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ABSTRACT

Effects of host type and light
intensity on the growth of
Aristolochia contorta
Park, Si-Hyun
Major in Biology Education
Dept. of Science Education
The Graduate School
Seoul National University

Aristolochia contorta is a perennial vine with a narrow distribution
range. It is the only host plant for Sericinus montela (the dragon
swallowtail), a vulnerable species in Korea. To better understand the
optimal habitat characteristics of A. contorta, field survey and mesocosm
experiment were conducted. First, a total of 86 quadrates in ten sites were
surveyed in Korea. The optimal range of distribution (ORD) of A.
contorta habitat were clarified except for host height, host diameter,
relative light intensity, or pH because there were wide ranges of these
factors according to various host types such as herb, shrub, tree, and
i

artificial support. Detrended correspondence analysis also showed that
the host type had the greatest influence on the settlement and growth
characteristics of A. contorta. It showed the highest growth in coverage
(44.4%) and number of leaves (526.7 m-2) when it is on artificial support
while it had the highest growth in stem length (162.8 cm) and leaf size
(46.6 cm2) when it was on a tree host. Therefore, these results show that
A. contorta were planted in high initial density and the relative light
intensity was too high in an artificially constructed restoration area.
Optimal growth of A. contorta seem to need appropriate light (about 50%)
and physical support such as tree host.
Based on the first survey result, second, I examined the effects of
support and shade on morphological and reproductive traits on the growth
of A. contorta. I applied factorial treatments of two light conditions of
relative light intensity 100% (RLI100) and 50% (RLI50) and two support
conditions (with-support and without-support). I measured morphological
and reproductive traits (ramets in each pot, number of branches, number
of leaves, single leaf area, total leaf area, the length of internode and
petiole, stem length, number of flowers, number of root buds, the dry
mass of each component (stem, leaf, root)) in four conditions. RLI50 with
support group has largest single leaf area, longest stem, internode, and
petiole length, and greatest dry mass of root and total plant. Also,
inflorescence could only be found in the RLI50 with support group.
ii

These results suggest that Aristolochia contorta has shade tolerance. In
order to improve the growth of A. contorta in artificial habitat, it is
necessary to provide a proper shade and install a physical support. My
results can be useful to provide optimal habitat for A. contorta, which is
only food of Sericinus montela larvae, a vulnerable butterfly species.

Keywords: Climber; Conservation; Light intensity; Morphological
phenotype; Optimal habitat; Support type
Student Number: 2017-20136
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1. Introduction
Climbers contribute to structural and functional characteristics of
many ecosystems (Darwin1865, Emmons et al. 1983, Putz and Mooney
1991, Schnitzer et al. 2002, Spruce 2014) and play a vital role in many
aspects of forest dynamics, including suppression of excessive tree
regeneration and providing food source for animals (Hegarty 1989).
Climbers usually adapt to changes in the various environments with
phenotypic changes (Schlicting and Pigliucci 1998, Pigliucci 2001).
For all climbers, light is an essential resource and light environment
is a major determinant of vegetation patterns and ecosystem processes
(Bazzaz 1996). Forest that is next to a riparian zone is known to have
more various light and soil environment conditions (Gregory et al. 1991).
These heterogeneous patches may form various light environments under
heterogeneous canopy. In addition to abundance, compositions of
climbers’ vegetation might differ greatly in heterogeneous host plant
species and their growth condition (Gregory et al. 1991). Over the past
decades, a considerable number of studies have been conducted on
general relation between host types and climbers (Hegarty and Caballe
1991, Dewalt et al. 2000, Nabe-Nielsen 2001, Allen et al. 2005,
Schnitzler et al. 2006). However, little is known about differences in
1

growth characteristics of climbers by their host types.
Different host type affects the habitat characteristics of climber
population as various light. Some adaptive responses to light competitors
were well known including plant growth in shade (Ballaré and Scopel
1997, Schmitt 1997, Dorn et al. 2000). For example, morphological
response of plants to light competitors is the shade avoidance response,
characterized by elongated internode, hypocotyl elongation, expansion in
leaf span, which is able to escape shade and maximize photosynthesis
(Ballare´ et al. 1990, Ballare´ and Scopel 1992, Schmitt 1997, Dorn et al.
2000, Weinig 2000b). There are also previous studies about adaptive
responses to light intensity in plant reproduction. Light intensity can also
influence the flowering (Dole et al. 1999, Erwin et al. 2000). Flowering
might be increased or advanced as light intensity increases in various
species (Armitage et al. 1984, Zhang et al. 1996).
Climbers require structural support to reach canopy during growth
(Putz and Mooney 1991). This vine life-form differs considerably from
most self-supporting plants in terms of growth conditions according to
host type (Rowe 2005). Although climbers can grow from the forest floor
to a host canopy, they might face challenges of finding appropriate
supports for growing (Schnitzer and Bongers 2002, Rowe and Speck
2005). Thus, their growth is influenced by host condition as well as other
2

environmental factors that can affect the growth of self-supporting plant
species (Balfour and Bond 1993, Ibarra-Manríquez and Martínez-Ramos
2002).
Climber life-form has many advantages in light-capturing by rapid
shoot growth with proper support. Therefore, growth of plant species
with climber life-form is affected by not only light or nutrient which are
considered as major environmental factor, but also physical support
environment (Iwasa et al. 1985, Gianoli 2001, 2003, Westoby 2003).
Many studies also examined whether there are differences in growth and
reproduction of vine due to the changing environment (Ray 1992,
Schnitzer et al. 2002, Spruce 2014). With proper support, vines could
have a greater biomass and reproductive output than unsupported vines
(Putz 1984, Gianoli 2002).
Aristolochia contorta Bunge (Aristolochiaceae) is a perennial
herbaceous vine species that has stem-twiner, ground rooted, nonparasitic, and non-epiphytic life-form. This plant is the only food plant of
vulnerable butterfly species, Sericinus montela (National Institute of
Biological Resources 2012). However, this plant only occurs in
fragmented part of East Asia, growing in uneven density within isolated
small populations with low sexual reproductivity (Sviridov 1983). In
addition, studies on genetic diversity of A. contorta have shown that its
3

genetic variation index is as low as other rare plants and that its genetic
diversity has decreased by asexual reproduction (Nakonechnaya et al.
2013). Currently, A. contorta population has been decreasing due to
habitat destruction caused by river improvement and reduction of
traditional agricultural practices (Nakonechnaya et al. 2012). In Korea, it
is designated as a species of interest according to the IUCN criteria by
Korea Forest Service (Forest Service 2016). Therefore, A. contorta has
been artificially planted to restore S. montela habitats in Korea.
Although there are previous A. contorta studies on its ecological
importance and availability, most of these studies have focused on
functional aspects (i.e., its secondary metabolite) of this plant (Hashimoto
et al. 1999, Cheung et al. 2006, Heinrich et al. 2009, Nakonechnaya et al.
2012, 2013). Information on its environmental requirements is
insufficient for restoration and management, although habitat restoration
of A. contorta has been initiated for S. montela habitat reconstruction. For
restoration or creation of A. contorta habitats, it is important to
understand ecological characteristics of this plant, including biotic and
abiotic factors that comprise its habitat.
In my first study, the objective was to clarify conditions for optimal
habitat type of A. contorta by analyzing various environmental factors
and determine which factor might have the most influence on the growth
4

of A. contorta. I hypothesized that host type of A. contorta would have
the greatest effect on this plant’s growth among various environmental
factors.
In my second study, I focused on support availability which may
reduce or increase adaptive responses to the light environment in vine
plant. This study could enhance the understanding of effects of
environmental factors on the plant-insect interaction. Furthermore, these
two study will provide essential data for conservation and restoration of A.
contorta habitat. In addition, it will provide natural habitat information
for restoration of S. montela.
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2. Methods
2.1 Field survey
2.1.1 Vegetation survey
I searched A. contorta habitats through literatures and media reports
and selected 10 sites in South Korea (Table 1, Fig. 1). I surveyed
environmental properties and growth characteristics at 86 quadrats of 1 m
× 1 m from May to December, 2017 (Table 1). Diameter of host was
measured at the lowest point where the vine wound up. The host was
classified as herb host (HH), shrub host (SH), tree host (TH), and
artificial host (AH) according to the standard of Pérez-Harguindeguy et al.
(2016). Relative light intensity (%) was calculated as a proportion of light
intensity (µmol m-2 s-1) measured at the top of A. contorta out of light
intensity measured with the same height in an open space at the same
time (Lee and Cho 2000).
Direction and distribution of this plant were measured at place
where the largest amount of leaves were located around the host. Relative
coverage (RC, %) for every species in each site was calculated by
dividing coverage of each species by the sum of every species coverage
in the quadrat (Kim et al. 2004). Stem length of the highest individual in
6

quadrat was measured and the internode length above the leaf at midshoot was measured. I sampled three individuals to measure leaf size in
each quadrat. Average leaf size was calculated by the regression equation
generated from the width and length of leaf and leaf size. Leaf size was
calculated with the following equation: A(x,y) = 0.5834xy - 0.1518, R² =
0.9745 (A: leaf size in cm2; x, y: width and height of heart-shaped leaf in
cm). Leaf size of subsampled leaves was measured with a Portable Leaf
Area Meter (LI-3000C, LI-COR Bioscience, Lincoln, NE, USA). Total
leaf area per quadrat was estimated by the number of leaf and the average
leaf size. The number of flowers on A. contorta individuals in each
quadrat was counted as reproductive success. Fruits were collected at
each quadrat from November to December 2017 and the number of
mature seed (with endosperm) per fruit and air-dried seed mass per fruit
were determined. Seed or endosperm surface area was calculated by
elliptical area formula: A(x,y) = πxy (A: surface area in mm2; x, y: half of
the width and height of elliptical-shaped seed or endosperm in mm).

7

Fig. 1. Study sites (filled circles) of A. contorta in South Korea. DJ:
Dukjin, Jeonju; DU: Daun, Ulsan; GC: Gangcheon, Yeoju; JW: Jinwee,
Pyeongtaek; MA: Manan, Anyang; NG: Namgae, Yeoncheon; PC:
Pyungchon, Chungju; SA: Seorak, Gapyeong; SN: Samnak, Busan; YU:
Yeouido, Seoul.
8

Table 1. Location and type of study sites

Habitat Name

Code

Number of
quadrat

GPS information

Dukjin, Jeonju

DJ

8

35.539N, 127.472E

Daun, Ulsan

DU

7

35.338N, 129.161E

Gangcheon, Yeoju

GC

11

37.138N, 127.418E

Jinwee, Pyeongtaek

JW

10

37.545N, 127.511E

Manan, Anyang

MA

10

37.242N, 126.551E

Namgae, Yeoncheon

NG

10

38.177N, 127.110E

Pyungchon, Chungju

PC

10

36.352N, 127.299E

Seorak, Gapyeong

SA

10

37.349N, 126.316E

Samnak, Busan

SN

5

35.113N, 128.585E

Yeouido, Seoul

YU

5

37.317N, 126.552E

2.1.2 Analyses of soil properties
Soil samples were collected at about 15 ~ 25 cm depth near A.
contorta root in each quadrat. Soil samples were sealed in plastic bags to
prevent loss of moisture and brought to the laboratory. Soil samples were
passed through a sieve with 2 mm mesh. After mixing soil and deionized
water at a mass ratio of 1:5 and filtering the solution with filter paper
(Whatman filter paper No. 42), pH was measured with a pH meter (model
AP 63; Fisher, USA) and electric conductivity (EC) was measured with a
conductivity meter (Corning Checkmate model 311; Corning, USA). Soil
texture was determined with hydrometer analysis method using a texture
9

triangle (USDA; Sheldrick and Wang 1993). NO3–N, NH4–N, and PO4–P
contents were determined using hydrazine method (Kamphake et al.
1967), indo-phenol method (Murphy and Riley 1962), and ascorbic acid
reduction method (Solorzano 1969), respectively. Exchangeable cation
contents (K+, Na+, Ca2+ and Mg2+) were measured using an atomic
absorption spectrometer (model AA240FS; Varian, USA) after extraction
with 1 M ammonium acetate solution. Soil moisture content was
measured by drying samples at 105 °C for more than 48 h (Kim et al.
2004). Soil organic matter contents were analyzed using loss on ignition
method at 450 °C (John 2004).
2.1.3 Data analysis
To determine the optimal environment for growth of A. contorta, I
divided each environmental factor into several classes using Sturges’ rule
(Sturges 1926). I defined the optimal range of distribution (ORD) for a
plant as the range in which each factor was crowded (Lee et al. 2005,
Kwon et al. 2006). Occurrence frequency (Occ.) of each environmental
variable at each quadrat was calculated with the following formula (Kim
et al. 2004): Occ. (%) = (number of quadrats in each class) / (total
number of quadrats) × 100. ORD was associated with the following: 1)
Occ. 60% ≤ ORD ≤ Occ. 90%; and 2) ORD ≤ (maximum value/minimum
value). ORD included a range narrower than half of the full range of
10

incidence for each environmental variable. The total environmental range
of distribution (TRD) indicated the tolerance of A. contorta within a
range of environmental conditions.
Correlation

between

environmental

properties

and

growth

characteristics of A. contorta were calculated using SPSS version 23.0
(SPSS, Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA)
by host type and Scheffe’s post-hoc test on growth characteristics were
also conducted. Detrended correspondence analysis (DCA) was used to
verify whether habitats could be classified by environmental factors using
PC-ORD for Windows version 5 (B. McCune and MJ Mefford, MjM
Software, Gleneden Beach, OR, USA).

2.2 Mesocosm experiment
2.2.1 Sampling and culture of plant
I purchased three-year-old A. contorta individuals which were
grown at a field in Ulsan, Korea. Each individual was transplanted into a
pot (25 cm diameter and 25 cm depth) filled with mixture of sand and
topsoil (2:1 v/v) in Seoul National University in May 2017. Treatments
were initiated at about one year after transplanting to allow them for
acclimation. Experiments were performed during the period of May to
September 2018 with maximum and minimum temperatures of
11

39.6 ± 2°C and 6.9 ± 2°C, respectively.
Four experimental treatments (n = 15 plants per treatment) were
applied after a factorial array of two relative light intensity (RLI)
treatments of 100% RLI (RLI100) and 50% RLI (RLI50) and two support
conditions of with-support and without-support. Average light intensity at
noon was 1303.3 μmol m−2 sec−1 PAR (photosynthetically active radiation)
in RLI100 between 12:00 pm and 1:00 pm (Li-250, LiCor, Lincoln, NE).
Pots of RLI50 were placed under a layered black mesh in 2.5 m height
over the steel structure and average light intensity at noon was 653.8
μmol m−2 sec−1 in same time. A support structure consisted of a plastic
stake (1 cm diameter, 1.2 m long), vertically placed in contact with the
stem of A. contorta. Plants were watered with tap water every two days.
2.2.2 Measurement of morphological characteristics
Plants were harvested at the end of September, when all plants had
completed growth. I measured following characteristics; number of
ramets in each pot, number of branches, number of leaves, single leaf
area, total leaf area, the length of internode and petiole, stem length,
number of flowers, number of root buds, the dry mass of each component
(stem, leaf, root). Number of ramets was counted as number of stems
coming out from the soil in each pot. The leaf area was measured by a
portable leaf area meter (LI-3000C, LI-COR Bioscience, Lincoln, NE). I
12

measured the length of three internodes and three petioles at midshoot (80
~ 100 cm over soil pot level). The lengths of stem, internode and petiole
were measured with a digital vernier caliper (Mitutoyo; resolution, 0.01
mm). Plants were separated into stem, leaves, and root and oven-dried at
60 °C for 48 h and weighed.
2.2.3 Data analysis
The effects of the light intensity and support condition on
morphological traits of A. contorta were analyzed statistically with t-test
at the 5% significance level, using SPSS ver. 23.0 software (SPSS, Inc.,
Chicago, IL). To address the goals of the study, I examined the
significance of interactions between the light intensity and support
condition factors in a two-way ANOVA (analysis of variance). The
significance of differences between group means was determined by a
Sheffé test. Differences in whole plant traits and biomass allocation in
with-support as well as in without-support were quantified by comparing
the slopes of the reaction norms (assuming linearity; Weis and Gorman
1990).
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3. Results
3.1 Field survey
3.1.1 Range of optimal environmental factors
A. contorta individuals mostly occurred along the river bank of
surveyed sites. Specifically, it had a tendency to grow on the edge
between forest and river or road. Overall, ORD of distance from quadrat
to riverside and roadside were in ranges of 10.0 ~ 32 m and 0.0 ~ 3.8 m
range, respectively (Fig. 2a). Relative light intensity could not be
expressed as ORD (Fig. 2d). High percent relative coverage of this plant
was distributed in the most northern parts of the host in 86 quadrats (-47°
~ 82°; clockwise from north 0°; Fig. 3).
Soil pH in A. contorta habitat was weakly acidic (pH 4.2 ~ pH 6.9).
This could affect plant growth (Table 2, Fig. 2). ORD of soil electric
conductivity was 18.87 ~ 82.15 μS cm-1 (Table 2). Sand, clay, silt
contents were 21.0 ~ 75.0%, 0.0 ~ 12.5%, 22.5 ~ 72.0%, respectively.
The soil texture was sandy loam (72.5%), silt loam (20.0%), loam (5.0%),
or loamy sand (2.5%) in the habitat. A. contorta seemed to prefer more
infertile sandy soil than loamy soil. ORDs for NO3-N, NH4-N, PO4-P
contents were 0.00 ~ 35.76 mg kg-1, 0.00 ~ 4.40 mg kg-1, 0.63 ~ 22.70 mg
14

kg-1, respectively. ORDs for Ca2+, Na+, K+, Mg2+ contents were 350.0~
1,023.0 mg kg-1, 0.27 ~ 21.70 mg kg-1, 178.0 ~ 289.0 mg kg-1, and 27.90
~ 131.3 mg kg-1, respectively. ORD for soil moisture content was 1.25 ~
14.50%. TRD (1.25 ~ 36.59%) was higher than its upland counterparts
(0.67 ~ 15.48%) that were 1 ~ 4 m higher and 25 m apart from the A.
contorta habitat.
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Fig. 2. Distribution of A. contorta according to environments variables. (a) Distance from river, (b) Height from river, (c) Distance from road, (d)
Relative light intensity, (e) Distribution direction, (f) pH, (g) Conductivity, (h) Ca2+, (i) Na+, (j) K+, (k) Mg2+, (l) Soil moisture content, (m) Soil
organic matter, (n) NO3-N, (o) NH4-N, (p) PO4-P, (q) Sand content, (r) Clay content, (s) Silt content, (t) Host height, (u) Host diameter. Circles
on the line represent sample distribution (quadrat locations) on the gradient of corresponding environmental factors. Box on the line shows
optimal range for distribution of each corresponding environmental variable.
16

Fig. 3. Direction and distribution of A. contorta around the host in 86
quadrats.
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Table 2. Range of environmental variables at 86 quadrats where A. contorta occurred
TRD

ORD

Environmental variables

Min

Max

Median

Range

Occ. (%)

Distance from riverside (m)

10.0

70.0

30.0

10.0 ~ 32.5

65

Altitude from river surface (m)

0.5

10.0

3.5

0.5 ~ 4.1

69

Distance from roadside (m)

0.0

30.0

1.0

0.0 ~ 3.8

86

Relative light intensity (%)

1.0

100.0

100.0

-

-

Distribution direction (°)

-176

168

9

-47 ~ 82

80

Soil pH
Soil electric conductivity
(μS cm-1)

4.20

6.89

5.65

-

-

18.87

272.00

47.45

18.87 ~ 82.15

84

Sand content (%)

21.00

75.00

59.38

48.00 ~ 68.25

70

Clay content (%)

0.00

12.50

4.30

1.56 ~ 6.25

65

Silt content (%)

22.50

72.00

36.25

28.69 ~ 47.25

73
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Soil NO3-N content (mg\kg-1)

0.00

95.37

26.06

0.00 ~ 35.76

73

Soil NH4-N content (mg kg-1)

0.00

35.21

2.16

0.00 ~ 4.40

71

Soil PO4-P content (mg kg-1)

0.63

177.17

14.74

0.63 ~ 22.70

80

Soil Ca2+ content (mg kg-1)

13.09

2704.95

803.03

349.57 ~ 1022.54

60

Soil Na+ content (mg kg-1)

0.27

86.08

11.20

0.27 ~ 21.72

69

Soil K+ content (mg kg-1)

66.68

510.57

248.90

177.65 ~ 288.63

75

Soil Mg2+ content (mg kg-1)

1.99

208.86

98.18

27.85 ~ 131.28

71

Soil moisture content (%)

1.25

36.59

9.80

1.25 ~ 14.50

72

Soil organic matter (%)

1.36

12.79

4.52

1.36 ~ 5.65

61

Host height (cm)

64

780

200

-

-

Host diameter (cm)

0.3

18.7

0.6

-

-
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Table 3. Host types of A. contorta
Range
Host type

Species name

Herb

Rumex crispus, Erigeron annuus, Artemisia princeps,
Scirpus radicans, Miscanthus sacchariflorus,
Geranium sibiricum

64 ~ 125

0.3 ~ 0.6

72.1 ± 6.7

Shrub

Spiraea prunifolia, Amorpha fruticosa, Forsythia
koreana, Hibiscus syriacus

200 ~ 340

2.2 ~ 4.5

39.4 ± 9.9

Tree

Robinia pseudoacacia, Platanus occidentalis, Prunus
yedoensis, Ailanthus altissima, Morus cathayana

480 ~ 780

9.5 ~ 18.7

47.5 ± 9.4

Artificial

wire fence, wood post

180 ~ 250

0.3 ~ 0.8

80.1 ± 13.2

Height (cm)

20

Diameter (cm)

Relative
light intensity (%)

3.1.2 Ordination of environmental variables
Environmental variables correlated with Axis 1 were host diameter,
host height, Ca2+ content, and Mg2+ content. Relative light intensity, host
diameter, host height, EC, NH4-N, K+, Na+, and soil moisture content
showed high correlations with Axis 2. Axes1 and 2 accounted for 15.8%
and 14.2% of the explained variance, respectively (Fig. 4, Table 4).
HH group was located on the upper left of the axis that was high in
Ca2+, EC, K+, Na+, and soil moisture contents with relative light intensity
but low in NH4-N content, host height, and host diameter. SH group was
distributed in the central part of Axis1 and 2 while the TH type
community was located on the lower right of the axis that was high in
NH4-N, host height, and host diameter but low in Ca2+, EC, K+, Na+, Soil
moisture, and relative light intensity. AH group was distributed between
HH and TH groups.
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Fig. 4. Diagram of Detrended correspondence analysis (DCA) of A.
contorta and environmental variables. Distribution of quadrat plots
according to environmental variables. The 95% confidence dotted curve
area indicates grouped vegetation (HH = herbal host, SH = shrub host,
TH = tree host, AH = artificial host).
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Table 4. Summary statistics of DCA for A. contorta and environmental
variables
Axes

1

2

Eigenvalues

0.158

0.142

pH

0.3627

0.5437

EC

0.2474

1.0659

NO3-N
PO4-P
NH4-N
K+

0.1727
0.3587
0.4124
0.4282

-0.3667
-0.1645
-1.6035
0.9903

Na+
Ca2+

0.7332
-0.7642

1.4575
-0.2384

Mg2+
Soil moisture
Loss on ignition
Relative light
intensity
Host height
Host diameter

-0.1663
0.3926
0.1586

0.1785
0.8125
-0.1026

0.4820

2.2249

1.5984
2.2653

-1.0893
-2.1292

Environmental
variables
scores

3.1.3 Environmental properties of host types
Among environmental factors, height and dimeter of the host,
relative light intensity, pH, and Ca2+ showed statistically significant
differences among host types (Table 5). There was no significant
difference in other environmental factors. AH (80.07%) had the highest
relative light intensity, which was significantly higher than the relative
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light intensity of HH (72.06%), SH (39.44%), or TH (47.50%).
Soil acidity (pH) and Ca2+ content in TH were significantly lower
than those in other host types (Table 5). The proportion of silt in AH was
high as silt loam whereas the proportion of sand was high as sandy loam
(sandy loam 91%, loam 6.3%, loamy sand 2.7%) in natural habitats of
HH, SH, and TH. In addition, contents of sand, clay, and silt were all out
of the ORD range in AH (Tables 1 and 4).
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Table 5. One way ANOVA results for environment properties of host types (mean ± SE). Different superscript letters on the table indicate a
significant difference at 5% level based on the Scheffé’s post-hoc test (* p < 0.05, ** p < 0.01, *** p < 0.001).
Host types
Environment
Variables
Host height (cm)
Host diameter(cm)
Relative light intensity (%)
Soil pH
Soil electric conductivity (μS
cm-1)
Sand (%)
Clay (%)
Silt (%)

Herb (HH)
n = 39

608 ± 18 c
13.3 ± 0.5 c
47.5 ± 9.4 ab
5.10 ± 0.13 b

Artificial Structure
(AH)
n=9
225 ± 9 d
0.4 ± 0.1 a
80.1 ± 13.1 c
5.74 ± 0.32 ab

722.238***
617.994***
3.842*
5.282**

49.69 ± 9.68

59.09 ± 9.92

0.280

Shrub (SH)
n = 18

Tree (TH)
n = 20

84 ± 2 a
0.5 ± 0.0 a
72.1 ± 6.6 bc
5.66 ±0.16 ab

275 ± 8 b
3.3 ± 0.2 b
39.4 ± 9.9 a
5.99 ± 0.166 a

60.25 ± 7.84

58.45 ± 7.64

a

55.08 ± 1.32
5.27 ± 0.52 a
39.65 ± 1.16 a

b

b

63.84 ± 2.11
3.49 ± 0.33 a
32.67 ± 1.93 a

63.88 ± 4.86
3.38 ± 0.41 a
32.74 ± 0.98 a
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c

14.22 ± 5.03
8.59 ±0.82 b
57.75 ± 5.82 b

F3, 82

29.071***
9.593***
21.259***

Soil NO3-N content (mg kg-1)
Soil NH4-N content (mg kg-1)
Soil PO4-P content (mg kg-1)
Soil Ca2+ content (mg kg-1)
Soil Na+ content (mg kg-1)
Soil K+ content (mg kg-1)
Soil Mg2+ content (mg kg-1)
Soil moisture content (%)
Soil organic matter (%)

27.25 ± 2.72
3.00 ± 0.57
20.09 ± 4.57
845.73 ± 76.61 ab
19.30 ± 2.89
256.18 ± 8.46
107.86 ± 7.41
11.62 ± 1.13
4.91 ± 0.38

26.06 ± 4.09
6.45 ± 1.91
31.35 ± 7.78
913.47 ± 106.75 a
21.94 ± 4.69
252.83 ± 12.53
99.69 ± 10.08
11.67 ± 1.87
6.34 ± 0.84
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27.29 ± 5.76
3.50 ± 0.93
22.73 ±6.80
470.64 ± 63.49 b
22.26 ± 3.19
232.23 ± 16.85
75.63 ± 8.72
13.50 ± 2.05
5.03 ± 0.75

21.32 ± 4.55
3.99 ± 0.70
48.14 ± 10.14
939.79 ± 126.96 a
20.16 ± 4.39
263.18 ± 33.89
106.44 ± 18.95
11.29 ± 6.36
4.92 ± 0.35

0.252
2.098
2.387
4.836*
0.174
0.751
2.367
0.320
1.171

3.1.4 Growth characteristics of A. contorta depending on host
type
Growth characteristics of A. contorta related to host types were
found to be significantly different (Fig. 5). Relative coverage of A.
contorta was the highest in AH (44.4%) but the lowest in SH (20.2%).
Stem length of A. contorta was the largest (162.8 cm) when host type was
TH, followed by that with AH (137.6 cm), SH (105.3 cm), and HH (91.6
cm). Internode length of A. contorta was also the highest with TH (15.8
cm), followed by that with SH (10.2 cm), AH (8.0 cm), and HH (5.9 cm).
The leaf number per quadrat was the highest with AH (526.7) but the
lowest with SH (91.3). AH had the highest leaf number since it had a

high initial density. TH had the second highest leaf number per quadrat.
The average leaf size was the biggest with TH (46.54 cm2), followed by
that with SH (36.09 cm2), AH (31.94 cm2), and HH (19.66 cm2). There
were broad and horizontal leaves in the shade of SH and TH, while small
leaves pasted vertically on shorter internodes in well-lit HH and AH
(relative light intensity: HH, 72.06%; SH, 39.44%; TH, 47.50%; AH,
80.07%). The large leaf size in SH and TH might be due to the formation
of shade. There was a negative correlation between average leaf size and
relative light intensity (r = -0.65, p < 0.001).
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Total leaf area per quadrat was the highest with AH (18,253 cm2),
followed by that with TH (6,765 cm2), SH (2,832 cm2), and HH (2,330
cm2).

Fig. 5. Growth characteristics of A. contorta with different host types. (a)
Relative coverage, (b) Stem length, (c) Internode length, (d) Leaf number
per quadrat, (e) Average single leaf size, (f) Total leaf area per quadrat.
Numbers of quadrats were: HH = 39, SH = 18, TH = 20, AH = 9. Letter
on the graph means significant difference at 5% level based on Duncan
test. Bars indicate standard error.
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Traits related to reproductive success of A. contorta were
significantly different among host types (Fig. 6). Flower number per
quadrat was the highest for those with AH but the lowest for those with
HH (AH, 298.8; TH, 139.1; SH, 19.4; HH, 1.3).
They were observed on both sides of the elliptical. The number of
mature seeds per fruit was similar among host types (HH, 116.3; SH,
105.6; TH, 158.9; AH 115.3). Average seed mass (mg) was significantly
different among host types (HH, 4.54 mg; SH, 5.64 mg; TH, 8.78 mg; AH,
7.68 mg). Seed surface area (mm2) also showed significant difference
(HH, 52.48 mm2; SH, 65.77 mm2; TH, 97.77 mm2; AH, 82.46 mm2, p <
0.001). However, endosperm surface area (mm2) was similar among host
types (HH, 26.23 mm2; SH, 25.93 mm2; TH, 33.65 mm2; AH, 31.80 mm2).
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Fig. 6. Reproductive traits of A. contorta with different host types. (a)
Flower number per quadrat, (b) Mature seed number per fruit, (c) Single
seed mass, (d) Seed surface area, (e) Endosperm surface area, (f)
Proportion of wing area. Numbers of quadrats were: HH = 39, SH = 18,
TH = 20, AH = 9. Letter on the graph means significant difference at 5%
level based on Duncan test. Bars indicate standard error.
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3.2 Mesocosm experiment
3.2.1 Light and support effect on morphological traits
Under RLI100, A. contorta exhibited the larger number of branches,
leaves and root buds, greater dry mass of root compared to under RLI50.
Although the number of ramets and leaves in RLI50 were smaller than
RLI100, single leaf area and total leaf area was larger (Fig. 7a, c, d, e). In
addition, stem, internode and petiole of these plants were longer in the
RLI50 (Fig. 7f, g, h, l). Inflorescence was observed only in individuals of
RLI50 (Fig. 7i). Biomass allocation among treatments were significantly
different in dry mass of stem and root under different light conditions
(Fig. 7l, n). Total dry mass had no significant differences among two
treatment groups.
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Fig. 7. Variations of morphological traits and biomass allocation between
light treatments. (a) Number of ramets, (b) Number of branches, (c)
Number of leaves, (d) Single leaf area, (e) Total leaf area, (f) Internode
length, (g) Petiole length, (h) Stem length, (i) Number of flowers, (j)
Number of root buds, (k) Total dry mass, (l) Dry mass of stem, (m) Dry
mass of leaves, (n) Dry mass of root. Significant P values indicate that
traits under two conditions are different. NS = non-significant.
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In general, plants of with-support group showed large single leaf
area, longer stem, internode and petiole length compared to plants in
without-support group (Fig. 8d, f, g, h, k, n). In addition, plants of
without-support group also showed greater number of branches and root
buds than plants of with-support group (Fig. 8b, j).
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Fig. 8. Variations of morphological traits and biomass allocation between
support treatments. (a) Number of ramets, (b) Number of branches, (c)
Number of leaves, (d) Single leaf area, (e) Total leaf area, (f) Internode
length, (g) Petiole length, (h) Stem length, (i) Number of flowers, (j)
Number of root buds, (k) Total dry mass, (l) Dry mass of stem, (m) Dry
mass of leaves, (n) Dry mass of root. Significant P values indicate that
traits under two treatments are different. NS = nonsignificant,
supp.=support.
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3.2.2 Interactive effects of light and support on morphological
traits
Morphological and reproductive traits responded to differences in
the availability of both light and support (Table 6). Dry mass of root was
only affected by light and number of leaves was only affected by support.
There were no interactive effects on number of root buds and branches
(Table 6). Morphological differences according to the light intensity were
more apparent when the support was given.
Table 6. Two-way ANOVA on traits of the twining vine A. contorta (F
ratios are shown). Two treatments were light (RLI100 and RLI50) and
support (with support and without support). df = 1, 59 for traits.
Significant effects are shown in boldface (* p < 0.05, ** p < 0.01, *** p <
0.001).

Number of ramets
Number of
branches
Number of leaves
Single leaf area
(cm2)
Total leaf area
(cm2)
Internodes length
(mm)
Petiole length
(mm)

Light

Support

Light ×
Support

2.474

24.868***

16.4***

22.178***

35.152***

0.001

2.763

15.167***

3.816

90.772***

31.084***

35.796***

34.109***

0.003

16.259***

136.741***

27.05***

25.528***

133.011***

55.31***

14.499***
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Stem length (cm)

359.982***

258.204***

236.248***

Number of flowers
Number of root
buds
Total dry mass (g)
Dry mass of stem
(g)
Dry mass of leaves
(g)
Dry mass of root
(g)
Stem mass ratio

22.468***

22.468***

22.468***

11.976**

9.474**

0

1.045

0.615

1.748

16.509***

1.358

15.455***

0.011

0.203

2.122

6.582*

0.287

0.005

32.337***

0.359

11.568**

Leaf mass ratio

0.600

0.047

1.485

Root mass ratio

8.035**

0.011

5.099*

I detected a significant interaction of support and light, suggesting a
differential effect of support availability (Table 6, Fig. 9). Number of
branch was responsive to support availability in both of the RLI100
(with-support, 4.3 ± 0.3; without-support, 7.0 ± 0.5) and RLI50 (withsupport, 1.9 ± 0.2; without-support, 4.8 ± 0.4; Fig. 9b). Number of root
buds was also responsive to support availability in both of the RLI100
(with-support, 7.4 ± 0.4; without-support, 10.2 ± 1.3) and RLI50 (withsupport, 3.6 ± 0.3; without-support, 6.7 ± 0.5; Fig. 9j). Stem length was
significantly longer in RLI50/with-support group (186.5 ± 6.1 cm) than in
other groups (RLI100/with-support, 58.3 ± 5.6 cm; RLI100/withoutsupport, 51.4 ± 2.9 cm; RLI50/without-support, 68.4 ± 5.2 cm).
Leaf of A. contorta in proper shade with support condition showed
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larger single leaf area and total leaf area production was also higher than
other conditions (Fig. 9d, e). Single leaf area was the largest in the
RLI50/with-support group (10.9 ± 0.9 cm2), followed by RLI50/withoutsupport group (5.3 ± 0.4 cm2), RLI100/without-support group (3.3 ± 0.1
cm2) and RLI100/with-support group (3.1 ± 0.2 cm2). Total leaf area was
the largest in the RLI50/with-support group (590.3 ± 42.9 cm2), followed
by RLI50/without-support group (485.5 ± 56.6 cm2), RLI100/withoutsupport group (374.1 ± 31.3 cm2) and RLI100/with-support group (142.9
± 21.8 cm2). Although the number of leaves in RLI50/with-support group
was less than in RLI50/without-support group, the single leaf area was
largest, so the total leaf area was the largest. Inflorescence was observed
only in individuals of RLI50/with-support group (Fig. 9i). There was a
difference in the stem mass ratio (RLI100/with-support group, 7.4±1.1%;
RLI100/without-support group, 10.2 ± 0.8%; RLI50/with-support group,
15.9 ± 1.9%; RLI50/without-support group, 12.4±2.2%), root mass ratio
(RLI100/with-support group, 67.3 ± 2.8%; RLI100/without-support
group, 63.1 ± 3.1%; RLI50/with-support group, 59.8 ± 4.1%;
RLI50/without-support group, 63.8 ± 6.5%), and there was no difference
in leaf mass ratio.
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Fig. 9. Variations of morphological traits and biomass allocation among
treatments. (a) Number of ramets, (b) Number of branches, (c) Number of
leaves, (d) Single leaf area, (e) Total leaf area, (f) Internode length, (g)
Petiole length, (h) Stem length, (i) Number of flowers, (j) Number of root
buds, (k) Total dry mass, (l) Dry mass of stem, (m) Dry mass of leaves, (n)
Dry mass of root. Lower case alphabets on graph represent statistically
different groups by Scheffé test (< 0.05 level).
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There were significant differences in many A. contorta traits
(reaction norm) related to the support availability according to the light
intensity (Table 7). Among these traits, increases of single leaf area, stem
length, internode length and petiole length were significantly different
among support condition in RLI50, while they were not significant in
RLI100 (Table 7). Above all, the difference in dry mass of stem between
RLI100 and RLI50 environment was the greatest when there was in withsupport compare with in without-support (ratio of with-support to
without-support = 31.50), followed by difference of stem length (ratio of
with-support to without-support = 7.52).
Table 7. Comparative morphological characteristic of whole plant traits
and biomass allocation in with support and without support of A. contorta.
The slope (m) of the change in plant traits and biomass allocation with
shading is shown (RLI100 → RLI50). Significant P values indicate that
slope lines are different, therefore, plasticity of organs differs within the
given support treatment. (* p < 0.05, ** p < 0.01, *** p < 0.001). When
the ratio of the m value of with-support to the m value of without-support
is indicated, the rank is in the order of distance from the number of ‘1’.

Plant traits and
biomass allocation

Number of ramets
Number of branches
Number of leaves
Single leaf area (cm2)
Total leaf area (cm2)
Internodes length (mm)

Withsupport

Withoutsupport

Withsupport/
Withoutsupport

0.0
-2.6
-7.9
7.7
447.5
41.5

-1.3
-2.1
-31.6
2.0
111.4
16.9

0
1.21
0.25
3.89
4.01
2.45

RLI100 → RLI50
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Rank

7
11
8
4
3
5

Petiole length (mm)
Stem length (cm)
Number of flowers
Number of root buds
Total dry mass (g)
Dry mass of stem (g)
Dry mass of leaves (g)
Dry mass of root (g)

12.1
128.2
1.9
-3.9
-0.60
0.63
-0.17
-0.87

5.9
17.1
0.0
-3.6
-1.38
0.02
-0.41
-0.85
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2.16
7.52
∞
1.19
0.43
31.50
0.41
1.02

6
2
12
10
1
9
13

4. Discussion
4.1 Field survey
A. contorta was distributed at the edge of the forest more than in the
forest for light capturing (Fig. 2, Table 2). Normally, climbers depend on
the host to reach the forest canopy to enhance light capture (Putz 1984,
Gianoli 2001, Gianoli 2003). Its settlement might be better in places
where light was not too strong (Fig. 3). It then grew to the host for light
capturing. Even though it grew in the edge of the forest and near the river,
most leaves were found in the north. Thus, light intensity that this plant
needed might not be too strong, but moderate light. However, this edge of
riparian zone is likely to be changed by succession and destroyed by
artificial destruction such as farming and weeding.
Soils derived from granite or granitic gneiss in Korea are mostly
acidic (Ryu 2001). Therefore, A. contorta seems to be able to grow in
acidic or neutral soil. The occurrence of relatively low concentrations
might be due to soil texture since sandy loam was relatively well-drained.
A sandy textured, well-drained soil might leach more soil nutrient than a
poorly drained clay soil (Clough et al. 1998). Therefore, A. contorta
communities were distributed in habitats with low soil nutrients (Fig. 2).
Inorganic N contents in A. contorta habitat was approximately ten times
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lower than that in other forested regions of Korea (Mun 1991). These
studies and my results indicate that this species is likely to thrive even in
poor nutrient environments. Soil nutrient content that available to the
individuals might affect its distribution (Lee, E. P. et al. 2017). Normally,
riparian zones have high level of soil moisture content due to the
presence of water in rivers and the movement of groundwater to the
rooting zone of riparian vegetation. Furthermore, wetter soil conditions
also facilitate higher rates of organic matter decomposition (Mikkelsen
2000).
I could not decide ORDs of host height, host diameter, relative light
intensity, or pH because there were wide ranges of these factors
according to various host types such as herb, shrub, tree, and artificial
support (Fig. 2, Table 2). Thus, DCA was used to clarify the importance
of environmental factors for the growth of A. contorta. DCA ordination of
vegetation data showed that studied sites could be classified according to
host type (Fig. 4). Overall, the DCA biplot indicated that these host
groups were influenced primarily by factors of host height, host diameter,
and relative light intensity on Axis 1 and Axis 2. Therefore, host type is
the most important factor that affects the growth of A. contorta.
This effect was due to canopy structural attribute related to solar
radiation penetration by the canopy of the host and direct solar radiation
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intercepted by host leaves on the A. contorta exterior. Previous studies
have suggested that understory light intensity is determined by spatial
pattern, height, and cover of leaves. These light gradients can be viewed
as a continuum that ranges from herb canopy cover to tree canopy cover
(Belsky and Canham 1994, Breshears and Barnes 1999). Moreover, the
understory light intensity can affect microclimate such as solar radiation,
soil temperature, soil evaporation, and leaf temperature (Breshears et al.
1997, 1998). Thus, these plants beneath the canopy formed by different
hosts can be affected.
The differences on soil charateristics might indicate the effects of
different host type. Individual tree can influence soils at a scale of 10 m
or more (Riha et al. 1986) compared with 1 ~ 5 m for shrub support
(Schlesinger et al. 1990) and 0.1 ~ 0.5 m for herb (Hook et al. 1991).
Availability and phenotypic traits of host trees may be more significant
than other factors in determining the fitness of climbers (Van der Heijden
and Phillips 2008). In addition to, based on too high proportion of silt in
AH, construction of similar soil texture which is more sandy than present
artificial habitat could offer more suitable habitat for A. contorta
population.
AH also had exceptionally high relative coverage of A. contorta
because it was planted in high initial density to feed S. montela. TH was
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the second highest in relative coverage of A. contorta. The stem length
and internode length were long with TH and SH, but short with HH.
There was a positive correlation between internode length and stem
length (r = 0.55, p < 0.001). This could be explained by the tendency that
the stem length became longer as the internode length increased exept for
AH. A. contorta with AH was planted over ten years ago. Thus, it had
long stem length. However, its internode length was relatively short
compared to similar stem length with TH. In contrast, stem and internode
length were the longest with TH. There was a negative correlation
between internode length and relative light intensity (r = - 0.67, p <
0.005). Therefore, internode length might not elongate longer with AH
than that with TH. These findings are consistent with reported evidence
that once the structural support is found, climbers will allocate resources
to growth and change phenotypically to enhance light capture in the
shade (Putz 1984, Gianoli 2001, 2003). Thus, these climbers could prefer
high trunk (Table 3; height range 480 ~ 780 cm) as a host tree and need
light to grow to upper layers to maximize solar radiation capture and
prevent shading by neighboring plants (Hegarty and Caballe 1991, Allen
et al. 2005). However, A. contorta was not observed near tree host with
diameter over 20 cm (Fig. 2u). At the lower part of the tree, A. contorta
individuals were entangled with themselves and ascended to the branch
of the tree. Schnitzer and Bongers (2002) also have shown a significant
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increase in the amount of climber in proportion to the trunk diameter
within maximum support diameter. When the support diameter increases
to over maximum support degree, the coil becomes unstable and the plant
slips down the tree (Putz and Holbrook 1991). Therefore, high host height
for enhanced light capture and optimal trunk diameter for physical
support are required for optimal growth of A. contorta.
Tree host and shrub host might affect environmental conditions.
Conditions changed by host tree may affect the growth of climbers as
well. Depending on the host tree, different understory light environments
can be formed that can influence the fitness of climbers. Several studies
on response to low light environments have been performed on
phytochrome-mediated shade avoidance response than enables climers to
escape shading and maximize photosynthesis. Plants under shade are
characterized by increased internode and hypocotyl elongation with
changes in leaf expansion and production (Ballaré et al. 1990, Schmitt
1997, Dorn et al. 2000, Weinig 2000). These results agree with
photosynthetic response that helps climbers physiologicaly adapt to low
light environments to compete for sunlight (Nabe-Nielsen 2001). Thus,
significant tendencies of increased main stem length, internode length,
and average single leaf size in the shade were made by SH and TH.
The highest total leaf area was observed for those with AH host type
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because the number of leaves per unit area was large even though the leaf
is smaller than that with HH. Except for those with AH host type, growth
characteristics (relative coverage, stem length, internode length, leaf
number, single leaf size and total leaf area) of A. contorta were higher
with TH among three host types. AH was too dense and relative light
intensity was too high, indicating that the growth of A. contorta could be
attenuated by intraspecific competition and bleaching. In order to
improve the growth of A. contorta in artificial habitat, it is necessary to
provide a proper shade (about 50%) and install a high support with an
appropriate density.
The flower of A. contorta blooms from July to August. These
flowers are protogynous hermaphrodite (National Institute of Biological
Resources 2010). The number of flowers in HH was 1.3/m2. I observed
that A. contorta coils lied on the forest floor in HH. This indicates low
sexual reproduction. Gianoli (2003) has also found that climbers with
support have greater size and reproductive output than those grown
unsupported. In addition, HH area can be easily destroyed by artificial
destruction such as farming and weeding. Thus, it was difficult for us to
find flowers and fruits of A. contorta in HH. Large number of flowers
(298.8) in AH was related to high total leaf area. Although AH had large
number of flowers, it had few fruits. Thus, the ratio of fruit number to
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flower number was the lowest in AH (0.003), indicating that fruits of
individual in AH were more sterile than those in other host types (TH,
0.631; SH, 0.412; HH, 0.173).
Wing-shaped seeds of A. contorta start to mature in September
(National Institute of Biological Resources 2010). This plant has high
degree (24.5%) of pollen defectiveness which constrains seed maturity
(Nakonechnaya et al. 2013). Aborted seeds could not develop endosperm
or embryo (Nakonechnaya et al. 2013).
Although the whole seed surface area was different, the area of the
endosperm was similar (p = 0.68). This meant that the ratio of the wing
was different. The proportion of wing area (%) was different among host
types (HH, 49.7%; SH, 59.1%; TH, 65.4%; AH, 61.3%, p < 0.001). In
case of A. contorta with TH host type, the endosperm was large and the
area of the wing area was wide. Thus, it could spread even farther.
Nakonechnaya (2013) has also suggested that high proportion of wing
area might be one adaptive strategy, similar to reduction in size of viable
seeds, lower weight, and existence of an air cavity in A. contorta seed.
Although AH had large number of flowers, but it had fewer fruits (Fig.
6a). Thus, the ratio of seed number, seed mass, and seed surface area of A.
contorta was not higher that with TH. These significant differences of
this plant are consistent with results showing that previous studies about
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distributon of climbers in temperate forests on host trees (Hegarty and
Caballe 1991, Allen et al. 2005). Host plants may differ in their suitability
for growth of climbers (Hegarty 1991, Allen et al. 1997, Chittibabu and
Parthasarathy 2001, Nesheim and Økland 2007), possibly because of host
features such as trunk diameter (Nabe-Nielsen 2001), trunk length
(Campanello et al. 2007) and the canopy formed by host (Breshears and
Barnes 1999).

4.2 Mesocosm experiment
The variations of traits and biomass and allocation patterns were
pronounced (Fig. 7). These morphological responses of A. contorta to the
light intensity were in agreement with previous studies about
phytochrome-mediated shade avoidance response (Weinig and Delph
2001, Henry and Thomas 2002). This is characterized by increasing the
elongation of stem length and internode length and the expansion and
production of the leaves (Ballare et al. 1990, Schmitt 1997, Dorn et al.
2000, Weinig 2000a). This response involves hormones such as auxin and
gibberellic acid, and phytochrome genes (Smith and Whitelam 1997, Neff
et al. 2000). In A. contorta, these shade-avoidance responses appear to be
adaptive under low ratio of red to far-red wave-lengths (R:FR, Dorn et al.
2000). Morphological responses to the shade usually result from a
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reduction in biomass allocation to underground organs and an increase in
biomass allocation to above-ground organs (Poorter and Nagel 2000).
These significant morphological responses to shade are consistent with
results of plant phenotypic plasticity without dramatic change in plant
biomass (Kwesiga and Grace 1986, Ballare et al. 1997). Non-significant
response of total plant biomass to light treatments (Fig. 7k) is also
consistent with previous results showing that decrease in biomass
production was only below 10% of the full sunlight intensity levels
(Ryser and Eek 2000). Although light is an inevitable resource for
photosynthesis, plants may face with heat, dryness, excessive radiation
and UV radiation stress in high sunlight (Valladares et al. 2008). Not only
the flower, the larger leaf and longer shoot was observed in shade
condition rather than the full-light condition in this plant. Aristolochia
contorta seems to be ‘shade tolerant’ plant as the maximization of light
capture and use in photosynthesis together with the minimization of
respiration costs for maintenance in shade. In common, induction of plant
defense such as C/N ratio, secondary metabolite to herbivory requires
light (Jansen et al. 2003, Mooney et al. 2009). Because shade commonly
reduce such plant defense mechanism, caterpillar could gain more weight
when they were fed on the plant that grown under shade (Jansen et al.
2003). Although shade seems to provide disadvantageous environment to
plant in herbivore, there was few damage of A. contorta in RLI50
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condition on bare-ground in this study (unpublished data). Aristolochic
acid, which plays a role as toxic substance to herbivores except S.
montela, may contribute the lower damage in shade.
These morphological responses of A. contorta to the support
availability were different. Plants of without-support group had results in
a bushier form which had relatively large number of ramets and leaves,
regardless of the light availability (Fig. 8a, c). In addition, plants of
without-support group also showed greater number of branches and root
buds than plants of with-support group (Fig. 8b, j). It can be suggested as
a differential effect of support availability. It has been shown before that
the presence of support leads to an increase in their growth rate (Gianoli
2001, 2003) and supported individuals had larger size and more
reproductive than unsupported vines (Gianoli 2002, González-Teuber and
Gianoli 2008). The result of the smaller number of ramets in with-support
group is consistent with the reported evidence that rootbuds do not switch
to twining stems once support was found (Peñalosa 1983). In addition to,
the large number of branches and leaves in the bent A. contorta without
support could be the result of the auxin response. In without-support
group, it has a difficulty in auxin releasing from the apex caused by
downward apex due to stem bending. Previous study also had a same
result that axillary buds of the Japanese morning glory (Pharbitis nil)
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damaged by excessive bending continued to grow in the intact shoot apex
(Kitazawa et al. 2008). The result of number of branch is also consistent
with the reported evidence that branch number of climbing plants was
fewer and shoot length was longer when supported (Gartner 1991, Den
Dubbelden and Oosterbeek 1995). These results of large number of
branches and leaves in without support suggest that release from apical
dominance in A. contorta is due to gravistimulation. Even though general
plants show weaker apical dominance resulting in a bushier form which
had increased the number of leaves or flowers and fruits, I could not find
flowers in without-support group in vine plant A. contorta. These result
of flowering means that this vine plant has more vigorous growth when it
has support, and this morphological difference would bring many benefits
to its growth and reproduction.
Morphological and reproductive traits responded to differences in
the availability of both light and support (Table 6). Dry mass of root was
only affected by light and number of leaves was only affected by support.
There were no interactive effects on number of root buds and branches
(Table 6). Morphological differences according to the light intensity were
more apparent when the support was given. Shoot branching and root bud
emergence could be attempts to escape from too strong sunlight by
stretching around rather than growing vertically at the current location.
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The rate of increase in vertical growth under support condition could be
more beneficial in the shade, allowing plants to reach better-lighted layers.
On the other hand, in RLI100/without-support, even though the single
leaf area was small, the number of leaves was greatest so the total leaf
area was large. The relationship of flowering and light condition was
opposite to the previous studies (Armitage et al. 1984, Armitage 1991,
Zhang et al. 1996, Dole et al. 1999, Erwin et al. 2000, Yang and Kim
2016). This plant flowered in shade because they may adapt themselves
to low R:FR light to perform photosynthesis. Field studies have shown
that some vine species prioritize to enhance sexual reproduction like
flowering in low light (Gilbert et al. 2006, Valladares et al. 2011, Gianoli
et al. 2012). Flowering in A. contorta also needed the support because
they may adapt themselves to support condition. Similar pattern of the
relationship of reproductive traits and support condition to vine plant has
been reported before (Gianoli and Gonzalez-Teuber 2005a). Flowering in
A. contorta is also kind of adaptive response to physical support. It could
mean that the proper shade and physical support are needed for successful
reproduction. There was an increase in stem mass ratio and a decrease in
root mass ratio under RLI50/with-support group. Because their entire
stem must spiral up their support for their photosynthesis in the shade
(RLI50), this plant could allocate proportionately more biomass to leaves
and stem compared with root. In contrast, under RLI100, excess
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photosynthetic material is transferred to roots and promotes root growth
compared to leaves and stem growth (Poorter and Nagel 2000).
There were significant reaction norm related to the support
availability according to the light intensity (Table 7). Even though plastic
responses to environment are generally complex and not linear, for
comparative purposes, the ratio of slope value (with-support : withoutsupport) was needed (Gianoli & Gonzalez-Teuber 2005). Through this
comparison, the largest effect of the support in RLI50 among the organs
of A. contorta was the stem-related traits (length, weight). The results
indicate that there was a quantitative difference in the degree of
morphological differences due to the effects of the support in RLI50.
Therefore, the interactive effects of light and support could be
corroborated in conditions of shade and support.
Not only stem, leaf and root traits in shade with proper support
provides the proper growth condition A. contorta, but also sexual
production and seed production only occurred in four-year-old
individuals in shade with support condition. Furthermore, in the previous
study, vines with proper support have better performance and fitness than
those that remain prostrate (Gianoli et al. 2007). Because vertical growth
with support in the shade may have another benefit which reduce the risk
of herbivory that vines without support suffer greater herbivory within a
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population (Karban and Nagasaka 2004, Albrectsen et al. 2004.
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5. Conclusion
To better understand the optimal habitat characteristics of A.
contorta, field survey and mesocosm experiment were conducted. In my
first study, the natural habitat of A. contorta was at the edge of river
which had host that could provide proper shade and support. This study
showed that host type have greater effects on the growth of A. contorta
than other environmental factors. Relative light intensity decided by host
type was important. The optimal host type of A. contorta was found to be
TH based on growth characteristics of A. contorta in this study. Based on
the first survey result, in my second study, I examined the effects of
support and shade on morphological and reproductive traits on the growth
of A. contorta. I found that A. contorta grown in the shade and support
condition showed longer stem length, bigger leaf. Moreover, sexual
reproduction only occurred in shade with support condition. It could be
suggested that Aristolochia contorta showed such a shade tolerance
strategy and it could be enhanced with proper support condition.
This consequence could provide optimal habitat condition to not
only A. contorta but also the specialist herbivore, larva of S. montela in a
food quality perspective. My findings will contribute to enhance the
understanding of effects of environmental factors on the plant-insect
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interaction and to provide essential data for the conservation and
restoration of habitats for A. contorta. In order to improve the growth of
A. contorta in artificial habitat, it is necessary to provide a proper shade
and install a physical support.
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국문 초록
쥐방울덩굴(Aristolochia contorta Bunge)은 다년생 덩굴성
식물로 취약종인 꼬리명주나비 (Sericinus montela)의 유일한
먹이원이다. 쥐방울덩굴의 최적 생육 환경을 파악하기 위하여
현장 조사와 메조코즘 실험을 수행하였다. 첫째로, 쥐방울덩굴의
최적 서식지 특성을 평가하기 위해 국내 10곳에서 총 86개의
방형구를 조사하였다. 서식지의 토양 특성, 지지 유형의 종류,
상대적인 빛의 세기 등의 환경요인과 쥐방울덩굴의 생장 특성을
조사하였다. 지지 유형은 초본, 관목, 교목, 인공 구조물로 분류
되었다. 쥐방울덩굴 서식지의 최적 환경 요인 범위(ORD)는 강
변과의 거리가 10 ~ 32m, 도로변과의 거리가 0.0 ~ 3.8m, 토
양 전기전도도가 18.87 ~ 82.15μS cm-1, 모래 함량이 21.0 ~
75.0%, 클레이 함량이 0 ~ 12.5%, 실트 함량이 22.5 ~ 72.0%
이었다. 토양 NO3-N 함량의 최적 환경 요인 범위는 0.00 ~
35.76 mg kg-1, NH4-N 함량은 0.00 ~ 4.40 mg kg-1, PO4-P
는 0.63 ~ 22.70 mg이다. 토양 Ca2+ 함량은 350.0 ~ 1,023.0
mg kg-1, Na+ 함량은 0.27 ~ 21.70 mg kg-1, K+ 함량은
178.0 ~ 289.0 mg kg-1, Mg2 + 함량은 27.90 ~ 131.3 mg kg 77
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, 토양 수분 함량은 1.25 ~ 14.50 %이었다. 탈경향대응분석

(Detrended correspondence analysis)은 지지대 유형이 쥐방
울덩굴의 정착 및 생장 특성에 가장 큰 영향을 미친다는 것을
보여주었다. 인공구조물 방형구에서는 상대 피도(44.4 %)와 잎
수 (526.7 m-2)가 가장 높은 반면 교목 지지대 방형구에서는
줄기 길이 (162.8 cm)와 잎 크기 (46.6 cm2)가 가장 높았다.
쥐방울덩굴의 최적 생장에는 적절한 빛 (약 47.5%)과 물리적인
지지대가 필요한 것으로 파악되었다.
첫 번째 조사 결과를 바탕으로 쥐방울덩굴의 생장 형태 및
생식 형질에 대한 지지대와 그늘의 영향을 메조코즘 실험을 통
하여 알아보았다. 상대 광도 100% (RLI100)와 50% (RLI50)
의 두 가지 빛 조건과 지지대 유무 조건의 4가지 실험처치 하에
서 형태 및 생식 특성 (라메트 수, 가지 수, 단일 잎 면적, 전체
잎 면적, 절간과 잎자루의 길이, 줄기 길이, 꽃 수, 뿌리싹의 수,
각 부위의 건중량(줄기, 잎, 뿌리)을 측정했다. RLI50의 지지대
가 있는 조건은 가장 큰 단일 잎 면적, 가장 긴 줄기, 절간 길이,
잎 자루 길이, 가장 큰 총 건중량과 줄기 건중량을 가졌다. 또한
개화는 이 조건(RLI50/지지대 있음)에서만 이루어졌다. 이러한
결과는 쥐방울덩굴이 그늘에 내성을 가지고 있음을 시사한다.
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인공 서식지에서 쥐방울덩굴의 생장을 개선하기 위해서는 적절
한 그늘을 제공하고 물리적인 지지를 제공할 필요가 있다. 이
연구 결과는 취약종인 꼬리명주나비 애벌레의 먹이원인 쥐방울
덩굴의 최적의 서식지를 조성하는 데 유용한 데이터를 제공 할
수 있을 것이다.

주요어: 덩굴성 식물, 보존, 빛의 세기, 지지대 유형, 최적
서식지, 형태학적 표현형
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