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Population structure and genetic diversity of an endangered
species, Glyptostrobus pensilis (Cupressaceae)
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Abstract.  Glyptostrobus pensilis (Staunton ex D. Don) K. Koch is a critically endangered species, only distributed
in South China and Vietnam. Genetic variation within and between populations was investigated using inter-simple
sequence repeat (ISSR). One hundred and seventy individuals from fourteen populations representing five regions in
southern and southeastern China were sampled. The results show that genetic diversity of G. pensilis is rather low:
P = 10.2%, Ae = 1.070 and Hpop = 0.058 at population level; P = 24.7%, Ae = 1.140 and Hsp = 0.122 at species
level. The results further indicate significant genetic differentiation between regions (16.10%, analysis of molecular
variance [AMOVA], p<0.005), between populations within particular regions (29.76%, P<0.0002), and between in-
dividuals within populations (54.14%, P<0.0002). High levels of genetic differentiation between populations were
also detected based on Nei’s genetic diversity analysis (51.36%), and Shannon’s diversity index (52.54%). Possible
reasons for the high genetic differentiation and its low level of diversity within populations are discussed. Possible
in situ and ex situ conservation strategies for G. pensilis are suggested.
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Introduction

Glyptostrobus pensilis (Staunton ex D. Don) K. Koch
has been recognized as a unique monotypic genus in the
family Cupressaceae on the basis of its distinct morphol-
ogy (Zheng and Fu, 1978; Farjon and Page, 1999). Fossil
evidence indicates that G. pensilis was widely distributed
in the Far East, Siberia, Canada, and the United States in
the Late Cretaceous, and in Siberia and Thailand in the
Pliocene (Florin, 1963; Yu, 1995). Due to the early Pleis-
tocene glaciations and subsequent desertification during
the Quaternary, this species occurs now only in South
China and Vietnam (Farjon and Page, 1999; Li and Xia,
2004). Glyptostrobus pensilis is a monoecious, wind-
pollinated, heliophilous and sub-evergreen tree, which is
tolerant of waterlogging and can grow in most soils that
are not saline or alkaline. The species is adapted to warm
and humid habitats. Seedlings or saplings demand suffi-
cient sunlight in addition to fertile and moist soil (Fu and
Jin, 1992; Yu, 1995). Glyptostrobus pensilis has been clas-
sified as endangered by the IUCN categories and listed in
the China Plant Red Data Book: Rare and Endangered
Plants (Fu and Jin, 1992; Farjon and Page, 1999). Previous
studies of G. pensilis focused mostly on chemical com-
position (Lan et al., 1992), cytology (Xiao and Dong, 1983;
Li, 1987), pollen morphology (Xi, 1986), ecology (Yu, 1995),

and geography (Xu and Li, 1959). Research on the genetic
variation within and among populations of G. pensilis has
not been reported to date. Genetic variation within and
among populations of rare and endangered species plays
a significant role in the formulation of appropriate manage-
ment strategies directed towards their conservation
(Milligan et al., 1994).

In recent years, a relatively novel molecular technique
that permits the detection of polymorphisms in micro-sat-
ellite and inter-micro-satellite loci without previous knowl-
edge of the DNA sequences has been described:
“inter-simple sequence repeat PCR” (ISSR-PCR)
(Zietkiewicz et al., 1994). This technique has been widely
used to investigate genetic diversity and population ge-
netic structure because it overcomes some limitations of
allozymes and requires a small amount of DNA (Wolfe et
al., 1998; Ratnaparkhe et al., 1998; Esselman et al., 1999).
Each primer is composed of di- or trinucleotide repeats with
or without one to three additional nucleotides at the 5´- or
3´- end to serve as anchors against reverting strand slip-
page during amplification (Gupta et al., 1994). The se-
quences of repeats and anchor nucleotides are arbitrarily
selected, and identical repeat sequences with different an-
choring sequences can yield different banding patterns
(Wolfe et al., 1998). In contrast with other molecular
techniques, the sequences that ISSR target are abundant
throughout the eukaryotic genome and evolve rapidly.
Consequently ISSR may reveal a much higher number of
polymorphic fragments per primer than random amplified
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polymorphic DNA (RAPD), and ISSR reaction is more spe-
cific than RAPD analysis (Williams et al., 1990; Fang and
Roose, 1997; Wolfe et al., 1998; Esselman et al., 1999).
However, ISSR loci are dominant markers with the assump-
tion of only two alleles per locus, which may bias some
population genetic parameters if selection is occurring or
if the population is not randomly mating.

In this investigation, ISSR analysis was used to detect
the genetic diversity within and among populations of G.
pensilis in order to provide information for conservation
strategies for this species.

Materials and Methods

Population Sampling
Sampling included materials from five regions (Province

of Guangdong, Jiangxi, Hunan, Fujian, and Yunnan) of G.
pensilis. Fourteen populations of G. pensilis were col-
lected in spring, 2002. The locations of these populations
are given in Table 1. Trees for sampling were selected ran-
domly within each population. For some populations, only
three or four individuals were obtained, owing to the low
number of trees and very low accessibility.  For other
populations, about twenty individuals were sampled. Leaf
samples were obtained from a total of 170 individuals from
14 populations (Table 1). Samples consisted of a single
twig and a few leaves taken from a tree in the field.

Genomic DNA Extraction
Total DNA of the leaves was extracted from leaf tissue

using a modified CTAB extraction (Doyle and Doyle, 1990;
Doyle, 1991). 0.5 g of dried leaves was ground to fine pow-
der in liquid nitrogen. Extraction was conducted in 1.5 mL
plastic microcentrifuge tubes followed by two chloroform-
isoamyl alcohol (24:1) purifications. The resulting DNA
pellet was washed with 70% ethanol before the final sus-
pension step. DNA concentrations were determined with
uncut lambda DNA of a different known concentration as
a size marker, on 1% agarose gels.

ISSR PCR Amplification
PCR amplification was carried out in a volume of 20 µL.

The reaction mixture consisted of 20 ng of template DNA,
10 mmol/L Tris-HCl (pH 9.0) reaction buffer, 50 mmol/L KCl,
0.1% Triton X-100, 2.7 mmol/L MgCl

2
, 0.1 mmol/L dNTPs,

2% formamide, 200 nmol/L primer, and 1.5 units of Taq
polymerase. A negative control reaction, in which DNA
was omitted, was included with every PCR run in order to
test that no self-amplification or DNA contamination
occurred. PCR reactions were performed in a PTC-100
thermocycler (MJR Research, Inc., USA) using an initial 5
min denaturation at 94°C followed by 35 cycles of 30 s de-
naturation at 94°C, 45 s of annealing temperature (48°C-
53°C) and 1.5 min extension at 72°C, with a final 10 min
extension at 72°C. One hundred ISSR primers of 15-23
nucleotides in length from the Biotechnology Laboratory,
University of British Columbia (UBC primer set # 9) were
initially screened, and 10 primers (Table 2) that gave
distinct, repeatable fragment patterns were finally chosen
for amplification. In order to avoid biasing estimates, the
selection of primers for full analysis was dependent only
on the clearness and reproducibility of ISSR fragments and
not on the level of polymorphism. A DNA Ladder (New En-
gland Biolabs, cut with EcoRI/HindIII) was used as a size
marker (100-1500 bp). Amplification products were resolved
electrophoretically on 1.5% agarose gels run at 180 V in
TBE and visualized by staining with ethidium bromide. The
gel images were identified by image analysis software
(LabWorks Software, Version 3.0; UVP, Upland, CA, USA).
Only bands showing consistent amplification were consid-
ered for this study. All smeared and weak bands were
excluded.

Data Analysis
Polymorphic ISSR bands were scored as present (1) or

absent (0). POPGENE, v. 1.31 (Yeh et al., 1999) was used
to calculate genetic diversity for each population, includ-
ing the mean number of alleles per locus (A) and the per-
centage of polymorphic loci (P).  The level of gene flow

Table 1.  Populations of Glyptostrobus pensilis for ISSR analysis.

Code Population Elevation(m) Latitude (N) Longitude (E) Samples size

GP Guangdong Pingyuan 167 24°32’ 115°54’ 3
GQ Guangdong Qujiang 135 24°39’ 113°38’ 4
GD1 Guangdong DoumenSen 31 22°22’ 113°12’ 23
GD2 Guangdong DoumenHai 34 22°23’ 113°15’ 16
GG Guangdong Guangzhou 69 23°11’ 113°22’ 5
JN Jiangxi Nanchang 55 28°46’ 115°49’ 6
JJ Jiangxi Yujiang 46 28°17’ 116°58’ 11
JY Jiangxi Yiyang 42-88 28°18’-28°22’ 117°18’-117°24’ 33
JQ Jiangxi Qianshan 84-104 28°12’-28°15’ 117°32’ 11
FJ Fujian Jian’ou 409-575 26°54’-27°01’ 118°29’-118°36’ 8
FP Fujian Pingnan 1280 27°01’ 118°52’ 19
FY Fujian Yongchun 778-873 25°29’-25°31’ 118°04’-118°06’ 9
HC Hunan Chenzhou 355-678 26°12’-26°13’ 113°29’-113°31’ 12
YK Yunnan Kunming 1980 25°09’ 102º44’ 10
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(N
m
) was measured using Nei’s (1973) gene diversity

statistics. The Shannon information measure (Ho) was cal-
culated at two levels: the average diversity within popu-
lations (Hpop), and the total diversity within species (Hsp).
The proportion of diversity between populations D = (Hsp-
Hpop)/Hsp was estimated. The binomial matrix was used
to calculate the level of polymorphism for each population.
This matrix was used to construct a dendrogram using the
unweighted pair group method (UPGMA) (Sneath and
Sokal, 1973) and the SHAN (sequential, hierarchical,
agglomerative and nested clustering) routine in NTSYS
software (Rohlf, 1994), and the generation of the
bootstrapped dendrograms was done with the program
TFPGA 1.3 (Miller, 1997). The distance matrix was gener-
ated with the AMOVA-PREP version 1.01 (Miller, 1998). The
resulting distance matrix was subjected to an analysis of
molecular variance using WINAMOVA version 1.55
(Excoffier et al., 1992; Excoffier, 1993; Stewart and Excoffier,
1996). A Mantel test was used to determine whether the
matrix of mean genetic distances between the locations was
correlated with the matrix of geographic distances between
the locations or not (Mantel, 1967). The Mantel test was
conducted with the program TFPGA 1.3.

Results

The ISSR Bands
ISSR analysis using 10 primers generated a total of 90

different ISSR bands, with primer 880 yielding the highest
number of products (13 amplicons) and primer 809 the least
(5 amplicons), corresponding to an average of 9 bands per
primer. The number of polymorphic bands also varied be-
tween primers, with primers 880 generating five
polymorphisms, 809 and 888 yielding one polymorphism.
The size of the amplified fragments ranged from 200 to 1200
base pairs (bp). Among the 90 loci, 24 (24.7%) were poly-
morphic at the species level. The polymorphic loci for each
population are given in Table 2.

Genetic Diversity
The genetic data for each of fourteen populations of

G. pensilis using ISSR are summarized in Table 3. The per-
centage of polymorphic loci (P) varied greatly between the
five regions and between the fourteen populations. For a
single population it ranged from 2.2% to 18.9%, with an
average of 10.2%. The average effective number of alleles

Table 3. Genetic variability within populations of Glyptostrobus pensilis detected by ISSR analyses.

Population Ao Ae Ho P (%) N

GP 1.100 (0.302) 1.090 (0.275) 0.066 (0.200) 10.0 3
GQ 1.078 (0.269) 1.057 (0.207) 0.047 (0.164) 7.8 4
GD1 1.144 (0.354) 1.063 (0.185) 0.063 (0.169) 14.4 23
GD2 1.089 (0.286) 1.037 (0.141) 0.038 (0.132) 8.9 16
GG 1.044 (0.207) 1.019 (0.111) 0.019 (0.094) 4.4 5
JN 1.144 (0.354) 1.114 (0.291) 0.090 (0.222) 14.4 6
JJ 1.100 (0.308) 1.074 (0.236) 0.059 (0.184) 10.0 11
JY 1.167 (0.375) 1.113 (0.276) 0.095 (0.220) 16.7 33
JQ 1.089 (0.286) 1.063 (0.216) 0.052 (0.172) 8.9 11
FJ 1.167 (0.375) 1.133 (0.308) 0.105 (0.237) 16.7 8
FP 1.189 (0.394) 1.130 (0.286) 0.110 (0.233) 18.9 19
FY 1.022 (0.148) 1.017 (0.119) 0.0140 (0.093) 2.2 9
HC 1.056 (0.230) 1.029 (0.153) 0.025 (0.118) 5.6 12
YK 1.044 (0.207) 1.037 (0.173) 0.029 (0.134) 4.4 10

Note. Sample sizes (N), Observed number of alleles per locus (Ao), The effective number of alleles per locus (Ae), percentage of
polymorphic loci (P), Shannon’s Information index (Ho).

Table 2. Attributes of SSR primers used for generating ISSR markers from 170 individuals of Glyptostrobus pensilis sampled from
fourteen populations.

Primer name Sequence 5´ to 3´ No. of bands scored PB Approx. band size range (bp)

808 AGA GAG AGA GAG AGA GC 9 3 360-900
809 AGA GAG AGA GAG AGA GG 5 1 610-1000
811 GAG AGA GAG AGA GAG AC 10 2 450-1200
835 AGA GAG AGA GAG AGA GYC 7 2 310-700
840 GAG AGA GAG AGA GAG AYT 12 2 250-800
842 GAG AGA GAG AGA GAG AYG 11 2 600-1300
857 ACA CAC ACA CAC ACA CYG 7 2 280-880
880 GGA GAG GAG AGG AGA 13 5 280-1200
881 GGG TGG GGT GGG GTG 8 4 200-1050
888 (CGT) (AGT) (CGT) CAC ACA CAC ACA CA 8 1 400-1050

Note. No. of polymorphic bands (PB).
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(Ae) per locus is 1.070. Very low levels of genetic diversi-
ty within populations were observed, and these standard
measures of genetic diversity varied in all populations.
Among the fourteen populations, population FP, FJ and
JY exhibited the greatest level of variability (P: 18.9%, Ae:
1.130, Ho: 0.110; P: 16.7%, Ae: 1.133, Ho: 0.105; and P: 16.7
%, Ae: 1.113, Ho: 0.095, respectively) while the population
FY exhibited the lowest (P: 2.2%, Ae: 1.017, Ho: 0.014). At
the population level, the average values of Ae, Ho and P
for all the populations were 1.070, 0.058 and 10.2%. At the
species level Ae, Ho and P were 1.140, 0.122, and 24.7%,
respectively. The Shannon indices (Ho) ranged from 0.014
to 0.110, with an average of 0.058 at the population level
(Hpop) and 0.122 at the species level (Hsp).

Genetic Variation between Populations and Re-
gions

The AMOVA analysis provided corroborating evidence
for the genetic structure obtained from Nei’s genetic di-
versity statistics and Shannon’s diversity estimation. The
total variance analyzed without considering the regional
distribution of the populations was 44.16% between
populations. Highly significant genetic differences were
detected between regions (P<0.005), between the fourteen
populations of G. pensilis, within populations (P<0.0002),
and 55.84% between individuals (P<0.0002). Of the total
genetic diversity, 16.10% was attributed to differences be-
tween regions, 29.76% to differences between populations
within regions, and 54.14% to differences between indi-
viduals within populations. Furthermore, the total variance
analyzed without considering the populations—29.17% for
the regions and 70.83% between individuals within re-
gions—suggested that most variation was within popula-
tions (Table 4).

A UPGMA dendrogram produced using the Jaccard co-
efficient between populations is shown in Figure 1. The
bootstrap values of the groups ranged from 84% (HC and
YK) and 47% (GD1 and GD2) to 33% (GP and GQ) and 15%
(FJ and FP), and some of them were not very high. The
coefficient of genetic differentiation between populations
was 0.5136 as estimated by partitioning of the total gene

diversity (Gst). The matrix of the genetic distances did not
correlate significantly with the corresponding matrix of
geographical distances (Mantel test, correlation coefficient
of r=0.53 and a significance of p<0.002). The UPGMA clus-
ter analysis based on the genetic distances showed three
clusters of populations were relevant to geographical
position: populations FJ, FP, populations GD1, GD2, GG,
and populations JY, JQ, JJ (Figure 1). Bootstrap values for
these groups are variable. The level of gene flow (based
on Gst) estimated was very low (N

m
 = 0.24); the Shannon’s

diversity index (D) was 52.54%, suggesting that rather
high genetic differentiation existed between populations.

Discussion

Genetic Diversity
Genetic diversity is essential to the long-term survival

of tree species to avoid risk of extinction. The loss of ge-
netic variation is thought to decrease both the short-term

Table 4.  Analysis of molecular variance (AMOVA) for 170 individuals in 14 populations, 5 regions of Glyptostrobus pensilis using
90 markers.

Source of variation d. f. SSD MSD Variance component % Total variance P-valuea

Nested analysis
Among regions 4 130.062 32.516 0.534 16.10% <0.005
Among pop. within regions 9 240.197 12.237 0.987 29.76% <0.0002
Among ind. within pop. 156 280.250 1.796 1.797 54.14% <0.0002
Among pop. 13 240.197 18.477 1.421 44.16% <0.0002
Among ind. Within pop. 156 280.250 1.796 1.797 55.84% <0.0002
Among regions 4 130.062 32.516 0.975 29.17 <0.0002
Among ind. within regions 165 390.385 2.366 2.366 70.83 <0.0002

Note. Degrees of freedom (d. f.), Sum of squares (SSD), Mean squared deviation (MSDs), The percentage of the total variance (%
total).
aSignificance tests after 5000 permutations.

Figure 1. Bootstrapped cluster analysis (UPGMA) dendrogram
for fourteen populations of Glyptostroubs pensilis, based on the
Jaccard’s similarity coefficient matrix. Numbers at the nodes in-
dicate the probability of the branch when the bootstrap analy-
sis was calculated with 1,000 iterations.  Population
abbreviations follow Table 1.
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and the long-term adaptability of populations in variable
and changing environments (Hamrick, 1994; Young et al.,
1996). Our investigations of the fourteen populations of
G. pensilis indicated that this endangered species has a
very low level of genetic diversity, particularly at the popu-
lation level. Genetic diversity averaged 0.058 at the popu-
lation level (Hpop) and 0.122 at the species level (Hsp).
Similar levels and patterns of genetic diversity have been
found for Asian Pinus species (Szmidt et al., 1996; Ge et
al., 1998). As Table 3 indicates, large populations always
have higher diversities.  For example, the FP population
has 19 individuals with P=18.9%, Ae=1.130, and Ho=0.110,
in contrast to the GG population with only five individu-
als (P=4.4%, Ae=1.019, Ho=0.019), and the samples reflect
actual numbers of G. pensilis in the field according to our
field investigation. Population genetic theory predicts that
small, isolated populations will lose genetic diversity and
become increasingly differentiated from other populations
(Buza et al., 2000). The clear relationship between popula-
tion size and genetic diversity suggests that the restric-
tion into small populations following habitat loss has been
accompanied by a reduction of diversity within them (Li
and Xia, 2004).

Glyptostrobus pensilis is a relict species currently
restricted to areas of China and Vietnam that were not
affected by Quaternary glaciations (Xu and Li, 1959; Yu,
1995). Its genetic diversity (P=10.2%, Hpop=0.058, Hsp=
0.122 and Gst was 0.514, Shannon’s diversity index was
0.525) is structured, probably by geographical conditions,
ecological factors, mating system, and influenced by
historical events such as glacial periods. Fossils of G.
pensilis are known from the Late Cretaceous of the Far
East, Siberia, Canada, and United States to the Pliocene of
Siberia and Thailand (Florin, 1963; Yu, 1995). Apparently,
the geographic range of G. pensilis  was largely
constrained, and its populations were greatly reduced in
size during the cold periods of Quaternary glaciations. In
most cases, restriction of populations to small refugia, and
reduction in population size at the time of fragmentation
owing to climatic changes associated with Pleistocene
glacial events, created genetic bottlenecks because the
remaining individuals contained only a small sample of the
original gene pool (Falk and Holsinger, 1991). Subsequent
to this initial loss of variation, remnant populations that
remain small and isolated for many generations continue
to lose diversity due to random genetic drift. As with
populations in rare and endemic species like Lactoris
fernandeza (Lactoridaceae), which have 24.5% polymorphic
bands (Brauner et al., 1992), the low level of variability
(P=24.7%, Hsp=0.122, and Hpop=0.058) is considered to be
a consequence of survival in isolated refugia during the
Pleistocene.

In recent centuries, the habitats of G. pensilis have been
devastated by human activities, and this has led to mas-
sive elimination of populations of this species. Changes
in land use have caused increased fragmentation of the
range of G. pensilis, in addition to isolation of particular
small populations (Xu and Li, 1959; Han et al., 1997; Li and
Xia, 2004). It has been demonstrated that the major cause

of the historical decline of G. pensilis is the deterioration
of the environment and unsuitable conditions for seed
germination, such as poor water quality (Xu and Li, 1959).
In the face of man-made habitat fragmentation, studying
the processes affecting genetic diversity in fragmented
habitats has become increasingly important. Low levels of
genetic diversity may reduce the potential of species or
populations to survive in a changing environment (Ellstand
and Elam, 1993). Such processes may have contributed to
the lack of genetic diversity observed today, in addition
to the historical effects of glaciation and confinement to
refugia.

Genetic Structure of Populations
Genetic structure is the nonrandom distribution of alleles

or genotypes in space or time. The investigated population
of G. pensilis showed 54.14% genetic variation among the
individuals within the same population and 44.16% within
populations while only 16.10% variance was found among
regions. In addition, for G. pensilis, the largest Gst (0.514)
observed between populations was rather higher. The
results of the analysis, therefore, showed a distinct
geographical partitioning of genetic variance, and the
estimates of N

m 
=0.24 revealed a low level of migration

between the isolated locations, which resulted in
considerable geographical differentiation. Similar results
concerning genetic structure of G. pensilis populations
were obtained using Shannon’s diversity index (D=52.54
%).

Low diversity and high population partitioning in rare
plants have previously been attributed to a number of
factors, including adaptation of genetic systems in small
populations, recent fragmentation of continuous genetic
systems (human activity), and limited gene flow due to the
combination of wind pollination and high inbreeding rate
(Maguire and Sedgley, 1997). Now, G. pensilis is only dis-
tributed in southern and southeastern China, and in
Vietnam.  Like many glacial relicts (Demesure et al., 1996;
Tremblay and Schoen, 1999), G. pensilis showed high ge-
netic differentiation. Bauert et al. (1998) observed strong
differentiation among rare relict populations of Saxifraga
crenua (Saxifragaceae) in the Alps. Cardoso et al. (1998)
investigated relict populations of Caesalpinia echinata
(Caesalpiniaceae) in Brazil, which had expanded in distri-
bution during the cold periods of the Quaternary and con-
tracted to a few sites with the return of the warmer climate.
C. echinata also showed considerable genetic differentia-
tion among the rare and isolated populations. In addition,
distances between populations of G. pensilis are large: the
mean distance in our sample was 630 km, and the farthest
distance between populations was 1662.6 km (between FY
and YK). Reflecting these facts, the strong genetic differ-
entiation of G. pensilis clearly can be attributed to its long-
term isolation since the end of the last glaciations.

Conservation Consideration
Information about the genetic diversity of threatened

species is a prerequisite to designing suitable strategies
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for genetic conservation and establishing effective and ef-
ficient conservation practices (Falk and Holsinger, 1991).
Declines in genetic variation in wild populations are of
great concern to conservation biologists (Hedrick et al.,
1992). The ultimate goal of conservation is to ensure the
continuous survival of populations and to maintain their
evolutionary potential (Godt and Hamrick, 1995). The de-
termination of genetic structure for G. pensilis, one of the
most acutely threatened tree species in China, allows us
to undertake an appropriate strategy for its conservation.
The high degree of genetic differentiation between popu-
lations of G. pensilis indicates that a considerable amount
of the overall genetic variation of the species in the study
area may be lost if management focuses only on conser-
vation of large populations. For conservation it is neces-
sary to protect the existing populations in situ in order to
preserve as much genetic variation as possible, especially
for those populations with higher genetic diversity. For
example, the FP, FJ and JY populations harbor a signifi-
cant amount of the genetic diversity, and these should be
a priority for conservation action. This is particularly the
case for population FP, which showed the highest vari-
ability of all populations.

A major goal of conservation is the maintenance of ge-
netic diversity and evolutionary processes in viable popu-
lations in order to prevent potential extinction (Falk and
Holsinger, 1991). It was demonstrated that the major cause
of the decline of G. pensilis was the damage and fragmen-
tation of habitats by human activities and industrial exploi-
tation (Han et al., 1997; Li and Xia, 2004). Habitat
destruction, which leads to the elimination of species,
should therefore be prevented. Secondly, conservation
management of the remaining populations is required. In
order to increase genetic variation and accelerate gene flow,
ex situ conservation should be provided for as many of
the introduced populations as possible in the same place
because even a low differentiation can be a starting point
for further evolutionary development. In particular, con-
sidering the habitats suitable for this species is very
important. By this means, the remaining genetic diversity
resources of the species can be preserved to the greatest
extent. Further studies are underway to directly document
the breeding system and pollination of G. pensilis. These
data will be integrated into a management plan to meet the
goal of preserve design that optimizes conservation of G.
pensilis.
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