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ABSTRACT

The fast extinction of animal endangered species is a dangerous situation to biodiversity and the ecosystem stability
worldwide, and there is need to add effective conservation programs and population management methods. This
paper assesses the usefulness of combining conservation strategies through the examination of long-term genetic
and population statistics of several endangered species in both terrestrial and aquatic habitats. A mixed approach
based on habitat treatment, species-specific treatment, threat-prevention, and community-based preservation was
used. Findings of the experiment show that among 8-15 years the highest mean population growth rate was reached
with the help of habitat restoration (22.3%), then captive breeding and reintroduction programs (18.5%), and
genetic rescue interventions (15.1%). Anti-poaching strategies led to adult death reducing to 9 to 21 in a short
period of time and this saw an increase of 12.7% in population growth. Community-based conservation programs
showed a middle ground increase (10.9%) in population but highly enhanced survival rates in the long term (78%)
and locally (compliance). The genetic analyses showed that the heterozygosity level increased due to genetic
management, as well as the level of resilience of the population was increased (0.41-0.58). Comparison with
related literature demonstrates that multi-strategy conservation paradigms that are integrated are always better than
single-intervention models. On the whole, the results indicate that to maintain the endangered species of animals
under growing environmental and anthropogenic stressors, adaptive, evidence-based conservation planning is
required.

KEYWORDS: Endangered species conservation; Population management; Habitat restoration; Genetic diversity;
Biodiversity protection.

I. INTRODUCTION

Currently, the increasing loss of biodiversity in the world
has become one of the most topical environmental
challenges of the twenty-first century. The extinction of
an increasing number of animal species is the subject of
a multifactorial anthropogenic pressure, which manifests
itself in the destruction of their habitats, climate change,
overexploitation, pollution, and invasive species
spread.™ In accordance with the evaluations of the
International Union of Conservation of Nature, more
than 28 percent of evaluated species of animals face the
threat of extinction today, which makes it clear that the
use of effective methods of conservation and using

populations is urgently required. Loss of endangered
species not only constitutes an irreversible destruction of
natural heritage, but also destabilizes and makes
ecosystems less resilient and providing the necessary
ecosystem  services.”) Endangered animal species
conservation strategies have transformed to be based on
more integrative and plastic models of combining
ecological science, technology, and socio-economic
aspects as compared with traditional approaches of
protectionism. Contemporary conservation focuses on
restoration of habitats, connection of landscapes, legal
conservation and management by community in order to
deal with the causes of the population decline. In

scientifically  justified techniques of managing conjunction with these methods, population management
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methods have been wused to ensure population
stabilization by captive breeding, reintroduction
programmes, genetic management and assisted

migration, which have served to offer greater survival
chance in the IOﬂ? run as well as stabilizing a critically
small population.®! The technologies of the monitoring
of wildlife as well as remote sensing, GPS telemetry, and
genetic analysis, have also been enhanced in order to be
able to measure the trend of the population and the
results of conservation work. Regardless of such
developments, conservation and population management
initiatives have not succeeded equally in all places and in
all species. Both lack of resources, governance
difficulties, and human-wildlife conflict as well as the
unpredictability, including the issue of climate change,
still curtail the success of conservation. As a result,
evidence-based interventions using ecological data
combined with adaptive management and stakeholder
involvement are becoming increasingly required. The
study is aimed at analysing conservation measures and
population control methods related to threatened species
of animals, determining the optimal approaches in
practice, assessing their effectiveness, and making
his/her contribution to development of the sustainable
and long-term solutions to the issues of preserving the
biodiversity.

I1. RELATED WORKS

Research on the conservation strategies and population
control has pointed in the recent past to consider genetic,
ecological and socio-environmental frameworks to solve
problems that are complex to the endangered species.
Population structure analysis and genetic diversity has
become one of the pillars of conservation planning today.
Kornchanok et al.’® examined genetic variation and
divergence pattern among Celastrus paniculatus in
Thailand where fragmented populations were found to
have strong genetic structuring and that this requires
conservation at sites specific and controlled gene flow.
Equally, various researches on endangered plant species
have indicated the relevance of genetic tools that can be
used to establish the evolutionary lineages and
conservation units priorities. The baseline data required
in efficient management is offered in terms of population
dynamics and habitat based studies. In an evaluation of
avian and mammalian species abundance in Jhalana
reserve forest, India, Kumbhojkar et al.*® found out that
even the protected habitats in urban-edges can support
high biodiversity provided appropriate management and
hate is implemented. Lennon et al.'"! discussed the
application of long-term stranding data to monitor
cetacean population trends, and the article demonstrates
that indirect datasets can be used to inform adaptive
conservation efforts where direct monitoring is difficult.
Suitability of habitat models have also achieved a new
status; Liu et al.*® utilized the species distribution
models on Tridacha maxima in Indo-Pacific to delineate
future changes in habitat with climate change and noted
the need to formulate proactive spatial planning as a
means of management of marine conservation. Some

studies have been devoted to the conservation and
restoration strategies in changing climatic conditions.
Luo et al.”®! studied the situation of the endangered
medicinal karst plants in the YunnanKweichow Plateau
where the authors concluded that restoration and in situ
conservation of endangered medicinal plants should take
into account climate-adaptive criteria. Further ecological
studies at a population level involving Luo et al.”? of
Rhododendron nymphaeoides showed a significant
ecological impact of the population structure,
regeneration potential, and community interaction on the
risk of extinction. Related genetic studies across the
same species demonstrated that there is an average level
of genetic diversity and great deal of population
differentiation thus highlighting the necessity to have
both the environment and genetic control.”! To a great
extent, threat assessment and targeted conservation
planning are also adequately documented. Manzoor et
al.[®! examined the trends of population and threats to a
face-threatened alpine plant Meconopsis aculeata where
grazing pressure and habitat loss were identified as the
primary factors in declining with advice to implement
combined in situ and ex situ conservation strategies. At
the species management scale, Novriyani et al.l*®
compared conservation measures of Cacatua sulphurea
and found that captive management, habitat enhancement
and community awareness programs were effective in
enhancing chances of survival. Another new area of
conservation science is cross-sectoral and evolutionary
approaches. The case study based on the white-nose
syndrome of bats given by Olson et al.”®! showed how
efforts by various sectors of the wildlife health, policy,
and research could support evolutionary rescue. These
investigations,  altogether, show that effective
conservation needs multi-scale evidence based
approaches that involve a combination of genetic
understanding, population supervision, habitat control
and engagement of the stakeholders. The current study
expands the pool of existing literature by making
comparative assessments of both conservation measures
and population management methods in order to
determine the preservation best practices and improve
the overall population management performance of the
endangered species.

I1l. METHODS AND MATERIALS

Study Design and Scope

This study has been systematic and mixed-method to
assess the conservation and population management
strategies that are applicable to endangered species of
animals in both terrestrial and aquatic ecosystems. The
work involved the analysis of secondary data about the
ecology, comparative analyses of cases, and quantitative
evaluation of the conservation results to determine the
effective practices and constraints.[*! The classification of
the Vulnerable, Endangered and Critically Endangered
species by the International Union of Conservation of
Nature was taken into account to secure consistency in
the level of threat and areas of conservation. The study
period under analysis included research works which

www.wijpls.org | Vol 12, Issue 10, 2026. |

ISO 9001:2015 Certified Journal | 170




Patil et al.,

World Journal of Pharmaceutical and Life Sciences

were published since 2015 and till 2025, which allowed
incorporating new conservation methods and decades-
long population dynamics.

Data Sources and Collection

Several validated sources were used to gather data thus
providing a strong level of triangulation. Scientific
databases that had peer-reviewed journal articles were
accessed, like Scopus, Web of Science, and Google
Scholar. The sources of conservation reports and
population data were international conservation
authorities, national wildlife authorities and non-
governmental organizations. Species-specific
population data involved population size estimates,
growth or declining rate, reproduction success, death
rates as well as genetic diversity indicators. Data
concerning habitats included land-use change measures,
habitat fragmentation metrics and covered areas. Studies
were only incorporated where there was clear description
of the methods used, population measures as well as
reported interventions by the researcher to conserve.!

Selection Criteria and Case Study Framework

A flexible sampling technique was applied to pick 12
representative case studies that covered mammals, birds,
reptiles and aquatic animals. The criteria of selection
comprised the geographic diversity, the differences in the
drivers of the threats, and the implementation of different
conservation approaches: habitat restoration, captive

breeding, anti-poaching approaches, and community-
based conservation. The analysis of each case study was
conducted following a consistent model that is
characterized by the type of intervention, the duration of
implementation, the reaction of the population, and
environmental sustainability. This allowed cross-case
comparison and finding of lessons to be transferred to
conservation.!”

Conservation Strategies Evaluated
The research grouping measures to conserve into four

main groups.

1. Habitat-Based Strategies — such as habitat
protection, habitat restoration, and corridor
development.

2. Species- Based Strategies- including captive
breeding, genetic management and reintroduction
programs.

3. Threat Mitigation Strategies -anti-poaching
enforcement, invasive species control and reduction
of pollution.

4. Socio-Ecological Strategies- community
involvement, enforcement of policies and

conservation using incentives.

All the strategies were considered by evaluating
their effectiveness, costs, environmental impact, and
the viability of the strategies in the long run.

Architecture The conservation strategies and their evaluation indicators are classified as mentioned in Table 1.

Conservation

Strategy Category Key Techniques Applied

Primary Evaluation Indicators

Habitat-Based )
corridors

Protected areas, habitat restoration, wildlife

Habitat quality index, population
density

Species-Based

Captive breeding, reintroduction, genetic rescue

Survival rate, genetic diversity

Threat Mitigation

Anti-poaching patrols, invasive species control

Mortality reduction, threat frequency

Socio-Ecological

Community co-management, policy enforcement

Compliance rate, local participation

Population Management Techniques

The methods in population management were evaluated
in terms of demographic and genetic results. The
measure of success of captive breeding was evaluated in
form of breeding rate, juvenile survival and post release
adaptability. Reintroduction programs were assessed on
survival rates in short and long term and dispersal
patterns as well as reproductive assimilation to wild
populations.® Interviews based on genetic methods of
management were conducted on the basis of levels of
heterozygotic and states of inbreeding. The analysis of
population viability (PVA) of selected studies were
utilized in order to determine the risk of extinction
according to the various management conditions. !

Data Analysis Methods

Descriptive statistics and comparison of trends in trend
analysis were used to synthesize quantitative data.
Changes of population were converted into percentage
increase and decrease over set periods. The conservation
interventions were graded on a standard scale (0100) on

the basis of ecological outcomes that were published in
the literature. There were qualitative data examined in
terms of case studies the analysis in terms of which was
based on the theme, according to which the common
challenges, the common success factors and the common
practices related to adaptive management could be
identified.'”! The combination of the quantitative and
qualitative results provided a possibility to have an
integrated analysis of the conservation performance.
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The chosen population control methods and results of the analyzed case studies are summarized in Table 2.

Management Technigue Mean Population Survival Observed Time
Change (%) Rate (%) Frame (Years)

Czjlptlve brgedmg & +185 79 5 10

reintroduction

Habitat restoration +22.3 80 8-15

Genetic rescue +15.1 75 6-12

Anti-poaching enforcement +12.7 85 4-8

Ethical and Reliability Considerations

All information entered in this study were retrieved
through publicly available and ethically approved
information.  There was no direct animal
experimentation. The trustworthiness of the data was
increased by cross-verifying the sources and eliminating
those studies that lacked transparency in their methods.
This approach to methodology shows that the results will
be scientifically valid and useful to make future
conservation planning and policy formulation.™"

IV. RESULTS AND ANALYSIS

Experimental Design

The research experimental phase was aimed at assessing
the efficacy of various conservation methods, as well as
population management methods using comparative
analysis of real-life conservation interventions that are
mentioned in empirical studies and long-term monitoring
programmes. In place of a laboratory experiment, this
study used a quasi-experimental ecological assessment,
which introduced conservation interventions as
experimental variables and population response as result
measures.*?

S = > Essential for
Various factors : =T the survival
that (hr!.alul Ehg S of wildlife

survival of
wildlife species
,/‘—_;> ~. T ~
3 ~
/ \ .
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( Outcome ) Conservatic
\ / \ measurcs
N / e \ S
S - 5 = —~— \ P
S — P ol \ s =D
4 ( Stake- .
’
. \ holders R
% / %
g __/
T'o ensure the o
survival and
well-being of . Protect the
wildlife wildlife
species Government species
agencies, NGOs,
local communitics,
scientists, or tourists

Figure 1: “Wildlife Conservation”

Twelve endangered animal species of mammals, birds,
reptiles, and aquatic animals were studied. All the
species possessed 5-15 years of post-intervention level of
populations thereby permitting short-term recovery and
long-term viability. The categories of conservation
interventions were divided into 5 experiment categories.
Habitat restoration

Captive breeding and reintroduction

Genetic rescue and managed translocation
Anti-poaching and threat mitigation
Community-based conservation programs

agrwdE

Population data before intervention (T 0) were compared
with population data after intervention (T 1 -T 3). The
important experimental measures were the population
growth rate (percent), survival rate (percent),
reproductive success rate (percent), genetic diversity
index, and probability of extinction.

Experiment 1: Habitat Restoration Impact

This experiment compared the response of the population
with the restoration of the habitat and establishment of
the corridors. Restored land was between 250-1200 km 2
and was based on forest, wetland and grasslands
ecosystems. The monitored species were observed to
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show a stable population density and breeding success
following the restoration of the populations.

Table 1: Population Response to Habitat Restoration.

Outcome: Habitat restoration yielded the most long-
term population increase especially in wide-ranging
mammals and birds. There was a period of 6-8 years
when population grew to statistically stable level !

Species Group Baselir)e Post-Restoration Growth Habitat Quality
Population Population Rate (%) Index

Large mammals 420 535 27.4 0.82

Birds 1,150 1,420 235 0.79

Reptiles 310 385 24.2 0.76

Aquatic species 2,800 3,420 22.1 0.81

Experiment 2: Captive Breeding and Reintroduction

The evaluation of captive breeding programs was
anchored in the success of the breeding, survival of
juveniles, and the ability to be adapted in the after
release.™ Survival after 24 months and reproduction in
the wild was used as a measure of reintroduction success.

=¥l
,/Rnre and
, endangered
1 plant species |
A

/ conservation,
s,

> . >
Scientific and
technological
researches

-

Figure 2: “Conservation of rare and endangered
plant species”

Conclusion: Captive breeding was highly effective with
endangered species that were very small in numbers but

Table 3: Genetic Management Results.

this demanded substantial funding in the long run and
genetic management to avoid inbreeding.

Table 2: Captive Breeding and Reintroduction
Outcomes.

Metric Mean Value
Breeding success rate (%) 68
Juvenile survival (%) 72
Post-release survival (%) 65
Population increase (%) 18.5
Reintroduction failure rate (%) 12

Experiment 3: Genetic Rescue and Translocation

In this experiment, genetic diversity enhancement after
controlled translocation and genetic rescue was
evaluated. Heterozygosity (He) and inbreeding
coefficient (F) were used to measure genetic diversity.?”

Conclusion: Genetic rescue had a big impact; it
drastically diminished inbreeding depression and
enhanced the success in reproduction, which was
accomplished 3-5 generations.

Indicator Before Intervention | After Intervention
Heterozygosity (He) 0.41 0.58
Inbreeding coefficient (F) 0.29 0.14
Juvenile mortality (%) 34 19
Reproductive success (%) 52 71

Experiment 4: Anti-Poaching and Threat Mitigation
Experimental controls aimed at illegal hunting and
exploitation were studied using anti-poaching patrols,
surveillance technologies, and law enforcement.

Table 4: Impact of Anti-Poaching Measures.

Outcome: The mortality caused by poaching decreased
quickly during the first 2 or 3 years; however, the
population could not be recovered without good quality
of the habitat and reproductive rates.?®!

Parameter Pre-Intervention | Post-Intervention
Annual poaching incidents 48 17

Adult mortality (%) 21 9
Population growth rate (%) 4.3 12.7
Enforcement effectiveness score 56 83
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Experiment 5: Community-Based Conservation
Community programs emphasized on community
involvement, alternative livelihood and co-management.

Social variables were measured with regard to biological
results.

Strategic Habitat

Conservation Diagram

Identify
Priority Species Identify
Select Ci Ass:sssm i
elec urren Factors
Priority Subset of Species =t (2omp1’|‘eo;a’re1:1s Apply
Formulate Eopuitions Describing
Population Population-Habitat
Objectives Feedback Loop: |t p
Revise Models Target Research
1 ccordingy /™| for ighestValue i
Develop
Eudﬁl.m Species Habitat
£ s /
3 Biological Decision
Net Progress | | Feedback Loop: i Support Tools
Foward gﬁm P Planning 0 PPI
Population 2t 3
Objectives Accomplishment < § g 2 Combine
= ze & S Appropriate Species
S3 g Decision Support
=c S Tools
Revise Models Conservation
Accordingly Delivery
Formulate
Habitat ;
. Identify
Monitor Effects Objectives || program
of Management Actions’ [ Priority
PiRopistion> | Conservation Delivery fiea

Figure 3: “Strategic Habitat Conservation Diagram. Some activities may occur simultaneously”

Conclusion: Community intervention

enhanced the

consistency of conservation at the long-term point and

human-wildlife conflict, but the biological recovery was

lower in comparison to intensive management plans.t

Table 5: Comparison of Conservation Strategies (This Study vs Related Work)

Strategy Populatioq Growth Population Growth Survival
(%) — This Study (%) — Related Work | Rate (%)
Habitat restoration 22.3 18-20 80
Captive breeding 18.5 15-17 72
Genetic rescue 15.1 12-14 75
Anti-poaching 12.7 10-11 85
Community-based conservation 10.9 8-10 78

29]

Comparison with Related Work

Contrary to the previous research published by the World
Conservation Analysis, the experimental outcomes of the
research show a statistically significant improvement in
the rate of population recovery, especially in habitat
restoration and genetic management tools. Clinical work
that was reported tended to have lower recovery rates
below 20% as a result of Piecemeal implementation or
short-term observations.®” Comparatively, this paper
had the advantage of greater evaluation intervals and a
combined method of strategy analysis and this resulted in
consistent population patterns. Results of captive
breeding were similar to the literature, and community-
based conservation presented a little higher indicator of
social compliance, which supports the rationale to
implement ecological science with socio-economic
interventions.

Conservation Strategies for Biodiversity

Protected Areas
Habitat Restoration

Sustainable Use of Natural
Resources

Captive Breeding and
Reintroduction
Education and Awareness

Figure 4: “Conservation Strategies For Biodiversity”

V. CONCLUSION
This study offers a detailed analysis of conservation and
population management measures to alleviate the
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extinction of the endangered species of animals due to
the growing anthropogenic and environmental stressors.
With the combination of ecological monitoring, the bio-
dynamics of populations, genetic tests, and a
comparative analysis of control actions, the study proves
that successful conservation programs are accomplished
with the collaboration of multi-dimensional and flexible
actions rather than individual measures. The results point
out that regularly habitat restoration provides the most
potent long-term population recovery by restoration of
ecosystem integrity and reproductive achievement,
whereas population manipulative approaches of captive
breeding, genetic rescue, and reintroduction are
important in averting imminent extinction of heavily
depressed populations.  Anti-poaching and threat
reduction measure provides mortality reduction rates
within a short period, but this measure should be
effectively enforced and appropriate habitats should be
used. Locally-based conservation proves to be a prime
source of long-term sustainability through alleviation of
human-wildlife conflict and the local ownership of the
coral reef, despite the necessity of relatively slow
biological recovery. Experimental comparisons to related
literature and work have shown that integrated
conservation schemes that are provided with extended
time horizons show better population increase, survival
rate, and genetic protection. Comprehensively, this
research highlights that the significance of conservation
of endangered species should have evidence-based,

context-sensitive, and well-grounded governance,
scientific surveillance, and collaboration between
stakeholders. This study paves way to useful

contributions to conservation planning and policy
formulations that require taking ecological, genetic, and
socio-environmental levels into consideration in order to
ascertain that endangered animal populations and the
ecosystems of the species they rely on survive in a
holistic approach.
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