and trees of secondary
coniferous and broad-leaved mixed forest in

Dongbaishan during 2013-2018

&£ 3 RAWXRESIERZH 2013—2018 &£
BEUMmMmEsEEEN
Table 3 Changes in community species diversity of
secondary coniferous and broad-leaved mixed forest
in Dongbaishan during 2013-2018

Margalef Shannon- Pielou
FEE Wiener Simpson Jops)icy
Ay HAL BAL Ei=R Ve EiEE 3
Year Margalef Shannon- Simpson Pielou
richness Wiener index evenness
index index index
2013 12.567 1.768 0.697 0.457
2018 9.422 1.558 0.650 0.438

B2 Bt 2 B % B8 1) 2 5 0 49 Bl 2 K 4 (Chen et
al., 2019) , B —J7 1,5 a [A)BEVE 3 W Fh 41 i
FARNAS X5 Ayyappan F1 Parthasarathy (2004 ) |
BEE RS (2012) BIWT 58 4518 — 2, 7 RE AR Hb rh
PEFA SR TE BT R 4745 ¢ (Liu et al., 2018), 5
a [A)RERR BB T 1 434 Bk, FEIE N 26.11% ,F
WAET- 301 Bk - hm™ - a™'  AEHFET-Rin i T4 &
FHAE B by LS AR A H 2k R AR (TF B AR AR
2011) , X AT HES P Hib A v 28 0 N8 B B AN [
A G ATl B L, 2R L R ORI VR R I
AN REVR RIS R BCK 45 B 5 |k 1 o Al i 3

% (Luetal., 2021) . AR H I A2 0K KR
AR |5 a [RIZAE b Ak T3¢ e 5 BE 1 B A5 A8 1k
b R R AH BLAE R R RIZ

5 a [AZR 9 1L A= I TR 52 PR 1 e ) o 2
FEPEFR RIS 52 3 B R0 o B LRI v
R Margalef 3= & & 45 %4 . Shannon-Wiener 5§ £ =
HIZE AR (T HEEE,2018) , 35X 1] BB 5 9 HB FE V% 11
KRB OB SRR A F AL, Ak, Simpson
R BRI R B RE 7% 10 A A L 3 AR 1S Ok, BE v
DL SR b A AR E— 2D I 58 ; Pielou 2450 B 418 5L
FRURERATG , R WTHE VR 18 20 BEAE R B, E 2% 0 R A 14 %
WM ERAR R, —E R bR BT AR AR
(A 45) DL BETE 5 a (B Fr i om (T 08 4%
2015) . Z5A = 4 REE(2011) X # VL4 1 B A &
I bk — R A AT o] YR 5 bk A5 ik T s [ AR 5 i)
WFFEZE R, HE W AR 1 LLRE M ) 22 R P 95 By
ICRT B A A V& TR o R b 04 B Be Pk R R I B
A BUAT B R TR S PR 1) 3 o] I bR T3 1) F) AN D
B AN AR R AR 1 LLRE M 1 ) 22 B MK T R
St MR

T AR T TN 25 PR B DI B Ao ) A
308, —J7 i, R BAR H LR AR S 2 AR
B B O S (2 B W SN RV S L NP T R VN
) T AR AR A B R, MR 2 AR iy A5 ¢ i I A )
L SE AR D KGN A LD R A A AR ) (R
FREAR, I A v S AR 1 IR 2 LR S I ARAE 2ot
25 30 AERY S SR (R IEHESE,2014) , T3 —
T3 TR A2 FHE A 2 W) T AE R 7 O bl Ak
R (RMIELAE 2016) 5 a MR AR B, R L
b P A2 FIHE AR )2 v By R AN A M55 i
D AT AR B 2 AL S A W) R A A A T
JE AR SRR AR R A, AT AT B e R
Tl B A 45 1 AR 2 W R 2 A B9 OL S A, AR
B A TR S MO 28 W 1 R Ay AR i S5 R 000 B A
o @ i AR (BERESE ,2010)

2013—2018 4[], —J7 i1, K, AR AT 16
AR LUAG A 22 T3 0, 7N AR LU 461 76 358 3 T
SRR R 1.42 em, U6 BA AT 4 B V5 AR R
RLAF, o3 —J5 T, FE TR B A28 2 4 A A 2 4R
“17 74 BEFE DBH B, BB T A PR B %
FETAR T 0 A T /ANR G (5 PR T BB
63.72% ) ,iX 5 DAAE 09 A A 58 #H48L ( Chao et al.,
2008) , XA RESEH T/MERMAR R L | B
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Table 4 Changes in importance values of the most abundant tree species with different vertical structures in

secondary coniferous and broad-leaved mixed forest in Dongbaishan during 2013-2018

2013 2018
B Layer YR Species Life form WEM EEEHF WM EEEHT
Importance Importance Importance Importance
value value order value value order
Kok )= Canopy layer o] Schima superba . .
MIEEJZE Canopy lay ARAaf Schi perb E 41.91 1 48.72 1
LMY Pinus massoniana E 39.02 2 33.60 2
fi#¥k Lithocarpus glaber E 13.62 3 12.87 3
Tiehif Castanopsis sclerophylla E 1.66 4 1.71 4
HESE Castanea henryi D 0.88 5 0.48 5
T A)Z Subtree layer AT Schima superba E 68.83 1 64.37 1
fi¥k Lithocarpus glaber E 11.92 2 11.36 2
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Fig. 2 Comnunity size class structure of secondary coniferous and broad-leaved mixed forest in Dongbaishan
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