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Abstract

Ceriops tagal (Perr.) C.B. Rob can be found in Baluran National Park, Kepulauan Seribu National Park, Karimunjawa
National Park, and Segara Anakan Cilacap in Java and its surrounding areas. These locations have different
demographics and environmental conditions. Plant species found in different geographical areas have varied
genetic structures and morphological traits as a result of their adaptability to their environment. The goal of this
study is to evaluate the morphological and genetic differences between the four populations of C. tagal in Java and
its surroundings. Internode length, leaf length, leaf width, petiole length, and leaf area were the morphological
characters used. The Internal Transcribed Spacer (ITS) region is used as a molecular marker. The UPGMA
dendogram was used to analyze the morphological similarity, and multidimensional unfolding analysis was used to
determine which character most determined the grouping. Mega X software was used to analyze genetic variation
using the neighbor-joining approach, while Arlequin 3.5 software was used to estimate genetic variation within and
among populations. The results of this study showed that the population of Baluran National Park has features or
is distinct from the other three populations based on morphological and genetic characters; this could be because
of variations in geographic conditions, and that population diversification was aided by a combination of genetic
and physical divergence, restricted gene flow, and local adaptation.
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Introduction Philippines, and the wood is commonly used for fuel
in Madagascar (Chan et al., 2015). In addition, owing
to the chemical content of diterpenoids and
triterpenoids, C. tagal has the potential to be used as
a raw material for medicine, because it has anti-
hyperglycemic, cytotoxic properties (Chan et al.,
2015; Ahad et al., 2021), antioxidant, anticoagulant,
sedative effect, anthelmintic (Ahad et al., 2021),
antibacterial, and inhibitory properties of glucosidase
(Chan et al., 2015). C. tagal also acts as an
anticorrosive (Shamsuzzaman et al., 2021), and
plays a role in mitigating disasters due to climate
change because it is able to store carbon (C) from CO2
compounds that have the potential to cause global
warming (Ashuri and Patria, 2020).

Ceriops tagal (Perr.) C.B. Rob is one of the
mangrove species in the Rhizophoraceae family,
which has an important role both in terms of ecology
and economy. Like mangroves in general, C. tagal
also has an ecological role as a shoreline protector
from abrasion, sedimentation, and breakwaters
(Zulkarnaini et al., 2017). In addition, C. tagal also
acts as a habitat for mangrove biota, especially
molluscs (Partiwi et al., 2023) and crustaceans
(Ginantra etal., 2021). C. tagal is also associated with
epifauna (Setiawan et al., 2021; Candri et al., 2022)
and infauna macrobenthos (Schrijvers et al., 1998).
For the economic use of C. tagal, for example, tannins

from the bark are used as batik dyes and C. tagal grows to form dense thickets on the
preservatives for toddy fermentation in the edge of the land, from tidal to intertidal areas. C. tagal
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is also found along ponds, can grow on clay
substrates, and associates with C. decandra (Giesen
et al., 2006). C. tagal can also grow in downstream
mangrove forests, which are least affected by fresh
water and can be found together with other species
that are more tolerant to salt, such as Sonneratia
alba, Bruguiera sexangula, Lumnitzera racemosa,
and Rhizophora stylosa (Wang et al., 2019).

Geographically, the distribution of C. tagal
ranges from Mozambique and East Africa to the West
Pacific and is spread across northern Australia and
Southeast Asia, as well as Taiwan, South China
(although it is very rare), and New Caledonia. In
Southeast Asia, C. tagal is found in Myanmar,
Cambodia, Thailand, Vietnam, the Philippines,
Malaysia, Brunei, Singapore, Indonesia, and Papua
New Guinea (Giesen et al., 2006). C. tagal grows on
the island of Java and its surroundings, for example
in Baluran National Park (Hariyanto et al., 2019),
Kepulauan Seribu National Park (Wigati and Aminah,
2011), Karimunjawa National Park (Malik, 2022),
and Segara Anakan Cilacap (Hilmi et al., 2021;
Jennerjahn et al., 2022).

The four populations in this study have
different geographical conditions; the Kepulauan
Seribu National Park is a coral archipelago located in
the Java Sea (Cahyadi et al., 2019). Mangroves in the
Kepulauan Seribu National Park are located in a core
zone far from anthropogenic activity (Suraji et al.,
2015). Karimunjawa National Park has similarities
with Kepulauan Seribu National Park because it is a
conservation area located in the Java Sea (Nehren
and Wicaksono, 2018). The existence of C. tagal in
the eastern part of Java Island is in the Baluran
National Park area, which is located at the tip of the
island and is affected by the currents of the Madura
Strait in the north, east of the Bali Strait, south of the
Bajulmati River, and west of the Klokoran River
(Fahmi et al., 2017). The mangroves in Segara
Anakan Cilacap are the only ones that are not in a
conservation area and are found in almost the entire
area. The western part of the area was converted into
residential areas, while the eastern part of the area
was used as an industrial area and a small area for
aquaculture (Ardli et al., 2022).

It has been proven from previous studies that
plant species spread over different geographical
areas also differ in their genetic structure and
morphological characteristics. Morphological
characteristics as such as Involucre color, trunk
surface, twig surface, twig color, leaf shape, leaf color,
leaf pubescence, number of primary leaf vein, primary
leaf vein divergence, fruit and pedicles shape, fruit
skin thickness, flesh texture, seed shape, cotyledon
surface (Abbaszadeh et al., 2020; Juma et al., 2021).
This can happen because of the adaptation of plants

to their environment, both morphologically and
genetically (Hu et al, 2019; Gul et al., 2021).
Because of this, alongside morphological characters
with emphasizing on the leaf (Permata and
Susandarini, 2022), molecular markers have been
extensively used in population genetics studies
(Forough et al., 2018; Susanto et al., 2018;
Marpaung and Susandarini, 2022). The physiological
and biochemical processes of plants are directly
impacted by the morphological variety of leaves,
which also represents the plants' adaptive tactics for
acquiring resources (Liand Wang, 2021). As the most
plasticity organs of the plant the variation of leaf
morphology commonly used as basis identification to
determine plant species (Mollick et al., 2021).

One of the markers that can be used in
universal population genetic studies is the Internal
Transcribed Spacer (ITS) (Forough et al., 2018; Surya
and Hari, 2018). ITS is a region on ribosomal DNA
(rDNA), which is present in every eukaryotic organism.
There are two ITS regions in eukaryotic organisms.
ITS-1 is located between the 18S gene and the 5.8S
gene, while ITS-2 is located between the 5.8S gene
and the 28S gene (Baldwin, 1993). According to
Baldwin et al. (1995), there are three things on the
basis of which this ITS area is suggested for use in
phylogenetic analysis of angiosperms. First,
compared to other components in nrDNA (nuclear
ribosomal DNA), the ITS region has relatively many
copies, even thousands, which supports the
detection, amplification, cloning, and sequencing of
nrDNA. Second, the rate of evolution is relatively fast,
so it can be used to study inter- or intraspecific
genetic variation for evolution or phylogeny. Third, the
ITS region has a relatively short base length (<700 bp
in angiosperms) and is supported by its position,
which is flanked by three conservative genes, making
the ITS region easy to amplify. As far as is known,
there have not been many studies on the genetic
variability of C. tagal in Indonesia, especially in Java
and its surroundings, and none have used ITS
markers, so that this research can provide genetic
information about C. tagal as a basis for further
conservation and utilization of C. tagal.

Materials and Methods

A total of 16 samples of C. tagal were taken
from four populations, namely Baluran National Park
(Kalitopo 7°50'26.1" LS 114°27'46.4" E and
Popongan 7°51'59.24" S 114°27'26" E, Figure 1 and
2.a), Kepulauan Seribu National Park (Penjaliran
Timur Island 5°27'53.26" S 106°33'10.13" E, Figure
1 and 2.b), Karimunjawa National Park (Kemujan
Island 5°49'39.8" S 110°28'36.0" E, Figure 1 and
2.c), and Segara Anakan Cilacap (eastern part
7°43'38.5" S, 108°59'2.6" BT, Figure 1 and 2.d).
Four individuals from each population were taken.
The organs needed are the youngest leaves and up to
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2-3 older branches. Each sample is labeled according = Kepulauan Seribu National Park; KJ = Karimunjawa
to the location and individual number, with the National Park; C = Segara Anakan Cilacap; 1-2-3-4 =
following description: B = Baluran National Park; KS Sample number
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Figure 1. Sampling map around Java Island

a. Baluran National Park b. Kepulauan Seribu National Park

¢. Karimunjawa National Park d. Segara Anakan Cilacap

Figure 2. Sampling habitats around Java Island
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Morphological characteristics evaluation of the leaves

As the most plastic organs of the plant and closely
related to adaptation to environmental change, we use
the internode length, leaf length, leaf width, petiole
length, and leaf area as characters for the
determination of C. tagal species from four sampling
locations (Figure 3.). Morphological character
measurements were performed with Imagel
software. Morphological similarity analysis with the
UPGMA dendogram was performed with NTsys
software. Multidimensional unfolding analysis was
performed in SPSS software to determine the
characters that most determined the grouping.

Genetic variation analysis

DNA extraction was performed using the
GENEAID Genomic DNA Mini Kit following the Kit's
protocol. DNA amplification (PCR) was performed with
primer pairs ITS 5P (5" GGA AGG AGA AGT CGT AAC
AAGG 3’) and 8P (5" CAC GCT TCT CCA GAC TACA 3’),
using the Promega GoTaq Flexi DNA Polymerase Kit,
with a total reaction mixture of 25uL (5 pL buffer 5X;
2.5 pyL MgCI2 25 mM; 0.5 pyL dNTPs 10mM; 0.5 uL
forward primer 10 mM; 0.5 uL reverse primer 10 mM;
0.14 uL Taq Polymerase; 13.86 pL nuclease-free
water; and 2 yL DNA template), and was carried out
at initial denaturation temperature conditions 94°C- 3
minutes, 35 cycles (denaturation 94°C- 1 min,
annealing 55°C- 1 min, elongation 72°C- 1 mins), final
elongation 72°C- 5 mins, and maintained at 12°C.
PCR amplification results were then visualized using
1% agarose gel electrophoresis in 1X TBE and
BIOTIUM GelRed Nucleic Acid Gel Stain for 30
minutes at 100 volts. Furthermore, sequencing was
carried out at 1st Base, Singapore. Alignment was
performed using BioEdit software (Hall, 1999).
Analysis of genetic variation from the ITS area was
carried out using the neighbor-joining method with a
1000-replication  bootstrap test, and genetic
distances were calculated using the p-distance

method in the MEGA X software (Kumar et al., 2018).
To determine the genetic variation within and
between populations, analysis of molecular variance
(AMOVA) was used in Arlequin 3.5 software (Excoffier
and Lischer, 2010).

Result and Discussion

Morphological characters of Ceriops tagal (Perr.) C.B.
Rob

Based on the results of measurements of
internode length, leaf length, leaf width, petiole
length, and leaf area presented in Figures 4 to 7 and
Table 1, the number of leaves of C. tagal that curved
backwards in Baluran National Park was greater than
that of Segara Anakan Cilacap, Seribu Islands
National Park, and Karimunjawa National Park, which
is one of the effects of drought stress (Cal et al.,
2019). In addition, samples from Baluran National
Park were found to have longer internodes compared
to other populations, while leaf length, leaf width, and
leaf area were relatively smaller than in other
populations. On the other hand, the petiole was not
significantly different in the four populations. The
morphology of smaller leaves like those in Baluran
National Park is also described in a study by (Zahidi
et al., 2013), which found that dry conditions can be
the main factor in leaf width and that leaf area tends
to be narrower when compared to humid conditions.
Given that the habitat of C. tagal in Baluran National
Park is on drier land when compared to other
populations, due to the topography of the land, C.
tagal is inundated only during the highest daily tide
(in Kalitopo) and even during the highest tide during
one period of the full moon (in Popongan). On the
other hand, C. tagal in the Kepulauan Seribu National
Park was inundated during medium and low tides; in
Karimunjawa National Park it was inundated during
medium and high tides; and in Segara Anakan Cilacap
it was inundated during medium or even the lowest
tides.

b

Figure 3. Measurement of morphological characters: (a) internode length (b) leaf length, leaf width, petiole, and leaf area
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Figure 4. Morphological characters of leaves and internode length of Ceriops tagal (Perr.) C.B. Rob samples from Kepulauan
Seribu National Park
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Figure 5. Morphological characters of leaves and internode length of Ceriops tagal (Perr.) C.B. Rob samples from Karimunjawa
National Park
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Figure 6. Morphological characters of leaves and internode length of Ceriops tagal (Perr.) C.B. Rob samples from Baluran National Park
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Figure 7. Morphological characters of leaves and internode length of Ceriops tagal (Perr.) C.B. Rob samples from Segara Anakan Cilacap
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Table 1. Results of measurements of the morphological characters of Ceriops tagal (Perr.) C.B. Rob using ImagelJ

Sample Internode length Leaf length Leaf width Petiole length Leaf area
+ SD (cm) + SD (cm) + SD (cm) + SD (cm) + SD (cm?2)
B1 1.231+0.84 5.74+1.78 2.36+0.79 1.93+0.57 10.95+5.94
B2 1.33+0.75 5.02+1.85 1.96+£0.89 1.52+0.54 7.95+5.19
B3 1.17+0.80 4.92+1.91 1.99+0.99 1.36+0.60 8.151+6.24
B4 1.46+0.55 5.38+1.58 2.16+0.66 1.440.58 9.05+5.11
KS1 0.761£0.59 7.114£3.40 3.38+1.66 2.02+1.22 21.22+16.74
KS2 0.661£0.41 6.52+2.45 3.01+1.09 1.82+0.69 16.65+10.53
KS3 1.03+0.87 6.20+2.32 2.75+1.12 1.88+£0.75 14.45+9.88
KS4 0.76x0.74 7.71+2.56 3.72+1.25 2.09+0.91 24.44+15.02
KJ1 0.751£0.51 7.00+£2.28 3.21+0.96 1.85+0.45 17.33+8.90
KJ2 0.80+0.71 6.65+2.57 3.18+1.30 1.81+0.86 18.72+10.98
KJ3 1.08+0.66 8.76+2.53 4.24+1.36 2.59+0.82 32.00+17.44
KJ4 0.86+0.37 6.72+3.09 3.23£1.50 2.051£0.92 17.77+£11.97
C1 0.66+0.23 6.3312.96 3.17+1.62 1.52+0.84 17.48+14.15
Cc2 0.91+0.85 5.89+2.29 2.92+1.30 1.5410.41 14.37+9.43
C3 0.97+0.67 6.51+1.95 3.24+1.17 1.54+0.62 16.71+9.18
C4 0.91+0.45 6.29+1.81 3.11+0.83 1.30+£0.45 15.00+7.39
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Figure 8. Dendogram of Ceriops tag‘;?_i?"g;r.) C.B. Rob morphology using UPGMA
To see the grouping of samples from the four morphological characters that form the strongest
locations, a dendrogram was compiled based on the basis for separating Baluran National Park population
similarity of the morphological characters of each groups are internodes length, supported by the
sample (Figure 8). The UPGMA dendrogram results characters of leaf area, leaf width, and leaf length,
show that the sample from Baluran National Park is which support the grouping of samples from
separated from other populations. Furthermore, Kepulauan Seribu National Park, Karimunjawa
samples from Kepulauan Seribu National Park, National Park, and Segara Anakan Cilacap, except for
Karimunjawa National Park, and Segara Anakan C1. Meanwhile, the petiole character is located at a
Cilacap did not appear to be clustered with samples coordinate point far from the others, indicating that it
from the same population; in fact, they were closer to is not a determining character for population
samples from other populations, or it could be said grouping.
that the three populations had morphological
similarities. It is well known that the main function of
leaves is to act as a link between plants and the
Multidimensional unfolding analysis (Figure 9.) environment, for example through gas exchange,
was carried out to see the morphological characters exposure to light, and thermoregulation. This is also
that became the basis for grouping each sample. The the cause of the diversification in leaf shape and size.
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Leaf with high of Leaf Water Content (LWC), clustering
of picophyll, fleshy and succulent leaf mostly found in
dried environment, whereas those traits in plant as
the mechanism of adaptation of physiology of plan to
survive in drought condition (Goldsmith et al., 2017).
In addition, rainfall and local temperature are also
strong factors affecting leaf morphology (Souza et al.,
2018; Li et al., 2020). In the face of mild drought
stress, plants are responding by regulating signalling
pathway by specific hormones to mediate
development of meristem cell, restricting shoot
growth to conserve water and energy resources that
they invest in growing root crops along with increasing
water consumption and reproduction (Kim et al.,
2022). Meanwhile, the humid environment will have
a detrimental effect on development of plants by
facilitating plant growth with photosynthesis and
excessing water such with flooding (Seleiman et al.,
2021).

The morphological variations can also occur
due to the influence of geography (Zahidi et al., 2013;
Alcantara-ayala et al.,, 2020), seasonal variations,
genotypes, and genotype x environment interactions
(Zahidi et al., 2013). In this study, the habitat of C.
tagal in Baluran National Park was on dry land, which
was inundated only during the daily high tide, and was
also adjacent to salt flats, which were inundated only
during the highest tide in one full moon period.
Furthermore, it is known that Kepulauan Seribu
National Park has a similarity with Karimunjawa
National Park, namely that it is a small island in the
open waters, north of Java Island, and is affected by

the waves of the Java Sea. This geographical
condition may be related to the similar morphology of
C. tagal in the two populations. On the other hand,
from a habitat perspective, Segara Anakan Cilacap is
similar to Karimunjawa National Park because C.
tagal grows in mangrove forests that are not directly
exposed to waves but are inundated at low or
moderate tides. In addition to habitat factors and
geographical conditions, the seasonal change at the
time of sampling were also take role in the variation
of the leaf morphology. On Woody plant, for example
Croton blanchetianus's demonstrates seasonal
flexibility on the leaf shape, possibly to maximize
water usage effectiveness in seasons of water
abundance and scarcity (Mendes et al., 2022).

DNA visualization and phylogenetic tree

PCR results using ITS markers were visualized
using agarose gel electrophoresis. It shows that the
length of the amplified base is between 750 and
1000 bp (Figure 10.). Following molecular analysis,
there were a total of 783 bp in the final dataset.
Alignment was done using Clustal W on the BioEdit
software. Blasting results at NCBI for C. tagal samples
from the four locations showed 99.35% to 100%
homology with the ITS sequence regions of C. tagal in
the database with accession numbers EF119022.1,
EF119032.1, and EF119040.1. This means that the
sequences obtained in this study are from the ITS
regions of C. tagal.
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Figure 9. Clustering results based on the morphological characters of Ceriops tagal (Perr.) C.B. Rob using Multidimensional

Unfolding
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Figure 10. Visualization results of Ceriops tagal (Perr.) C.B. Rob PCR products using ITS 5P and ITS 8P primers
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Figure 11. Ceriops tagal (Perr.) C.B. Rob phylogenetic tree using neighbor-joining p-distance method
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The most optimal phylogenetic tree is selected
from the construction results using the neighbor-
joining (NJ) method with distance calculations using
p-distance, as shown in Figure 11. The percentage of
bootstrap test results is displayed for each branch.
The results of the phylogenetic tree analysis from the
ITS area show the similarity of patterns with
morphological groupings. The sample from Baluran
National Park is close to the same population sample.
Meanwhile, samples from Kepulauan Seribu National
Park, Karimunjawa National Park, and Segara
Anakan Cilacap appear to have genetic similarity to
samples from other populations.

A close relationship between populations can
occur due to gene flow in these populations (Susanto
et al.,, 2018; Abbaszadeh et al., 2020). Kepulauan
Seribu National Park and Karimunjawa National Park
are in the same sea zone due to the influence of the
moonson that occurs in the waters of the Karimata
Strait (Simanjorang et al., 2018; Purba et al., 2021).
The similarity of marine zones certainly affects the
distribution of C. tagal in the Kepulauan Seribu
National Park and Karimunjawa National Park
populations, which also allows for gene flow between
the two populations. Different sea zones apply in the
waters of Baluran National Park due to the influence
of the moons coming from the waters of the Makassar
Strait (Purba et al., 2021). Meanwhile, what affects
the waters in Segara Anakan Cilacap are the currents
that pass through Nusa Tenggara, south of Java
Island, to the west of Sumatra Island (Simanjorang et
al., 2018). According to the simulation of dispersal of
the mangrove propagules by Van der Stocken et al.,
(2019) showed that Segara Anakan Cilacap is part of
Java Transtitional region that potentially received
mangrove propagules from Sunda Shelf region,
Northeastern Australia and Northwestern Australia.
The current flows in the Java Transitional region were
output flow from Indonesian throughflow (ITF) current
that confirmed flowing through Java Sea then mix with
the Indian South Equatorial Current by the Injection of
the Leeuwin Current (Van der Stocken et al., 2019;
Gruenburg et al., 2023). However, apart from the sea
current factor, one of the possibilities for gene flow is
the distribution of seedlings from Segara Anakan
Cilacap to other mangrove forests in Indonesia,

especially in Central Java and its surroundings by the
mangrove restoration program from the
conservationist and regional government
(Darmawan, 2020; Gatra, 2020).

Genetic distance and genetic variation

The degree of gene difference (genome
differences) between species or populations as
measured by various numerical methods is referred
to as genetic distance (Dogan and Dogan, 2016).
Regarding to the criteria for determining genetic
distance in Table 2.2, according to Nei (1972), if the
genetic distance is 0.010-0.099, it means low; if it is
0.1-0.99, it means medium; and if the value is 1.00-
2.00 it means high. According to Tallei et al. (2016),
the lower the value of genetic distance, meaning that
the more they have similarities, the closer the
relationship; conversely, the greater the genetic
distance, the greater the dissimilarity, or the greater
the relationship. Based on the results of the analysis
using the MEGA X software in Table 2, the genetic
distance is in the range of 0.000 to 0.022. It can be
said that the samples from the four locations are
genetically similar.

The AMOVA in Table 3 shows that the
percentage of genetic variation within the population
(61.42%) is higher than the genetic variation between
populations (38.58%). The results of this AMOVA
analysis strengthen the previous analysis (Table 2.),
which shows a low genetic distance value between
the four populations, which means that the four
populations have a lot of genetic similarities or low
genetic variation between populations.

High genetic variation in populations may be
related to cross-breeding that occurs within a species
(Abbaszadeh et al., 2020). In addition, it can also be
caused by the introduction of new genes from outside
the population or gene flow between different
geographical populations (Jin et al., 2020; Smith et
al., 2020). If gene flow in a population is limited, high
genetic variation within the population can occur due
to isolation by distance or local adaptation,
interactions between genotype and

Table 3. AMOVA Ceriops tagal (Perr.) C.B. Rob from four populations

Source of variation a.f. Sum of squares Variance components  Percentage of
variation

Among populations 3 25,688 1,53125 38,58

Within populations 12 29,250 2,43750 61,42

Total 15 54,938 3,96875

Fixation Index (FST) = 0,38583 p = 0,00000
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Table 2. Genetic distance of Ceriops tagal (Perr.) C.B. Rob using p-distance method

Sampel B1 B2 B3 B4 KS1 KS2 KS3 KS4 KJ1 KJ2 KJ3 KJ4 Cc1 c2 C3 C4
B1 0

B2 0,005 O

B3 0,003 0,003 O

B4 0,006 0,004 0,004 O

KS1 0,004 0,008 0,005 0,009 O

KS2 0,006 0,01 0,008 0,012 0,001 O

KS3 0,006 0,005 0,003 0,006 0,003 0,004 O

KS4 0,004 0,008 0,005 0,009 O 0,003 0,003 O

KJ1 0,008 0,012 0,009 0,013 0,004 0,004 0,006 0,004 O

KJ2 0,004 0,006 0,004 0,008 0,003 0,005 0,003 0003 0,006 O

KJ3 0,006 0,01 0,008 0,012 0,003 0,003 0,006 0,003 0,001 0005 O

KJ4 0,003 0,008 0,005 0,009 0,001 0,001 0,004 0,001 0003 0,003 0,006 O

Cc1 0,008 0,006 0,004 0,008 0,004 0,003 0,001 0,004 0,005 0,004 0,004 0003 O

C2 0,01 0,012 0,009 0,013 0,006 0,006 0,006 0,006 0,005 0,006 0,006 0,005 0,005 O

C3 0,017 0,021 0,018 0,022 0,013 0,013 0,015 0,013 0,009 0,015 0,01 0,012 0,014 0,009 O

C4 0,006 0,005 0,003 0,006 0,003 0,004 O 0,003 0,006 0,003 0,005 0,004 0,001 0,006 0015 O
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environment (Chen et al., 2023), and even genetic
drift (genetic drift) until the population has a specific
gene structure (Abbaszadeh et al., 2020). Genetic
variations due to local adaptations or specific gene
structures can also be formed due to genetic
mutations (Mba, 2013). Genetic variation is
important for plant survival and adaptation to
environmental conditions. High genetic variation in
the population helps to cope with environmental
changes (Razgour et al., 2019; Zhao et al., 2021).

Conclusion

Regarding to the morphological and genetic
of C. tagal leaf on this study, the population of
Baluran National Park has can be clearly
distinguished from the other three populations; this
could be due the local environmental condition of this
population has strongly drive to the plasticity of
morphology of C. tagal leaf. Meanwhile the population
of Segara Anakan Cilacap which geographically
different with Kepulauan Seribu National Park and
Karimunjawa National Park, has high genetic
variation within population and a close genetic
distance to other populations due to the genetic flow.
Hence, the genetic and environmental factor not
always work together in all sample population to form
the morphology of C. tagal leaf. Population
diversification of C. tagal on this study are indicated
by morphological divergence of leaf as a mechanism
of adaptation and limited gene flow between C. tagal
population. Regarding to those matters, the further
consideration of the conservation of C. tagal in
general and particularly on Java Island and its
surroundings could be implied from this study.
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