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Study on arbor community characteristics of secondary evergreen broad-leaved forest and
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Abstract; Species composition, diameter class structure, survival curve of populations of dominant
species, and stability of arbor community of secondary evergreen broad-leaved forest and coniferous and
broad-leaved mixed forest in Tonglingshan National Forest Park of Zhejiang Province were surveyed and
studied. The results show that there are 84 species in 51 genera belonging to 31 families in arbor layer of
secondary evergreen broad-leaved forest, and 76 species in 48 genera belonging to 26 families in arbor
layer of coniferous and broad-leaved mixed forest. The dominant species of two forest types were obvious.
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Top five species based on important value in secondary evergreen broad-leaved forest are Schima superba
Gardn. et Champ., Castanopsis eyret ( Champ.) Tutch., Lithocarpus brevicaudatus ( Skan) Hayata,
Rhododendron ovatum (Lindl.) Planch. ex Maxim., and Camellia cuspidata (Kochs) Wright ex Gard.,
and those in coniferous and broad-leaved mixed forest are Cunninghamia lanceolata (Lamb.) Hook., S.
superba, Pinus massoniana Lamb., Pinus taiwanensis Hayata, and Cryptomeria fortunei Hooibrenk ex
Otto et Dietr. Diameter class distributions of S. superba, C. eyrei, and L. brevicaudatus populations in
arbor layer of secondary evergreen broad-leaved forest exhibit inverted J-shape, and their survival curves
are linear type, which belong to stable type; that of Machilus thunbergii Sieb. et Zucc. population is
close to L-shape, and its survival curve is concave type, which belongs to increasing type. Diameter class
distribution of C. lanceolata population in arbor layer of coniferous and broad-leaved mixed forest shows
L-shape, and its survival curve is concave type, which belongs to increasing type; that of S. superba

population shows inverted J-shape, and its survival curve is linear type, which belongs to stable type;

those of P. taiwanensis and P. massoniana populations are close to normal distribution, and their survival

curves are convex type, which belong to declining type. The result of M-Godron analysis on community
stability shows that the two forest types in Tonglingshan National Forest Park are in unstable state. The
result of CCA analysis shows that elevation is the main environmental factor affecting the two forest types.
The comprehensive research result shows that secondary evergreen broad-leaved forest and coniferous and
broad-leaved mixed forest in Tonglingshan National Forest Park are in relatively stable medium succession
stage, and have not reached stable top community state.

Key words: Tonglingshan National Forest Park ; secondary evergreen broad-leaved forest; coniferous and

broad-leaved mixed forest;
community stability

species

IV o I T PR R I B b X R
i A, — T v BV A S 98 3 e T A
UEAF A B W VT L AR L T R
FHE IS S ) SRR SR AR AT T IRAESE
HHT, # SRR RS2 O TP 5, R E LR AEMIE
SAFED BN 55 bR A S AR Rl 2
B RIS S5 R AN S R S O T AT T RO
BEEVEAL T S M AR E RS | R 2 AR AR V% 11
208 MR TRA A A, FRIRAS
AR [ 3 IV A b e e B e A 2R R
2 S R PR EL AT 3 0 E B A G A, B REIR
SERRANH S R MR EL B 2R AN AT 4331, 6 HLadh A T 0F
FEAT DA B RN 5E 35 Hh I SR B A 5 b R R A
Y ZREPEAEREHLE

B T4 AR VS AP 25 57 AR MR I AR 2 i)
I ARV V8 VR 58 PARE 95 1 — A S sk i 5t
AR IR E &0y NI A L 2 SIUE S AR A T £
AL N A e M AN TR AR S L R S %7 /N T SN
) 38. 5% F1 26. 4% | T fifphh F ] — X3k H A K
T A — B BT v A I ORI TR S
RIS S5 A R B TR R R A ST R e e —
et AR SCHEBCHT T A A% L 5 AR Bl Pk A o
v AR FRTR S AR 2 P B RUAR AL R BF X 42, BT

composition ;

diameter class structure; survival curve;

VR W) b 2 UM AR R S5 AL S5 AR AR | 3 FH AT 3 Ao
AYOLEE 2R AR AY M — Godron F& 52 14 & 712 43
PrBEVE RS R P, TR AR ] — DX sl PN R R PR TR 4 45 #
E SR B, LA Ay 57 AR 1l DR AR 2R 7 1
B EY Z RN R H AR AL AWK 5 S Y 2 E
BER AT B T4 82 Ll RBRAR S Bl B B Al T
Y3 IDAER IS AN

1 B 5 RIS An B 50 7 ik

1.1 AR KIEHR

5 L ] AR B S, T i VL R R A Tl N T,
S RAVE 3, R AR R b Ef 27°34 ~27°59" R4
119°46' ~120°15" , 4% 111 [ 58 ZR AR Tl AR A7 5 %
95. 3%, J@ T & 1L Bk & 1L S Bk AE A B, T AR 2 725
hm? A YA SR AR AL 1049, 1 hm?® | £ TR
AR 719. 4 hm™ 7' %M X B AR B,
30° ~45° e ARIER 29 500 m, Hb SR LLrh ALk 3 i
#1000 m DA b AL AR 2, 5 s TR AR 1 362 m,
TZHL X JE H G TR I 2 KR, AR R OK B
1 884 mm AEFHSU 18,1 °C, LR 165 d, K
800 m DL Ay L HESS R R 21 18 Vg 4k 800 m LA A+
HEIH N B



68 N7/ A RS A

528 4

1.2 WHRFE

AR 1L ) R AR el S s B R 5 5 43 il i
B3 AR A H SRR AR R 12 A R TR S AR
H, REHLET AL g 20 mx20 m, IR 2 BLRETK 2E )T
DB IEA T IR IR 2, R GPS e, iE R A A
MG 20 P8 4k A 3R A [, SR H ik
DU b RIS A B, R L A 400 DL 1, X RE R
W42 (DBH) K T2 T 1 em BYARAAG Y MR FEITH:
FFRIC, I IC kAP R 2 A REL B4R AR e e
M 55 XA/ NTF 1 oem HAEAE 1.3 m A ARAAE
YIS ROGE SRR 24 ASRBORIAR & B FRE DL A
(9% 432 B8 Hubbell 251" (52 X,
1.3 HUBEREIMSH

Te ARG P EEAE AR A X B = (X2
JE HAEREARURE + ARG 25 ) /37 AT T3, e AR
22 FAE R BE A T AN e T A S AR AR e 3

JE P83 F AL 55 40l R B £16 B s W e A

P-4 9 2 1 LA TR 20 mx 20 m (1) RE
Sh BT, R BB R AT LA 5 AR RO R 6 A
br LAZBE Bt E 53 He oA AR R 22 il Fb — Z2 B o9 A it
LK1 R BOR G A

SR FH DA W A2 RO RS BE 1 mum)) 00 52 8 A g 428
PIIA% 2 em R /DX [R1 226l A2 900 A I, 43wl 4e ik
BB IANEE R, AR GAR RIS G 22 il R RE )
AL, LIS 2 em A 1 DMERIEAT /9% AR IEAT
T 2R B 2SR ) W b A AR (L AR AR, AR TR A
SR U R RE e e AP RE AR s M 2 o <y
AU WA hy 2 1R BURPORE A2 G it e e M7 /Y
FUIRRE A BRI

Z IR HERY M —Godron Fa 5 P & 757 v ) &
BEFEETE . KM Canoco 5. 0 SRR L AN BE VR 5
ST CCA 4301 31K FH Monte Carlo K55

R1 LI L E KRR E R EF R ARF0 558 R T B AR E R

Table 1 Basic status of plots of secondary evergreen broad-leaved forest and coniferous and broad-leaved mixed forest in Tonglingshan National

Forest Park of Zhejiang Province

FE H 45 i Y} 3 WR/m B BEg/(°) Hm TR P B2/ %
No. of plot Latitude Longitude Elevation Slope position Slope Aspect Canopy density
R H ] A Secondary evergreen broad-leaved forest
1 N27°47'35. 9" E119°50'15. 2" 628 h Middle 40 ZE Northeast 85
2 N27°47'40. 8" E119°50'15.7" 643 T Lower 30 PGS Southwest 80
3 N27°47'44. 5" E119°50'30. 4" 654 N Lower 30 75 M Southeast 95
4 N27°49'13. 8" E119°51'30. 7" 742 T Lower 35 Z~t Northeast 75
5 N27°49'17.0" E119°51'33.4" 757 # Middle 40 Z~At Northeast 85
6 N27°49'16. 6" E119°51'35.3" 781 T Lower 35 ZRJt Northeast 85
7 N27°49'52.2" E119°51'27.0" 784 T Lower 20 Z5 P4 Southeast 30
8 N27°48'16.9" E119°50'14. 9" 805 T Lower 40 Z5 P4 Southeast 70
9 N27°48'26. 4" E119°50'30. 2" 829 th Middle 25 PR Southwest 90
10 N27°49'10. 6" E119°51'23.3" 846 T Lower 40 ZRAE Northeast 90
11 N27°49'08. 7" E119°51'28. 4" 853 T Lower 40 %4t Northeast 85
12 N27°48'27. 3" E119°50'30. 0" 890 I~ Upper 40 P43t Northwest 85
13 N27°49'24. 3" E119°51'18. 0" 914 1= Upper 40 ZrAt Northeast 85
£ IR 3EHK Coniferous and broad-leaved mixed forest
14 N27°49'07. 1" E119°51'28. 8" 810 I+ Upper 20 74 West 75
15 N27°49'16. 1" E119°51'19. 1" 855 = Upper 18 ViR Southwest 70
16 N27°49'20. 4" E119°51'16.0" 875 i | Middle-upper 19 P Southwest 70
17 N27°48'39.2" E119°50'05. 4" 948 i Middle 15 P Southwest 75
18 N27°48'50. 9" E119°50'11. 8" 1 066 I+ Upper 18 PiFg Southwest 85
19 N27°50'38. 0" E119°49'46. 2" 1 071 I+ Upper 25 VYRS Southwest 75
20 N27°48'49. 1" E119°49'58. 0" 1073 I+ Upper 18 7R Southeast 95
21 N27°49'10. 1" E119°49'59. 1" 1 086 I+ Upper 25 Z<dt Northeast 85
22 N27°48'58. 2" E119°49'38. 2" 1 090 I+ Upper 28 4 South 80
23 N27°48'50. 4" E119°5009. 1” 1 099 I Upper 20 Z<dE Northeast 85
24 N27°48'47.7" E119°50'16.9”" 1167 I Middle-upper 19 Z<dL Northeast 75
25 N27°48'59. 2" E119°50'16. 1" 1078 p_I= Middle-upper 30 78 East 95
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Table 2 Top ten families and genera based on individual number of species in arbor layer of secondary evergreen broad-leaved forest in

Tonglingshan National Forest Park of Zhejiang Province

B N/I\Miiﬁl AMEET & H A % Tk A AMEEL BT R % ﬂ*’s‘?ﬂl
Family ' umher of Perce{l%ag? (')f Numbér of Genus Number of Percep!age' (')f Numbt'el of
individuals number of individuals species individuals number of individuals species
Fo 3 BE Fagaceae 243 25.7 12 F1% )8 Rhododendron 126 13.3 5
LIZ5F} Theaceae 189 20.0 6 L3id Castanopsis 112 11.8 4
FHEAERL Ericaceae 133 14.0 8 KA1 J@ Schima 93 9.8 1
R} Lauraceae 91 9.6 6 WIZ5JE Camellia 76 8.0 2
FINE} Araliaceae 54 5.7 1 )& Lithocarpus 69 7.3 2
i RUBER} Sabiaceae 36 3.8 4 T8 Machilus 61 6.4 2
% B Rl Styracaceae 34 3.6 4 W& Dendropanax 54 5.7 1
JEHE- R} Saxifragaceae 27 2.9 1 HIXE Cyclobalanopsis 38 4.0 2
4%} Rosaceae 16 1.7 5 AW & Meliosma 33 3.5 2
BWEL Anacardiaceae 15 1.6 1 FUHJE Ttea 27 2.9 1

F3 MIALLUERFRLAERERRFHRFAREEZEHZF 10 K4

Table 3 Top ten species based on important value in arbor layer of secondary evergreen broad-leaved forest in Tonglingshan National Forest

Park of Zhejiang Province

Yrkh HEXT I/ % HEX 2 8/ % X 2 T % A/ %
Species Relative frequency Relative abundance Relative dominance Important value
AT Schima superba 4.264 9. 820 15. 555 9. 880
Fihi# Castanopsis eyrei 4.264 8. 131 15. 482 9.292
S5 RBHT Lithocarpus brevicaudatus 2.326 6. 653 9.198 6. 059
LR 4L Rhododendron ovatum 3.488 7.814 5.088 5.463
RiFEEAS Camellia cuspidata 4.264 6.758 3.411 4.811
214 Machilus thunbergii 4.264 5. 385 4.552 4.734
2 Dendropanax dentiger 3.876 5.702 3. 662 4.413
X Cyclobalanopsis glauca 2.713 3.590 4.588 3. 630
JE AT BS Rhododendron latoucheae 3.488 2.746 1. 961 2.732
FEIE I BRI Ttea chinensis 2.713 2.851 1.858 2.474
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Table 4 Top ten families and genera based on individual number of species in arbor layer of coniferous and broad-leaved mixed forest in

Tonglingshan National Forest Park of Zhejiang Province

o RE R W ] TUE RO L%
Family Number of Percen?ag(.e (.)f Numh(r:r of Cenus -Nul.nl.)er of Percen?ag(-j' (.)f Numb(‘-:r of
individuals number of individuals  species individuals number of individuals  species
FAF} Pinaceae 207 18.8 2 FAJR Pinus 207 18.8 2
#28} Taxodiaceae 206 18.7 2 F2AKJE Cunninghamia 146 13.3 1
11%5F} Theaceae 161 14.6 5 A& Schima 122 11.1 1
HBS ARl Ericaceae 100 9.1 9 5% )8 Rhododendron 100 9.1 4
5¢3}F} Fagaceae 97 8.8 8 WALJE Symplocos 95 8.6 5
LA Symplocaceae 95 8.6 5 W2 )& Cryptomeria 60 5.4 1
F 7l Rosaceae 71 6.4 5 fitiil&E Photinia 55 5.0 2
%8} Lauraceae 54 4.9 6 HEJE Castanopsis 51 4.7 3
2 &R Styracaceae 23 2.1 3 T B Machilus 46 4.2 1
FfNEL Araliaceae 16 1.5 2 AR Eurya 36 3.3 2

®5 INIELLUERRRAEHFRLTHFAEEZEHZR 10 K9

Table 5 Top ten species based on important value in arbor layer of coniferous and broad-leaved mixed forest in Tonglingshan National Forest

Park of Zhejiang Province

Py HIXALE /% HIXF 2 8/ % FIXT L/ % TR/ %
Species Relative frequency Relative abundance Relative dominance Important value
K2R Cunninghamia lanceolata 3.553 13. 261 19. 022 11. 945
AKAaf Schima superba 6. 091 11. 081 15.463 10. 879
th BB HN Pinus massoniana 2.031 8.992 16. 626 9.216
WY Pinus taiwanensis 3. 046 9. 809 9. 822 7.559
Wi#Z Cryptomeria fortunei 3.553 5.450 8. 048 5. 684
Et# Castanopsis eyrei 4.569 4. 451 4.165 4.395
LA Symplocos sumuntia 1.523 6.721 3.201 3.815
2148 Machilus thunbergii 4.061 4.178 1.977 3. 405

1 LT Rhododendron mariesii 3. 046 4.451 2.481 3.326
PG Photinia beauverdiana 2.031 4.905 2. 643 3.319
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Fig. 1 Species-area curve of arbor layer of secondary evergreen broad-leaved forest (A) and coniferous and broad-leaved
mixed forest (B) in Tonglingshan National Forest Park of Zhejiang Province

120

- A
S 100}
s
j—j 5 ) 80 -
R f g »=21.307In(x)+10.082
EoE 60t R=0977
2 3
3&\' _(; w40 F
N
® g 20
<
0 1 L 1 1 )
0 20 40 60 80 100

FEC Number of species

120 ¢
- B
S 100}
REg, 80rF
s o &
L\: g £ =18.725In(x)+26.186
o &8 | -
EoeE 60 R*=0.893
wmE o 40
RN S
g 20 H
-
0 . . . ,
0 20 40 60 80

T4 Number of species

B2 #IE%LERFAIERESREFMMK(A) NSRRI (B) FRENF-Z ES i %
Fig. 2 Species-abundance distribution curve of arbor layer of secondary evergreen broad-leaved forest (A) and
coniferous and broad-leaved mixed forest (B) in Tonglingshan National Forest Park of Zhejiang Province
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£4% Diameter class

I I I

[:0cm<DBH<2cm; II: 2 cm<DBH<4 cm; I 4 ecm<DBH<6 cm; IV: 6 cm<DBH<8 cm; V: 8 em<DBH<10 ecm; VI; 10 cm<DBH<12 cm;
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Fig. 3 Diameter class structure of arbor species in secondary evergreen broad-leaved forest in
Tonglingshan National Forest Park of Zhejiang Province
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Fig. 4 Diameter class structure and survival curve of populations of dominant species in arbor layer of secondary
evergreen broad-leaved forest in Tonglingshan National Forest Park of Zhejiang Province
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Table 6 Regression equation of survival curve of dominant species
populations in arbor layer of secondary evergreen broad-leaved forest
in Tonglingshan National Forest Park of Zhejiang Province'’

Yyl [R5 e

Species Regression equation R?

KAaf Schima superba y=-0.177x+3. 435 0. 864 53
Fth# Castanopsis eyrei y==0.093x+2.520  0.556%:
S5 M Lithocarpus brevicaudatus y=-0.107x+2. 105 0. 55453
2146 Machilus thunbergii y=-0.237x+2.975 0. 598

R v AMARER) A SR 5T EL Natural logarithm of number of individuals; x:
29 Diameter class. % . P<0.01.

ke SE IR R , F B0 AR E AR KRS
2.3.2 AtREREA WITEARES 1L S AR B
TRASHTR R Y FI AR s H WLIE 5, Fe A2 L34 Fh b
TR AR L R RIAE 5 HH 2R DL 8] 6, T A2 I8 S8 A 1
AN ey [l 75 R WL 7

A 5 AT UL AT TR S LD BT R TR S AR AR A i
FE & v T Rl A D A o 3 B 5 v NS R 5
DBH 4 11. 64 cm, 5t DBH 7 92. 80 cm, FEHENR
G 1 A IRER 2, b BMARS (1 344, 4245 DBH /)
F 1 em BAMEED) 19 18.9%; 12 %% 11 & V (2 em<
DBH<10 cm) BB S A AREY 45. 1% 129
VIZ X (10 em<DBH <20 em) B & A4 1A%k
iy 23. 4% ; ZgXIZE XX (20 em<DBH<40 cm) B9

T L L L L L L ]

XIT XIIT XIV. XV XVI XVIL XVIH XIX XX XXT XXIT XXIIT XXIV XXV XXVI

2% Diameler class

I I I VooV VII VIIT IX X X

1.0 cm<DBH<2cm; II: 2 cm<DBH<4 cm; II: 4 cm<DBH<6 cm; IV: 6 cm<DBH<8 cm; V: 8 cm<DBH<10 em; VI: 10 em<DBH<12 cm;
VI: 12 em<DBH<14 cm; Vll; 14 cm<DBH<16 cm; IX: 16 cm<DBH<18 cm; X: 18 ecm<DBH<20 cm; XI: 20 cm<DBH <22 cm; XI: 22 em<
DBH<24 cm; XIlI; 24 em<DBH<26 cm; XIV: 26 cm<DBH<28 cm; XV : 28 em<DBH<30 cm; XVI: 30 em<DBH<32 ecm; XVI: 32 cm<DBH<
34 cm; XVI; 34 cm<DBH<36 cm; XIX: 36 cm<DBH<38 cm; XX : 38 cm<DBH <40 cm; XXI: 40 cm<DBH<42 cm; XXl: 42 cm<DBH <44 cm;
XXII ; 44 em<DBH<46 cm; XXIV: 46 cm<DBH=<48 cm; XXV : 48 em<DBH<50 cm; XXVI: 50 cm<DBH <52 cm. DBH: }f|1£ Diameter at breast
height.

B 5 #L LERFRNEEERZRFARIMEERLEN
Fig. 5 Diameter class structure of arbor species in coniferous and broad-leaved mixed forest in
Tonglingshan National Forest Park of Zhejiang Province
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Fig. 6 Diameter class structure and survival curve of populations of dominant species in arbor layer of coniferous and broad-leaved
mixed forest in Tonglingshan National Forest Park of Zhejiang Province
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Table 7 Regression equation of survival curve of populations of
dominant species in arbor layer of coniferous and broad-leaved mixed
forest in Tonglingshan National Forest Park of Zhejiang Province'’

Yyt [l J=1 5 A

. . . R’
Species Regression equation
A Cunninghamia lanceolata y=-0. 025x+2. 626 0. 139
AIAF Schima superba y=-0. 062x+3. 004 0. 536%*
UK Pinus taiwanensis y=—-0.008x%+0. 343x—1. 405 0. 666
DB HN Pinus massoniana y==0.009x%+0. 408x-2. 191 0. 5843

Dy s AMAEAY [ 28 %1 %X Natural logarithm of number of individuals;
29, Diameter class. *# . P<0.01.
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Fig. 7 Community stability of arbor layer of secondary evergreen broad-leaved forest (A) and coniferous and broad-leaved
mixed forest (B) in Tonglingshan National Forest Park of Zhejiang Province
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Fig. 8 CCA analysis on plots in secondary evergreen broad-leaved forest and coniferous and broad-leaved
mixed forest in Tonglingshan Forest Park of Zhejiang Province
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