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Abstract Conservation genomics is crucial for understanding the evolutionary history of species and maintaining their genetic
diversity. As top predators, felids play a key role in maintaining ecological balance, making their conservation essential. This study
aims to explore the genomic landscape of felids to guide and enhance conservation strategies. We investigated the evolutionary
history of felids, tracing their origins, diversification, and phylogenetic relationships, highlighting major evolutionary events. Using
advanced sequencing technologies and genomic data analysis methods, we studied genetic variation within and among felid species.
Through a detailed case study of the tiger (Panthera tigris), we gained insights into its genetic diversity, population structure, and
conservation efforts, providing valuable experience for other felid species. We explored adaptive genomic traits related to habitat,
disease resistance, and behavior. We assessed threats to felid genomic diversity, including habitat fragmentation, human-wildlife
conflict, and climate change. We discussed conservation strategies based on genomic data, including breeding programs, habitat
restoration, and policy recommendations. This study emphasizes the critical role of genomics in felid conservation. By integrating
genomic research with ecological data, robust conservation strategies can be developed to maintain felid biodiversity. Future
directions include leveraging emerging technologies and setting long-term conservation goals to ensure the survival of these majestic
predators.
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1 Introduction
Conservation genomics is an emerging field that leverages genomic data to address conservation challenges
(Allendorf, 2017). By analyzing the genetic material of organisms, researchers can gain insights into genetic
diversity, population structure, and evolutionary history, which are critical for developing effective conservation
strategies. Advances in sequencing technologies have enabled the generation of high-quality genomic data for a
wide range of species, including those that are not traditional model organisms (Johnson and Koepfli, 2014).
These genomic tools have revolutionized our understanding of biodiversity and the genetic factors that contribute
to species survival and adaptation (Samaha et al., 2021).

Felids, or members of the cat family, are of particular interest in conservation genomics due to their ecological
roles as apex predators and their vulnerability to environmental changes (Primmer, 2009). Felids such as tigers,
lions, leopards, and cheetahs have experienced significant population declines and habitat fragmentation, making
them prime candidates for genomic studies aimed at conservation (Kim et al., 2016). The genetic diversity within
felid populations is crucial for their adaptability and long-term survival. Studies have shown that felids often
exhibit low genetic diversity, which can increase their susceptibility to diseases and reduce their ability to adapt to
changing environments (Azizan and Paradis, 2021). Understanding the genetic makeup of felids can help identify
populations at risk and inform conservation efforts to maintain or enhance genetic diversity (Smith et al., 2017).

This study conducts a systematic review of the current state of conservation genomics in felids, synthesizing
findings from recent genomic studies to provide a comprehensive understanding of the genetic factors influencing
felid conservation; explores the genetic diversity, population structure, and evolutionary adaptations of various
felid species. By integrating data from multiple studies, this study hopes to identify common patterns and unique
challenges faced by different felid species and aims to highlight the potential of genomic tools in developing
effective conservation strategies for felids and emphasize the importance of preserving their genetic diversity for
future generations.
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2 Evolutionary History of Felids
2.1 Origins and diversification
The evolutionary history of modern felids traces back to relatively recent divergence and speciation events that
occurred less than 11 million years ago. This period marked the radiation of modern Felidae, producing successful
predatory carnivores that have since spread worldwide. The diversification of felids was facilitated by at least 10
intercontinental migrations, which were influenced by sea-level fluctuations. These migrations and subsequent
speciation events have been well-documented through a highly resolved molecular phylogeny, which includes
autosomal, X-linked, Y-linked, and mitochondrial gene segments, as well as fossil calibrations1. The fossil record,
however, underestimates the first occurrence of felid lineages by an average of 76%, indicating a low
representation of felid fossils in paleontological remains (Johnson et al., 2006).

2.2 Phylogenetic relationships
The phylogenetic relationships among felids have been elucidated through comprehensive analyses of
mitochondrial genomes. These studies have provided robust resolutions of both suprafamilial and intrafamilial
relationships within the order Carnivora, to which felids belong. The divergence times among species of
Carnivora, including felids, have been estimated using 21 fossil calibration points. These analyses suggest that
major groups within Feliformia, the suborder that includes felids, diversified more recently during the Oligocene
epoch. The basal divergence of the genus Nandinia, for instance, occurred at the Eocene/Oligocene transition
(Hassanin et al., 2021). This phylogenetic framework has been crucial in understanding the evolutionary pathways
and relationships among different felid species.

2.3 Major evolutionary events
Several major evolutionary events have shaped the history of felids. One significant event was the rapid radiation
and spread of nimravid carnivores, which are closely related to modern felids. This radiation occurred during the
late Eocene, following the decline or extinction of earlier carnivorous groups such as Mesonychia and
Oxyaenodonta. The emergence of nimravids, characterized by hypercarnivorous features, marked a pivotal
moment in the evolution of carnivorous mammals. The discovery of Pangurban egiae, an early nimravid from the
Eocene of California, provides evidence for the swift diversification of nimravids during a period of global
climatic instability. This event highlights the restructuring of North American ecosystems during the
Eocene-Oligocene transition, which allowed carnivoraforms, including felids, to occupy high trophic level niches
(Poust et al., 2022). In summary, the evolutionary history of felids is marked by recent divergence and speciation
events, complex phylogenetic relationships, and significant evolutionary milestones that have contributed to their
current diversity and ecological roles. The integration of molecular data and fossil records continues to enhance
our understanding of these remarkable carnivores.

3 Genomic Techniques in Conservation Biology
3.1 Sequencing technologies
Advancements in sequencing technologies have significantly enhanced our understanding of the genetic diversity
and evolutionary history of carnivores, particularly felids (Allio et al., 2021). High-quality reference genomes can
now be obtained from various sources, including roadkill samples, which provide valuable genetic material for
conservation studies. For instance, the genomes of the bat-eared fox and aardwolf were sequenced using a
combination of Nanopore long reads and Illumina short reads, demonstrating the potential of these technologies in
generating high-contiguity and gene-complete reference genomes. Additionally, cross-species genome alignments
have been employed to discover single nucleotide variants (SNVs) in species such as cheetahs, snow leopards, and
Sumatran tigers, using the domestic cat genome as a reference. This method has proven effective in identifying
adaptive and deleterious alleles, which are crucial for conservation management (Samaha et al., 2021).

3.2 Genomic data analysis methods
Genomic data analysis methods are essential for interpreting the vast amounts of data generated by sequencing
technologies. Techniques such as quantitative trait locus (QTL) mapping have been used to investigate the genetic
architecture of adaptive traits in carnivores. For example, QTL mapping in haplochromine cichlid fish revealed
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the genetic basis of trophic diversity, which is relevant for understanding similar adaptive traits in carnivores
(Feller and Seehausen, 2022). Phylogenetic analysis using mitochondrial DNA sequences, such as the cytochrome
b gene, has also been employed to decipher the evolutionary history and genetic relationships among carnivore
species. This approach provides insights into the origin, ancestry, and diversification of species, aiding in the
prediction of future evolutionary trends (Bashir et al., 2020).

3.3 Applications in conservation
The application of genomic techniques in conservation biology has led to significant advancements in the
management and preservation of felid species. For instance, the identification of orthologous chromosomal DNA
segments through 3D comparative scaffotyping has facilitated the assignment of chromosome-scale DNA
sequence scaffolds, reducing costs associated with karyotyping and physical mapping (Figure 1) (Corbo et al.,
2022). Forensically informative nucleotide sequencing (FINS) has been used to differentiate closely related wild
felids, such as the leopard cat, jungle cat, and fishing cat, based on mitochondrial gene variations. This method is
crucial for preventing false identification in wildlife forensics and strengthening DNA databases for conservation
purposes (Singh et al., 2020). Furthermore, studies on the genetic diversity of felid populations have highlighted
the importance of factors such as generation length, habitat, and home range size in influencing genetic variation.
These findings help identify priority species vulnerable to genetic diversity loss, guiding conservation efforts
(Azizan and Paradis, 2021). In summary, the integration of advanced sequencing technologies, sophisticated
genomic data analysis methods, and practical applications in conservation has provided valuable insights into the
evolutionary conservation genomics of felids. These techniques are instrumental in enhancing our understanding
of genetic diversity, adaptive traits, and evolutionary history, ultimately contributing to the effective management
and preservation of carnivore species.

Corbo et al. (2022) found that comparative chromatin conformation analyses in five felid species—puma, tiger,
leopard, cheetah, and clouded leopard—revealed significant chromosomal inversions and similarities in
homologous synteny blocks. Their study utilized Evolution Highway for visualizing synteny blocks and Juicer
plots to depict interaction frequencies between loci on chromosomal scaffolds. These analyses showed distinct
chromosomal inversions greater than 1 Mb in size and variations in the frequency of interactions across species.
The eigenvector values indicated chromatin structure differences at a 500-kb resolution. This study highlights the
chromosomal structural variations and conserved elements across different felid species, contributing to the
understanding of their evolutionary genomics.

4 Genomic Diversity in Felids
4.1 Genetic variation within species
Genetic variation within felid species is influenced by several factors, including geographic location, habitat type,
and species-specific traits. A comprehensive study analyzing data from 135 population genetic studies on 28 wild
felid species revealed significant differences in genetic diversity across continents. Populations in Africa and
South America exhibited higher heterozygosity and allelic richness compared to those in other regions. Asiatic
lions, in particular, showed the least genetic diversity among felids globally. Additionally, threatened species
generally had lower genetic diversity than low-risk species, although genetic diversity was not correlated with
body mass or geographic range. Generation length emerged as a critical factor, with species having shorter
generation lengths displaying reduced genetic diversity. Habitat type and home range size also played roles, with
species dependent on closed habitats and those with larger home ranges showing lower heterozygosity (Azizan
and Paradis, 2021).

4.2 Comparative genomics among felid species
Comparative genomics has provided valuable insights into the evolutionary history and adaptive traits of felid
species. Cross-species genome alignments using the domestic cat as a reference have enabled the discovery of
millions of single nucleotide variants (SNVs) in species such as the cheetah, snow leopard, and Sumatran tiger.
These alignments have facilitated the identification of population structures and functional genomic features,
although they are less effective at detecting rare variants. Enrichment analyses of fixed and species-specific SNVs
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have shed light on adaptive traits and the pathogenesis of heritable diseases, underscoring the utility of
cross-species genomic methods in conservation management (Samaha et al., 2021). Additionally, the conservation
of chromatin conformation across carnivores, including felids, has been observed, highlighting the importance of
maintaining three-dimensional chromatin architecture for conserved genome functions. This conservation has
practical applications in reducing costs associated with karyotyping and physical mapping in biodiversity genome
sequencing efforts (Corbo et al., 2022).

Figure 1 Comparative analysis of chromatin conformation in felids. Puma, tiger, leopard, cheetah, and clouded leopard C-scaffolds
orthologous to cat chromosome D3 (FCAD3) and E1 (FCA E1) (Adopted from Corbo et al., 2022)
Image caption: (A) Homologous synteny blocks of the five felids visualized in Evolution Highway at 300-kb resolution. Blue
indicates same sequence orientation as the reference genome. Pink depicts chromosome inversions (arrows indicate inversions bigger
than 1 Mb). Numbers represent the scaffold identifier of the target species. (B) Juicer plots of orthologous C-scaffolds for the five
felids as numbered in part A. Color intensity reflects the frequency of interactions between pairs of loci on C-scaffolds (range 1 to
1,000 for each map). Blue histograms depict eigenvector values for each species matrix at 500-kb resolution. Similar comparisons for
all other cat chromosomes are shown in SI Appendix, Fig. S2. Alignment coordinates can be found in Dataset S3 (Adopted from
Corbo et al., 2022)

4.3 Implications for conservation
The findings on genetic diversity and comparative genomics have significant implications for the conservation of
felid species. Identifying species with low genetic diversity, such as the Asiatic lion, can help prioritize
conservation efforts to mitigate the risks associated with reduced genetic variability. The use of cross-species
genome alignments and the conservation of chromatin conformation can aid in the development of cost-effective
genomic resources for non-model species, facilitating more informed conservation strategies. Furthermore,
understanding the genetic basis of adaptive traits and disease susceptibility can inform breeding programs and
habitat management practices aimed at enhancing the resilience of felid populations (Fan et al., 2018).
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5 Case Study: Panthera Tigris
5.1 Genetic diversity and population structure
The genetic diversity and population structure of Panthera tigris, commonly known as the tiger, have been
extensively studied to understand the implications for conservation. Recent genomic studies have revealed
significant insights into the genetic makeup of various tiger subspecies. For instance, the near-chromosomal de
novo assembly of the Bengal tiger genome has provided a high-quality reference that highlights the genetic
hallmarks of apex predation and offers a comprehensive tool for conservation genetics5. This assembly has
enabled the detection of longer stretches of runs of homozygosity, which are crucial for estimating genomic
inbreeding levels. Additionally, the use of non-invasive methods such as eDNA from scat samples has proven
effective in assembling complete mitochondrial genomes of the Amur tiger (Panthera tigris altaica). This
approach has demonstrated that it is possible to retrieve accurate whole and nearly complete mitochondrial
genomes without library enrichment protocols, providing a valuable resource for conservation strategies (Figure 2)
(Baeza, 2022). These genomic resources are essential for understanding the genetic diversity and population
structure of tigers, which is critical for their conservation.

Figure 2 Circular DNA mitochondrial genome map of Panthera tigris altaica assembled from eDNA scat (Adopted from Baeza,
2022)
Image caption: The annotated map depicts 13 protein-coding genes (PCGs), two ribosomal RNA genes (rrnS: 12 S ribosomal RNA
and rrnL: 16 S ribosomal RNA), 22 transfer RNA (tRNA) genes, and the putative control region (not annotated) (Adopted from
Baeza, 2022)

Baeza (2022) found that the circular mitochondrial genome of the Siberian tiger (Panthera tigris altaica),
assembled from environmental DNA (eDNA) scat samples, includes 13 protein-coding genes, two ribosomal RNA
genes, and 22 transfer RNA genes. Their analysis also identified a putative control region, although it was not
annotated. This comprehensive mapping of the mitochondrial genome provides essential insights into the genetic
structure and diversity of the Siberian tiger, aiding conservation efforts by enabling more accurate population
monitoring and genetic health assessments. The study underscores the utility of eDNA in non-invasive wildlife
genetics research, offering a valuable tool for studying endangered species like the Siberian tiger.
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5.2 Conservation efforts and genomic insights
Conservation efforts for tigers have increasingly relied on genomic insights to inform management strategies. The
high-quality genome assemblies of tigers have identified several gene families involved in key morphological
features such as teeth, claws, vision, olfaction, taste, and body stripes, which are essential for their survival as
apex predators5. These genomic insights have also revealed signatures of positive selection consistent with the
Panthera lineage, providing a deeper understanding of the evolutionary adaptations of tigers. Moreover, the use of
cross-species genome alignment methods has facilitated the discovery of single nucleotide variants (SNVs) in
tigers, which are crucial for understanding population structure and functional genomic features. This method has
been successfully applied to the Sumatran tiger (Panthera tigris sumatrae), yielding valuable data on adaptive
traits, evolutionary history, and the pathogenesis of heritable diseases (Wultsch et al., 2016). These genomic
insights are instrumental in developing effective conservation strategies that address the genetic health and
viability of tiger populations.

5.3 Lessons learned for other felids
The genomic studies and conservation efforts focused on tigers offer valuable lessons for other felids. The
successful application of non-invasive genetic methods, such as eDNA from scat samples, demonstrates the
potential for similar approaches to be used in other felid species to gather genetic data without the need for
invasive sampling techniques. This is particularly important for endangered and elusive species where traditional
sampling methods may be challenging. Furthermore, the insights gained from high-quality genome assemblies
and cross-species genome alignments highlight the importance of developing comprehensive genomic resources
for other felids. These resources can provide critical information on genetic diversity, population structure, and
adaptive traits, which are essential for informed conservation management (Shukla et al., 2022). By leveraging
these genomic tools, conservationists can better understand the genetic health of felid populations and implement
strategies to mitigate the risks of inbreeding and genetic drift. In conclusion, the case study of Panthera tigris
underscores the significance of genomic research in conservation efforts. The lessons learned from tigers can be
applied to other felids, enhancing our ability to protect and preserve these majestic species for future generations.

6 Adaptive Genomic Traits in Felids
6.1 Adaptations to different habitats
Felids exhibit a range of genomic adaptations that enable them to thrive in diverse habitats. One significant
adaptation is the evolution of pattern recognition receptor (PRR) genes, which play a crucial role in immune
responses. These genes have undergone positive selection in semi-aquatic species, suggesting that they have
adapted to specific environmental pressures6. Additionally, the contraction of gene families related to starch and
sucrose metabolism in felids indicates a dietary specialization that aligns with their carnivorous lifestyle, which is
a critical adaptation for survival in various habitats (Figure 3) (Kim et al., 2016).

Kim et al. (2016) found that the identification of highly conserved regions (HCRs) across Felidae, Hominidae,
and Bovidae revealed significant insights into genetic conservation and variation among these groups. The Venn
diagram analysis showed shared and unique genes in the HCRs, with a notable number of conserved genes across
all three families. The heatmap analysis of enriched gene ontology (GO) categories and KEGG pathways in the
HCRs highlighted key biological processes and pathways, such as proteasome function, cell cycle regulation, and
signal transduction pathways. These findings suggest that despite evolutionary divergence, there are critical
conserved genetic elements among these families, which may play essential roles in their fundamental biological
functions and evolutionary adaptations. The study emphasizes the importance of HCRs in understanding the
genetic basis of phenotypic traits and species survival.

6.2 Disease resistance and health
The genetic architecture of felids also includes adaptations that enhance disease resistance and overall health. The
PRR genes, which are essential for innate immunity, show a high degree of conservation across different felid
species. This conservation suggests that these genes are under strong selective pressure to maintain their function
in recognizing and responding to pathogens (Smith et al., 2017). Moreover, the low levels of genetic diversity
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observed in felid populations, such as those of tigers, lions, and leopards, highlight their vulnerability to diseases
and the importance of maintaining genetic health for conservation purposes (Leaniz et al., 2007).

Figure 3 HCRs in Felidae, Hominidae, and Bovidae (Adapted from Kim et al., 2016)
Image caption: HCRs in the same family species were identified by calculating the ratios between numbers of conserved and
non-conserved positions, a Venn diagrams of genes in the HCRs. b Heatmap of enriched gene ontology (GO) categories or KEGG
pathways in the HCRs. Z-scores for the average fractions of homozygous positions are shown as a white-to-red color scale (Adapted
from Kim et al., 2016)

6.3 Behavioral traits and genetics
Behavioral traits in felids are closely linked to their genetic makeup. For instance, genes associated with muscle
strength and agility are crucial for hunting and meat consumption, which are key behavioral traits in carnivorous
felids (Wu et al., 2022). These genetic traits not only influence their hunting efficiency but also their ability to
adapt to different prey and hunting strategies. Additionally, the genetic evidence of low genetic diversity in felids
suggests that their strict dietary requirements may limit their behavioral flexibility, making them more susceptible
to environmental changes and human activities. In summary, the genomic traits of felids reflect their adaptations
to various habitats, disease resistance mechanisms, and behavioral characteristics. These adaptations are crucial
for their survival and highlight the importance of genetic diversity and conservation efforts to protect these
species.

7 Threats to Felid Genomic Diversity
7.1 Habitat fragmentation and loss
Habitat fragmentation and loss are significant threats to the genomic diversity of felids. Fragmented landscapes
can lead to isolated populations, reducing gene flow and increasing the risk of inbreeding. For instance, a study on
jaguars, pumas, and ocelots in Belize demonstrated that habitat fragmentation has led to moderate levels of
genetic differentiation among these species, with jaguars showing the lowest degree of genetic subdivision.
Similarly, research on jungle cats in central India revealed that roads and human-dominated land-use negatively
impact their movement, further fragmenting their habitats and reducing genetic connectivity (Tyagi et al., 2022).
The importance of maintaining corridors and stepping stone habitat patches to facilitate movement and gene flow
among fragmented populations is emphasized in conservation strategies (Ashrafzadeh et al., 2020).

7.2 Human-wildlife conflict
Human-wildlife conflict is another critical threat to felid genomic diversity. This conflict often results in direct
killings, habitat destruction, and reduced prey availability, all of which can lead to population declines and genetic
bottlenecks. For example, cheetahs are severely affected by human-wildlife conflict, with only approximately
7,100 individuals remaining in the wild. This has led to high inbreeding levels, particularly in the Critically
Endangered Iranian and North-western subspecies, which exhibit the lowest genome-wide heterozygosity among
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big cats (Prost et al., 2022). The impact of human activities on felid populations underscores the need for effective
conflict mitigation strategies to preserve their genetic diversity.

7.3 Climate change impacts
Climate change poses a significant threat to felid genomic diversity by altering habitats and affecting prey
availability. Changes in temperature and precipitation patterns can lead to habitat shifts, forcing felids to move to
new areas where they may face increased competition and reduced genetic diversity. A study on the genetic
diversity of felids across different continents found that species in tropical regions, which are more vulnerable to
climate change, have higher heterozygosity and allelic richness compared to those in non-tropical regions (Prost et
al., 2022). This suggests that climate change could disproportionately impact felids in tropical areas, leading to a
loss of genetic diversity. Additionally, the decline in prey species due to climate change can further threaten felid
populations, as seen in the historical context of large-felid extinctions linked to prey loss (Sandom et al., 2018). In
conclusion, habitat fragmentation and loss, human-wildlife conflict, and climate change are significant threats to
the genomic diversity of felids. Addressing these threats through habitat conservation, conflict mitigation, and
climate adaptation strategies is crucial for preserving the genetic diversity and long-term survival of these species.

8 Conservation Strategies Informed by Genomics
8.1 Breeding programs and genetic management
Genomic insights have significantly advanced our understanding of the genetic diversity and reproductive biology
of felids, which is crucial for effective breeding programs and genetic management. Studies have shown that
felids exhibit low levels of genetic diversity due to their strict dietary specializations and reduced population sizes,
making them vulnerable to inbreeding and genetic drift (Ashrafzadeh et al., 2020). Conservation breeding
programs must therefore prioritize maintaining and enhancing genetic diversity. Assisted reproductive
technologies (ARTs), such as artificial insemination and embryo transfer, have been developed to overcome
challenges in natural breeding and mitigate inbreeding. However, the success of these technologies is often limited
by inconsistent responses to ovarian stimulation and variable quality of gametes and embryos, highlighting the
need for further research and improvement in ARTs (Thongphakdee et al., 2020).

8.2 Habitat restoration and connectivity
Habitat loss and fragmentation are major threats to felid populations, necessitating strategies to restore and
maintain habitat connectivity. Genomic studies have revealed the impact of landscape features on gene flow and
genetic diversity among felid populations. For instance, roads and human-dominated land use negatively impact
the movement of jungle cats, emphasizing the need for landscape-level management plans that consider multiple
carnivore species. Additionally, maintaining corridors and stepping stone habitat patches along corridors is
essential to facilitate the movement of individuals between fragmented habitats. Genetic monitoring of wild felids
in fragmented landscapes has shown that while genetic diversity and gene flow are still relatively high, continued
habitat loss and fragmentation could lead to decreased genetic connectivity (Knaus et al., 2011). Therefore, habitat
restoration efforts should focus on creating and preserving corridors that enhance connectivity and support genetic
exchange among populations.

8.3 Policy implications and recommendations
The integration of genomic data into conservation policies can provide more accurate and effective strategies for
the preservation of felid species. Genomic analyses have identified priority species and populations that are
particularly vulnerable to genetic diversity loss, such as the Asiatic lions and certain populations of fishers. These
findings underscore the importance of targeted conservation efforts for these high-risk groups. Additionally, the
use of whole-genome data rather than traditional genetic markers, such as the mitochondrial D-loop, can provide
more reliable information for conservation decision-making (Wultsch et al., 2016). Policymakers should
incorporate genomic data into wildlife management plans to ensure that conservation actions are based on the
most accurate and comprehensive genetic information available. This approach will help to identify and protect
critical habitats, enhance genetic diversity, and ultimately improve the long-term viability of felid populations. By
leveraging genomic insights, conservation strategies can be more precisely tailored to address the specific needs
and challenges faced by felid species, thereby enhancing their chances of survival in the wild (Allendorf, 2017).
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9 Future Directions in Felid Genomics
9.1 Emerging technologies
The rapid advancement of sequencing technologies has significantly enhanced our ability to study felid genomics.
Next-generation sequencing (NGS) and genotyping-by-sequencing (GBS) have enabled researchers to sample
genomes more densely, providing deeper insights into genetic variation and evolutionary processes. These
technologies have facilitated the generation of high-quality genome assemblies for various felid species, such as
the leopard, which has allowed for comparative genomic analyses across different dietary specializations (Smith et
al., 2017). Future research should focus on leveraging these technologies to sequence whole genomes of larger
populations, which, although currently expensive, will become more feasible as costs decrease and computational
methods improve. Additionally, the development of more sophisticated bioinformatic tools will be crucial for
handling the vast amounts of data generated by these technologies (Vonholdt et al., 2018).

9.2 Integrating genomics with ecological data
Integrating genomic data with ecological and behavioral data is essential for a comprehensive understanding of
felid conservation (Kim et al., 2017). Long-term field studies have provided valuable insights into the social
systems, ecophysiology, and ecology of carnivores, which are critical for interpreting genomic data in a
meaningful context. For instance, understanding the genetic basis of traits such as reproductive suppression and
dispersal can inform conservation strategies aimed at maintaining genetic diversity and population viability.
Moreover, combining genomic data with ecological information can help identify adaptive traits that are crucial
for survival in changing environments (Narum et al., 2013). This integrative approach will enable more effective
conservation management by providing a holistic view of the factors influencing felid populations (Primmer,
2009).

9.3 Long-term conservation goals
Long-term conservation goals for felids should prioritize maintaining genetic diversity and evolutionary potential.
Genomic studies have revealed significant genetic erosion in endangered species like the Iberian lynx,
highlighting the need for strategies that mitigate the effects of demographic bottlenecks and inbreeding.
Conservation efforts should focus on preserving genetic diversity by facilitating gene flow between isolated
populations and protecting habitats that support large, viable populations. Additionally, understanding the genetic
architecture of adaptive traits can inform breeding programs and reintroduction efforts aimed at enhancing the
resilience of felid populations to environmental changes (Harrisson et al., 2014). Ultimately, the integration of
genomics into conservation planning will be essential for ensuring the long-term survival of felid species in the
face of ongoing threats such as habitat loss and climate change (Azizan and Paradis, 2021).

10 Concluding Remarks
The comparative genomic studies of felids have provided significant insights into the evolutionary adaptations and
conservation challenges faced by these carnivores. Key findings include the identification of shared evolutionary
adaptations in genes associated with diet, muscle strength, and agility, which are crucial for hunting and meat
consumption. Additionally, felids exhibit low levels of genetic diversity, likely due to their strict dietary
requirements and reduced population sizes, making them vulnerable to environmental changes and human
activities . The genomic erosion observed in endangered species like the Iberian lynx further highlights the critical
conservation status of these animals. Studies have also revealed the importance of gut microbiomes in adapting to
high purine and fat diets, which is a characteristic feature of carnivorous felids.

Genomic research plays a pivotal role in the conservation of felids by providing detailed insights into their genetic
diversity, population structure, and evolutionary history. The identification of genetic markers and adaptive traits
can inform conservation strategies aimed at enhancing genetic diversity and resilience in wild populations. For
instance, understanding the genetic consequences of habitat fragmentation and human activities can help in
planning wildlife corridors and other conservation measures. Moreover, the development of high-quality reference
genomes and cross-species genome alignments can aid in the discovery of adaptive and deleterious alleles, which
are essential for managing genetic health and disease in felid populations.
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The integration of genomic data with long-term field studies and ecological research offers a comprehensive
approach to understanding and conserving felid species. Future research should focus on expanding genomic
resources for non-model species and developing cost-effective methods for genome sequencing and analysis.
Additionally, there is a need for collaborative efforts to monitor genetic diversity and gene flow in fragmented
landscapes, which are critical for the survival of felid populations in the face of ongoing environmental changes.
By leveraging genomic insights, conservationists can develop more effective strategies to protect these iconic
carnivores and ensure their long-term viability in the wild.
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