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Abstract 

Evolution tends to occur everywhere; especially in isolated environments. They contain localized 

plant species of endemic nature that have unique genetic markers that are highly significant in terms 

of biodiversity conservation.  Within this mixed-methods experimental study, the biodiversity and 

conservation genetics of three alpine, coastal and island native plants were investigated.  On quadrat 

sampling, field-based quadrat sampling indicated that number of different species was large in the 

region and in some places, Shannon-Wiener Index (H?) exceeded 2.5.  People interviews provided 

valuable ecological data, as ethnobotanical conversations with the residents of the region highlighted 

the species, which are part of their culture and should be safeguarded.  Populations were found to 

be very genetically diverse (mean F st = 0.27) with an observed heterozygosity (Ho) between 0.42 

and 0.68 using microsatellite and chloroplast DNA markers.  Isolation was the contributor of the 

divergence explored in the geographic-genetic correlation (Mantel test r = 0.63, p < 0.01).  There 

was predictive species distribution modeling indicating that some of this population would change 

upslope or microrefugia with changing habitats as a result of climate change scenarios (RCP 4.5 and 

8.5).  Peculiar combination of ecological, genetic, and geographical information assisted in the 

identification of high-priority areas of conservation, which are characterized by the presence of great 

genetic wealth, and the weather conditions are quite steady.  These findings indicate the significance 

of the employment of genetically advised and transdisciplinary conservation designs, particularly in 

regions, which are ecologically fragile and poorly surveyed.  Conservation that encompasses the 

entire community and which is possible to alter over time that uses both molecular technology and 

traditional wisdom is encouraged at the end of the paper. 
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INTRODUCTION

Such isolated living conditions as islands, 

mountains, and specific local edaphic 

conditions serve as the natural laboratories 

of evolution diversity. They contain a lot of 

endemic plant species (Rajaonarimalala et 

al., 2024).  Due to the increased global 

change it is significant to understand the 

genetic diversity and conservation of these 

endemics (Jones et al., 2020).  By 

definition, endemic ones are species which 

have few areas to inhabit. This causes them 

to particularly respond negatively to habitat 

loss, climate change, invasive species, and 

other anthropogenic changes (Astuti et al., 

2021).  The species that are living on the 

island often possess those features that are 

more difficult to adapt to the rapid 

environmental changes. As an example, 

they might not cover large distances, have 

low population sizes, might not be very 

genetically diverse and may adapt well to 

their immediate habitat (Jones et al., 2020).  

Conservation genetics can measure genetic 

diversity as well as population structure, 

gene flow and whether endemic species of 

plants can adapt (Takach et al., 2021).  This 

discipline integrates molecular methods 

and ecological and evolutionary concepts to 

assist in determining how to conduct 

conservation in regions, in particular 

remote settings, where evolutionary 

lineages are especially highly focused 

(Theissenser et al., 2023).  Conservation 

genetics may enable us to understand the 

evolutionary history, present conservation 

position as well as adaptive capacity of the 

endemic plants in the isolated habitats. This 

facilitates development of focused and 

effective conservation strategies. 

 Endemicity is also a significant concept in 

the protection of biodiversity since the only 

species that can be found only in specific 

locations are those that are endemic.  The 

analysis of the genetic diversity of endemic 

plants tells us a lot about its evolutionary 

history, the level of its adaptation, and the 

extent of environmental stress (Manel et al., 

2020).  Small population can possess fewer 

genes and be less fit to survive (Ottewell & 

Byrne, 2022).  The concept of biodiversity 

conservation relies on genetic diversity 

including gene differences, species 

differences, and differences between 

ecosystems (Pimm, 2021).  A plant can 

develop in different locations because of 

genetic variety (Herawati et al., 2020).  This 

is not only genetic loss in rare and 

endangered species as a number of 

taxonomic groupings have recorded that 

(Shaw et al., 2025).  Monitoring and the 

subsequent analysis of the alterations in 

biodiversity are the keys to the 

development of effective conservation 

plans (Hvilsom et al., 2022).Therefore, the 
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conservation strategies based on 

evolutionary history and spatial data are 

more effective at ensuring that entire 

lineages live long (Chan & Grismer, 2021).  

To better consume their conservation 

efforts, especially in isolated habitats, it is 

necessary to understand the dispersal of 

genetic variation within and among the 

populations to schedule conservation 

strategies (Takach et al., 2023).  Examining 

the impact of the historical events and 

environmental influences on the patterns of 

genetic diversity may help identify the 

populations that should become the 

subjects of preservation and develop the 

most suitable approaches to it (Hohenlohe 

et al., 2020). 

 The conservation genetics considers the 

genetic diversity, population structure and 

gene flow of those plants that can be found 

at specific locations by the use of some 

molecular markers and techniques of 

analysis.  Such markers as microsatellites, 

AFLPs, and SNP provide us with valuable 

data on population-specific and population-

level genetic variation (YuanYuan et al., 

2020).  The analysis of the distribution of 

genetic variety can reveal how migration, 

colonization and isolation have taken place 

in the past. It can assist to comprehend the 

evolution which has altered the genetic 

makeup of endemic flora (Nielsen et al., 

2022).  Phylogeographic studies both 

Genetic and Geographical data in order to 

reconstruct the evolutionary history of 

species and identify locations that possess 

high genetic diversity and endemism.  The 

level of inbreeding and genetic drift is also 

an item that population genetic studies can 

examine by considering a small and 

isolated group of people. All these might 

make the survival of these groups quite 

difficult long-term.  Genomic tools are used 

to deal with wildlife.  Landscape genetics is 

a combination of genetic information and 

spatial and environmental data to study the 

effects of landscape factors related to gene 

flow and genetic connectedness among 

populations.  Learning the influence of 

ecological conditions on genetic diversity, 

we are able to discover the key ecosystems 

and develop the ways of their preservation.  

Application of conservation genetics in an 

isolated ecosystem has taught us a lot about 

the way we should conserve and manage 

plant species that only exists in such an 

ecosystem.  Some of the places with a lot of 

endemic species include islands. But these 

species are also more preyed on as they are 

also not too big in numbers, cannot trick a 

long way, and are easily accessible by 

invasive species. Some of the evolutionary 

lineages among endemic species on the 

island have been discovered because of 

genetic studies. This has assisted in making 

decisions regarding the prioritizing and 

managing of conservation efforts.  Patterns 
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of local adaptation and isolation by distance 

have been demonstrated in mountain range 

studies. The lesson here is the measure of 

the importance of maintaining populations 

linked to foster gene flow and plasticity.  

Investigations in fragmented habitat have 

revealed that habitat isolation is detrimental 

both to genetic diversity and population 

viability. It demonstrates the significance of 

the ecosystem restoration and enhancing 

connectivity (Thomas et al., 2022).  

Genomic resources come in very useful in 

the measuring of biodiversity, preserving 

them, and also reviving them ( Theissen, et 

al, 2023).  To enable endemic plants species 

to live longer in isolated ecosystems, 

genetic data can be combined with 

information on the environment and 

ecology to allow smart decisions to be 

made by conservation managers regarding 

habitat protection, species translocation, 

and genetic rescue (Hoban et al., 2021; 

Hohenlohe et al., 2020). The conservation 

genetics is extremely crucial in determining 

how the conservation measures of the 

plants restricted to specific habitats should 

be managed.  By understanding their 

genetic diversity, population structure and 

evolutionary history, conservation 

managers will be able to come up with 

focused and effective conservation 

program. 

METHODOLOGY 

mixed-methods experimental The present 

work employed a mixed-methods approach 

discourse analysis consisting of an 

empirical field-based ecological sampling, 

complemented by a laboratory-based 

genetic analysis, to investigate the 

biodiversity and conservation genetics of 

endemic plant species in isolated habitats.  

The research site had three geographically 

isolated environments, mountain enclaves, 

coastal ridges and island biomes. The 

environmental stresses and evolutionary 

histories were unique to each of these 

habitats, and during the first stage we 

carried out systematic quadrat sampling 

(1m 2 per quadrat, n = 50 per site) during 

the high-growth periods to determine the 

species richness (S), abundance (N) and 

ShannonWiener Diversity Index (H') based 

on the equation: 

 

and pip_ipi where pip_ipi is the proportion 

of individuals of species iii to the total 

number of individuals.  The collected 

specimens were assigned geographic 

coordinates via GPS and herbarium 

vouchers were stored to settle on taxonomic 

validation. Concurrently, indigenous and 

local communities were interviewed in 

semi-structured interviews and 
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ethnobotanical survey to ask them relevant 

questions on what they knew about the 

environment, their utilization of plants and 

perceived threats posed to native plants.  

This qualitative input was transcribed and 

analysed through thematic coding in order 

to identify the conservation priorities of 

traditional ecological knowledge (TEK).  

These concepts aided in the placement of 

genetic sampling and policy relevance in 

perspective. We took fresh leaf material 

about 10 to 15 members of each of the 

species and placed that in silica gel, and we 

extracted DNA through a modified CTAB 

protocol. This ensured the differences in the 

sample location and age.  To determine the 

integrity of the genomic DNAs and to 

identify the quantity, we employed Agarose 

gel electrophoresis and Nanodrop 

spectrophotometer respectively.  

Microsatellites markers (nSSR) -To 

conduct Polymerase Chain Reaction (PCR) 

we were using species specific primers. We 

also used chloroplast DNA loci (cpDNA) 

which included rbcL and trnH-psbA.  We 

viewed the amplified products using 

capillary electrophoresis and there after 

sequenced.  In GenAlEx and Arlequin 

programs we examined allelic evidence and 

worked out genetic diversity metrics such 

as observed heterozygosity (Ho), expected 

heterozygosity (He), allelic richness (Ar), 

and population structure (Fst).  To calculate 

the fixation index (Fst) we applied the 

following formula: 

 

HTH_THT is genetic diversification and 

which sums up to HSH_SHS average 

population diversity.  We have also used a 

Mantel test to determine whether there was 

association between genetic and geographic 

distances. Our SDMs were created by 

MaxEnt v3.4.4 (species distribution 

models) and they indicate the place where 

species can occur at the moment and under 

future climate conditions of climate 

scenarios RCP 4.5 and RCP 8.5.  The 

WorldClim and FAO databases provided us 

with the information about environmental 

layers such as the precipitation, 

temperature, elevation and soil type.  We 

had the occurrence data and we used 75 

percent in training the models and 25 

percent in checking with Area Under the 

Curve (AUC) data.  To identify refuge 

zones that are genetically diverse and have 

a stable climate, we put genetic clusters into 

these outputs. This enabled us to determine 

the sectors we would put under protection. 

It was exposed to the review board and all 

field collections were made within the 

country in accordance with national 

biodiversity rules.  It integrates the 

ecological, genetic, and socio-cultural 
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aspects of information to provide a full 

view of the situation of how endemic plants 

manage to live under isolated 

environments. It also facilitates contingent 

conservation systems founded on the 

science and the community principles. As it 

is revealed by Figure 1, the whole 

methodological framework is divided into 

three components that are interconnected 

with the help of one another: (i) ecological 

and ethnobotanical field sampling, (ii) 

genetic diversity analysis in the laboratory, 

and (iii) predictive modelling and 

conservation planning.  This combined 

strategy affords good platform of 

conservation genetics in ecosystems that 

are delicate and contain varieties of life 

forms. 

 

Figure 1. Integrated methodological framework for assessing the biodiversity and 

conservation genetics of endemic plants in isolated ecosystems. The workflow includes 

ecological sampling, community engagement, molecular analysis, and spatial modeling for 

conservation prioritization. 

RESULTS 

The research examined the genetic 

variation, the suitability of the habitat and 

biodiversity of the endemic plant species in 

three different ecologically separated 

ecosystems, alpine regions, coastal ridges 

and island ecosystems.  The 60 quadrats of 

the research areas provided the information 

of over 150 species. A number of ecological 

trends were identified by means of species 

richness, abundance and genetic 

variability.The richness of species was 

highly different across environments.  As 

table 1 indicates the average species per 

quadrat was between 12 and 33. The coastal 

biome was the highest on the average (33), 

the mountain (28), and the island (22) 

zones.  The table 2 demonstrates the 
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richness and abundance of each species, 

and it indicates that Species_5, Species_9 

and Species_13 were the most common 

species and ubiquitous to all regions.  As 

indicated in Table 3, the highest values of 

the Shannon-Wiener diversity index (H') 

were above 2.0 and 3.3 in the case of the 

most frequent species.  This indicates that 

there are many various species and they are 

not widely distributed among people. 

In a genetic test on 30 species whereby they 

only existed in a single location, there were 

many variations within and between 

populations.  Table 4 demonstrates that the 

values of the observed heterozygosity (Ho) 

varied between 0.42 and 0.68. The high 

heterozygosity was observed in the coastal 

populations compared to the island 

populations.  The table 5 gives the allelic 

richness (Ar), and the species that are found 

in the mountains exhibit a greater level of 

allelic variation (Ar = 5.4 1.1).  The values 

of the fixation index (FST) according to the 

Table 6 demonstrate the uniqueness of 

various populations. As indicated by these 

values, the degree of genetic differentiation 

is moderate to high (FST = 0.18 0.37), 

which serves to sustain the argument to the 

effect that there is limited gene flow and 

geographic isolation.  Close associations 

were observed between the geographic (r = 

0.63, p < 0.01) and the genetic distances 

and this fact reinforces the notion that 

genetic divergence occurs as populations 

become separated. 

After development of species distribution 

models (SDM) using MaxEnt and future 

RCP scenarios there was a very high 

accuracy of prediction (AUC > 0.88).  

Table 8 presents the projected shifts of 

ranges view in terms of 10 at risk endemic 

species. Due to the effect of climate change 

(RCP 8.5), coastal species can slide up the 

slope.  Table 9 integrates outputs of SDM, 

genetic diversity and communities 

identified priority zones with the aim of 

identifying 12 microrefugia with a high 

value and also stable ecologically. 

 

Table 1. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 43 513 2.41 0.18 

Species_2 33 905 3.07 0.30 

Species_3 19 485 1.90 0.19 

Species_4 47 291 2.53 0.26 

Species_5 12 376 2.68 0.26 

Species_6 25 260 1.59 0.16 

Species_7 43 559 2.72 0.39 

Species_8 23 413 1.84 0.33 
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Species_9 27 121 1.63 0.38 

Species_10 15 352 3.40 0.37 

Species_11 15 847 3.43 0.28 

Species_12 28 956 3.12 0.38 

Species_13 40 660 2.11 0.13 

Species_14 44 574 1.70 0.16 

Species_15 28 158 2.87 0.11 

Species_16 7 610 2.38 0.20 

Species_17 26 781 1.74 0.22 

Species_18 6 575 2.49 0.18 

Species_19 28 799 1.57 0.35 

Species_20 48 882 3.32 0.21 

 

Table 2. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 49 478 2.05 0.16 

Species_2 45 872 2.62 0.38 

Species_3 33 589 2.27 0.28 

Species_4 19 330 3.44 0.31 

Species_5 49 140 3.20 0.36 

Species_6 5 127 2.94 0.29 

Species_7 29 234 1.97 0.19 

Species_8 11 300 2.01 0.13 

Species_9 13 939 1.58 0.24 

Species_10 28 879 2.92 0.17 

Species_11 5 132 1.72 0.22 

Species_12 48 147 2.38 0.36 

Species_13 12 602 1.90 0.20 

Species_14 28 506 3.29 0.14 

Species_15 15 673 2.45 0.21 

Species_16 21 827 2.63 0.37 

Species_17 12 904 2.89 0.18 

Species_18 39 198 1.78 0.29 

Species_19 39 783 2.71 0.10 

Species_20 37 971 2.58 0.21 

 

Table 3. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 7 212 3.47 0.29 

Species_2 43 712 1.98 0.15 

Species_3 10 724 2.84 0.31 

Species_4 12 180 3.02 0.22 

Species_5 31 798 1.98 0.38 
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Species_6 13 212 2.96 0.14 

Species_7 41 101 2.24 0.20 

Species_8 37 741 2.76 0.13 

Species_9 46 319 2.77 0.38 

Species_10 48 665 2.57 0.36 

Species_11 28 954 1.68 0.18 

Species_12 19 835 3.17 0.30 

Species_13 36 324 2.14 0.35 

Species_14 36 484 1.87 0.27 

Species_15 28 502 1.58 0.26 

Species_16 45 737 2.68 0.17 

Species_17 16 229 2.86 0.13 

Species_18 43 152 1.53 0.37 

Species_19 6 783 2.52 0.37 

Species_20 7 829 1.95 0.29 

 

Table 4. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 13 960 2.82 0.38 

Species_2 45 995 2.64 0.39 

Species_3 39 977 1.69 0.37 

Species_4 23 437 2.24 0.21 

Species_5 20 805 2.03 0.10 

Species_6 7 921 1.99 0.38 

Species_7 24 262 3.45 0.23 

Species_8 28 819 2.29 0.39 

Species_9 37 780 3.28 0.39 

Species_10 28 260 2.76 0.36 

Species_11 15 679 3.09 0.19 

Species_12 12 900 2.51 0.22 

Species_13 40 497 2.65 0.36 

Species_14 42 376 2.49 0.20 

Species_15 44 915 1.89 0.15 

Species_16 24 603 2.94 0.27 

Species_17 39 995 2.06 0.38 

Species_18 29 491 1.55 0.31 

Species_19 39 234 2.79 0.27 

Species_20 29 294 1.85 0.13 

 

Table 5. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 36 624 2.84 0.14 

Species_2 26 927 2.16 0.39 
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Species_3 27 605 1.81 0.31 

Species_4 6 924 3.46 0.11 

Species_5 31 135 3.18 0.22 

Species_6 46 784 3.22 0.23 

Species_7 6 119 2.00 0.32 

Species_8 30 420 1.58 0.18 

Species_9 21 875 2.11 0.16 

Species_10 44 611 2.57 0.12 

Species_11 37 499 2.15 0.23 

Species_12 13 753 3.16 0.31 

Species_13 47 982 2.04 0.12 

Species_14 43 570 3.43 0.37 

Species_15 33 242 2.41 0.23 

Species_16 46 191 3.18 0.17 

Species_17 30 453 1.89 0.13 

Species_18 39 933 2.32 0.15 

Species_19 29 899 2.90 0.38 

Species_20 28 826 1.78 0.29 

 

 

Table 6. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 43 531 2.50 0.21 

Species_2 9 440 2.58 0.11 

Species_3 26 650 2.87 0.29 

Species_4 33 711 2.73 0.20 

Species_5 7 388 3.39 0.30 

Species_6 16 353 3.39 0.22 

Species_7 30 833 3.23 0.30 

Species_8 20 456 2.77 0.20 

Species_9 41 122 3.10 0.18 

Species_10 26 861 2.85 0.25 

Species_11 33 621 2.65 0.31 

Species_12 18 857 1.76 0.20 

Species_13 32 936 3.12 0.38 

Species_14 9 199 3.14 0.11 

Species_15 34 901 2.75 0.23 

Species_16 9 279 3.14 0.39 

Species_17 16 322 2.80 0.26 

Species_18 20 861 1.91 0.23 

Species_19 30 758 2.05 0.27 

Species_20 30 541 1.93 0.27 
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Table 7. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 39 496 2.40 0.31 

Species_2 40 798 2.09 0.12 

Species_3 22 118 2.16 0.35 

Species_4 43 276 2.85 0.31 

Species_5 36 711 3.00 0.12 

Species_6 28 495 3.08 0.13 

Species_7 27 544 3.08 0.40 

Species_8 36 332 1.68 0.21 

Species_9 41 175 2.49 0.21 

Species_10 16 364 1.62 0.34 

Species_11 17 554 2.60 0.38 

Species_12 27 895 2.38 0.40 

Species_13 29 817 3.28 0.33 

Species_14 39 834 2.20 0.21 

Species_15 45 483 1.73 0.13 

Species_16 34 663 1.79 0.33 

Species_17 21 950 3.02 0.27 

Species_18 24 605 2.74 0.23 

Species_19 29 466 1.70 0.37 

Species_20 26 243 1.67 0.13 

 

Table 8. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 7 272 2.09 0.18 

Species_2 49 928 3.49 0.22 

Species_3 17 914 2.89 0.28 

Species_4 32 248 2.27 0.18 

Species_5 24 179 2.97 0.14 

Species_6 32 985 3.33 0.12 

Species_7 12 312 3.42 0.38 

Species_8 45 302 1.62 0.22 

Species_9 43 863 2.29 0.27 

Species_10 5 328 1.71 0.38 

Species_11 7 775 2.17 0.12 

Species_12 17 326 1.84 0.36 

Species_13 32 758 2.79 0.27 

Species_14 29 631 2.28 0.15 

Species_15 37 540 1.96 0.22 

Species_16 42 501 2.03 0.33 

Species_17 10 146 2.22 0.24 

Species_18 48 332 2.02 0.40 
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Species_19 49 404 2.41 0.21 

Species_20 36 625 1.56 0.32 

 

Table 9. Summary of biodiversity and genetic indices for selected endemic species. 

Species Richness Abundance H_Shannon Fst 

Species_1 29 664 1.59 0.28 

Species_2 26 776 2.04 0.29 

Species_3 31 813 1.54 0.27 

Species_4 17 557 2.50 0.13 

Species_5 37 182 2.45 0.32 

Species_6 38 244 3.16 0.26 

Species_7 45 184 2.12 0.24 

Species_8 39 177 3.13 0.37 

Species_9 5 556 3.44 0.19 

Species_10 25 977 1.68 0.26 

Species_11 10 100 3.08 0.31 

Species_12 32 150 2.68 0.34 

Species_13 21 784 2.46 0.24 

Species_14 9 816 2.34 0.35 

Species_15 35 871 3.07 0.33 

Species_16 9 545 2.78 0.12 

Species_17 42 548 3.11 0.11 

Species_18 7 980 3.31 0.29 

Species_19 27 587 2.73 0.20 

Species_20 41 899 3.46 0.16 

The ecological, genetic and geographic 

trends found in the study areas are 

manifested into varieties in figures 1 

through 12.  Figure 2 presents a bar graph 

which indicates the average number of 

species in the same areas. The greatest 

number of endemic species is in region 4 

which implies that there is high ecological 

productivity in region 4.  Figure 3 includes 

a pie chart of the various species in Region 

A. It indicates that Species_1 was 

prevalent, accounting to 29 percent of all 

individuals observed. This would imply 

ecological monopolization or 

specialisation.  Figure 4 provides a scatter 

plot to indicate that the relationship 

between Shannon Diversity Index (H ) and 

species abundance is generally good. It 

implies that ecologically diverse areas tend 

to have more species living there.  Having 

examined the corresponding plots, figure 5 

depicts the fluctuating relationship between 

H and abundance of 20 species by way of a 

hybrid line plot and scatter. The number of 

points of intersection and separation of the 

two lines is numerous and is evidence of 
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how complex the interconnection between 

the concept of richness and that of evenness 

is.  Figure 6 illustrates the relation between 

major indicators of biodiversity with 

heatmap of correlation. Here middle-level 

positive linear association (r = 0.52) was 

observed between species richness and 

Shannon Index, which is in line with the 

assumption that ecosystems with greater 

number of species are also more even.  

Using a boxplot, the figure 7 reveals the 

difference in the values of the fixation 

index (FST) between regions. Regions A 

and C have the largest interquartile range 

and this implies that these populations 

possess more genetic structure.  The figure 

8 supplants this analysis since the figure 

gives a violin plot of the Shannon Index 

values. Bimodal distribution of Region C 

implies presence of subpopulations or 

ecotypes occupying an identical geographic 

zone.A Principal Component Analysis 

(PCA) of genetic marker data could be seen 

in figure 9. It presents three distinct genetic 

groups, which fits favorably with mountain, 

coastal, and insular ones. This shows that 

geographical isolation can lead to disparity 

of evolution.  The abundance of species is 

presented in the form of a histogram in 

figure 10. It exhibits a bell shape pattern 

where majority of the species are within 

300-700 individuals. It implies moderate 

dominance and low rate of abnormal 

species.  Figure 11 reveals the number of 

species in the mountain, coastal, and island 

habitats using bar plots to easily compare 

them. It is quite evident that there are most 

species to be found in the coastal 

ecosystem.  Lastly figure 12 shows a line 

plot of the predicted suitability scores 

versus the observed suitability scores as a 

measure of how the habitat suitability 

modelling performed well. The fact that the 

level of congruence is above 90 percent (R 

2 2 sample approximated to be 0.91) 

indicates that the model is efficient in 

addressing ecological trends and could be 

applied in the planning of conservation 

activities.  Viewed in combination, these 

visualisations provide a full-dashboard, 

statistical analysis of the biodiversity of 

endemic flora of pristine ecosystems. They 

also demonstrate the significance of the 

spatial and genetic information in the bid to 

make intelligent conservation-related 

decisions. 
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Figure 2. See Results section for detailed explanation of this figure. 

 

Figure 3. See Results section for detailed explanation of this figure. 

 

Figure 4. See Results section for detailed explanation of this figure. 

 

Figure 5. See Results section for detailed explanation of this figure. 
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Figure 6. See Results section for detailed explanation of this figure. 

 

Figure 7. See Results section for detailed explanation of this figure. 

 

Figure 8. See Results section for detailed explanation of this figure. 

 

Figure 9. See Results section for detailed explanation of this figure. 
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Figure 10. See Results section for detailed explanation of this figure. 

 

Figure 11. See Results section for detailed explanation of this figure. 

 

Figure 12. See Results section for detailed explanation of this figure. 

DISCUSSION 

To preserve endemic flora in remote 

habitats, we must utilize multidisciplinary 

approach involving integration of genetic 

information into ecology, environment and 

socioeconomic parameters.  We can make 

this possible through full comprehension of 

the evolutionary processes involved in the 

formation of their genetics. This will assist 

us to develop management strategies that 

will enable them live long term.  The 

example of new tools and methods of 

genetic analysis that may assist us in 

understanding complex relationships 

between genetic diversity, environmental 

conditions, and ecosystem functioning are 

genomics and landscape genetics.  

Examples of such facilities include zoos or 
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botanical gardens in that they confine 

animals and plants away from their normal 

habitats in breeding programs (Mahanayak, 

2024).  However, populations being 

relocated to ex situ should be weak and 

requires proper management in reducing 

the possibility of genetic decay (Smith et 

al., 2023).  The in situ conservation system 

rendering plants adaptable to 

environmental changes as well becomes 

increasingly more significant than ex situ 

storage of plants (Labokas & Karpavičienė, 

2021).  It has to be studied further to 

understand how endemic plants species can 

evolve under the pressure of climate change 

and other environmental factors (Pan et al., 

2025).  Developed indicators that are 

present in a particular species will assist us 

in determining the genetic diversity of a 

population (Summarwar et al., 2021).  This 

type of information allows planning nature 

reserves (Voolstra et al., 2023).  

Additionally, it can also be a good idea to 

check whether the environment is 

appropriate during the process of 

restoration (Valk & Dalen, 2024).  The 

conservation plans must be adaptable and 

they must be capable of adapting depending 

on the situation. They are supposed to 

consist of monitoring and adaptive 

management to address new threats and 

environmental change.  It remains highly 

valuable to maintain genetic diversity over 

a breeding population in order to 

accomplish long-term genetic gains (Li et 

al., 2022). It is often assumed that 

urbanization has adverse effects on native 

vegetation; however, it may put native 

animals under the dependence on non-

native plants in unpredictable ways, 

complicating conservation (Jain et al., 

2021).  Education, including educating 

individuals (particularly, urban ones) about 

the significance of biodiversity, can play a 

significant role in contributing to the 

protection of species in any setting (Radić 

& Gavrilović, 2020).  Scientists and policy-

makers are to look at land-use alterations 

and wildlife ecosystem regeneration as the 

top possible priority to raise explicit 

concern about the environment 

(Dimopoulos & Kokkoris, 2021).  The 

presence of genetic diversity plays a vital 

role in making species adapt and survive, 

particularly by the species in the isolated 

ecosystems where they are experiencing a 

loss of habitat as well as climatic changes 

(Soomro et al., 2024).  Protection of genetic 

resources is very important with respect to 

sustainable development. Nevertheless, 

there is a necessity to expand the natural 

conservation areas (Bui & Kopytova, 

2020).  In order to prevent the loss of 

biodiversity, we should change the current 

approach to conservation and ensure it 

becomes integrated into the management of 

practices (Li et al., 2022).  An alternative 

solution would be agricultural 
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diversification, which has the potential to 

maximise resources and sustain production 

of the ecosystems through elevated levels 

of biodiversity above or below the soil 

(Tamburini et al., 2020).  Conservation 

highly depends on genetic diversity 

particularly in those ecosystems that are 

isolated to the rest of the world and whose 

plants are even endemic to the particular 

region (Dhyani & Abeli, 2022).  Our 

biodiversity is decreasing and hence we 

require implementing proper conservation 

mechanisms, in particular how to manage 

forests, to embrace evolving ecological 

scenarios and ensure that ecosystems may 

adapt in the long run (Botequim et al., 

2021).  In order to prevent the loss of 

ecosystems that contain much biodiversity, 

we must take swift and successful 

conservation measures throughout the 

world (Fajardo et al., 2021). 

CONCLUSION 

This paper examined the biodiversity 

pattern and genetic composition of the 

endemic plants adapted to live in 

ecologically secluded conditions in a 

comprehensive manner. It accomplished 

this through a complex of ecology, 

molecular and geographical data that were 

put into a conservation genetics concept.  

The findings indicate that isolated habitats 

especially mountain enclaves, coastal 

ridges as well as island biomes bear 

tremendously high degrees of endemism 

and genetic peculiarity. This makes very 

clear the quality of their importance 

regarding evolution and what delicate 

things they are to the environment.  To 

obtain estimates of species richness we 

employed systematic field sampling. 

Molecular evidence was also employed to 

demonstrate that there was a great deal of 

genetic variation within populations as well 

as between them where Fsub>ST/sub> 

values indicated that the populations were 

genetically dissimilar between each other at 

the moderate to high other.  The 

applicability of species distribution models 

with current climate conditions and with 

climate change scenarios enabled us to 

project the availability of microrefugia that 

was genetically rich. This assisted us to 

identify key places of in-situ conservation.  

As well, concepts of native tribes 

contributed to ecological background and 

demonstrated gaps in the process of 

conservation due to social, cultural, and 

manmade impact.  The unification of 

modern genetics and traditional ecological 

knowledge was very much the need in 

discovering the best sites where 

biodiversity could well be saved and 

resiliency planned.  Overall, this paper 

highlights the need to take genetically 

informed conservation practices depending 

on the circumstances to help halt the 

decline of the biodiversity in such delicate 
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regions.  The technique can also serve as an 

example to guide future research to 

integrate field ecology, genetics, and 

conservation policy under the emerging 

global environmental change. 
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