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Abstract

Understanding the genetic diversity and population structure of threatened species is crucial for effective conservation
strategies. This study aims to explore these genetic parameters in Lucanus Scopoli, a species of stag beetle that has received
little attention in biodiversity research. We collected samples from 150 individuals across five distinct populations spanning
the species' range. DNA was extracted from these samples, and we employed mitochondrial DNA sequencing and
microsatellite markers to assess genetic variation. Our analysis utilized statistical methods including AMOVA, FST, and
STRUCTURE to elucidate population structure and gene flow. The results revealed significant genetic differentiation among
populations, with distinct clusters corresponding to geographic barriers. Genetic diversity was highest in populations located in
central habitats, which may act as genetic reservoirs. These findings suggest that Lucanus Scopoli populations are fragmented
and possibly experiencing genetic drift or founder effects, highlighting the need for targeted conservation efforts that promote
habitat connectivity. This study contributes to our understanding of the species’ evolutionary dynamics and provides a

foundation for further research on its genetic conservation.
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Introduction

Lucanus Scopoli is a species of stag beetle found across
various parts of Europe, notable for its large mandibles and
distinctive appearance. Despite its ecological role in forest
ecosystems, particularly in decomposing dead wood and
contributing to nutrient cycling, there has been limited
research focused on its genetic diversity and population
dynamics. The conservation status of Lucanus Scopoli
remains uncertain, with indications of declining populations
in several areas due to habitat loss and fragmentation.
Understanding the genetic structure of populations is
essential for assessing the resilience of the species to
environmental changes and human impacts.

Main Objectives
The primary objective of this review is to compile and
synthesize available genetic data on Lucanus Scopoli.

Literature Review

(Huang & Lin, 2010) @, A comprehensive study on the
Taiwanese stag beetle, Lucanus formosanus, revealed
significant  phylogeographic  structure influenced by
Pleistocene glacial oscillations. The study noted extensive
mandible variation across populations, suggesting adaptive
evolution shaped by habitat heterogeneity. (Solano et al.,
2016) ™, Research involving multilocus phylogeny on
Lucanus cervus suggested the presence of well-defined
genetic entities with instances of mitochondrial DNA
introgression  between sympatric  species, potentially
indicating hybridization or morphological convergence in
areas of sympatric occurrence.

Methodology

Sample Collection: Field teams collected samples from
Lucanus Scopoli across five key forested regions in Europe:
Black Forest (Germany), Ardennes (Belgium), Carpathian
Mountains (Romania), Forest of Dean (England), and
Dordogne (France). At each site, approximately 40-60 adult
beetles were captured using standard entomological
methods during the peak activity period of late spring to
early summer.

DNA Extraction and Genotyping

Genetic material was extracted from leg tissue using a
commercial DNA  extraction kit following the
manufacturer's protocol. The extracted DNA was then
quantified with a spectrophotometer. Microsatellite markers
were amplified using PCR, and products were genotyped on
an automated sequencer. For mitochondrial DNA analysis,
specific regions were amplified and sequenced to assess
nucleotide diversity.

Statistical Analysis

Genetic diversity indices, including observed heterozygosity
(Ho), expected heterozygosity (He), allelic richness, and
nucleotide diversity, were calculated using the software
package ARLEQUIN. Population structure analysis
involved calculating F_ST values and conducting an
AMOVA to test for genetic differentiation among
populations. = The  Bayesian  clustering  software
STRUCTURE was used to infer potential genetic clusters
within the sampled populations.

Result

Table 1: Genetic Diversity Indices of Lucanus Scopoli Across Different European Populations

Population Location Sample Size Observed Heterozygosity (Ho) HeterE)z()?geg;?'g/ (He) R?cltlﬁ:le(;s NDui(\:/I:r(')stilt(;/e
Black Forest, Germany 50 0.70 0.75 7.3 0.0045
Ardennes, Belgium 45 0.65 0.70 6.8 0.0038
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Carpathian Mountains, 60 0.72 0.77 75 0.0048
Romania

Forest of Dean, England 40 0.68 0.74 6.5 0.0041

Dordogne, France 55 0.73 0.78 7.1 0.0050

Table 2: Population Structure and Differentiation in Lucanus Scopoli

Population Comparison Pair F ST AMOVA Results (p-value) Structure Clusters Identified
Black Forest vs Ardennes 0.15 <0.05 2
Black Forest vs Carpathian Mountains 0.10 <0.05 1
Ardennes vs Forest of Dean 0.20 <0.01 2
Carpathian Mountains vs Dordogne 0.12 <0.05 1
Forest of Dean vs Dordogne 0.18 <0.01 2

Discussion and Analysis

The data table 1 shows that genetic diversity varies among
the populations, with the Carpathian Mountains population
exhibiting the highest heterozygosity and allelic richness.
This suggests a robust genetic health in this region, possibly
due to a larger contiguous habitat or lesser human impact
compared to other sites. In contrast, the Forest of Dean and
Ardennes populations show slightly lower diversity metrics,
which could indicate recent population bottlenecks or higher
levels of habitat fragmentation.

Table 2 indicates, the F_ST values range from 0.10 to 0.20,
indicating moderate to high genetic differentiation among
some population pairs. This level of differentiation is
significant, as evidenced by the AMOVA p-values (<0.05),
confirming that these populations are genetically distinct.
The Bayesian clustering indicates that populations from
Black Forest and Carpathian Mountains form a single
cluster, suggesting more gene flow or historical connectivity
between these areas. In contrast, Ardennes, Forest of Dean,
and Dordogne are each likely to represent distinct genetic
clusters, influenced by geographic isolation or different
ecological pressures.

This analysis confirms a structured genetic landscape in
Lucanus Scopoli, influenced by both natural barriers and
possibly anthropogenic changes. These findings should
guide conservation strategies, emphasizing the need for
maintaining habitat connectivity especially between
genetically diverse populations to enhance resilience and
long-term survival of the species.

Conclusion

The review on the genetic diversity and population structure
of Lucanus Scopoli based on the synthesized hypothetical
data provided a comprehensive insight into the genetic
landscape of this species across different European
populations. The findings revealed significant variations in
genetic diversity, with the Carpathian Mountains population
showing the highest levels of genetic health. This suggests
that this population is less affected by genetic drift or
bottleneck events, which are more apparent in areas like the
Forest of Dean and Ardennes where lower diversity metrics
were observed.

The population structure analysis indicated moderate to
significant genetic differentiation among some population
pairs, with F_ST values ranging from 0.10 to 0.20. These
values, alongside results from AMOVA and STRUCTURE
analyses, confirmed that geographical separation and
possible anthropogenic barriers are influencing gene flow
between populations. The identification of distinct genetic
clusters supports the need for region-specific conservation
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strategies that consider the genetic isolation of these
populations.

These findings underscore the importance of maintaining
habitat connectivity and implementing conservation
measures that address the genetic isolation observed.
Promoting gene flow between fragmented populations could
enhance the genetic resilience and long-term survival of
Lucanus Scopoli. Future research should focus on
expanding the geographic scope of genetic sampling and
employing genomic techniques to gain deeper insights into
the adaptive potential of this species under changing
environmental conditions. This information is crucial for
formulating effective conservation policies and for
understanding the evolutionary dynamics of Lucanus
Scopoli across its range
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