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Differences in leaf functional trait responses to
heterogeneous habitats between dominant canopy and
understory tree species in a south subtropical
evergreen broad-leaved forest
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Abstract; Plant species can adapt to heterogeneous habitats through variations in functional traits. For the plants with
different growth forms, how to adjust their phenotypes to adapt to the environment has been one of the core topics in
ecology. To clarify the response mechanisms of plant species with different growth forms to heterogeneous habitats in
south subtropical forests, we measured a total of eight functional traits involving four structural traits (leaf thickness, leaf
length/width ratio, leaf dry matter content and specific leaf area) and four stoichiometric traits (leaf nitrogen content,
leaf phosphorus content, 8"C and 8°N) of five dominant trees (2 canopy species and 3 understory species) and their
diameter at breast height, in 27 quadrats (20 m x 20 m) at different elevations and convexity along three mountain
ridges within the 20 hm® south subtropical evergreen broad-leaved forest plot at Dinghu Mountain in Guangdong
Province. We analyzed and compared the differences in responses of the canopy and understory species to different
elevations and convexity in terms of functional traits. The results were as follows: (1) There existed some leaf functional
traits in each tree species that were significantly correlated with altitude, but for convexity, only the leaf area of
Cryptocarya chinensis was positively correlated with convexity and the leaf nitrogen content of Blastus cochinchinensis was
negatively correlated with convexity. (2) Specific leaf area, leaf thickness and 8N were generally more responsive to
elevation, while leaf length/width ratio and leaf dry matter content were less responsive. (3) There were significant
differences in specific leaf area, leaf dry matter content and leaf nitrogen content between canopy and understory tree
species in heterogeneous habitats. Compared with canopy tree species, understory tree species had lower leaf thickness,
leaf dry matter content and §"”C. Moreover, canopy and understory species responded to elevation and convexity to
different extents, with understory species having more functional traits with significant differences in different types of
habitats. The results indicate that the degree of response to the environment varied greatly between plants with different
growth forms, i.e., the dominant understory tree species had greater plasticity in the heterogeneous habitats than the
dominant canopy species in the forest plot. In addition, specific leaf area, leaf thickness and 8N are important and
effective traits indicating plant adaptation and responses to the environment in the south subtropical evergreen broad-
leaved forest.

Key words: functional traits, canopy species, understory species, elevation gradient, topographical factors
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Table 1

Distribution informations of the 5 dominant canopy and understory tree species

in the 27 sampled quadrats in Dinghu Mountain plot

AR L B b 22

Species abundance

2 M T A A £ BE
Species abundance
in different convexity types

HAl g bR
Summary variables
in all habitats

7’6&2 4 "
Type Srorws e e e T g e SHEER
= R PR ARIER ™ PN Wtz Total
. . L 113 HIEaS Total  %(H
High Middle Low . Mean basal
. . . Ridge Slope Valley abund- Measured
elevation elevation  elevation DBH area
ance number )
(em) (em™)
b JE R A e 36 (23%) 62(40%) 58 (37%) 66 (42%) 45 (29%) 45 (29%) 23.97 156 124 8098.72
Canopy Castanopsis
species chinensis
et 34 (24%) 44 (31%) 62 (44%) 55 (39%) 57 (36%) 28 (25%) 5.78 140 76 258.92
Cryptocarya
chinensis
MFZERF Jerbidg e 653 (32%) 817 (40%) 572 (28%) 796 (39%) 837 (41%) 409 (20%) 2.48 2042 516  375.7
Understory Aidia
species canthioides
WRIESEHE 310 (37%) 419 (50%) 109 (13%) 285 (34%) 327 (29%) 226 (27%) 1.89 838 284  80.24
Cryptocarya
concinna
IEETZN 187 (42%) 200 (45%) 58 (13%) 68 (15%) 130 (29%) 247 (55%) 1.91 445 58 14.7
Blastus
cochinchinensis

I ZEETAREG 5 MR EARZEBAET h YR 22 PRS2 A el (ERBAERNZE 2T AT NEL

J£) 5 DBH Sy Mz ; AR 100 2 RE PR B A

Note; Abundance is the number of individuals within all the 27 quadrats; The values in brackets represent the proportion of species

abundance in this type of habitat to total population abundance ( Abundance within order type of quadrats / total abundance within 27

quadrats ) ; DBH represents diameter at breast height; Measured number is the number of individuals whose functional traits are measured.
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( Blastus cochinchinensis ) V£ 4 A% 3 W4 #3441
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B —8(F£ 1),
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Table 2  Functional traits and environmental

factors involved in this study

i H kst ] L)

Ttem Variable Abbreviation Unit

I RIN
Leaf morphological
and structural trait

B R LDMC %
Leaf dry
matter content
L W N
Leaf length/
width ratio

I JEL LT mm
Leaf thickness
Ltnfﬁ*ﬂ SLA cm2 g'l

Specific
leaf area

A Ny mg - g’

mass

LL: LW —

LRI B N iR N
Leaf stoichiometric trait Leaf N
content
R P mg - g’
Leaf P
content
Ik IR 37 R 3"C —
Leaf C
isotope ratio
AR AR
Leaf N
isotope ratio
ez DBH cm
Tree diameter at
breast height
FREE % b — m

Environmental factor Elevation

EIFLYi's —

Convexity

Stem trait

> 72 b, BT AR R AR AT I A LR A (SLA
em’ - g ) I TS T E A LU, TR A
(LDMC) &M 5 5 A1 T 8 A0 Fe (L, DA B E
TE UL JE O R A (2016) W T VA, MR R S E
(N,) TSR S HT A, vk i & i (P, ) H
FHEL BH FE 6,32 9 %2 ( Shen et al., 2014) . 8"C Fil
8" N Hh i A M i A5 20 1 [ 437 38 L il 52
1.5 #HIESH

ABEFE BT A R 53 A ¥ python (IR A
3.6.11) ( Sanner, 1999) &3 #E17, 7£ P<0.05 A}
FonHEA G EE L, K i scipy B
Pearson IJHE (Swami & Jain, 2013) , i@ £k B 13
3 AT VAR TIN5 45 40 ol B A A R AR ) ol A
B I, f ] scipy £ B9 Kruskal-Wallis 2
fiE (Kruskal & Wallis, 1952) il A [] 21 6] J2& 75 77
G255 1 P<0.05 B R4 5 BA %

TR, Z M R AR ] 25 F ok, A
e BRI /2 J7 22 57 PR K, i 7R % H ECH A )
PO T AT 43

K Pearson Ao HT 75 ¥, 43 5l % 45 W i
BEASASUR G Sy B IR B A b 358, 1) Vg 4K 55 1M 0
PEATE M AH PR R 56 5 /8 ) Kruskal-Wallis 77, 43
BrREASYIRIAE 3 Bl Y BRI f 3 B i 4R R B
AR R Al S S K AR R A R 3
FIAR T E RS IF 5 AR AR 17 I w20 A,
W IEFT Pearson #5643 #1 5 Kruskal-Wallis 2 [1]
L& N REERAE S E N8 5, R TS
Kruskal-Wallis 21 [8] 22 55 4 53 M7, 43 M1 K ek )2 5 4K
TEMFRALE 6 AN [ 28R A S rh P RN Z 1) Y )
REMEAR S B AATE 35 22 5, (1G98 I A A 0F
FEIIE JE PE M T 55 0K R 2 A0S b i 22 B AH 22
BOR R ARAFTE 22 57 ORI T el 4 Il i
ARBAFAE I 521 Kruskal-Wallis J7 30547 401 ) 22 5
PR 56

2 RGN

21 BEMMK T EMBEWMMHINEERMANTR
B H i A0 M B A e R

FEMFAR A 7 1H e )2 B A SR R 8PN
ViR ) | TR ) 1P = N = 1 I s T
(SLA) FiIny | @ & 5 (P,,.) SR B & G,
M5 i (LDMC) 54K 235 IEA G, AR
R 3 SRR I R IR EE (LT) 34 Bl V4R T
o T A, N B v A 3G hin T 38 i 5 S it L 2 R
WL FCHERY SLA BE IR FE & miBE AR, UkAh, Ok
WL B R (TEAEOC) FRAR AR (AR OG) it R A
(N, FEIRERD T A, 78 MY B 5
T, A et 2 R R FeRE A SLA 5 W™ 3 1F AH 56, AR
TEMFRRIARR N5 B G H At A
I IC BB NE(FR3)
22 BEMHKTERB MMM IIGEERNER A
TR BREFHENER

H WA A KR B W A G T S BEAT 40 A, A
KA 5, AR T R AR T 5 J2 A A B
ZYyae v R 54k W& A OC, Hoh DBH LT,
LDMC N, FI18"C 54k & T AHC , SLA FI P
5 IR 3 TEAE O s JE M AN DBH AT N, 5T
P E ARG, 8V C HIIR B IEAHG, 2570
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Table 3  Correlation coefficients between leaf functional traits and elevation and convexity of the dominant tree species

BT AR /LS Wit W e -4 5 i A e Ly
Environmental Growth Species DBI; L'I?—x [ i KL it o 3"C S°N
factor form name SLA LDMC LL: LW N P
{273 ek S Rl T -0.12 -0.171 0.012 -0.01 -0.154 0.067 -0.084 0.089 0.283 s
Elevation Canopy species  Castanopsis chinensis
JE5TAE 0.072 -0.127  —=0.303 #x  0.268 = -0.2 -0.052 —0.247 =* 0.105 0.014
Cryptocarya chinensis
AT SRR Tt B -0.003  =0.217 ##x —0.212 %%+  0.08 -0.022  0.144 % -0.014 -0.018  0.267 s
Understory species  Aidia canthioides
R R 0.094 —0.239 s —0,218 ok 0.094 -0.04 0.004 0.01 0.108 0.429 s
Cryptocarya concinna
LEEDAZS -0.272% -0.543 %% 0.143 -0.194 0.163  =0.43 %= 0.204 -0.074  0.586 #xx
Blastus cochinchinensis
U4 JEE T = SR 0.025 =0.001 -0.03 0.128 -0.01 -0.084 -0.037 0.112 0.091
Convexity Canopy species  Castanopsis chinensis
JE5ehE 0.029 -0.143 0.226 = -0.067 0.053 0.068 0.03 -0.093 -0.061
Cryptocarya chinensis
MR ER R S -0.013 0.023 -0.014 0.065 0.05 -0.04 0.009 0.009 -0.052
Understory species  Aidia canthioides
PO -0.026 0.025 0.006 -0.108 -0.084 -0.07 -0.066 0.158 -0.062
Cryptocarya concinna
GEEDAZS 0.119 -0.212 0.064 -0.139 0.088  —0.3d42%x  —0.096 -0.103 0.015

Blastus cochinchinensis

TE: #. P<0.05, #% . P<0.01, ##+ . P<0.001; @it i &M A EAR I M (P<0.05) . FIF,
Note: *. P<0.05, #%.P<0.01, % . P<0.001; Significant P values are presented in bold (P<0.05). The same below.
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Table 4 Responses of canopy and understory species in heterogeneous habitats (r value and Z value)

AT HBEH T KA W LIy et 4 S0 g B
Analysis Environmental Growth DBE JEEE TR i KL T G 5°C S°N
method factor form LT SLA LDMC LL: LW N, P..
AR 53 BT R 56k AR Rl -0.164 = -0.059 0.113 0.033 0.02 -0.155 = 0.124 0.175 = 0.056
Correlation Elevation Canopy species
lysi ,
o MFERHF -0.162 %% —0.088#  0.106 xsx —0.192x¢  -0.005  0.068%  -0.071  0.185 ~0.068
Understory species
U]y TR R 0.100 -0.020 -0.040 0.018 0.010 -0.043 -0.045 -0.014 -0.042
Convexity Canopy species
MR R -0.05 0.1 -0.02 -0.015 0.033 0.01 -0.043 -0.045 -0.01
Understory species
2 SRS T IR i JA A 7.93 1.626 6.006 * 0.495 5.466 9.866 3.161 6.779 * 5.156
Variance Elevation Canopy species
lysi .
(;"i;l::) MFRMFN  18.348 wsx 25349 wir 23714 %  68.764 %xx  3.222  8.881+  T.6wwx  27.683wxx  4.642
Understory species
[y g S R A 11.519 1.530 1.352 0.646 1.163 6.199 = 2.728 0.503 1.699
Convexity Canopy species
MTFERF 14152+ 14.063 #+x 6,096 * 8.579 0.735 3.523  17.385#xx  0.377 1.256

Understory species

. . P<0.05, #%. P<0.01, %% . P<0.001; HIM: MK H Pearson 856 , 22 50087 R H Kruskal-Wallis 4656 ; Z fH /238 A IR
A AAR Sl AN R A AR T T 2 B A IR 1 4 T 22 S AR, 1 Kruskal-Wallis 22313045 2, 2 Z (5 8OR, R WA 22 5 80K,
T,

Note: #*. P<0.05, #x.P<0.01, #*%. P<0.001; Correlation analysis by Pearson test, and variance analysis by Kruskal-Wallis test;
Significant P values are presented in bold (P<0.05). Z value refers to the degree of difference between the functional traits of canopy species
and understory species under different habitat types, calculated by Kruskal-Wallis method, the larger the Z value, the greater the difference
between the two groups. The same below.

Mr 01, R )2 W A A9 DBH LT, SLA LDMC F1  J2WFhAE T MR A0 A [R) 10" B R 1 4K 55 9 0] A7
P TESEM M EAER T AEREXER, KT ARFEXS SH DBH LT SLA LDMC 1 P _ ;7
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Table 5 Differences of canopy species and understory species in heterogeneous habitats (Z value)
PR e Wi o H R ROREEL  OETRAR ORI OORERE R - .
vironmen Type DBH LT SLA LDMC LL: LW N P,.. :
facto !
W R () 94772 s (+) 4.422 % (=) 40.506 #x%  (+) 71.261 #%x  (+) 7.287 s (+) 56.41 == (+) 0 (+) 2.765 (+) 0.008
Elevation High
TR (+) 144.366 (+) 0.053 (=) 61.634 #x5  (+) 83. 714 #xx  (+) 21.552 % (+) 43,195 s (+) 0.564 (+) 12,717 =5 (=) 0.332
Middle
R (+) 122.619 5% (+) 13.253 #5% (=) 106.834 s (+) 91.445 s (+) 6.439 = (+) 61.382 %% (+) 15.809 % (+) 25.556 ##* (+) 4.468 *
Low
1] 1y 14 (+) 147.887 x5  (+) 22.456 #x% (=) 84.09 x#% (+) 114.076 =% (+) 14.331 #+%  (+) 78.06 *xx* (+) 9.186 == (+) 27.948 =% (+) 0.99
Convexity Ridge
IHE (+) 122.646 #xx  (+) 2.008 (=) 56.884 #xx  (+) 58.99 wwx  (+) 17.388 wxx  (+) 56.976 (+) 3.484 (+) 10.604 =% (+) 0.506
Slope
[TIES (+) 98.608 s (+) 0.72 (=) 52.232 %% (+) 64.299 sk (+) 3.038 (+) 34.721 s (=) 3.422 (+) 8.945 = (+) 0.095
Valley

E: (+) R BEMAZERSER TR TERM, (<) MR,

Note: (+) represents that the average of the functional trait value is bigger in the canopy species than in the understory species,

(=) represents the opposite meaning.

ERFRAL N, FEASTRNUT ™, B A 85 (R A7 A B 22 5
(%4).
23IBERMR TERBERMHIIEERERBDE
BETHER

56 )22 W AP RD AR R JZ AP ) DBH  SLA | LDMC
FUN, AE 3 FEEHFN 3 B N1™ B AR 35 b Y A A
FRES, MRRKIEW (BRILAAELE) MSUC (K&
MR A BE ) 7025 IR0 B T Y16 5 R R Fh AR
AR R A 7R 2 25 R et )R P, FIBPN
PEIRAAE WP 45 S5 55 2 TP A M S, PRtk
(HR/INTTF AR AR 2R e 24 Sk -
HA W& DBH LT LDMC \LL : LW N, P, .
3" C F1 8N, M FHEAILAY SLA(K 5) .

3 WikEHE#®

3.1 M Th g8 MR X i 35 A0 U 0 BE B i R

AT R, Z AL LT FL(SLA)
A R R (LT) 357 Bl v 1 06 138 T 8 T 0 /), i 5
HTAFFE 45 R — 80 (54K ,2009,; 22 H 6% ,2012)
MRS K fr it SR UM OG R LA T 4R
1R AL G R B G | 3 IR R 5 I 2 R P R A R O
BV A A/ N P U A B vt e A I 1, ) A
(2017) BYMF5R B, BMEEHAE 7 A 70 m B E4K
Z5 W T HHOK 050 A0 22 50 AR K R
iy He i B T At 38 A B S A G, B
AEXT V3R 1) T 1R, 880K 43 S 57 43 & fi 4 30 T ik
A A R SLA 38/ HOLT 8, fF £ 0k R B

A e R AR AR 7 ) R TR A R DL A%
SEZ TR BT 1k oK o332, DA R B 45 1 28 A
Pfennigwerth 55 (2017 ) B0 57 A5 T 280 EE
BRI SLA R LT Xof B35 22 A SR, Bt B2 | Rk Ot B
SRS e R S

TP 8N W] R = i T 5 S MR B AR AR (7]
IS5 AE ) 1 20T R A s KoK o R R
YIFI 5 (McLauchlan et al., 2006) , i % 7€ = i Al
TSP R A B B B 8 N ( Amundson et
al., 2003 ; Craine et al., 2009) . #E 5 S 1l #F
B EORJESSRE R R 1Y 8N 1 5 ik B
ZHH, X5 Anderson & Gezon (2015) F 458 41
L, FE B L X 8 N W IR M A E 25 5. 7
Az 3 S B G 1% I PR AT R TE T BE T RORR B2 S, +
IR R IR, T R haa e,

FEAb 2t B R 7 T, AE S AR 0 i
H(P,,.) 5RO DG, TG Ll B R A
RIESTHER I R (N, ) BRI I i 28 4k
A, ARy N R P BT R AR R
AR X T2 VORI R A AR OCHE LA
BT AR I A —EL, Van de Weg 55 (2009) /Y
WHFERMI N, 3 1 AR6 3 0 25 A9 SRR G, T A
DR EE REW N SR TC 23 A O (Fisher et
al., 2013) , iXR AT R R E R [E P AT N P HAY
AN [ B4y i S AL SR A8 T AR AS R, A A A
] T N, R B 3XCRAE A TR
F %6 5 AR BURE /1 ( Midolo et al., 2019)

ARWTTE R Z AR TR LT SLA 5 AH XS
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VR R IR A OG, 5 8N B A OG ik sk k
S K MR S A R DR AR B AR TR ) T e
R BE VB 1) 5 0P 53 A AR 1T 68 55 7K 43 | 3% 4 A7 A
KB, K LEAH L) R A AREE T AN R B 4 b X R
Bi 5w Bk b AT RE A7 AR AH RL A i 13 5 2 (Poorter et
al., 2009) . fHZ LB B gy i A W 2 a0t
VAR R e 1 O T — SOt R AL, A AN R e A
() SLA FIFARIAY N, A5 MY BE A7 A 0 3%
FHOCOCZ , Ul BA MDY B 55 4 4 ot g g MR AR T g
T AT EAR R MR
3.2 BEMK T ERBMAHITAESNRENER

AHEFE FT R B 27 ASFE T T i AR B S T A
5o, AR 2 Bt VA A S T R AR A B A R K o R R
SAETER R 25 (AL &E S, 2016), M &
(DBH) LT SLA  itT4# 5 & & (LDMC ) 764 B 5
BT AR AL W35, BE S B AT M AE TR 45 )2 A Bl A 8
A A I A N ) AR SR JE PR R J2E AR AR R i T
R bR X Vi A A0 T ™Y 52 (%) w2 B A AE 3 2
o AHBET R JE R Rl AT 2 A R D e R
PR JE (%) o) 7 AR BE T vy, O HLAE A [m] [0 B A 4
AN AR S TR LRI RE A TR )2 A A i Ak
IBE GRS Bk (UG IR & T B R A
AL B A 35 1) 72 A DL A ik () e AU ] YA PR R 2k B B
TN RIS . Read %5 (2014) £ — T Meta 2387 &
L, A TR AR 6 RS P % 1 28 85 AR AR A7 AE R TR) A i)
REHLE, Horh gl A SLA BE TSR T i 0 B i
B R W B g 3k & A 25 A8 Ak, AR B SE aE— 25
RIRRT Bl 3 T 5k J2 T ot 2445 A8 A0 Y B I B
56 2 PP R

it B A AR R K TR L, R T
WUH AR BE ( Tsukaya, 2006) , A5 H, % )2 H
FARE TR T BRI FA F B &S K, %
HHAR T 20 A A 3 AR 28 s 4 i B, X T
REZ TR T J2 19 06 BE Bl OS2 358 o 83k, R U
FEXFMETE T, PRF JZ R A Fh & J b 38 4 F)
FEA AR MR DU RO IO A 4 F T 7 17 6 fE 45
(G G Vi TE =2 O N = K7 B N I e S DA B
BE 4% ( Akihiro et al., 2017) , T H T 25 #k 5 2 7]
28 W K 25 Witk )7 (Storck et al., 2002) 6
R WO RS R A ELSOG, IF dE R 2 9B
A ( Anhuf & Rollenbeck, 2001) , K LAk F 2
AN PR PRGRE A 8 A AE 2SR R
f i A ELA % 19 LDMC FI% A G SLA , i Ak R Ff

WIFECRERE S B BB A BRI, S il i) T4 1
HEERAE, Kenzo 55 (2015) % I AT FI AR 14 56 |2
B A S Y Bl i i AR B A i R A R
C. Weerasinghe 55 (2014 ) il Ichie 4§ (2016) ti 7£
P IR & BT AR AR L R L BRI Y L T
I 5 A S X T S BRHS H  E RR ) B Y
IR —F, A, BUAT Y K T B R SR T, A A
MR ZR A e 2R 23 2 T 8 C i 8PN &
557K R FH A 3 A0 SRR G 223k | ok 48 T L 5
(EINETNISENT =0 B S N A 5 NS P =S 7 A D S
KWL FEAE T, PR 2 R 78 A [R] A 35 28 AL v
PP SLA \LDMC 8" C 25 - S REMOIR 1 25 5
PRI T XA [RGB 15 11 2 S 1 o 7 5 e

Zhou 55 (2013) WF52 & L, 7 2 W F A7 2 B 15
7K 38 i AR | X 7K A i 2 A A o = 1)
SR DA S AR BT A A ZE I 1L Hb X AR S R
IKEE T o0 A AN B A By e T AR BB OK 2 A AR
AR O Bk 1) T AR v, RIS 200 i 2R
M, HIR)Z LR &K T B, S BT B0 aa g
(Zhou et al., 2011, 2013) , 33X 45 S fifi 55 )2 B Ff 18
B SR a AR R A 5T R I 2 A
B DI e RO v 45 0 BE AT R (R 3% 43 K 43 22 AT
TEAFARL A e 7 5 =, (E AR A8 e J2 AR B, AT 2 AR b
PP R X AN () T A A B T T Y 2 AR ) iy B G
2, WoR X IR AR AL G 0y R A AT S FE X
FRIEIE T, AT 38 PE 5T 58 A9 A ) P RE A 75 B 0 1) 3
Vi RE T, BEEAE PRI AR Ak rh 4E R Aol AL ASE 1T m] 98
PRI 55 0 Py b RT B 1] T RO o 1R L B AR A K 4
AU . Zhou 45 (2013 ) & B & ) 1L £ AR RE 7% 3 JL
AR S I RO R 22 B FR /N B A R R R 2 B
KRBT ARFHEAR P G e, AR & I
JEFRTT 2 48 Pl 7 5 J5 A= 45 v 1% 3R R0 AT 9 1 2
S ,nzoek 2= SR 0 IR 22 R, T BE 2 i R X
—MEWENZ —,

25 BRI R S SC AT RE PR AR £f BE X L o A
1A AR o I AREE S RTAPR TS 2 D0 A Aokt
Jry Bl S JoT A B A e 1 SR M, AR A R
T2 R 000 Sb Foxed S o 26 5% 10 g o7 2 35 A7
TER R 2E 5, RIAEM T Z WA BA 2 1T fig
PEIRTEA [FI 26 B AR B8 F AR AE I 35 22 5%, LI AR T
JE A S5 o A B v 3 ek T 5 A e A ] 9 D)3
N 2RI A5, S Ah, T b AR e R
JELRE 558N S5 Ty e bR B S s b X6 VA 4 R R A
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