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Research paper

Niche Partitioning Affects Spatial Distribution Patterns
of three Helicia Species of the Lienhuachih Evergreen

Broadleaf Forest, Central Taiwan

Chang Li-Wan,” Chiu Shau—Ting,z) Kuo Yau-Lun,”
Hsich Chang-Fu,”  Lee Pei-Hsuan™

[ Summary ]

Sympatric congeneric coexistence of species is a remarkable feature which causes high alpha
diversity in tropical forests. Understanding how niche partitioning and dispersal limitations af-
fect sympatric congeneric coexistence of species would help us explain the high species diversity
of forests. In this study, environmental factors, leaf functional traits, and spatial distributions of 3
congeneric subcanopy tree species, Helicia formosana, H. rengetiensis, and H. cochinchinensis,
were surveyed in order to understand the coexistence of these 3 species in the subtropical Lien-
huachih forest dynamics plot in Taiwan. A bivariate point pattern analysis was used to test the re-
lationship among the 3 Helicia species. Principal coordinates of neighbor matrices (PCNMs) and
variation partitioning were used to study niche partitioning and dispersal limitations that affect the
distributions of the 3 species. In addition, we also calculated community-weighted means of leaf
functional traits to test trait-environment relationships. Results of the bivariate point pattern analy-
sis showed repulsion between each 2 pairs of the 3 species. The PCNM and variation partitioning
results explained 60.6% of the variations in niche partitioning. Our results also supported habitat
divergence affecting the distributions of these 3 Helicia species and which was also reflected in
the divergence of leaf functional traits. Overall, our results concluded that niche partitioning is the
main process affecting the distributions of the 3 Helicia species. Meanwhile, it also affects the leaf
functional traits of the 3 Helicia species and maintains the coexistence and species diversity of
congeneric coexistence of species in the Lienhuachih forest.

Key words: niche partitioning, Lienhuachih evergreen forest, Helicia, spatial distribution.
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Fig. 1. Spatial distributions of 3 Helicia species in the 25-ha Lienhuachih Forest dynamics
plot in central Taiwan. Abundances of H. cochinchinensis, H. formosana, and H. rengetiensis
were 90, 5241, and 3916 stems 25-ha”, respectively.
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Fig. 2. Bivariate point pattern analysis of
(A) H. formosana and H. rengetiensis, (B)
H. rengetiensis and H. cochinchinensis, and
(C) H. formosana and H. cochinchinensis.
(Distance r up to 50 m; g12(r): O-ring,
pair-correlation function; null model:
homogeneous Poisson process, Monte
Carlo method; simulation: 199).
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Environment
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Fig. 3. Results of variation partitioning of 3 Helicia communities. Among 3 sets of
explanatory variables: environment variables (upper left circle), mature trees PCNM
eigenfunctions (upper right circle) and sapling trees PCNM eigenfunctions (lower circle).
Each box represents 100% of the variation in the corresponding response variable. The
reported fractions are adjusted R’ statistics. The figure panels show Venn diagrams. [a]
Pure environment (including pure topography and pure soil), [b] pure mature trees space,
[c] pure sapling trees space, [d] non-sapling structured mature trees and environment
fraction, [e] non-environment structured mature trees and sapling trees space fraction,

[f] non-mature trees structured space and environment fraction, [g] spatially structured
environment, mature trees space, and sapling trees space, and [h] residuals.

R BEIEIR K B4 Ry-2.01 £0.02 MPa » S#H¥E 115
AR Ey-2.41+0.02 MPa » [ 52§ F5-2.43 +0.02
MPa » By 53 it L15E RR S R ZE A i | LIBE AR 5
Folit 2 o BLAN - BRIV 7 = LIRE AR
FEY) 2% D RE 7 FB 2 DA S5 B B2 45 TR - P P
FRAS A0 Table 3, #%R /R - BRI DI
TR o B YR 2 SR T RR
MR M EE RS REYE S
T S P A SRt iR e 2 i (E L
BN T HHERRK ~ PAL > AE 0 BRI T B
JEEDIREMEIR B B SRS s -

5 &

AT FER P S BORNAR Ry o AT R
[LIFE AR B SEE vt ([T AEAR ~ SEEHE vt [ BEAR B AL 32
fof - 1IBEAR BRI ZERY - W W C B o2 22 1 o A1
BEH O RIS > R DU R ) R
M2 R AR - AL - RS AT AR
FEEARZS AT (PCNM) R J7 2200 - AR E AL 0E

TE 5 I B = I B A S S bk 43 A R
I EZEA - Chang et al. (2013)7E 758 #Et
K& EYREBRE . B (beta diversity)
RGBSR BT oAb B {2 47 O 11 S5 s 1 2
O 5 B M R OR AR 77 EAE AR
MR 225376 o 2 DU b by B
KF -

BRI LA » ARBTSE T 2 RIS R
BB LIFERR B TR ERBERSE » H9.3% 9 RERE
J1 0 ILIFERRR 2 BB R LR F B YRS
T-(Chen 1998) « EBRAESHIE AR EILE - =
T LFERR R A RS Y T [ - #0E W E s e
EHHIRE - Chen (1998)1EGEALAR IR LIARARIY
Wrse » IR E B ERIRE(Macaca cyclopis) G IR
ILFEARARE T (HIRRE TREEk - WA HE
HA ENRREEEEREEERE T G55
AIHE I LI FE AR 1A BB A B » Lin et
al. (2011)FEARHA RERERY » DURHR ~ MM ~ 3
FESE =B IR TS - g YRR 22 ]
Gy o B HLILREAR R AL SRR 22 534 AR B



298

SREN 11

BRI b

Table 1. Comparisons of the average values (*standard error) for topography and soil
variables in quadrats in which 3 Helicia species were distributed. Superscripts indicate

means that significantly differed based on a Duncan pairwise test (p < 0.05)

Species Elevation (m) Convexity Slope (°) Stream distance (m)
H. cochinchinensis 764.59 431" 0.15+0.46" 30.67+1.01° 46.81+3.75°
H. formosana 753.66+1.76 ° -1.44+0.18° 31.34+045 33.78 = 1.49°
H. rengetiensis 772.84+2.06" 0.89+0.22° 35.54+0.47" 57.10=1.67°
pH C/N ratio (%) C N
H. cochinchinensis 3.25+0.02° 13.07+0.21° 5.30+£0.25" 0.39+0.01°
H. formosana 3.36+0.01° 12.65+0.08" 4.85+0.09" 0.37+0.01°
H. rengetiensis 3.17+0.01° 14.7440.06° 5.9740.09" 0.3940.01°
Ca Cu Fe /n
H. cochinchinensis 108.41+12.36° 0.75+0.05" 343.434+9.09" 3.06+0.19"
H. formosana 162.32+9.2° 0.88+0.02° 319.32+3.75 3.30+0.09"
H. rengetiensis 40.08+1.19° 0.56+0.01° 334.54+2.6 2.28+0.03°
Silt (%) Sand (%) Clay (%) Water (%)
H. cochinchinensis 23.3+0.43" 62.65+0.72° 13.98+0.4° 14.70£0.19°
H. formosana 22.32+0.17° 63.62+0.32° 14.03+£0.19° 15.614+0.12°
H. rengetiensis 21.2340.17° 64.52+0.31° 13.78£0.18" 13.6940.12°
K P Mn Mg
H. cochinchinensis 119.33 £6.3" 17.73+0.9° 24.68+3.48" 43.70+3.21°
H. formosana 120.52+3.43" 16.98+0.32° 41.25+2.27° 54.62+£2.23"
H. rengetiensis 96+2.87° 15.8740.26 5.97+0.4c 23.3+0.52°

Table 2. Comparisons of leaf traits (mean =x standard error) of 3 Helicia species of subtropical
rainforest trees in the 25-ha Lienhuachih dynamics plot. Superscripts indicate means that
significantly differed based on a Duncan pairwise test (p < 0.05). LA, lamina area; SLA,

specific leaf area (i.e., the ratio of leaf area to dry mass); LDMC. leaf dry matter content (i.e.,
the ratio of leaf dry mass to saturated fresh mass); LT, leaf thickness; N%, P%, mass-based
foliar N and P concentrations; m,,, leaf water potential at turgor loss point

Leaf traits H. cochinchinensis H. formosana H. rengetiensis
LA (mm?) 1893 +54° 10381 +8.43" 7090+ 661°
SLA (mm’ mg’) 17.474+0.53° 14.26+0.49 10.2940.29°
LDMC (cg’ g") 330.71+2° 320.61° 345.12+2°
LT (mm) 0.13+0.01° 0.16%0.03° 0.27+0.02"
N (%) 2.88+0.03" 2.65+0.03" 1.67+0.04°
P (%) 0.044+0.003" 0.041+0.001° 0.031+0.004°
7y, (MPa) -2.43+0.02" -2.010.02° -2.41+0.02°

B Al (homogeneous Thomas process)f i
LRGSR EEAR Y 22 AR LIRS
535115 %Y (inhomogeneous Thomas process)f&

TUREESTEEE - FORER THRERLMESL - PIRE R
F BRI th 2 S L — A LI HR B A 22 ] 0 A

IR -
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Table 3. Regression coefficient results of a regression analysis which tested the relationship

between traits of 3 Helicia species of community weighted mean and environmental

variables. (*** p < 0.001, ** p < 0.01, * p < 0.05). LA, lamina area; SLA, specific leaf area
(i.e., the ratio of leaf area to dry mass); LDMC, leaf dry matter content (i.e., the ratio of
leaf dry mass to saturated fresh mass); LT, leaf thickness; N%, P%, mass-based foliar N and
P concentrations; m,, leaf water potential at turgor loss point

Elevation  Convexity Slope Stream distance ~ pH C /N ratio C N Mg
LA 0.15%** 0.01 -0.01 0.22%** -0.22%** 021%**  0.15%**  0.08 -0.13**
SLA 0.16%** 0.02 0.01 0.21%** -0.25%** 0.26*%**  0.19***  0.10* -0.17%**
LDMC  -0.05 -0.14%%* -0.06 -0.02 0.10% -0.15%%*%  -0.07 -0.02-  0.07
LT -0.13 -0.16%** -0.07 -0.13%%* 0.24%**  .020%*%*%  _0.17*¥*%* -0.07  0.16%**
N 0.16%** 0.02 -0.003 0.23%%%* -0.24%%* 0.23%** 0. 17%**  (0.08* -0.14%**
P 0.12%%* -0.02 -0.02 0.186 -0.17%** 0.15%**  (.12%* 0.06 -0.10*
Ty, 0.08- 0.16%** 0.06 0.082 -0.15%** 0.19%**  0.10* 0.03  -0.09*
Fe Zn Ca Cu Mn Water K P

LA 0.13%%* -0.13** -0.14%%* 0. 16%** -0.22%**  -0.07 0.02 0.04
SLA 0.12%%* -0.17%** -0.18*** -0, 18%** -0.27%¥* (0, 12%* 0.02 0.06
LDMC 0.03 0.09* 0.10% 0.09* 0.13%** 0.13%* 0.00 -0.01
LT -0.03 0.18%%** 0.19%**  (,19%** 0.28%*** 0.19%**  -0.01 0.04
N 0.13%%* -0.15%** -0.16%¥*  -0.17%** -0.24***  _0.08%* 0.02 0.04
P 0.12%%* -0.10* -0.10* -0.12%* -0.16¥*¥*  -0.03 0.01 0.03
Ty, -0.003 -0.12%* -0.12* -0.12%* -0.18***  _0.14%**  0.006 0.01

BRBEAL AL ~ A8 BRI B A R) R 22 I BRI RETEAE o BREHTIRAISN - thbE
R F Al & Oh - ST R HE26.1% BORRE M AE LA+ » JEV R ZZE A RSN

ML R REAY AR & o HE WIS VT RE 2 T AR
R KR E (density dependent) BEBEHEHY
138 F2 (neutral process)ZEJH [KffiE(Ribbens et
al. 1994, Clark et al. 1998, Hubbell et al. 1999,
Norden et al. 2007, Jones et al. 2008, Legendre
et al. 2009) « FEHRE LAY IR LB RRER & » (L
FENRAVIE MR BL R HE A5 — » UGk B 9209
(Su et al. 2007) - Chang-Yang et al. (2013)E5H]
e LB R P B AR/ N BN RE - $5 HY I LRE AR BE 2 P
FREIANETAL (6o & 2R ERiRE S il 20N
BFTE - RoRILEEIRAY 23 A8 & 52 B 5
(FRTE] - Hubbell (1999)5 Hi EHTIRFINITFAE -
A DA @ (common  species) i T 2 ]
BB & - e HE B B A LT
{3 AR AR D o (LBERAR R 4t LIFE AR B
% » 53Rl Fs524 1Kk Bz 31968k » JR SRR - 1M
FLEERHEH O » AT Rk @ M A T » (K

ThEE - R REEMEY AR > ZHARR
PR NI BSR B st p - B BRI R AR 5 HE
PABIE 2 vh 9 o o e g S i - B2 bR Bt
MK - R B AL oL ~ BRI SR 1
H - 2B e AR B = R YA L AR AR i 22 ]
S AELIEAT -
bt =% | LI E AR B AT P o3 A B S ER
S FEHURLIERIAE AR 8 o0 A O BR BT B LI R AR
L RIS YRR 2 T P K R A T
MR 72 5 0 LR ORAE LRI A 2 ZE DI RETE
ARZEER/N o [IREAR R ALEERS < B E & &
EEE - RGO D& a0 EED
REPEAR - HARHAE 2R - Diaz et al. (1998)f5H
Ny BAA PRI DhRE MR - R H R B
BRI KEBEADL - ARy - SEHE T [ FEAR B
UJHEHEZ%%MI‘H?(@%E%%E » RORTELL AR
MR C ARG A E S - B2

REL 7
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TS B A R A ey 22 [ 20 A B M A S [ 22 ]
REZ T8 @R EN 2B AR BE -

i I 3 Pt B 5 1) RE 1 IR #0 i2 DURL 4 i B
HIREAR & R BE L o BANRL ZE Ao Bl 5B 4 i LI
R A H7 R 512 2 B SE S K BA AR DL (53 Tl By -2.43
F-2.41 MPa) » {H L/ FE Y 3% 1R Y B 1
RHAIAERR(-2.01 MPa) » FORIIFEARE SS Hife
VIt 5 o BEYESEM 20k 09 722 B AR I =
YR o> A B BRI K T~ (Table 1) - BUANILIRE
MR 7377 BRI S R A 0T (33,78 m) » HEE
Hupy T B KR F(15.61%) 5 RLEEA J 3
it 1 L1 R U 40 B 98 3 5 (40 ) e 46.8 1 ¢
57.10 m) » HAEEHIAY 18 & K REAR (53 51 K
14.70%F213.69%)

IR AL+ 6 E A T 2 B S AR W S BE R
RERF B P ~ BRIEE PR BE S P R KR A 1Y
TIEE - B HE A - Fr 2R e R
TR HEE B Y 22 5 - ] B SE AN R AR )
THRERFEi(Ackerly et al. 2002, Read et al. 2014,
Sun et al. 2016, Pfennigwerth et al. 2017 ) »
Ordofiez et al. (2009)%3#7 2 BR 2 i £ & 1 3 Bl
ER RG> BBEREERE LEESH
R 0R » HEW TR K 7R 2 T SR B B 5
fEMI )32 — 5 T Yang (20 11)bff 5258 3 it R bk
REAN20X20 mig iV EEAL 2% H P R BE
TR BB AR W P FE Y 2 T RE MK B B B+
R 719 2RI AR o A FERE e A e
JEREII AT ~ T3 7 o3 R B s D RE N R ITRE £
BB K] R 9 25 T AR+ 5 SCRFRE AL 0t
il 2R B LBE AR R = T Y A S e o bk ep
ZEME SR AR B KR - AR AR Y R R &
R -

BEENS - AUTEEEEA B RER
AR R+ [ R %80 1 LR AR 7 Tl A S
FRARIIAF B0 A TR 2 B E H
EREREEY =R A R - [
i 8% — VIRV DO RE AR - MERF & )
ok [F A I AE AR T B S A BRI 2 B 1 -
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