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Received 13 August 2024; Abstract. Rhizophora mucronata is a black mangrove with the most productive
‘;ﬁ;‘?ﬁthe:doozn']\f:é’ fg%i‘cember ,os5  ecosystem that has benefits many people. But in reality, because of their business,

some people often neglect preserving mangrove ecosystems and habitats. This study
Citation: Mukrimin, M., Gusmiaty, G., was conducted to analyze the level of genetic diversity and the relationship between

Salam, M., & Muslimin, A. 2025. R. mucronata in West Sulawesi based on morphological markers that will be used in
Genetic Diversity and Kinship

S future restoration efforts of black mangroves around the coast. This study used ten
Relationships Between Black o . . .
Mangrove Populations (Rhizophora trees from three origins: Polewali Regency Mandar, Majene, and Mamuju. Then,
mucronata) in West Sulawesi Based several parts of the tree are used for this study, namely leaves, trunks, bark, roots,
on Morphological Markers. JPK flowers, and propagules. However, the observed characteristics are leaf shape, stem
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aflacea, Yol To-pp shape, and color samples such as bark color, stem color, root color, color propagule

(fruit and hypocotyl), and leaf color with a qualitative and quantitative approach.
The results of this study show that black mangroves in Polewali Mandar, Majene, and
Mamuju show high-value genetic diversity. The genetic distance between Polewali
Mandar and Mamuju shows a high value of 0.13, meaning they have a distant kinship.
Meanwhile, the genetic distance between Polewali Mandar and Majene shows a low
value of 0.09, meaning they are close relatives. The findings of this study directly
address the research urgency by highlighting the high genetic diversity of R
mucronata populations in West Sulawesi, despite increasing threats from
anthropogenic activities. The observed genetic distances indicate significant
variation among populations, particularly between Polewali Mandar and Mamuju,
which suggests the need for targeted conservation strategies. The close genetic
relationship between Polewali Mandar and Majene further emphasizes the
importance of localized preservation efforts. These insights provide a scientific basis
for future restoration initiatives, ensuring conservation programs maintain genetic
resilience and adaptability within the mangrove ecosystem.
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INTRODUCTION

Mangrove forest ecosystems are one of the most productive and unique ecosystems that function to protect
coastal areas from various disturbances, as well as providing habitat for various animal species. As one of
the most productive ecosystems, mangrove forests are inseparable from their use for human purposes. As a
result of these interests, some communities ignore the ecological aspects and natural habitats of mangrove
forests. Some mangrove forests have been damaged, decreasing the halophyte populations. Several
mangrove forest areas are converted into cultivation areas (conventional ponds) ( Wu et al,, 2022; Su et al,,
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2025; Yangetal., 2025). Due to the large losses caused by the destruction of mangrove forests, rehabilitation
measures are mandatory. Billah et al. (2020) showed that mangrove forests in Borong suffered from low
tree density, with their area coverage of less than 50%. Factors such as land clearing for road construction,
waste disposal, and cutting of mangrove trees by the community for daily needs have caused this damage
(Sofue et al., 2025; Yap & Al-Mutairi, 2025).

There are several species of mangroves, one of which is the prima donna, namely the type of
Rhizophora mucronata or black mangrove. R. mucronata is widely distributed in West Sulawesi, especially
in coastal areas such as Polewali Mandar, Majene, and Mamuju. These sites have potentially good mangrove
forest ecosystems, but genetic diversity information about black mangroves in these areas is needed, so that
it can be used in plant breeding efforts in places where mangrove populations have begun to decline. A
drastic population decline is an early symptom of a species' extinction that will result in a decline in genetic
diversity (Mukrimin et al., 2021).

Genetic diversity is needed to determine the magnitude of genetic variation that exists. Genetic
diversity also determines the success of populations to adapt to changing environments. Diversity analysis
can be carried out with various approaches, one of which is using morphological characteristics. This type
of marker can indicate the diversity of plant varieties and species observed. The advantage of this type of
marKker is that it is not only cheap, but also easy to apply (Fitri et al., 2018).

Research on black mangroves based on morphological markers has been conducted before, but it is
limited to only three areas, namely Barru, Maros, and Pangkep (Mukrimin et al., 2021). Therefore, this
research is important to be carried out to see the genetic diversity of black mangroves in different areas,
namely Polewali Mandar, Majene, and Mamuju.

MATERIAL AND METHODS
Research Location

This research was carried out in March-April 2021. Sampling was conducted in several West Sulawesi
districts, namely Polewali Mandar, Majene, and Mamuju. Sampling was carried out using the random
sampling method. Ten samples were collected from each site. Sampling campaign was carried out in the
morning and at noon, when the sea water recedes, to make it easier for researchers in the sampling process.
Each tree has its leaves, trunk, bark, roots, and fruits and their coordinate points. Furthermore, the
observation of genetic diversity based on morphological markers, sample measurements, and data analysis
was carried out at the Laboratory of Biotechnology and Tree Breeding, Faculty of Forestry, Hasanuddin
University, Makassar.

Morphological Analysis Observations

Observations and measurements were made on the variables: leaves, stems, crowns, roots, flowers, and
fruits. Data collection techniques in the field are carried out in the following ways (Mukrimin et al., 2021):

Leaf

1. LeafLength (LL): measurements are taken starting from the tip of the petiole, to the tip of the leaf using
aruler

2. Leaf Thickness (LT): measurement using a caliper

3. Leaf Weight (LW): performed using an analytical scale by measuring the initial weight and final weight
of the leaf

4. Leaf Width (LW): measurement of the broadest leaf surface using a ruler

5. Leaf Shape: observations are made by observing visuals and documented with a camera

6. Leaf Tip Curve Shape: observations are made by visual observation and documented with a camera

Stem

1. Rod Diameter (RD): measure the circumference of the rod using a tape meter

2. Stem Skin Color (SSC): compare colors using MPTCC (Munsell Plant Tissue Color Chart) books
3. Bar Color (BC): compare colors using MPTCC books
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4. Stem Straightness (SS): done by visual observation and documented with a camera
5. Stem Shape (SSH): performed by visual observation and documented with a camera
6. Stem Moisture Content: measured using the moisture content formula

7. Rod Specific Gravity: measured using the Specific Gravity formula

Height

1. Branch-free height (BFH): measured using a Laser Distance Meter

2. Total Tree Height (TTH): measured using a Laser Distance Meter

3. Propose BFH dan TTH: The TBC value is divided by the Ttot value and then multiplied by 100%

Crown
Crown Projected Area (CPA): Measurements are carried out starting from the east, south, west, and north

Root

1. Root Length: The length of the roots is measured using a tape measure. Measurements are taken from
the rod to the surface of the mud

2. Root Color: Compare colors using MPTCC books

3. Air Flows Up: Using the moisture content formula obtained from the initial and final weight values of
the root sample

4. Root Specific Gravity: Using the specific gravity formula

Fruit
1. Fruit Weight: Weighed using an analytical scale
2. Fruit Color: Compare colors using MPTCC books

Data Analysis

This study uses qualitative and quantitative approaches to analyze morphological data using heatmap
analysis (R program software). A qualitative approach is an approach whose characteristics cannot be
measured, such as leaf color, stem color, bark color, fruit color, root color, stem shape, and leaf shape. The
quantitative approach is an approach whose characteristics can be measured, such as leaf length, stem
length, leaf weight, stem weight, and so on.

The statistical analysis for the quantitative data used in this study is as follows:

Diameter
d=

K
T

(1)

where:
d = Diameter
K =tree circumference
n =3.14

Specific Gravity

Wood density (g/cm?)
water density (g/cm3)

(2)

Specific Gravity =

Wood density = —o2dmass (&)

wood volume (cm?3)

Note: 1 cm3=1ml
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Moisture content

. Beginning-final weight
Moisture content = —¢ & &

x 100% (3)

final weight

Mean

To find out the average of diameter, length, height, weight, volume, and moisture content, the formula is
used:

X =

51y

(4)

where:
X = Average
2f = Amount of data (diameter, leaf area, moisture content)
N = Number of Individuals/Sample

Heterozygosity

The heterozygosity value is calculated to determine the magnitude of genetic diversity (Kanaka et al., 2023).

(5)

i= number or individual
q= total number of individual

pi=1-qi
he=1- piz - qi2

where:
gi =frequency of morphological characters appearing
pi = Dominant frequency morphological character
he = heterozygosity

Heatmap Analysis

Heatmap analysis is often used in data visualization studies, where heatmaps are graphical representations
presented in the form of colors. Heatmap charts were generated using specific packages in the R software
program, generating a high-quality matrix that can be customized and integrated with dendrograms (Galili
etal, 2018).

Genetic Distance

Genetic distance is the level of gene difference between a population or species. Small genetic distance
indicates a small relationship, and vice versa large genetic distance indicates a large genetic ridge (Pina &
Schertzer, 2019). The formula used is:

D=-Inl

=Y xy / VY x2Y y2 (6)

where:
xi2 = The square of the frequency of morphological characters in population x
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yi2 = The square of the frequency of morphological characters in population y
xiyi = Multiplication of the frequency of the ith morphological character in populations x and y

[ = Normal genetic identity for x and y populations
D = Genetic distance between x and y populations
RESULTS

Qualitative Data

The qualitative observations made in this study include observation of leaf shape, stem shape, and
observation of sample colors such as bark color, stem color; root color, propagule color (fruit and hypocotyl),
and leaf color.

(f)
Figure 1. (a) leaves; (b) propagule; (c) Stem; (d) roots; (e) bark; (f) flowers

Determining the color of the sample is not easy because of the many types of colors and the high level
of color similarity. Therefore, the Munsell Plant Tissue Color Chart (MPTCC) book is used, which contains
various kinds of colors expressed in three units or criteria, namely hue, chroma, and value. The results of
qualitative observations can be seen in Fig. 1.

The results of the observation of qualitative data and the average sample color per character that have
been compared with the MPTCC book can be seen in Table 1. Based on Table 1. It can be seen that the
morphological characteristics of the 30 mangrove plants in the three areas observed have different colors,
both in different areas and in the same province.
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Table 1. Average color of R. mucronata samples

Dominant Colors

Character
Polman Majene Mamuju
Bark Color Bright gray Grayish-brown Grayish-brown
Stem Color Red Red Red
Root Color Brown Yellow (no dominant)
Propagation Fruit Color Olive Olive Olive
Colors Hypocotyl Color Olive Olive Olive
Flower Color Yellow olive Olive (No Interest)
Leaf Top Surface Color Olive Olive Olive
Leaf Undersurface Color Yellow Yellow olive Yellow olive
Leaf Leaf Shape Elliptical Elliptical Elliptical
Leaf Tip Curve Shape Apiculate Apiculate Apiculate
Leaf Base Curve Shape Cuneate Cuneate Cuneate
Leaf Edge Shape Entire Entire Entire
Stem Stem Shape Teres Teres Teres
Trunk Straightness Straight Branched out a lot Bent/straight/tilted

Morphological Characters based on Quantitative Data

Morphological characters based on quantitative data are values obtained based on the results of
measurements that have been carried out directly. The results of the observation of the morphological
character of the black mangrove R. mucronata are shown in Table 2.

Table 2. Quantitative data of black mangrove R. mucronata

Observed characters Areas Average
Polman Majene Mamuju

Total height (m) 6.48 5.88 5.23 5.86
Branch-free height (m) 1.72 1.23 2.22 1.72
Propose ttot-tbc (%) 21.68 22.15 44.89 29.57
Diameter (m) 0.12 0.11 0.2 0.14
Tree volume (m3) 0.06 0.04 0.12 0.07
Root length (cm) 90.9 203.2 110.5 134.87
Propagule weight (gr) 25.67 48.21 55.8 43.23
Fruit length (cm) 511 4.74 5.32 5.06
Hypocotyl length (cm) 16.83 37.42 45.75 33.33
Initial weight of leaves (gr) 4.25 2.61 3.65 3.50
Leaf end weight (gr) 2.48 1.67 2.25 2.13
Leaflength (cm) 14.64 11.02 12.62 12.76
Leaf width (cm) 7.23 5.43 5.44 6.03
Leaf thickness (mm) 0.42 0.41 0.47 0.43
Header Projection (m) 1.73 2.86 2.08 2.22
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Table 2 shows that the observed morphological traits vary. The statistical test result of the preliminary
ANOVA results indicates that the p-values for Total height and Branch-free height are all above 0.05,
suggesting no statistically significant differences among the three regions for these variables. The ANOVA
test results indicate that all observed characters have p-values of approximately 0.766, significantly higher
than the standard significance level of 0.05. This suggests no statistically significant differences in the
quantitative traits of R. mucronata among the three regions (Polman, Majene, and Mamuju). This result
implies that despite different environmental conditions, the black mangrove populations exhibit uniform
morphological traits across these locations. If needed, further analysis using a larger sample size or
molecular markers may provide additional insights into genetic diversity.

Moisture Content and Specific Gravity in Bark, Stem, and Roots

The moisture content and specific gravity are obtained from the values of the initial weight, final weight,
and volume. The moisture content and specific gravity values of the bark, stem, and roots of R. mucronata
black mangrove are shown in Table 3.

Table 3. Quantitative data on moisture content and specific gravity in black Mangrove R. mucronata bark,
stem, and root

Character Polman Majene Mamuju Rata-rata
Bark 50.08 50.85 40.51 47.15
Moisture Stem 78.46 71.26 61.76 70.50
Root 79.75 86.06 58.41 74.74
Average 69.43 69.39 53.56 64.13
Bark 0.36 0.33 0.41 0.37
Specific Gravity =~ Stem 0.51 0.44 0.53 0.49
Root 0.49 0.52 0.32 0.44
Average 0.45 0.43 0.42 0.43

Based on Table 3. The moisture content and specific gravity of 30 samples were found in the bark,
stem, and roots. The moisture content value is obtained from the initial weight and final weight values using
the moisture content formula. The initial weight is the weight of the sample before being treated, while the
final weight is the weight of the sample after being baked at 1,050 °C for 24 hours.

Genetic Diversity Values (Heterozygosity)

High genetic diversity, in addition to increasing the chances of the desired combination of good traits, also
allows the improvement of plant character through direct selection (Casadebaig et al., 2014). The genetic
diversity values of black mangroves in the three areas can be seen in Table 4.

Table 4. Data on the value of genetic diversity of black mangrove R. mucronata in Polewali Mandar, Majene,
and Mamuju Areas

Areas He SE Values
Polewali Mandar 0.38 0.01 High
Majene 0.35 0.01 High
Mamuju 0.36 0.01 High
Average 0.36 0.01 High

Information: High: He>0,30, Keep: He 0,20 - 0,30, and Low: He< 0,20 (Kinho et al., 2016).
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Heatmap Analysis

Clustergram analysis with a combination of heatmap and hierarchical dendrograms simplifies the
visualization of the analysis, making it easier to understand. To make it easier to perform quantitative
calculations and analyze data. R software is a software suite used for data manipulation, calculations,
simulations, and graph viewing, and at the same time as an interpreter programming language. The
morphological observation data from the heatmap analysis can be seen in Fig. 2 and Fig. 3.
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Figure 2. Cluster analysis based on morphological data of black mangrove R. mucronata in Polewali Mandar
(P), Majene (M]), and Mamuju (MM) Areas
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Figure 3. Cluster analysis based on average morphological data of black mangrove R. mucronata in each
province

Based on Figs. 2 and 3, information about the characteristics of all samples from the three areas
observed based on morphological markers was obtained using heatmap analysis aimed at the degree of
color sharpness. Meanwhile, Fig. 3 also shows the results of the heatmap analysis, which is dominated by
bright colors.
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Genetic Distance

The calculation of genetic distance is carried out by comparing the characteristics between one location and
another. The results of the calculation of the genetic distance of black mangroves in Polewali Mandar,
Majene, and Mamuju can be seen in Table 5.

Table 5. Results of calculation of genetic distance of black mangrove R. mucronata in Polewali Mandar,
Majene, and Mamuju

Genetics Distance Polman Majene Mamuju
Polman -
Majene 0.09 -
Mamuju 0.13 0.1

Based on Table 5 of the results of the calculation of genetic distance above, the farthest genetic
distance with a value of 0.13 is between the areas of Polewali Mandar and Mamuju. As for the nearest genetic
distance, it is between Polewali Mandar and Majene, which is 0.09. The less the value of the genetic distance
between two organisms, the closer the kinship relationship between the two (Hernandez-Velasco et al,,
2025; Lee et al,, 2025).

DISCUSSION

Qualitative observations made in Fig. 1 show the morphological characteristics of black mangroves on
leaves, propagules, stems, roots, bark, and flowers. Data was obtained that the thirty black mangrove
samples had some similarities and differences in morphological properties from several observed variables.
The morphological similarities obtained are in the form of elliptical leaf shapes, apiculate leaf tip
indentations, cuneate leaf base indentations, and entire leaf edge shapes. The difference in morphological
properties is in the form of different colors on the leaf sheets. Other characters that can be seen are in the
form of a terrace stem, an olive-yellow flower, and olive fruit. As for the straightness of the stems, in the
province of Polewali Mandar, two stems are slanted, and the rest are straight. In Majene, all samples are
multi-branched. As for samples for Mamuju, the straightness of the trunk is straight, bent, and oblique.

Based on Table 1, the bark of R. mucronata stems is generally gray to black. The young tree has gray
bark, while the old tree gradually turns black with very obvious cracks. The change in bark color is related
to anatomical activity. According to (Frankiewicz et al., 2021; Ohse et al. 2022; Serra et al. 2022) the color
and texture of the bark are controlled by the periderm during the growth and development process of the
plant. Old trees are found in Mamuju.

The color of the leaves is highly determined by chlorophyll and pigments or dyes found in the cells in
the leaves. The color of the leaves depends on the dominant pigment. The leaves are generally green because
the amount of chlorophyll is much more than other pigments. A wide variety of colors can be found on the
same leaf blade. This is due to the variation of leaf cells (genetic), and the color is determined by specific
pigments, depending on the cell (Hoban et al., 2023).

Table 2 shows that the average value is different for each character from all sampling sites. In the
character of total tree height (TTH), the average value of the thirty samples was 5.86 m, with the highest
value of 6.48 m, which is the average total height of the Polewali Mandar province. This is because the
sampling location in Polewali Mandar has muddier soil and is also close to the estuary. This statement is in
accordance with the opinion of Phong (2025); Shao et al. (2025); Zhang et al. (2025), which states that
mangroves can grow optimally in coastal areas that have river mouths and mud substrates, while in coastal
areas that do not have river estuaries, mangrove forests do not grow optimally.

The average data of BFH, the proportion of TTH-BFH, trunk diameter, and volume of trees in the
Mamuju area are higher. This might be due to the distance between trees observed in this area, which the
other two sites do not have. The planting distance is inversely proportional to the density of the trees. The
wider the planting distance, the smaller the density (Li et al., 2023; Pommerening et al., 2024). Planting
distance affects the size of the diameter, as evidenced by the previous studies of Pitkdnen et al. (2022);
Slesak et al. (2025); Zabihi et al. (2025) which states that the relationship between planting distance and
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average diameter is that the wider the planting distance, the more space to grow and less competition so it
will produce a number of trees with a larger average diameter.

The genetic diversity data that can be seen in Table 4 is based on heterozygosity values. The
heterozygosity value (He) is one of the parameters that can be used to measure the level of genetic diversity
in a population. The higher the heterozygote frequency in a population, the higher the level of diversity
(Hernandez-Velasco et al., 2025; Lee et al., 2025). Polewali Mandar had the highest, due to its varied
characteristics. This can be seen by comparing each character on the tree, especially in the propagule part.
In the observations that have been made, data were obtained that the black mangroves of Polewali Mandar
have more propagules compared to the other sites. The wider the diversity of a character in a population,
the more varied the traits that exist in the character that reflect genetic control in the population
(Meuwissen et al., 2020; Hoban et al., 2023; Yap & Al-Mutairi, 2025).

Characterization is one of the important stages in the plant breeding program. Characterization can
be used as a basis for grouping plants. This grouping aims to determine the kinship relationship between
plant genotypes and can be a consideration in the selection process. Selection through grouping will be
effective if the characteristics of the group can be known. One method that can be used is clustergram
analysis. Clustergram analysis is a multivariate s that combines several cluster analyses in a flat dimension
(Fleischmann, 2023).

Based on Fig. 2, information was obtained about the characteristics of all samples from the three areas
observed based on morphological markers using heatmap analysis, shown by the color brightness level. Fig.
2 of cluster analysis is predominantly bright compared to dark colors. The dark-colored part shows the
highest value, while the light-colored part shows the lowest value. The dark-colored parts include root
length, root moisture content, stem moisture content, leaf moisture content, and bark moisture content.

Figure 3 also shows the results of the analysis of the predominantly brightly colored heatmap.
However, there are still dark parts, namely, on the length of the roots, root moisture content, stem moisture
content, leaf moisture content, and bark moisture content. In Fig. 3, it can be seen that the results of the
analysis show that two clusters have been formed. Cluster [ was constructed by Majene samples, while
cluster Il is Polewali Mandar and Mamuju. The most distinguishing characteristic of the Majene area is that
the root length is quite different from the rootlength of other areas. This is suspected to have caused Majene
samples to be in different clusters. In cluster I, namely the areas of Polewali Mandar and Mamuju. The
difference between these two areas from Majene is in terms of root moisture content, stem moisture
content, and leaf moisture content. For the character of root length, the three areas show the length of the
dark roots, but if sorted, the Majene areas are darker than the root lengths of Mamuju and Polewali areas.

This shows that the roots of black mangroves in Majene are longer than those in Mamuju and Polewali
Mandar. As for the water content of roots, stems, leaves, and bark, the order from darkest to lightest was
Majene, Polewali, and then Mamuju. Furthermore, based on the results of the calculation of genetic distance
in Table 5, the farthest genetic distance with a value of 0.13 is between the areas of Polewali Mandar and
Mamuju. As for the nearest genetic distance, it is between Polewali Mandar and Majene, which is 0.09.
According to Sorgi¢ et al. (2025) the less the value of the genetic distance between two organisms, the closer
the kinship relationship between the two.

Kinship between two individuals or populations can be measured based on the similarity of a number
of characters assuming that different characters are caused by differences in genetic makeup. The difference
in morphological character between plants is not only influenced by genetics, but also influenced by
environmental factors. The magnitude of the difference in genetic distance in the population can be caused
by several factors zuch as isolation factors by distance, geography, ecology, and reproduction (Casadebaig et
al,, 2014; Buzatti et al.,, 2019; Senayai et al., 2025).

CONCLUSION

This study shows that the black mangroves of Polewali Mandar, Majene, and Mamuju had a high genetic
diversity. This enhances resilience to environmental changes and diseases. It also allows for better
adaptation to shifting ecosystem conditions. Black mangroves between the areas of Polewali Mandar and
Mamuju have the highest value of genetic diversity, representing the farthest kinship. In the contrary, the
black mangroves between the areas of Polewali Mandar and Majene had the lowest value, representing a
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closer kinship. This can be caused by geographical factors, such as the proximity of the location that allows
the flow of genes through the dispersion of propagules or pollen by ocean currents and winds. In addition,
similarities in environmental conditions, such as salinity, substrate types, as well as similar ecological
pressures, can drive the same adaptation in mangrove populations in all three regions. Proper genetic
distance between planted mangroves can influence the growth and survival rates of saplings. If planted too
close, there can be excessive competition, while planting too far apart can reduce the likelihood of beneficial
gene exchange. Considering these values, mangrove rehabilitation efforts in Polewali Mandar and Majene
can be more effective and sustainable.
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