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Abstract; Based on the survey data of 1 hm® deciduous and evergreen broadleaved forest plot in Tianmu Mountain of
Zhejiang Province, we assessed species biodiversity by K-means clustering method, the individuals with diameter at breast
height (DBH) =1 cm was divided into different forest layers according to tree height, and the features of species diversity in
each layer were computed, compared, and contrasted. In addition, the direct and indirect biodiversity impacts also

evaluated by using path analysis, namely, the quantity of decision coefficients. The objective of the study was to reveal the
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influence of vertical structure on community species diversity in an evergreen deciduous broad-leaved forest community. The
results demonstrated that: (1) the forest community had multiple—layered vertical structure, which could be divided into
five layers; shrub layer (1.4—4.2 m), sub—-canopy layer (4.3—7.6 m), lower canopy layer (7.7—13.4 m), middle
canopy layer (13.5—21.5 m) , and upper canopy layer (21.6—36.5 m). (2) The species richness,abundance ,the number
of endemic species, Shannon-Weiner index and Simpson index of the community appeared a downward trend from bottom to
top layers. (3) Shrub layer was the largest contributors to the community overall species diversity index and was much higher
than the other four forest layers. And the decision coefficient of shrub layer towards overall species diversity of community
that Shannon-Wiener index, Pielou index and Simpson index was 0.850, 0.651, and 0.775, respectively. (4) The density
of lower canopy, middle canopy, upper canopy had a negative impact on the species number of the shrub layer. The larger
density of the forest canopy was, the less the number of species would become in the shrub community as well as the
complexity. In addition, the occasional and rare species in the shrub layer also played a key role in maintaining the species
diversity of the shrub layer. In conclusion, the vertical structure of the community was critical in maintaining the overall
species diversity of the given forest community. The shrub layer played a decisive role in the composition of overall species
diversity, besides the number of occasional and rare species also played a key role on the composition, thus, species

diversity of the community.

Key Words: evergreen deciduous broad-leaved mixed forest; vertical structure; biodiversity; path analysis; Tianmu
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Table 1 Distribution of vertical layers in evergreen deciduous broad-leaved forest plot in Tianmu Mountain of Zhejiang Province

i ARG/ REEEm MR/ ZE(EE)  WHEREGEL) SRR
Layer Minimum height Maximum height Average DBH Abundance/% Species richness/% Specialist%
HEAJZ Shrub 1.4 42 23:13 2847(64.62) 93(78.15) 22(56.41)
TjeJz Subcanopy 4.3 7.6 6.9+3.9 984(22.33) 79(66.39) 9(23.08)
MIE T Z Lower canopy 7.7 13.4 16.5+7.6 378(8.58) 48(40.34) 5(12.82)
MIEHZ Middle canopy 13.5 21.5 32.0+14.9 131(2.97) 25(21.01) 1(2.56)
5 [ JZ Upper canopy 21.6 36.5 47.5£23.2 66(1.50) 12(10.08) 2(5.13)

B K Total - - 6.1:9.4 4406 119 39

DBH: Jf§4% Diameter at breast height

M2 ATRUE T A MR 1 T2 EAR R AN IS (TV > 5) 20 B AP R Al LUK B, TR SSMHE v A Rl A=
AR 22 S B8R, T =23 LA S BN TR AT AR v B S {8 B K B9 B 34 52 1k K ( Daphniphyllum macropodum) o
K H L g P - R SSRRE 2 ARIZRAE AT A2 TP AR R A B X B ok %2 N 2 S Ao
WAL KEA AL ( Lindera praecox) " [E 45 Bk ( Hydrangea angustipetala ) UL J2 40 X ( Cyclobalanopsis
gracilis) o W52 2 WYIFNZ /IR BT ARG, FZRFI ALK FHEARS (Eurya hebeclados) 2l X
FG AT ( Lithocarpus brevicaudatus ) , RIS, S5 J2 B FPAARE o0 A+ 40 A9 ET, A8 EARTE W el 2 DL #B ,
MTET R h Z R ST AR, FEM R 22 ik gt 35 X R AT BRI ( Cyclocarya paliurus ) F1AZ A
( Cunninghamia lanceolata) , MIEEH 2 FIMIE L 2 22 0 5 RITA, Hobe v )2 32 20 Rl o 3 260 A2 K 21
M X B2 R A ( Liquidambar acalycina) . K H K3 F (Litsea auriculata) . ¥ F 8 ( Nyssa sinensis ) F1#I#2
( Cryptomeria fortunei) ,MeE )2 P B EUR 22 B e /b, = ZER Bl oR BEIE 2K 75 8 W0 AZ DL Rk B R
=T,
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M 3 AT LUE i K H L i i IR SR ARZ W) Tl Z B8 BOC R ANT - U5 ARJZ 7] || Shannon-
Wiener 15 822 ZHTFE A S HEARZ e, MOE LR Ak, B4 PR)R Z 0] 2253 3% (P<0.05) , Pielou 2 J&
FEEO T MO 2 B 5 BEFREUR R MOE BRI BEAR R S/ e R R MR R MOE T 2 MO
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Table 2 Composition of vertical layers in evergreen deciduous broad-leaved forest plot in Tianmu Mountain of Zhejiang Province

M2 FERFD L Mt/ em G
Layer Principal species Abundance Average DBH IV/%
THEARZ 283 Daphniphyllum macropodum 436 3.0+1.8 19.24
Shrub KE M Lindera praecox 606 1.8+0.5 17.87
HEZEER Hydrangea angustipetala 519 1.7+0.5 13.83
475 X Cyclobalanopsis gracilis 129 2.8+2.5 6.03
W)z 283K Daphniphyllum macropodum 367 7.7+3.7 39.92
Subcanopy il BAY Eurya hebeclados 85 8.3+3.1 9.34
455X Cyclobalanopsis gracilis 60 9.3+5.8 7.93
JH A Lithocarpus brevicaudatus 53 8.7+4.5 6.38
MIE T2 ZZiEA Daphniphyllum macropodum 116 14.15.8 27.20
Lower canopy 415 %] Cyclobalanopsis gracilis 88 20.8+8.2 27.17
45 B Lithocarpus brevicaudatus 32 16.6+5.3 8.15
FHEMI Cyclocarya paliurus 19 22.4+7.8 6.39
12K Cunninghamia lanceolata 22 17.0+6.1 5.99
Mg 2 FHEMI Cyclocarya paliurus 25 34.1%9.5 19.47
Middle canopy 12K Cunninghamia lanceolata 25 30.59.2 17.66
435Xl Cyclobalanopsis gracilis 14 28.7+10.1 9.40
BRI Liquidambar acalycina 10 35.8+13.9 8.22
K HEARZET Litsea auriculata 9 37.4+6..7 7.33
WP Nyssa sinensis 8 34.0+17.9 6.57
WilA2 Cryptomeria fortunei 2 81.5+66.6 5.49
Mo 1 )2 B Liquidambar acalycina 21 49.5£19.9 32.08
Upper canopy #2K Cunninghamia lanceolata 16 40.5+7.7 20.82
FEEMD Cyclocarya paliurus 11 41.5%6.9 14.19
Wik Cryptomeria fortunei 4 107.2+46.9 14.19
K HAAKZET Litsea auriculata 5 41.0£2.7 6.54
JERLN 221k Daphniphyllum macropodum 922 6.4+5.3 17.95
Total #H-75X Cyclobalanopsis gracilis 291 10.8+10.4 8.91
FAUIHIHL Lindera praecox 634 1.9+0.5 7.79
#2A Cunninghamia lanceolata 149 14.2+14.5 6.92
B F Liquidambar acalycina 45 32.9+24.5 6.13
FE %5 5K Hydrangea angustipetala 524 1.7+0.5 6.04
FHEMI Cyclocarya paliurus 63 27.8+14.3 5.67

IV. EEAH Important value

£33 INIXBELESEMHEAMEZHEDSRERIH SRS

Table 3 The species diversity of each forest layer in evergreen deciduous broad-leaved mixed forest plot in Tianmu Mountain of Zhejiang

Province

WZE Shannon-Weiner 54 Pielou 5%k Simpson 8%
Layer Shannon-Wiener index Peliou evenness index Simpson index
HEAJZ Shrub 2.187+0.295° 0.748+0.090° 0.808+0.078"
W52 Subcanopy 1.928+0.384" 0.790+0.123¢ 0.769+0.123*
M52 lower canopy 1.642£0.293¢ 0.874+0.085" 0.752+0.089
MEHE Middle canopy 1.290+0.354¢ 0.958+0.042° 0.692+0.109"
M3 )2 upper canopy 0.941+0.326° 0.948+0.087° 0.574+0.129°
FRAZ All layers 2.485+0.253 0.757£0.063 0.852+0.048

6l —F AR R R 22 5 3
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F 4 WIIX B WESFTEH M AR & RS PR A AR L8
Table 4 Comparison of species composition of different forest layers in the evergreen deciduous broad-leaved forest plot in Tianmu Mountain of

Zhejiang Province

AR (L) R (NIE) A RRERMEGR (G BRI (L) 2t
Generalist Specialist A specialist B specialist Total
A T AR
ARAEER 65(60.75%) 42(39.25%) 28(26.17%) 14(13.08%) 107
Shrub vs subcanopy
3 = bR R
AR T2 36(34.29%) 69(65.71%) 57(54.28%) 12(11.43%) 105
Shrub vs lower canopy
TARRHESZ 17(16.83%) 84(83.17%) 76(75.25%) 8(7.92%) 101
Shrub vs middle canopy
3 = "_':J- =
AR L2 8(8.25%) 89(91.75%) 85(87.63%) 4(4.12%) 97
Shrub vs upper canopy
W EHHE TR 35(38.04%) 57(61.96%) 44(47.83%) 13(14.13%) 92
Subcanopy vs lower canopy
W ek bR e
ﬂm};*ﬂ%ﬁ"’")}' 17(19.54%) 70(80.46% ) 62(71.26%) 8(9.20%) 87
Subcanopy vs middle canopy
Wk EAHE LR 6(7.06%) 79(92.94%) 73(85.88%) 2(7.06%) 85
Subcanopy vs upper canopy
& T ERE R
MLTE*M/T\)ETE 19(35.19%) 35(64.81%) 29(53.70%) 6(11.11%) 54
Lower canopy vs middle canopy
P T RAAE LR 9(17.65%) 42(82.35%) 39(76.47%) 3(5.88%) 51
Lower canopy vs upper canopy
TR 1
AR LR 9(32.14%) 19(67.86%) 16(57.14%) 3(10.72%) 28

Middle canopy vs upper canopy

3.3 BEVRTE ELA I PR AR 0 5
331 AFEFEEEXYI I Z RN TS SRR 0

WAL S PRI HEAR)Z o XHHEVE Shannon-Wiener $5 80 ELEAAE K, Wik )2 x, IR 2, MORE | )2 & B
N TEHEAE TR MO LR xR, BT TR A x, >x5>x,>x,>x, o Pielou 45 BUAYR MR J7 1, H#EA R «, 1)
FAER WA R MO 2 5y B IR J7 TR IR x, >0, >x05>x,>x, . Simpson 45 805 10, HEARJZ x, (9 EH AL
M 322 g - AL PO ARJZ AN 5 T R I &, x>0, >0, >0

K5 BHREMEEMTSHEZMEBZSN

Table 5 Path analysis of influence of different forest layers on species diversity of community

- H7As i (v) WARR(EE) R IR
A (y) - - RS2 -
Dependent variable (y) ]nD-ependent Path (:T)efﬁ(:lent Path co-efflmem Total effect DecTS{on

variable(x) ( Direct) (Indirect) coefficient
Shannon-Weiner 8% X 0.935 -0.013 0.922 0.850
Shannon-Wiener index X, 0.260 -0.047 0.213 0.043
X3 0.078 -0.085 -0.007 -0.007
X4 0.091 -0.218 -0.127 -0.031
Xs -0.058 0.317 0.259 -0.033
Pielou F5 44 %) 1.105 -0.258 0.847 0.651
Peliou evenness index Xy 0.514 -0.555 -0.041 -0.304
X3 0.056 -0.478 -0.422 -0.050
Xy -0.075 0.304 0.229 -0.040
X5 -0.046 0.210 0.164 -0.017
Simpson F5% %) 1.047 -0.163 0.884 0.755
Simpson index Xy 0.381 -0.449 -0.068 -0.197
Xy 0.233 -0.362 -0.129 -0.114
Xy 0.077 -0.191 -0.114 -0.023
Xs 0.095 0.307 0.402 0.067

T ) NHEARIZ 0, NETE)Z 23 AT TR 2, AR x5 A LR
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H P 2R BT A A AR W b 22 R X VR R AR ) b Z RV R 25 B AR FHEA T /NI FIE P B R H o
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Shannon-Wiener 544, Pielou $84(1) & Simpson $850 b TR SE R N Beim , BOEAZ «, WHEE Y R 20
FEYR A & M 2 252 Shannon-Wiener 75 %0 32 22 FR | A8 &, 1 W 5w )2 », W2 Pielou 554 M1 Simpson 45
By R AR
3.3.2 T RFIE WA XTI VR A ARV 5

AR 6 2% AT LUK I, M A A A WA TE 2 AR R A A BRI - REAR 2 A S0 e 2 (G A R MO
HERAAELERA R, HAEARZE T i o L R MOE 2 SHEARZSMOE T 2> Wik 2 > i)z, 15 0L Fh
[FIRETEREAR Z i oA i 2 W06 2 5D A8 AR TEARIZ i o T O T 2R R B W e 2 > el v 2 > 3R 22
SHIE T 2SI 2 5 A RS WA TE IR SO ARIZ RS 5 A R ) Wy 6 B2, AR MR ASAR VR
A 60% L )RR B AR Z S )2 ik 5] 50% , FEMGE T )2 M H 2 LR T JZ ik E] 40%
VL b HAy R DR AT R B AR 25 P2 B o B S AR

®6 BMEFEHNBLMSHER

Table 6 Distribution of rare species and occasional species in different forest layers

M)z R ARl (L) WA (5 E) WILRR (i) Rt
Layer Rare species Occasional species Common species Total
HEAJZ Shrub 12(12.90%) 37(39.79%) 44(47.31%) 93
W52 Subcanopy 5(6.33%) 36(45.57%) 38(48.10%) 79
M5E T 2 Lower canopy 4(8.33%) 17(35.42%) 27(56.25%) 48
2 middle canopy 0(0.00%) 11(44.00%) 14(56.00% ) 25
M )2 upper canopy 2(16.67%) 3(25.00%) 7(58.33%) 12
JMA Total 23(19.33%) 52(43.70%) 44(36.97%) 119
4 g

4.1 BEVE I EZ IR RE

R TR A Hh P T A AR (R A i 2017 2R 28 8 R B L S P& 1 5] I R B 9l B 25 AR50 5 A
WRZ, ool 44 HHEARIE W2 AT 2 MOE 2 MGE E 2 3% 5 0L EH 1L 2 i it bl 43k
AKRZ WA ZMTAZZERAM . K H IR HEEE SHZERCES &l Tix#Eg B 1956 4Lk
— HAAFHRPRET , K EREH B T &2 24k B M50, 7F—Leiied  F 8 H W RIS 25 0L S m 1§
10 m AR/ R B AR, Ke-means L JE H AT )12 BRI 53k 2 — | 16 AR 2224 R 403
WA, AEFSE R CCH 943 2800 A2 N -5 FAE A1 DR S MBS E4T K-means 511
153, #5 PR )4 5 v B ] B e /N R, R 22 5 2.8 m, 1A 2 )2 5 14.9 m, A ELFIA 5 m 8 10
B 7R T B R 43 AR PR 4 b EL A O 1 ) B R
4.2 ZJZESLEAER BRI Z R b B R E

FRAE CLAM ¥ 73 B AU X HR ASMAE 75 25 MBI B AT 5028 TR ARZ ) L | 4% )2 22 Il A A 2 /b
FEAT AR T BTG N, 32 F TR )2 RN 5 22 AR o 0 = R T R 350 . ARSI AR (B B b A R R R A
FhEB e [t KB S RN s 3 fa 3 | o A2 AN 76 )2 365 i o LB I 609% , 33 2 (R Sk IV 56 J2 A 4 ol 22
RNTRAR  SHEARJZAR MR T2 MG T 2 MO 2 ARG )2 Z RN R LUAE 559% DL T X
RS I BT ) B RZ IS FEOC IR A B A AR VE N oAb B2 T R T R M SRR
1o S M IR A AR R A AR A RS T T RE  [RIEEARZE (B R A i 22 S MR R T RIS R 2R
TR 25 W56 2 P R T AR DA (A7 X A2 AR TN 800 ) S AR5 2 MRS Hh J2 FRObRes - J2 R R S B 1 2
BEOLSAF TN RN R I AR B B AR, X5 Tshil SE0F 5T I BRAREE TR MRZ S5 A isf 2 9 T
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BRI IZ SRR HE T T 1 P Fh ZREME R 28 AR — 8
4.3  FERZAEYERHE BRI 2R R B e

ER B IESSMEER T 5 DAREH, EARE R 200 .
Shannon-Weiner 54120 & Simpson L #4 BEF6 80 5 T H: * y=-2.68x + 175.48
HARIZ , 38 35 A [R)MR 2 o 22 R X T S8 AR o 2 ol o . ;z%ffl

PERYIEAR ST AT AR IR, HEAR 2 W b Z2 A I X TR S AR A
R R ) b Z2 BE M 1 BT R B K, T K 2 R R I R AR
Shannon-Wiener ¥4 . Pielou 8 5% UL & Simpson $5 %4 I
e 2 H0 4 535 51 0.845,0.651,0.755 3 i T H B
JZ2 | R RETE YR Z R RO R, AR

HEARZYIFECH

Number of species in shrub layer

100

IR0 92 7 B SRS AR I A 39 T Tw
YR DA RV 1 25 RE PE R 7 2 s PE (B0 Forest o oo

KHEARZ IR E X2 BIMOE T 2 MO )2 RO B2 R ELE A B E S R AR R
LRAEARECE 200, DA 25 4> 400m” FET5 HfF 5k (1A Fig.2 The relationship between number of species of shrub layer
2) MO B O HEAR R W R R H 8D S8R and canopy Tayer density in mixed forest of Tianmu Mountain
FEBRAR . AHOCAISE 2 B T AR J2 A PR 2% 1 AN ] 3
FOLHE JRAPEZT I THEARZN LT, WL, AT A BRI R A B | 35 24 A0 75 O 2 1
TR B A R THEARZ R E 0 AR S BAR Y R Z e U 2 5 i Re R B #EVE AT
4.4 FRA ORI IR SRR R Z A b A R R E ]

Hir A R DL RO 75 b L U AR B R b AR IR MR Z AR PR ISR v i i i B s A 5
B EEM, E R B LRSS DA R AN DR 75 Fh 267 AR5 BT A BR, 33k SE A A R R
DR T R SR EURY 63.03% (H S RETE EMARY 6.06% , N3 7 T LLFE i, B A7 b S DL Al 4 ke 2k
X A FEFR B R B R, 2 B MR\ AR ECT Bk 40% LA b5 %) Shannon-Wiener $5 £ (1952 K .,
HW AT LEMIE)Z Shannon-Wiener $880T F& 17%—28% /N5 ; %] Simpson 85 A9 2 M AR X4/, vT WLR H LR
MR T T AT PR DL R XT3 T B AR A 2 R 0 AR A AT RRRVE . [RIBST R T A o A D
FETEARL AT R 0 1 0t A AR AL R AL T 2 (38 AL A B TREVE X AR AL T, 3K 5 ] SO W AR o 2
AR AR AT A R A A b A DL o 7 B i A8 A6 55 B 7% Y Shannon-Wiener $8 %8 L M Simpson 45 022 1E AH G
M

R7 HEMIE LK EE SN

Table 7 Effects of rare species and occasional species loss on community diversity

" Shannon-Weiner 5 4( Simpson 85T F%
WSRO o L %
iz FRPLIEECR e A % TR % FiA /%
Richness index . K . .
Layer . Shannon-Wiener index Simpson index
decline percentage . .
decline percentage decline percentage
#EAJZ Shrub 52.99 6.69+0.62 2.12+0.24
WE5i&E)Z Subcanopy 51.93 12.99+1.83 6.72+1.47
MIE T E Lower canopy 43.93 17.20+3.37 10.11+2.79
Mg 2 middle canopy 44.14 21.68+3.10 11.84£1.95
#5122 upper canopy 44.18 28.10+5.84 19.04+4.87
A Total 63.29 7.92+0.73 2.10£0.22
5 i

ZE Lk, K H L SR IE T R R ACMAEE L DBH=1 em AYAAAEY) 76T BZ K _E TR/ AR W56
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2 MOE N2 MTE R Z MG )2 5 ANE S 2RSS S YR 2R R BEARZE B SAREEE
Motz il e, YA -EEE L2 FA %GR  Shannon-Weiner $840H1 Simpson $8 BN WIE/ N, 22 )2 4540 175 4
FER R Fih 22 R v BT SR P BE AR 2 TR SRR A A AR AR b 22 R vh B JE VR T 0 A4 D
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