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Abstract: 
Genetic diversity is essential for the long-term survival and adaptability of endangered species, yet it is 
threatened by various factors such as habitat loss, small population sizes, and inbreeding. This review 
examines the importance of genetic diversity in species conservation and explores the factors 
influencing genetic diversity in endangered species. It also discusses methods for assessing genetic 
diversity and highlights conservation strategies, including in situ and ex situ approaches. Case studies 
illustrate the application of genetic diversity assessment in conservation, and examples of genetic rescue 
and augmentation efforts are provided. Legal and policy frameworks for genetic diversity conservation 
in different countries are also reviewed. Additionally, emerging technologies and tools for genetic 
diversity conservation are discussed, along with recommendations for future research and conservation 
practices. 
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I. Introduction 
A. Background on Genetic Diversity in 
Endangered Species 
Genetic diversity, defined as the variety and 
frequency of alleles present in a population, is 
crucial for the long-term viability and 
adaptability of species (Frankham, 2015). In 
endangered species, genetic diversity is often 
compromised due to small population sizes, 
habitat fragmentation, and human-induced 
factors (Mace, 2018). For example, in their 
study on the genetic diversity of the 
endangered red panda (Ailurus fulgens), Gao et 

al. (2018) found that habitat fragmentation has 
led to reduced gene flow and increased 
inbreeding, threatening the genetic health of 
the population. 
 
B. Importance of Genetic Diversity for Species 
Conservation 
Maintaining genetic diversity is essential for 
species' ability to adapt to changing 
environments and threats such as diseases and 
climate change (Hughes et al., 2018). High 
genetic diversity can enhance population 
growth rates and reduce the risk of extinction 

 
 
 

190

mailto:gokul.prasad@isbmuniversity.edu.in


NeuroQuantology | February 2020 | Volume 18 | Issue 2 | Page 190-195| doi: 10.48047/nq.2020.18.2.NQ20145 
Gokul Prasad Sahu et al/GENETIC DIVERSITY AND CONSERVATION STRATEGIES IN ENDANGERED SPECIES: A REVIEW 
 

               eISSN1303-5150                                                                                                                                               www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

 

(Reed and Frankham, 2016). For instance, in 
their research on the effects of genetic diversity 
on the viability of the critically endangered 
black-footed ferret (Mustela nigripes), Wisely et 
al. (2017) demonstrated that higher genetic 
diversity was associated with increased 
reproductive success and survival rates. 
 
 
C. Purpose of the Review 
The purpose of this review is to critically 
evaluate current research on genetic diversity in 
endangered species and the conservation 
strategies aimed at preserving this diversity. By 
synthesizing findings from a range of studies, 
we aim to highlight successful conservation 
approaches, identify gaps in knowledge, and 
suggest future research directions to improve 
genetic diversity conservation efforts. 
 
II. Genetic Diversity in Endangered Species 
A. Definition and Significance of Genetic 
Diversity 
Genetic diversity refers to the variety and 
relative abundance of genetic information 
within and among individuals of a population or 
species (Allendorf et al., 2013). It plays a crucial 
role in the adaptability and long-term survival of 
species by providing the raw material for 
evolution and enabling populations to respond 
to environmental changes (Hughes et al., 2018). 

 
B. Factors Influencing Genetic Diversity 
Habitat Loss and Fragmentation: Habitat loss 
and fragmentation can lead to isolation of 
populations, reducing gene flow and increasing 
genetic drift (Frankham, 2015). For example, in 
their study on the effects of habitat 
fragmentation on genetic diversity in the black 
bear (Ursus americanus), Lee et al. (2014) found 
that fragmented populations exhibited lower 
genetic diversity compared to contiguous 
populations. 
Small Population Size and Genetic Drift: Small 
populations are more prone to genetic drift, 
which can reduce genetic diversity over time 
(Jamieson and Allendorf, 2012). This 
phenomenon is illustrated in the study of the 
endangered cheetah (Acinonyx jubatus) by 
O'Brien et al. (2017), where small population 
size led to genetic uniformity and increased 
susceptibility to diseases. 
Inbreeding and Genetic Disorders: Inbreeding, 
or mating between closely related individuals, 
can lead to the expression of deleterious 
recessive alleles, resulting in genetic disorders 
and reduced fitness (Ralls et al., 2018). The 
study of the Florida panther (Puma concolor 
coryi) by Johnson et al. (2016) highlights the 
detrimental effects of inbreeding depression on 
population viability. 

 
Table 1 Factors Influencing Genetic Diversity in Endangered Species and Their Effects 

Factor Description Effects 

Habitat Loss and 
Fragmentation 

Reduction in the size and connectivity 
of habitats due to human activities 
such as deforestation and 
urbanization 

- Decreased gene flow between populations 
- Increased genetic drift - Loss of genetic 
diversity 

Small 
Population Size 

Small population sizes increase the 
likelihood of inbreeding and genetic 
drift 

- Increased risk of inbreeding depression - 
Loss of genetic diversity - Reduced 
evolutionary potential 

Inbreeding 
Mating between closely related 
individuals, leading to an increase in 
homozygosity 

- Expression of deleterious recessive alleles - 
Increased susceptibility to diseases and 
environmental stresses - Reduced fitness 
and reproductive success 
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Genetic Drift 
Random changes in allele frequencies 
in small populations due to sampling 
error 

- Loss of rare alleles - Increased fixation of 
deleterious alleles - Reduced genetic 
diversity over time 

Overexploitation 
Unsustainable harvesting of 
individuals from a population 

- Reduction in population size and genetic 
diversity - Disruption of natural selection 
and genetic adaptation 

Pollution 

Introduction of pollutants into the 
environment, affecting genetic health 
through direct toxicity or disruption of 
ecosystems 

- Genetic damage and mutations - 
Decreased reproductive success - Reduced 
genetic diversity 

Climate Change 
Alteration of environmental 
conditions, impacting species 
distributions and genetic adaptation 

- Changes in allele frequencies and genetic 
composition - Shifts in phenology and 
behavior - Increased vulnerability to 
diseases and pathogens 

Introduction of 
Invasive Species 

Arrival of non-native species that 
compete with or prey upon native 
species, leading to population 
declines and genetic homogenization 

- Loss of genetic diversity through 
hybridization and introgression - Disruption 
of ecological interactions and natural 
selection - Genetic assimilation of native 
populations by invasive species 

Habitat 
Degradation 

Reduction in the quality and 
availability of habitats due to 
pollution, climate change, and human 
activities 

- Decreased population size and genetic 
diversity - Loss of habitat specialists and 
genetic uniqueness - Disruption of 
ecosystem services and genetic interactions 

 
C. Methods for Assessing Genetic Diversity 
Molecular Markers: Molecular markers, such as 
microsatellites and single nucleotide 
polymorphisms (SNPs), are commonly used to 
assess genetic diversity within and among 
populations (Helyar et al., 2011). These markers 
provide insights into population structure, gene 
flow, and levels of genetic variation. 
Pedigree Analysis: Pedigree analysis involves 
tracing the ancestry of individuals within a 
population to estimate genetic relatedness and 
assess the impact of breeding practices on 

genetic diversity (Kardos et al., 2015). This 
approach is often used in captive breeding 
programs to minimize inbreeding and maintain 
genetic diversity. 
Population Genetics Models: Population 
genetics models, such as effective population 
size and allelic richness, are used to quantify 
genetic diversity and predict the effects of 
different factors on genetic variation (Waples 
and Do, 2010). These models help in 
formulating conservation strategies that aim to 
preserve genetic diversity. 
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Figure 1: Methods for Assessing Genetic Diversity in Endangered Species 
 
 
III. Conservation Strategies 
A. In situ Conservation 
Habitat Preservation and Restoration: 
Protecting and restoring natural habitats are 
essential for maintaining genetic diversity by 
providing larger and more connected areas for 
populations to thrive (Lindenmayer and Fischer, 
2013). For example, the conservation efforts for 
the European bison (Bison bonasus) focused on 
habitat restoration have led to increased 
genetic diversity and population size (Kamiński 
et al., 2015). 
Population Management and Translocation: 
Managing populations to maintain genetic 
diversity involves monitoring population sizes, 
genetic composition, and gene flow among 
subpopulations (Whiteley et al., 2015). 
Translocation of individuals between 
populations can enhance genetic diversity and 
reduce the risk of inbreeding (Frankham, 2015). 
 

B. Ex situ Conservation 
Seed Banks and Cryopreservation: Seed banks 
and cryopreservation facilities store genetic 
material from endangered species, preserving 
genetic diversity for future reintroduction 
efforts (Ryder, 2018). The Millennium Seed 
Bank Partnership, for example, aims to 
conserve 25% of the world's plant species by 
2020 (Royal Botanic Gardens Kew, 2018). 
Captive Breeding Programs: Captive breeding 
programs maintain populations of endangered 
species in controlled environments, allowing for 
breeding and genetic management to maintain 
diversity (Conde et al., 2011). The success of 
such programs is evident in the case of the 
California condor (Gymnogyps californianus), 
which has been reintroduced into the wild 
following captive breeding efforts (Meretsky et 
al., 2018). 
 
C. Genetic Rescue and Augmentation 

Method

Landscape 
Genetics

Conservation 
Genomics

Genetic 
Rescue

Molecular 
Markers

Pedigree 
Analysis

Population 
Genomics
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Genetic rescue involves introducing new 
genetic material into a population to increase 
genetic diversity and reduce the effects of 
inbreeding (Whiteley et al., 2015). 
Augmentation aims to supplement existing 
populations with individuals from other 
populations to increase genetic variation 
(Frankham, 2016). 
 
D. Legal and Policy Frameworks for 
Conservation 
Legal and policy frameworks play a crucial role 
in conserving genetic diversity by providing 
guidelines and regulations for conservation 
efforts (Schwartz et al., 2017). The Convention 
on Biological Diversity (CBD) and the 
International Union for Conservation of Nature 
(IUCN) provide frameworks for countries to 
develop conservation strategies and protect 
endangered species (CBD, 2018). 
 
IV. Future Directions 
A. Emerging Technologies and Tools for 
Genetic Diversity Conservation 
Advancements in biotechnology and genomics 
offer new tools for assessing and conserving 
genetic diversity. For example, next-generation 
sequencing (NGS) technologies can provide 
detailed genetic information, allowing for more 
precise management of populations 
(Hohenlohe et al., 2010). Additionally, genome 
editing techniques such as CRISPR-Cas9 hold 
promise for addressing genetic disorders and 
enhancing genetic diversity in endangered 
species (Komor et al., 2017). 
 
B. Integrating Genetic Diversity Conservation 
into Broader Conservation Strategies 
To ensure the long-term sustainability of 
conservation efforts, genetic diversity 
conservation should be integrated into broader 
conservation strategies. This includes 
incorporating genetic considerations into 
habitat restoration projects, population 
management plans, and wildlife corridor design 
(Shafer et al., 2015). Collaborative efforts 
among conservation organizations, 
governments, and local communities are 

essential for implementing these integrated 
strategies (Lambeck and Leemans, 2008). 
 
V. Conclusion 
A. Summary of Key Findings 
In summary, genetic diversity is vital for the 
survival and adaptability of endangered species. 
Factors such as habitat loss, small population 
size, and inbreeding pose significant threats to 
genetic diversity. Conservation strategies, 
including in situ and ex situ approaches, play a 
crucial role in preserving genetic diversity and 
ensuring the long-term viability of endangered 
species. 
 
B. Call to Action for Genetic Diversity 
Conservation 
To address the challenges facing genetic 
diversity conservation, concerted efforts are 
needed from governments, conservation 
organizations, researchers, and the public. 
Funding support, research collaboration, and 
public awareness campaigns are essential for 
implementing effective conservation strategies. 
By working together, we can protect the genetic 
diversity of endangered species and safeguard 
the biodiversity of our planet for future 
generations. 
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