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Research paper

Understory Plant Composition and Its Relations
with Environmental Factors of the Lienhuachih Forest
Dynamics Plot at a Subtropical Evergreen Broadleaf Forest
in Central Taiwan

Li-Wan Chang,]) Jeen-Lian Huang,z) Shi-Fu Luo,”  Pei-Hsuan Lee*”

[ Summary ]

The understory distribution is affected by the micro-environment’s characteristics, and so the
composition and distribution of that are of interest to ecologists. It is a basis for understanding for-
est dynamics and plant regeneration. This study was conducted at the Lienhuachih forest dynamics
plot in lowlands of central Taiwan. This research set up 6 transects to investigate understory and
environmental factors, and to discuss relationships among species, composition of the understory,
and environmental characheristics. The understory was divided 3 groups of ferns, herbs and vines,
and tree saplings. We tabulated 247 species in the composition, including 65 species of ferns, 77
of herbs and vines, and 103 of saplings. Using a canonical correspondance analysis to detect un-
derstory vegetation and environmental factors, we found that soil moisture and canopy openness
were the most important factors affecting the understory composition and distribution. Significant
negative relationships among the 3 groups were found. A significant positive relationship between
saplings and canopy species was displayed, so most species regenerated well. Depending on the
different species, a species’ distribution was affected by environmental factors, and was also re-
lated to other species’ distribution.

Key words: understory, environmental factors, canonical correspondance analysis (CCA), subtropi-
cal evergreen broadleaf forest.

Chang LW, Huang JL, Luo SF, Lee PH. 2015. Understory plant composition and its relations with
environmental factors of the Lienhuachih forest dynamics plot at a subtropical evergreen
broadleaf forest in central Taiwan. Taiwan J For Sci 30(4):245-57.
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Table 1. Top 30 species with the highest important value index (IVI) in the Lienhuachih
forest dynamics plot. S, sapling; F, fern; HV, herb and vine; Total IVI: 200

Species Frequency D;?ft;\z;) Co‘ii?;;v?% ) VI Category

Blastus cochinchinensis 118 9.82 9.91 19.7 S
Cibotium barometz 67 3.50 12.24 15.7 F
Elatostema lineolatum var. majus 48 4.27 8.58 12.9 HV
Calamus quiquesetinervius 70 2.86 5.98 8.8 HV
Alsophila podophylla 36 1.73 5.75 7.5 F
Diplazium dilatatum 66 2.71 3.56 6.3 F
Dicranopteris tetraphylla 37 2.71 342 6.1 F
Randia cochinchinensis 68 3.41 1.50 4.9 S
Pleocnemia rufinervis 48 1.77 291 4.7 F
Hemigramma decurrens 49 231 1.65 4.0 F
Ardisia cornudentata 43 2.81 0.93 3.7 S
Fissistigma oldhamii 41 1.23 2.27 35 HV
Ormosia formosana 50 2.22 1.18 34 S
Embelia rudis 69 2.08 1.29 34 S
Psychotria rubra 77 2.35 0.89 3.2 S
Blechnum orientale 27 0.92 2.09 3.0 F
Smilax lanceifolia 62 1.73 1.00 2.7 HV
Diplopterygium chinensis 18 0.87 1.77 2.6 F
Diplopterygium blotianum 15 0.73 1.82 2.5 F
Ardisia quinquegona 73 1.63 0.83 2.5 S
Dryopteris labordei 40 1.58 0.70 23 F
Mucuna macrocarpa 30 0.56 1.70 23 HV
Euonymus laxiflorus 56 1.56 0.49 2.0 S
Fissistigmag laucescens 31 0.90 1.07 2.0 HV
Syzygium buxifolium 42 1.31 0.60 1.9 S
Lasianthus fordii 48 0.92 0.89 1.8 S
Cissus pteroclada 42 0.99 0.79 1.8 HV
Pothos chinensis 35 1.13 0.58 1.7 HV
Microlepia calvescens 33 0.98 0.72 1.7 F
Stauntonia obovata 34 0.92 0.64 1.6 HV
Total top 30 species 45.67 78.02 123.69

EIRHE L SR REREE LM = 0.40, p
< 0.01) » MBS R BHRARE ~ MBS ~ e Rl
EEEE AR = -0.26, -0.26, -0.24, p < 0.01)
(Table 2) - BBAA HEEB AR - B
B (Smilax lanceifolia)¥h » HERATE L TE
B w gk ~ BINEE AR (Fissistigma oldhamii) »
L (Mucuna macrocarpa) » ¥JHL & /KR E

BEE TERERA (- = 0.24, 0.37, 0.23, 0.25, p < 0.01)
(Table 3) -

ARSI e R I e I A R BB &
MHEA(r = -0.21, p < 0.01) 5 2RT0 » ARG
MhEE - REEEE EAMHRM (- = 0.28, 0.31, p <
0.01)(Table 2) - Hrh EH Z{EB BB 109
FIARE IR SRR E B EMHB(r = 0.29, p
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Table 2. Pearson’s r for environmental factors and abundance, no. of species, coverage,
important value index (IVI), fern IVI, herb and vine IVI, tree sapling IVI of each quadrat

(bold, p < 0.01)

Fern Herb and vine Tree sapling

Abundance Coverage IVI
IVI VI IVI
Canopy openness (%) -0.18 -0.16 0.13 0.00  0.42 -0.26 -0.21
Elevation (m) 0.06 0.16 0.16 0.15 0.01 -0.09 0.28
Convexity 0.07 0.00 -0.12 -0.04 -0.11 -0.26 0.31
Slope (°) -0.02 -0.06 0.09 0.06  0.37 -0.24 -0.04
Soil water (%) 0.14 0.23 0.46 038 0.18 0.40 -0.15
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Fig. 1. CCA ordination diagram and environmental factors of the Lienhuachih forest
dynamics plot. +, top 100 important value index (IVI) of understory species. Understory
species: combine the first 4 letters of genus and the first 2 letters of species. The vectors
represent topographic variables. The length of the vector is proportional to its importance;
the angle between a vector and each axis is related to its correlation with the axis.
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Table 3. Pearson’s r for environmental factors and the important value index (IVI) of each

species (bold, p < 0.01)

Species Canopy Elevation Convexity  Slope Soil
openness water
Fern species
Cibotium barometz 0.41 0.09 -0.09 0.35 0.14
Alsophila podophylla 0.26 -0.10 -0.26 0.12 0.15
Diplazium dilatatum -0.29 -0.27 -0.25 -0.05 0.32
Dicranopteris tetraphylla 0.24 0.13 0.19 0.17 -0.34
Pleocnemia rufinervis -0.15 -0.18 -0.18 0.06 0.40
Blechnum orientale 0.30 0.10 -0.14 0.25 -0.30
Diplopterygium chinensis 0.49 0.19 0.15 0.23 -0.18
Diplopterygium blotianum 0.32 0.16 0.11 -0.08 -0.01
Dryopteris labordei -0.05 0.17 0.37 -0.01 -0.37
Microlepia calvescens -0.20 -0.05 -0.10 -0.04 0.08
Diplazium donianum 0.01 -0.03 -0.05 0.03 0.38
Diplazium donianum var. aphanoneuron 0.08 0.09 -0.05 0.11 0.37
Asplenium normale -0.13 0.08 0.26 0.08 -0.30
Angiopteris lygodiifolia 0.00 -0.13 -0.31 0.03 0.15
Selaginella doederleinii 0.29 0.08 -0.26 0.26 0.09
Bolbitis subcordata -0.04 -0.24 -0.24 -0.07 -0.02
Arachniodes pseudoaristata 0.04 0.16 -0.06 -0.07 0.24
Sphaeropteris lepifera -0.03 -0.12 -0.21 0.01 0.12
Lycopodium cernuum -0.03 -0.06 -0.08 0.05 0.32
Herb and vine species
Elatostema lineolatum var. majus -0.14 -0.34 -0.42 -0.11 0.24
Calamus quiquesetinervius -0.37 0.03 0.09 -0.21 0.37
Fissistigma oldhamii -0.15 0.03 0.04 -0.14 0.23
Smilax lanceifolia -0.02 0.29 0.21 -0.09 0.06
Mucuna macrocarpa -0.13 0.03 0.00 -0.02 0.25
Fissistigma glaucescens -0.24 -0.17 0.05 -0.28 0.01
Cissus pteroclada -0.14 -0.21 -0.30 0.04 0.27
Pothos chinensis -0.12 -0.17 -0.13 -0.17 0.34
Erycibe henryi -0.06 0.30 0.11 0.01 0.17
Oplismenus compositus -0.08 -0.05 -0.24 -0.10 0.03
Thysanolaena latifolia 0.27 0.11 -0.16 0.19 -0.21
Psychotria serpens 0.03 0.11 0.05 0.02 -0.13
Piper kadsura -0.01 -0.19 -0.18 -0.14 0.30
Smilax glabra 0.00 0.12 0.32 -0.07 -0.13
Sarcandra glabra -0.21 -0.06 -0.01 0.04 -0.14
Miscanthus floridulus -0.03 0.05 -0.17 0.24 -0.16
Anodendron benthamiana -0.09 0.21 0.16 -0.19 0.09
Lophatherum gracile 0.06 -0.03 -0.27 0.13 -0.13
Cayratia japonica 0.04 0.03 0.00 -0.13 0.24
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Smilax bracteata var. verruculosa
Pericampylus formosanus
Ichnanthus vicinus

Tree saplings

Blastus cochinchinensis

Randia cochinchinensis

Ardisia cornudentata subsp. morrisonensis
Ormosia formosana

Psychotria rubra

Ardisia quinquegona

Euonymus laxiflorus

Syzygium buxifolium

Lasianthus fordii

Helicia formosana

Machilus zuihoensis

Cryptocarya chinensis

Sapium discolor

Neolitsea aciculata var. variabillima
Cinnamomum subavenium
Cyclobalanopsis pachyloma
Mallotus paniculatus

Litsea acuminata

Glochidion acuminatum
Schefflera octophylla

llex goshiensis

Melastoma candidum

-0.06
0.00
0.11

-0.12
-0.04
-0.13
-0.05
-0.23
-0.05
0.00
-0.01
-0.03
-0.23
-0.06
-0.17
0.51
-0.06
-0.11
0.00
0.34
-0.25
0.21
-0.07
0.09
0.23

-0.08 -0.07 -0.05 0.25
0.15 0.17 -0.09 0.22
-0.13 -0.29 0.05 -0.04
0.03 0.05 -0.03 0.29
0.26 0.28 0.18 -0.44
0.07 0.18 0.02 -0.40
0.26 0.43 -0.17 -0.21
0.31 0.16 -0.23 0.14
0.24 0.14 -0.06 0.12
0.34 0.23 -0.02 -0.24
0.29 0.36 -0.05 -0.30
-0.14 -0.16 0.13 0.31
-0.27 -0.09 -0.12 0.15
-0.16 -0.22 -0.13 0.04
0.03 0.11 -0.14 -0.04
0.13 0.04 0.16 -0.15
0.20 0.31 -0.11 -0.16
0.20 0.24 -0.05 -0.12
0.14 0.26 -0.07 -0.26
0.10 -0.13 0.17 0.00
0.08 0.19 -0.18 -0.05
0.14 -0.13 0.11 0.11
-0.09 -0.06 0.09 0.25
0.29 0.24 0.11 -0.22
0.05 -0.19 0.20 -0.11

< 0.01) » (HIEMATPEE ~ KILE B4 (4rdisia
cornudentata subsp. morrisonensis) > 1 HL
K (Ormosia formosana)ZERA /N 2 B+
HE KR EHE AR (r = -0.44, -0.40, -0.21,
p < 0.01) o BESRKHES 2 BIARA/NE B B E B TR
g B A} o I R RS 99 A R AE R B B &
B WEZEARE T (Litsea acuminata) ~ JLEIAR
(Psychotria rubra) ~ [LUBEHR(Helicia formosana)
(r =-0.25, -0.23, -0.23, p < 0.01) » {Ef&EFAR
JE Al B S R AR A YR/ INE » A0 (Sapium
discolor) ~ HE{F(Mallotus paniculatus) >
HFH(Melastoma candidum) ~ B [ 8 UH F
(Glochidion acuminatum) 23R #E W IEFHRE(r =
0.51, 0.34, 0.23, 0.21, p < 0.01) (Table 3)

=~ MY Z B 1R

AHIE5E 3 {8 FE R 3t 4k 6 B B FE B R 43
Mria SR AR - FRIEERER (- = -0.19, p
< 0.05) » FREEE/NS(r = -0.26, p < 0.01) » B
FREL/NE (r = -0.20, p < 0.05) « RA/NHHEE
B FR BT S A4 bR AE R AR B R 2 B AN B TEAH
(r=0.10, P > 0.05) » BIGRRIE E WA #E &l
BASNr = -0.14, P > 0.05) » HERAEAA /[N Bil
AR - BRI ELESE 2R - KRR S 0 KED
SRR/ B R A~ RORR R L B S E R
EHBE N R - () BB R 2 RS TR A
B A UEEHR A R (Machilus zuihoensis) (r =
0.36,0.26 p < 0.01) (Table 4) -
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VY~ ARA/ N B L o AR B £

ARA/NE YR B EE B e
WeITE & HE B T BOR B BB (r = 0.50, p
< 0.01) > F/NER 1 AAFE ) LR R /N 2
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IVIF AR BN Table 4 » fr il 5 24 FE 4L 3 5Ff
AANE - EBBEFEIEMR(p < 0.01)AH22
o DA  UEEaR ~ BFE  JUETR
[BIZEE (Ilex goshiensis) ~ K 1 B (Euonymus

Table 4. Pearson’s r for tree saplings and fern important value index (IVI), herb and vine
IVI, and conspecific overstory trees (bold, p < 0.01)

Herb and vine ~ Conspecific overstory

Species Fern IVI VI frecs
Blastus cochinchinensis 0.10 -0.14 0.52
Randia cochinchinensis -0.25 -0.29 0.75
Ardisia cornudentata subsp. morrisonensis -0.33 -0.21 0.38
Ormosia formosana -0.15 -0.24 0.42
Psychotria rubra -0.34 0.08 0.59
Ardisia quinquegona -0.13 -0.03 0.30
Euonymus laxiflorus -0.12 -0.29 0.55
Syzygium buxifolium -0.23 -0.21 0.52
Lasianthus fordii 0.16 0.08 0.28
Helicia formosana -0.07 0.36 0.65
Machilus zuihoensis -0.04 0.26 0.03
Cryptocarya chinensis -0.13 -0.04 -0.02
Sapium discolor 0.20 -0.18 0.34
Neolitsea aciculata var. variabillima -0.21 -0.23 0.40
Tricalysia dubia -0.23 -0.10 0.10
Cinnamomum subavenium -0.15 -0.11 0.12
Lasianthus wallichii 0.02 0.13 0.02
Cyclobalanopsis pachyloma -0.14 -0.11 0.43
Helicia rengetiensis 0.07 -0.19 0.33
Mallotus paniculatus -0.01 -0.04 0.07
Litsea acuminata -0.25 -0.03 0.26
Glochidion acuminatum 0.12 0.20 0.05
Schefflera octophylla 0.17 0.27 0.23
Pasania konishii -0.15 0.00 0.22
Ilex goshiensis 0.03 -0.11 0.56
Engelhardtia roxburghiana -0.03 -0.11 0.27
Diospyros morrisiana -0.07 0.01 -0.04
1llicium arborescens -0.08 -0.05 0.10
Castanopsis fargesii -0.16 -0.09 0.48
Limlia uraiana -0.04 -0.11 0.16
Melastoma candidum 0.15 -0.06 0.60
Podocarpus nakaii 0.02 -0.17 0.27
Melicope pteleifolia -0.04 -0.08 0.02
Castanopsis cuspidata var. carlesii -0.01 -0.07 -0.06
Styrax suberifolia -0.01 0.19 0.15
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laxiflorus) ~ /NEEFRAE (Syzygium buxifolium)Eil
RIS 8% » AR B E KJ20.5 < Chang et
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SR AT B i e B R R A RA B R R Ry I
HER AT SE/N R (Zheng 1992, Chang
1998, Tsai 2002)
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