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Abstract: Knowledge of taxonomic and phylogenetic o and 8 diversities of different forest types is critical to
improving our understanding of forests and their structure, which can guide forest management and biodiver-
sity conservation. In this study, we investigated the taxonomic and phylogenetic o (Shannon-Wiener index
and PSV (phylogenetic species variability) diversity, respectively) and B (Chao’s index and PCDp (phyloge-
netic community dissimilarity among nonshared species) diversity, respectively) diversities of four main for-
est types, including evergreen broad-leaved forest (EBLF), evergreen and deciduous broad-leaved mixed
forest (EDBLF), deciduous broad-leaved forest (DBLF), and coniferous and broad-leaved mixed forest
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(CBLF) in Zhejiang Province. o diversity represents biodiversity within a single forest plot; B diversity is di-
vided into two levels. One is the B diversity between forest plots within a single forest type (intra-forest type
B diversity), and the other the B diversity between forest plots from different forest types (inter-forest type f3
diversity). We found that the taxonomic and phylogenetic a diversities differed among forest types. However,
when the geographical and topographical variables were taken into account, these differences largely disap-
peared. We also found the intra- and inter-forest type  diversities greatly differed, and the overall intra-forest
type P diversity was lower than inter-forest type p diversity, regardless of whether geographical and topog-
raphical variables were controlled. These results suggest the controlling factors of taxonomic and phyloge-
netic a and P diversities differ in the studied subtropical forest types. Geographical and topographical vari-
ables may play critical roles in influencing forest taxonomic and phylogenetic a diversities, whereas forest
type is largely responsible for forest taxonomic and phylogenetic B diversities.

Key word:a diversity; B diversity; topography; longitude; latitude; nature reserve
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Fig. 1 Geographic locations of the studied reserves. WYL,
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Table 1 Summary of the variables used in this study

A A ik

Variable type Description

IrRAR 25

Categorical variable Category

AR W 4% [ AR Evergreen broad-leaved

Forest type forest (EBLF)
W LRV [E IR AC AR Evergreen de-
ciduous broad-leaved mixed forest
(EDBLF)
V& - [i# ' #k Deciduous broad-leaved
forest (DBLF)
IR AZ AR Coniferous broad-leaved
mixed forest (CBLF)

pURSE ¥ ] “FIME

Continuous variable (unit) Range Mean

2% Longitude (°) 118.06-119.67 119.63

4if Latitude (°) 27.54-30.40 28.95

WK Elevation (m) 363-1,54 974.08

W% Slope (°) 10.2-45 30.36

1 Aspect (°) 5.0-358.6 172.5
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Fig. 2 Comparisons of taxonomic (A) and phylogenetic (B) a diversities among forest types. Different lower case letters indicate
significant differences (P < 0.05). PSV, Phylogenetic species variability. See Table 1 for the key to CBLF, DBLF, EBLF and EDBLF.
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Table 2 Linear mixed effects model results for the differences in taxonomic and phylogenetic o diversities among forest types
Shannon-Wienerfi 1 PSV#§%L PSV index
Shannon-Wiener index
R RE I bRvs. 7 I RE R AR EBLF vs. EDBLF -0.128 -0.019
ek bE  bvs & - fE AR EBLF vs. DBLF —0.042 —0.042"
HGERAM Fhvs £ FE MRS H EBLF vs. CBLF 0 —0.031
H LRTE I FE - ARvs. 78 R Ak EDBLEF vs. DBLF -0.111 0.006
LR TE I FE R AS Movs B fE R AZ M EDBLF vs. CBLF 0.278 0.027
P I i - bkvs £t VR ZZ Ak DBLF vs. CBLF 0.328 0.019
CBLF. DBLF. EBLFMIEDBLF/{& X H#EL. *, P<0.05",P<0.01;"", P<0.001.
See Table 1 for the key to CBLF, DBLF, EBLF and EDBLF. PSV, Phylogenetic species variability.
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Fig. 3 Non-metric Multidimensional Scaling (NMDS) result of taxonomic (A) and phylogenetic (B) B diversities of the studied
forests. o, Evergreen broad-leaved forest (EBLF); /\, Evergreen and deciduous broad-leaved mixed forest (EDBLF); x, Coniferous
and broad-leaved mixed forest (CBLF); +, Deciduous broad-leaved forest (DBLF).
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Fig. 4 Taxonomic (A) and phylogenetic (B) B diversities within forest types. Different lower case letters indicate significant differ-
ences (P < 0.05). PCDp, Phylogenetic community dissimilarity among nonshared species. See Table 1 for the key to CBLF, DBLF,
EBLF and EDBLF.
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Table 3 Mixed effects model results for the differences in taxonomic and phylogenetic B diversities within forest types

Chao’s8 %1 Chao’s index PCDp?a%l PCDp index
W ER R bRvs. RV I RE R AR EBLF vs. EDBLF -0.073 0.006
Rk bE  bvs & - fE AR EBLF vs. DBLF -0.256™" -0.018"
T Gk bk £ R VR ZZ AR EBLF vs. CBLF —0.038 -0.129"
5 BRI W R MR AS Mvs & R AR EDBLF vs. DBLF -0.13" -0.067"
W TR ] MR AE Mvs £ 2 #k EDBLF vs. CBLF 0.244™ —0.044
P i - bkvs £ fE VR ZZ Ak DBLF vs. CBLF 0.315™ 0.02

CBLF. DBLF. EBLFMIEDBLFH# X &L, *, P<0.05;", P<0.01; ", P<0.001.
See Table 1 for the key to CBLF, DBLF, EBLF and EDBLF. PCDp, Phylogenetic community dissimilarity among nonshared species.
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Fig. 5 Comparisons of the taxonomic (A) and phylogenetic (B) B diversities between forest types. Different lower case letter indi-
cate significant difference (P < 0.05). “vs.” indicates the [ diversity between forest types on its both sides. See Table 1 for the key to
CBLF, DBLF, EBLF and EDBLF. PCDp, Phylogenetic community dissimilarity among nonshared species.
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FEVE R 2 (8] AP RIS R a2 PRI 22 7 J LT 43
TR, YIS MR RS Ra 2 AEIER
B HOR A A5 7 ik AR S ) H 2L (Legendre et al,
2009). (HAEARERIIARZ, ok i FRORITE i fE i Ak
() ) 22 SeAT SRR LR 25 (3R 2), X ek 1 B4 P s el
LAt A R D] 2R 50 S i X R e AR B T SR AL 1 )
FhAITE R0 FEIE Y UK 3G BB R .

3.2 YIMRIERBEHEM

[) b AR AR Vi S 20 P 518 S AN [R] R AR B 9 1] 1)
ERBE AR E ER, KB T A FRKREE
% B EAMEERY M AE R R, XX 4ERRZ X I
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Table 4 Linear mixed effects model results for the differences in taxonomic and phylogenetic § diversities between forest types

Chao’s?E %1 Chao’s index PCDp7i%{ PCDp index

B R AR SRR IR A B s, R S P A T AR
EBLF / EDBLF vs. EBLF / DBLF

LR IR 2 A I TR SS M v s T G R P AR o YR SR
EBLF / EDBLF vs. EBLF / CBLF

S ] R 2 T VR S v, i T ) VR 58 AR/ - i - R

EBLF / EDBLF vs. EDBLF / DBLF

i A P/ S T R TR S P, 5 7 6 T ] VR A8 AR/ i TR S

EBLF / EDBLF vs. EDBLF / CBLF

T R PR 8 2 R TR S v 7 I A/ PR S A
EBLF / EDBLF vs. DBLF / CBLF

H S PR P s, S P VR RS

EBLF / DBLF vs. EBLF / CBLF

R PR R kw6 2 v - ] -9 52/ v
EBLF / DBLF vs. EDBLF / DBLF

3 PR ] P v, 2k e ] P YRR SE A/ R S AR
EBLF / DBLF vs. EDBLF / CBLF

N VA i s, 9 P e VR S AR

EBLF / DBLF vs. DBLF / CBLF

T L PR VR 58 . B 4 P ) Y 5 0 o P
EBLF / CBLF vs. EDBLF / DBLF

B A TR S v, 2k P YR ST A/ R RS AR
EBLF / CBLF vs. EDBLF / CBLF

i S W PR AT VR 58 . 9 P B B PPV 32

EBLF / CBLF vs. DBLF / CBLF

g e vt N7 o ST v A v L a7 R M R

EDBLF / DBLF vs. EDBLF / CBLF

BV I R TR0 SV 7 ] s, P ] - ] PR S A
EDBLF / DBLF vs. DBLF / CBLF

LR I R TR SR T S v I b/ - I ST
EDBLF / CBLF vs. DBLF / CBLF

FHE T

—0.135 —0.09
0.06 0.063"
0.146™" -0.021
-0.052 0.033
—0.154"" -0.012
0.052" 0.115™
-0.021" 0.059"™"
0.055" 0.114™
0.019 0.01
-0.1417" -0.056"
-0.063" -0.01
-0.192"" -0.132""
0.064" 0.067"
0.064" —0.005
-0.079" -0.112""

CBLF. DBLF. EBLFHIEDBLF/J# X W#l. *, P<0.05 ", P<0.01; ", P<0.001.
See Table 1 for the key to CBLF, DBLF, EBLF and EDBLF. PCDp, Phylogenetic community dissimilarity among nonshared species.
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2010). 1245 F R W AHI 70T ££ 7. 3 DX v& -
- MRAEE B A BOR R IME
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Fig. 6 Comparisons of the taxonomic (A) and phylogenetic
(B) B diversities within and between forest types. When the
spatial and environmental variables effects were controlled in
linear mixed effects model, differences between the two paired
groups were still significant (P < 0.05 in both cases). Boxes
with different lower case letter indicate significant difference
(P <0.05). “Intra” represents P diversity between communities
from the same forest type, “Inter” represents B diversity be-
tween communities from different forest types. PCDp, Phy-
logenetic community dissimilarity among nonshared species.

W] P VB A2 PR 2 B g AL ) T 9 SIS 28 (T A IR A
2001; XNV >245%, 2010). EHAFERFZ, ARV
W SR R IR A RAE YRR 2 R B AR R
ZESE(THIIREE 2001). ASHIF 5T (1 459% -  H-R
IS IZ S AR AES00-1,100 m A HF4RTE B, KA
RESRUR T IR P FRf B2, [R] B 52 380 0 2 il ik ARV
I ] PR FR 2 0, AT 3 B AE M PP AN R A R
SRR R R AL

i 7 R E R RAEH G, 2R
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(Wiens & Graham, 2005; Zanne et al, 2015),
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MisR1 FRIAEHDIRS
Appendix 1 General information of the studied forest plots. EBLF, Evergreen broad-leaved forest; EDBLF, Evergreen and deciduous broad-leaved mixed forest; DBLF, Deciduous
broad-leaved forest; CBLF, Coniferous and broad-leaved mixed forest.

fRAP X ARPRZEA K Wz e PRFA T (S i)
Reserve Forest type Elevation (m) Slope (°) Aspect (°) Dominant species (Importance value)
KBH L EHREHRAZ MK CBLF 1,401 35 325 # 1Lk Pinus taiwanensis (0.603), fith# Castanopsis eyrie (0.262)
Fengyangshan %ffdHVE2E & CBLF 1,350 35 63 # 1Lk Pinus taiwanensis (0.349), % Z#] Lithocarpus brevicaudatus (0.252), #H## Castanopsis eyrie (0.179), K% Schima
superba (0.158)
EFEHRAZ MK CBLF 1,460 28 275 # 1Lk, Pinus taiwanensis (0.239), /K7 Schima superba (0.239), #i## Castanopsis eyrei (0.192)
EFREHRAZ MK CBLF 1,470 28 275 #1LIFA Pinus taiwanensis (0.343), Kfif Schima superba (0.275)
EFREHRAZ MK CBLF 1,544 35 180 Afi Schima superba (0.144), HAHi#2 Cryptomeria japonica (0.138), %42 Tsuga chinensis (0.128)
EFREHRAZ MK CBLF 1,460 35 65 #1lIFA Pinus taiwanensis (0.603), K7 Schima superba (0.365)
Jukil WAk AR EBLF - 625 40 335 27K Cunninghamia lanceolate (0.198), £Lf# Machilus thunbergii (0.18)
Jiulongshan ¥ 4¢fEMH#k EBLF 688 38 5 27K Cunninghamia lanceolata (0.288), ZL.## Machilus thunbergii (0.248)
ek Ak EBLF 747 38 30 At Schima superba (0.592), 2K Cunninghamia lanceolata (0.169), #1 Lithocarpus glaber (0.122)
WA AR EBLF - 636 36 30 At Schima superba (0.296), #27K Cunninghamia lanceolate (0.216)
EWFEM PR DBLF - 971 20 315 2K Cunninghamia lanceolate (0.458), Afi Schima superba (0.136), #ri[#4##Bk Prunus schneideriana (0.127), #5542
Prunus obtusata (0.06), ## Liquidambar formosana (0.057)
PR Mk DBLF 983 25 48 & ¥ Albizia kalkora (0.379), 75 Fiti Acer davidii (0.31), 7 Cladrastis wilsonii (0.215)
W EFFEHVRAS MR CBLF 363 18 340 Iy EFr Pinus massoniana (0.518), A7 Schima superba (0.255), fith# Castanopsis eyrei (0.206)
Gutianshan £l fEmEACH CBLF 395 30 30 Iy EFr Pinus massoniana (0.402), K7 Schima superba (0.276), *K## Castanopsis carlesii (0.112)
SRV I I VR A AR 638 35 115 #7%% Alniphyllum fortune (0.194), LLiAi T~ Idesia polycarpa (0.128)
EDBLF
SRV I VR A AR 653 20 335 IyEFy Pinus massoniana (0.235), MIkk Quercus serrata (0.202), Afi Schima superba (0.142), 4ii™+# X Quercus ciliaris
EDBLF (0.082), #EZE Castanea henryi (0.064)
ek Ak EBLF 658 25 25 fit#% Castanopsis eyrei (0.382), ¥i#% Quercus serrata (0.182), ZK1ij Schima superba (0.14), #1 Lithocarpus glaber (0.0.095)
ek Ak EBLF 708 45 345 fith% Castanopsis eyrei (0.348), Afif Schima superba (0.308)
KB W TR R TR AS AR 581 38 47 F27K Cunninghamia lanceolata (0.229), ## Liquidambar formosana (0.086), HEH Torreya grandis (0.085), “## Phoebe

Tianmushan  EDBLF sheareri (0.072)
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fRIPIX ARPRERY R g Wi PEFA T (B ZiAH)
Reserve Forest type Elevation (m) Slope (°) Aspect (°) Dominant species (Importance value)
W SRV R YR A HK 597 35 78 A2k Cunninghamia lanceolate (0.228), #%&#l Cyclocarya paliurus (0.18), ZXEVEIEM Meliosma myriantha (0.095), HE
EDBLF Torreya grandis (0.079), “%4#% Phoebe sheareri (0.068)
V&M AR DBLF - 1,063 28 117 FHEMI Cyclocarya paliurus (0.448), £2K Cunninghamia lanceolata (0.146), 4fiH-% x| Quercus ciliaris (0.098), KB AKZT
Litsea auriculata (0.058), M # Liquidambar acalycina (0.046)
AR R IR AS AR 1,069 33 168 BN A Liquidambar acalycina (0.193), # B # Nyssa sinensis (0.158), 47 x| Quercus ciliaris (0.131), #M 3 X
EDBLF Quercus stewardiana (0.125), 27K Cunninghamia lanceolate (0.119)
Ak DBLF 1,244 18 224 /N SERE Pterostyrax corymbosus (0.182), VUHEAE Cornus kousa (0.117), KAK475 1lex macropoda (0.11)
EFFEMHEAC AR CBLF 1,214 23 262 #1#A Pinus taiwanensis (0.363), 47 X] Quercus ciliaris (0.285), I #%# Maackia hupehensis (0.084), %Zik &
Daphniphyllum macropodum (0.067), 4¢4# Phoebe sheareri (0.061)
JERITE AR AR EBLF 733 32 325 fiftf#% Castanopsis eyrei (0.151), >K## Castanopsis carlesii (0.121), Afaf Schima superba (0.111), /75X Quercus myrsi-
Baishanzu nifolia (0.079), % E# Lithocarpus brevicaudatus (0.073)
WAL AR EBLF 677 27 82 K # Castanopsis carlesii (0.29), A i Schima superba (0.147), #% Castanopsis fargesii (0.1), #%XX & Sloanea sinensis
(0.073)
WeRiEMH Ak EBLF 808 30 345 #H##% Castanopsis eyrei (0.359), &7 Ternstroemia gymnanthera (0.105), /NH35 X Quercus myrsinifolia (0.075), FLIEA
3% Magnolia yuyuanensis (0.067)
WA AR EBLF 847 25 17 fifti% Castanopsis eyrei (0.455), & A# Daphniphyllum pentandrum (0.139), Afsf Schima superba (0.122)
WA AR EBLF - 967 35 90 fftf#% Castanopsis eyrei (0.535), Afaf Schima superba (0.13)
WAL AR EBLF 981 25 95 %M Lithocarpus brevicaudatus (0.309), Afif Schima superba (0.292), fitfi% Castanopsis eyrei (0.159)
HE &M AR DBLF 1,303 17 354 #1284 Pyrus betulifolia (0.241), /N HSE# Pterostyrax corymbosus (0.164), #ii5#4% Quercus aliena (0.143)
Longwangshan v M-i@H#k DBLF 1,326 27 359 HEZE Castanea henryi (0.355), %kl Cyclocarya paliurus (0.092), /N =E##% Pterostyrax corymbosus (0.091), 7 A#SE-4ji
Carpinus viminea (0.087)
PR dk DBLF 1,057 13 321 /N SE# Pterostyrax corymbosus (0.471), i itk Quercus aliena (0.197)
PR dk DBLF 1,062 23 299 /N SE# Pterostyrax corymbosus (0.422), i itk Quercus aliena (0.208)
JEM AR DBLF 1,190 16 75 BiiMiER Quercus aliena (0.451), /INHH2EH Pterostyrax corymbosus (0.219)
JEH AR DBLF 1,124 10 107 BLiMER Quercus aliena (0.472), /INHH2EH Pterostyrax corymbosus (0.221)
e Sl43 WAL AR EBLF 1,073 35 145 Fg A Lithocarpus brevicaudatus (0.316), #f##% Castanopsis eyrei (0.228), Afaf Schima superba (0.202)
Wuyangling % £:9% i E IR 22 4K 1,020 40 180 JE M Lithocarpus brevicaudatus (0.188), #1754 Alniphyllum fortune (0.113), 727K Xl Fagus lucida (0.095), % Fi44
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fRIPIX ARPRERY R g Wi PEFA T (B ZiAH)
Reserve Forest type Elevation (m) Slope (°) Aspect (°) Dominant species (Importance value)
EDBLF Nyssa sinensis (0.089), Afif Schima superba (0.082)
WA AR EBLF - 960 30 130 #M 7 X Quercus stewardiana (0.239), Afif Schima superba (0.23)
Ak DBLF - 960 30 130 fl75#% Alniphyllum fortunei (0.154), Bt 4{# Liquidambar acalycina (0.149)
T ERVE R VR S AR 1,020 35 130 WM Nyssa sinensis (0.099), #& ] AKZ T Litsea elongate (0.089), %5 Z#7 Lithocarpus brevicaudatus (0.071)
EDBLF
WAL AR EBLF 971 45 175 g Schima superba (0.166), %5 #7 Lithocarpus brevicaudatus (0.127), K47 llex latifolia (0.123), & 1Li4 % Magnolia
maudiae (0.108)
T R Ak DBLF 1,121 41 10 LRk Juglans cathayensis (0.547), %I &4 Cornus controversa (0.305)
Qingliangfeng V& M-REM# DBLF 1,211 35 350 YT &% Cornus controversa (0.394), #H%i#Z=E Prunus obtusata (0.075)
&M AR DBLF - 926 37 80 # Platycarya strobilacea (0.193), #{1LifA Pinus taiwanensis (0.19), #E%¢ Castanea henryi (0.113), 5 # Nyssa sinensis
(0.07), BREM A Liquidambar acalycina (0.058)
R AR DBLF - 949 35 110 E b REEA Carpinus tschonoskii (0.169), S.3i# Evodia fargesii (0.118), 7/ Sassafras tzumu (0.1)
WA AR EBLF 975 37 160 M7 X Quercus stewardiana (0.242), A1 Schima superba (0.24)
S GRVE I VR 2 AR 978 40 180 KA Schima superba (0.133), #I#% Quercus serrata (0.109)

EDBLF
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