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Abstract

Aims The subtropical evergreen-deciduous broadleaved mixed forest is the largest extant natural vegetation type
in southwest Hubei. However, little knowledge exists on the types and compositions (especially the relative ratios
of evergreen versus deciduous species) of this forest vegetation. Here, we quantitatively classify the less studied
forest vegetation into different community types, compare their size and composition structure, and analyze
species-environment relationships which is the basis for further understanding the biodiversity maintenance
mechanism and reasonable protection and utilization of this forest.

Methods We established 92 20 m x 20 m plots of subtropical evergreen-deciduous broadleaved mixed forest in
two national nature reserves in Enshi, Hubei Province, China. All species with stems =1 cm diameter at breast
height (DBH) in each plot were identified and mapped. These plots were classified by using two-way indicator
species analysis (TWINSPAN) and detrended correspondence analysis (DCA). The species richness, abundance,
basal area and importance value were chosen to compare structure, species composition and evergreen and
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deciduous ratio. Permutation-based multiple regression on distance matrices and multiple stepwise regression
analysis were used to examine the relationship between species distribution and environmental factors.

Important findings Our results showed that the subtropical evergreen-deciduous broadleaved mixed forest in
the southwest of Hubei could be classified into five community types based on quantitative methods: i.e.
Cyclobalanopsis glauca-Eurya alata + Camellia cuspidate (community type ), Carpinus fargesiana + Cyclo-
balanopsis glauca-Eurya alata (community type Il), Carpinus fargesiana + Cyclobalanopsis glauca-Weigela ja-
ponica (community type Il1), Fagus lucida + Cyclobalanopsis multinervis-Eurya alata (community type 1V) and
Carpinus fargesiana + Daphniphyllum macropodum + Lithocarpus cleistocarpus-Eurya alata (community type
V). Species richness, abundance, basal area and importance value of evergreen and deciduous species in each
community types were different. Deciduous species in community I, community 111 and community V were sig-
nificantly higher than evergreen species in terms of species richness, stem abundance, basal area and importance
value, but they had no significant differences in community | and community IV. The richness of deciduous spe-
cies in most community types were higher than those of evergreen species, meanwhile the abundance, basal area
and importance value of deciduous species in the small size classes (1 cm < DBH < 5 cm) in each community
types were lower than those of evergreen species. In middle size classes (5 cm << DBH < 10 cm), the richness,
abundance, basal area and importance value of deciduous species were higher than those of evergreen species in
community I, community 11l and community V. However, in community | and community IV, the evergreen spe-
cies were larger than deciduous species in the four indexes. The richness of deciduous species in majority of the
community types were higher than those of evergreen species in large size classes (DBH = 10 cm). The eleva-
tion, slope and aspect, soil total nitrogen content, soil total phosphorus content, soil available nitrogen content and
soil available phosphorus content were the major factors affecting evergreen and deciduous species distribution
across the five community types.

Key words community type, the evergreen-deciduous broadleaved mixed forest, environmental factors, ratio of
deciduous and evergreen species, quantitative classification
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Fig. 1 Dendrogram of TWINSPAN classification for 92 plots in the subtropical evergreen-deciduous broadleaved mixed forest
across two nature reserves in Southwest Hubei, China. D, division number; N, number of plot.

3 l
-0.5 FH Axis 1 45
B2 SEVE R ISR X IE BT SR I R R A AR 92 /ML I DCA —4EHE P I « B 073, 1, N, 1V, VIREA R R 2,

Fig. 2 Two-dimensional DCA ordination diagram for 92 plots in the subtropical evergreen-deciduous broadleaved mixed forest
across two nature reserves in Southwest Hubei, China. Roman numerals (1, 11, I, 1V, V) indicate different community types.
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Importance value ( 1V') of the top 10 species in the five community types in the subtropical evergreen-deciduous broadleaved mixed forest across two

Table 1

nature reserves in Southwest Hubei, China

TEY 2SR Community type  #Ff Species % J¥ Abundance Mgf% DBH (cm)  FEME IV >JPE Leaf habit
i F X Cyclobalanopsis glauca 752 6.38 2.48 W4k Evergreen
Typel {##% Eurya alata 599 4.02 112 5 4¢ Evergreen
RIEEFZE Camellia cuspidata 487 3.64 111 W&k Evergreen
A4 Schima superba 248 5.94 0.99 ‘H &k Evergreen
111 Symplocos sumuntia 535 3.05 0.95 ‘H &k Evergreen
HEZE Castanea henryi 17 53.96 0.83 &I Deciduous
HFIARZET Litsea elongata 385 2.85 0.82 #4¢ Evergreen
#im (L Symplocos anomala 207 3.59 0.39 W4k Evergreen
254 % Symplocos phyllocalyx 137 381 0.38 4% Evergreen
JYfi{E Dendrobenthamia japonica 70 7.58 0.36 ¥ Deciduous
N JIBEREEA Carpinus fargesiana 669 4.05 1.28 %1 Deciduous
Type I 114 Symplocos sumuntia 1007 2.57 1.26 W4k Evergreen
X Cyclobalanopsis glauca 382 4.84 1.02 W4k Evergreen
PUiife Dendrobenthamia japonica 367 3.9 0.84 7% Deciduous
=LIH-HE Betula luminifera 92 15.45 0.78 y% I Deciduous
#Fs Eurya alata 452 2.44 0.65 H 4k Evergreen
K% Weigela japonica 172 451 0.40 Y& Deciduous
+T & Bothrocaryum controversum 68 8.54 0.36 V%t Deciduous
WP ARZET Litsea elongata 136 3.13 0.34 W4k Evergreen
WA Liquidambar formosana 56 10.92 0.31 Y% Deciduous
vl JIBERSEA Carpinus fargesiana 1108 4.03 163 ¥ Deciduous
Type Il 7Ky 2 Weigela japonica 843 3.89 1.41 #%1- Deciduous
# Xl Cyclobalanopsis glauca 850 3.93 1.18 W4k Evergreen
PUiifE Dendrobenthamia japonica 580 3.25 0.82 7% Deciduous
JXH Lithocarpus henryi 353 4.90 0.73 W4k Evergreen
ZZIHHE Betula luminifera 144 9.80 0.72 %I Deciduous
/NMH5 X Cyclobalanopsis myrsinifolia 432 4.76 0.68 H 4k Evergreen
A Rhus chinensis 163 7.14 0.57 7% Deciduous
SE AR Clethra cavaleriei 355 311 0.57 %1 Deciduous
HI¥SHL Litsea cubeba 344 3.08 0.57 V%1t Deciduous
BEVRIV Y67k X Fagus lucida 325 9.77 1.64 4k Evergreen
Type IV Z k35X Cyclobalanopsis multinervis 414 6.87 123 V% Deciduous
MF% Eurya alata 526 3.13 0.95 &% Evergreen
JIBERSEA Carpinus fargesiana 140 8.16 0.62 % Deciduous
‘B 2 ¥E4% Machilus ichangensis 7 7.88 031 4% Evergreen
AZilA Daphniphyllum macropodum 72 7.12 0.28 W4k Evergreen
#-HY Rhododendron simsii 196 211 0.20 W4k Evergreen
J&#% Viburnum dilatatum 119 2.04 0.20 ¥t Deciduous
St AL Symplocos lancifolia 60 4.28 0.17 H 4k Evergreen
AHLHT Lithocarpus cleistocarpus 48 7.69 0.17 W&k Evergreen
FEAV JIBERE HA Carpinus fargesiana 1359 7.63 4.67 % Deciduous
Type V #F Eurya alata 1710 2.84 2.53 4k Evergreen
AYLAT Lithocarpus cleistocarpus 502 8.13 1.71 4k Evergreen
2ZikA Daphniphyllum macropodum 461 5.08 153 W4k Evergreen
s Betula luminifera 201 12.09 1.40 ¥ Deciduous
Kz m#fe Enkianthus serrulatus 1268 3.03 1.37 ¥ Deciduous
KE5FEHY Rhododendron stamineum 854 3.29 1.17 &% Evergreen
7K Weigela japonica 345 5.56 1.17 %1 Deciduous
HEZE Castanea henryi 145 16.32 1.16 7% Deciduous
FKAEMK Sorbus folgneri 519 491 1.09 %1 Deciduous

DBH, diameter at breast height. IV, importance value.
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Fig. 3 Species richness, abundance, basal area and importance value of the five forest types in the subtropical evergreen-deciduous
broadleaved mixed forest across two nature reserves in Southwest Hubei, China (mean + SD). Different lowercase letters (a, b) indi-
cate significant differences at the level of 0.05. I, I, IlI, 1V, V indicate different community types: Cyclobalanopsis glauca-Eurya
alata + Camellia cuspidata, Carpinus fargesiana + Cyclobalanopsis glauca-Eurya alata, Carpinus fargesiana + Cyclobalanopsis
glauca-Weigela japonica, Fagus lucida + Cyclobalanopsis multinervis-Eurya alata, Carpinus fargesiana + Daphniphyllum macro-
podum + Lithocarpus cleistocarpus-Eurya alata.
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Fig. 4 Evergreen/deciduous ratio of species richness, abundance, basal area and importance value with size class in subtropical ev-
ergreen-deciduous broadleaved mixed forest across two nature reserves in Southwest Hubei, China. a, DBH 1-5 cm; b, DBH 5-10
cm; ¢, DBH =10 cm; DBH, diameter at breast height. I-V see Fig. 3.
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Table 2 Effects of environmental factors on species distribution in sub-
tropical evergreen-deciduous broadleaved mixed forest across two nature
reserves in Southwest Hubei, China

R T R’ P
Environmental variables

ik Elevation 0.126 7 0.001
WS Slope 0.0285 0.001™"
Wi Aspect 0.002 4 0.014"
+3e4 K Soil water content 0.0017 0.071

pH 0.002 9 0.059

A HUT Soil organic matter 0.000 7 0.092

+ 3450 Total nitrogen 0.0011 0.002"
+ 341 Total phosphorus 0.036 4 0.001""
+1ERRAR % Available nitrogen 0.017 8 0.001™"
+- 354 % Available phosphorus 0.2457 0.001™"

*, FE0.05/KF ERFEHIR; **, £E0.0LKF EBFEHIN; ***, ££0.001K
VRIS RS, g REL

*, difference is significant at 0.05 level; **, difference is significant at 0.01
level; ***  difference is significant at 0.001 level; Rz, coefficient of deter-
mination.

S A S S e I DX VR o A ) R R T
(#%2).

KR, BRI\ EZE MR, 2. &
Rome . WRIEL 538 mA A B, BRI 2
IIATAEI R R AR RAEL 470 mAE
A B BH B A B 3 BV N0 B A R S DN,
AWl A B WEIRAEL 762 mZr AT (1 AR B
W, BERIWVEZ AR E M 2 m S e, IR
761 587 mZeAq B AN B8, #EEV EZ A ATE

WRE /N, kS B . SRR S AL,
PRAEL 406 mZc A7 1H2F- 14

K H 22 TGI8 0 A1 JH o3 ok BV 1 SNV 4
Pl w5 RS R OC RIS (R3) R I, B T3
TKEFIANRZ AN, FAPREE R F7EAN R
Y] 5 0 2R AN A P 2L A G (p <
0.05). 4K = B S REVE NIAREVS V(1K) 7% -4 i B 255
FAOG . RS S RER VFIRE IV IV V4 b 2 2 47 A
Ko AL HREEL. BEEINAREL IV E M. T
RSB BEEI. BEANRRERIVEEM G, +
W S EEE NRREA VI35 T G

4 g

41 TRAHEFEHETEIHRBEZHNHESL
5HF

i i TWINSPAN £ DCA J7 4 %6 55 74 g A b1
AR LR DR SF 1L AR ORA XD 0 s i v
W TR AT MRBEA T RO A0 R, K AR X 1)
92/ FEHR A B T 5N HEVE R AL . TWINSPANKI 43 th
AR/ DCAHE T L REWT b X 4> FF, i)
P 50 R8s REEAY) &, BUmALI oy J 4 o]
51

Y 73 MR AR T B S 2R 1) )
O, B IR B AR 2 KA A R e — 7 2
M3 2R R GE(ARIK B, 2004) o 111 . 5 V. s b X A

F3 SRR AN G X MR 7 I R AR R REVA S RN R A B S ERBE IR T (0 2 ST g B ml A4 A
Table 3 Multiple regression analysis between species richness and environmental variables in the five forest types in subtropical evergreen-deciduous broad-

leaved mixed forest across two nature reserves in Southwest Hubei, China

PR e #1545t Environmental variables® ZH") Parameter”
Type? Species
) E S A SWC __pH _ _SoM N T AN AP AIC b
| ESR -0.26 -1.16 111 -46.83 0.020*
DSR -1.55 -32.35 0.329
1 ESR 1.26 -4.31 2.54 -0.95 -55.14 0.008*
DSR -55.29 0.007*
11 ESR -41.90 0.019*
DSR 7.85 0.29 -0.68 —64.30 0.032*
v ESR -0.13 4.16 1.96 -11.01 0.021*
DSR -1.98 -24.49 0.053
\% ESR -0.67 -0.57 -107.40 0.022*
DSR -2.32 -129.68 0.005*

1) I-VFIK3. 2) DSR, 74k 5 1%; ESR, %MWA= E 1. 3) A, JiF; AN, TIERRE; AP, 1B E, Wik pH, TIEpHAL S, JU¥; SOM,
TIABUR; SWC, LIES/KE; TN, LIS TP, 42w, 4) AIC, JRBfE BHEN. *, RZFEMHL(p <0.05).

1) I-V see Fig. 3. 2) DSR, deciduous species richness; ESR, evergreen species richness; 3) A, aspect; AN, available nitrogen of soil; AP, available phosphorus of
soil; E, elevation; pH, pH value of soil; S, slope; SOM, soil organic matter; SWC, soil water content; TN, total nitrogen of soil; TP, total phosphorus of soil. 4)
AIC, Alkaike information criterion. *, statistical is significant at 0.05 level.
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W B E IR RE . AR VRSN P 2 A 22 A5
SERIN T 2 DX R 3 S 1 A ME O 1L 4%, 2010)
LG IRE IR I 53 28 22 AP TE TR I SNSRI BV
(AN BRI o BT R, A NG04 R4 K
S LEOR RV LA FR, 2003; X1 7 #84%, 2010).
R ER R A TINE ii-R0 2 O N TR 7 T e S VWS BN
RN 534 TR (0 B0t 53 7 VEAE R 7 2 ok i
BT, 2013). HETHE A= I o KR HE 7
T3 15 LRk BRARHE 2R 25 24 B 5T R b AR AT 1K
B, WU F8 78 B A3 AT (TWINSPAN) AR 2 34506F
3 HTL(DCA) )72 N H T AR Bt S5 R ) 1
43H7(Ozinga et al., 2005; #M3§%%, 2009; BEDLAAE,
2015). AHFFEAHIESLE T TWINSPAN > 2 5 DCAHE
P IX PR Rh 7 1R AR 25 N FH 1 R S St i R
AR B 5 Ay AT 2 RTAT 1, T EL AT DAAH F b 7 A0
A XA o
42 FERMEMYMHLGIMEEELRBNTURE
IMERRTE

H T o DG S AR I 2 2 g By, PR e
R R TR AN AR R EREE . TR
fEREZS RS 7 ) AAT 24 H (Bohlman et al.,
1998; Quigley & Platt, 2003). ¥ -4 FhidE B 21 1
U (1) — P E S S, R I P T D[R AN R AR
X B8 AS AE K 3 IR 1 5 RS ) 5% i (Poorter &
Markesteijn, 2008), {Eifih F17K 73 3 2 i) i A% i v
I ) 2 %2 i [A] (Lechowicz, 1984; Reich et al., 2004)
L5 S 43 b XS ol DR 387K 23 e i HE LR R
IR AN R (Williams et al., 2008; de Faria Lopes
et al., 2012), VAT Sk TE - fE AT AR 1T
%5 BRI i 10 B AR i 1) 5% i (Oliveira-
Filho et al., 2006; [A3i#:%%, 2010; 4, 2012), |7
VA5 AT R - 35 K o SR R Rk 43 A I E
FOAHICNE, X5 FUEW] TR X SR RITE 4
P AR 5 3K TE o i 5 R A A A s
AR B AN 43 A 1) FE 2L A T (Woodward, 1987).
F S0 X ARG, — 28 B AR IR 5 4
R TR PR 55 ] AR o S22 BRI, 9 28 0 ERL 4
rer, DRI i S (1) 2 ) e 5 9 e R 34 e
K, IAAEIZH BTG R T WA 5 S0k R VR AT
MR(S A4, 1980).

NPT R FNEE T Gk K, WFIEIX & BT 2R
TR SRR R AT AE— B R 2 7 o BEVK L RBER IV
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(1) HS LR ANTE I P E T N () 22 7 22 AN S 3 B
SRR TV R, TRV BEVR TR 7 V )
RN PR TR i 18 BOX P2 10
PR AW G IR 22 A T, IREE )
Fh2H B PoE PER 2=, IAEE R 1 4 i) 284k = A2 1
AR RS, NI 5 AN [ b Ay R XS5 R ) o 22 S
(Toledo et al., 2011). 1fif A\ K1+ R 0 32 M 5L A
WA R RN AL R, N T SR e R ) R R T )
(Lomolino, 2001; Haberl et al., 2007; Nogués-Bravo
et al., 2008). HEV&INAL TR S BRI, BEAE i
P T, I A, DGR EEIE hn, BAK
A BH B A8 T 1R s R A% AP AR 3 9 et A o ) A K
(Malhi et al., 2010). 72 ¥ 0 R AR E 387 22
W, AEREVR N 4l E A B 1R BEABOR o [RIIN, FREV
LT ORA DX AR 7 K R By B, A 2 b 52 3]
TNARTE, T m TR RDERSAT, 35
V& PN =GR 0 B Aol 185 IR RS B (1) 35 S B A 2>
(Hawthorne, 1996; Bongers et al., 2009). #£7& IIFTH#E
VAT TARIE PRI, K52 )N FEMER 5505 3))
[R5, ARR DGR AR AL, FET& N TR 3 - 4 A
KT H SR BEG RV 20 T HI 4, HOA
N, RG22, & E O SR
tK.

(R AN IR DN/ 7/ M Wk =15 S 1D A
SRFNVE I R LA AR A AR T — R B RS . T
YA AT X 3RS B O R T SRR gy
AT, I DR v R LG SR b ELAT B e R A
WAk 3% % (Aerts & Chapin, 1999; Cornwell et al.,
2008), SR AT AT 5T 4 W] LRI i ) o 1) ™
b33 % TG 5 2% 22 5+ (Reich et al., 2001; Booth et al.,
2005) . AHFIT RIS AL 2R N 50 4
YRR R R IR, X R S AN A I SR T )
Yk E v B 22 A < (Mueller et al., 2012).
KT, WU PRI T 5 52 L3875 (R 52 o
KT AT X 5 T N S R ) 43 A (1) 5%
WA Fr it — RN AT o
43 FFRMEHYFLLEIERZERTL

BRBEVRINAL, SRR R NEZ(1-5 cm) N 7%
YR R R TR sk R, (B2 R
b 1T AR R A R R B Ky Y ) N T H S Rl
X A B R )R R AR T BB AT G AT
DX HETE NN A AR IR A2 3 20 3 B /N T R R
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mAE, TR SR SE g R s TR S A
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R AR T B I 8 SR ) 52 2047 55 T PR A
MIEJZ A3 B RS, 2010) . AR R (R SR
R NTon At i T el o ] o IR = 2 d 50 7 SToR o
TS (W BK 2 L 45), AR OGIRAAR AT L Ak
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