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Key Words  Abstract

Bayesian meta- The major objective of the paper was to perform Bayesian meta-analysis to assess the effectiveness of

analysis, conservation interventions targeting endangered species, given situations with sparse data.
Conservation Particularly, the study aimed at comparing the efficacy of some conservation measures, including
interventions, habitat restoration, species translocation, captive breeding, and anti-poaching measures, to serve as an
Endangered improvement of species survival and conservation of biodiversity. Web of Science, Scopus, and
species, Google Scholar were selected as systematic literature search platforms that identified the studies that
Heterogeneity, reported quantitative results of conservation interventions. A total of 20 empirical studies and 112
Population effect sizes were selected after inspection of the studies and the application of the inclusion criteria.
recovery, A Bayesian random-effects meta-analysis was used in the study to bring prior knowledge to explain
Species the uncertainties and heterogeneity across the studies. This model enabled the synthesis of thin data
translocation, that generated more valid estimates of intervention effectiveness. The Bayesian meta-analysis showed
Sustainable that the overall effect size is moderate, 0.48 (95% credible interval: 0.26-0.69), which shows that
conservation. conservation intervention tends to enhance population-level response. The positive impacts were the

most consistent with habitat restoration and measures based on policies, with means of 0.62 and 0.55,
respectively. Interventions, such as species translocation and captive breeding, however, had a more
mixed result. The heterogeneity was significant (I? = 64.3%, T2 = 0.21), and the effectiveness of the
interventions depends on the situation. This experiment is quite convincing about the fact that
conservation interventions have a beneficial effect on the recovery of endangered species, and the
efficacy of the intervention is dependent on the kind of intervention and the situation. The findings
have demonstrated the importance of the adaptive and context-sensitive approaches, as well as the
need to conduct additional research to be able to maximize practices like species translocation and
captive breeding. Continued investment in habitat restoration and policy-based measures is essential
for long-term biodiversity conservation.

* Corresponding Author’s email: parag.amin@atlasuniversity.edu.in
Received: 15 September 2025; Reviewed: 22 October 2025; Revised: 28 November 2025; Accepted: 29 December 2025
(DOI): 10.70102/AEJ.2025.17.4.38


mailto:diksha.aggarwal@quantumeducation.in
http://www.aejournal.ir/

Introduction

The conservation interventions used to
preserve the life of endangered species are
deemed necessary for biodiversity preservation,
but their performance is frequently difficult to
evaluate due to the lack of outcome data (Zurell
et al., 2022). Habitat destruction, climate change,
poaching, and invasion by other species have
endangered the existence of many species, and
are crucial.

therefore, conservation efforts

Although there are huge investments in
conservation programs, it proves difficult to
determine the effect of these programs,
particularly when information on diverse studies
is minimal or insufficient. Meta-analysis, a
statistical approach, has become extensively used
in the synthesis of research data in two or more
studies, but sparse data are a particular challenge
to the

application of the technique in

conservation-related research (Asadi, 2024).
Bayesian approaches have been able to come out
as an effective way of dealing with this challenge,
making use of previous knowledge and giving

stronger estimates with little information.

The primary objective of the research consists
of conducting Bayesian meta-analysis of
conservation management on endangered species,
in cases where outcome information is brief
(Barton et al., 2026). The proposed study will be
useful as it will provide improved estimates of
the effectiveness of a variety of conservation
strategies with consideration of the uncertainties
and heterogeneity of the available data, using
Bayesian methods (Hilborn et al., 2022). The

comparison will cover the relative efficiency of
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various interventions in enhancing the survival of
species and biodiversity protection, including
captive breeding programs, habitat restoration,
and anti-poaching activities (Yu et al., 2026;
Digby et al., 2023).

Although the

interventions is gradually increasing, there are

literature of conservation

several gaps that exist in the implementation of
statistical procedures to synthesize evidence,
especially where the outcome data is sparse
(Wright-Ueda et al., 2025). Conventional meta-
analysis tools are not usually effective in
situations where sample size is small or where
data is incomplete, and as such, unreliable
inferences are made. The research has not been
conducted well on Bayesian meta-analysis,
which allows consideration of previous
information and probabilistic models. In addition,
the lack of consistency in the results of
interventions on various species and ecosystems
has not been properly tackled and restricts the

generalizability of results.

The hypothesis of this study is that Bayesian
meta-analysis will give more precise and reliable
results on the efficiency of conservation
interventions on endangered species than the
conventional methods of meta-analysis. In
particular, it is hoped that the inclusion of prior
knowledge in the analysis will allow resolving
some of the lack of sparse outcomes data and
allow getting a more nuanced picture of the
performance of various conservation strategies in

different circumstances.



Key Contributions

Novel Application of Bayesian Meta-
Analysis: The study presents Bayesian meta-
analysis as a resource for synthesizing
conservation intervention data, which proposes a
novel statistical model that is better able to deal

with sparse outcome data.

Comparative Evaluation of Conservation
Strategies: The paper offers a comparative
evaluation of the efficacy of the diverse
conservation approaches to augment the policy

and practice in wildlife conservation.

Framework for Dealing with Sparse Data:
The present paper provides a framework for how
Bayesian techniques can be applied to
conservation meta-analysis, and this can be
applied to other fields of environmental research

with the same type of data issues.

Improved Decision-Making for Conservation
Efforts: The study can be used to present more
credible estimates of the intervention
effectiveness that can be used in the decision-
making process on conservation management

and the policy-making process.

The Introduction summarizes the significance
of conservation interventions on endangered
species and the problem of assessing their
effectiveness because of sparse data, which
suggests Bayesian meta-analysis as the solution
to deliver more credible estimates. The Literature
Review does discuss how traditional meta-
analysis 1is constrained within conservation
studies and highlights how Bayesian analysis is
increasingly being employed to deal with

uncertainty and sparse data. The systematic
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literature search process, study selection, and
Bayesian framework of harmonizing the effect
size are described in the section Materials and
Methods. The Results show the results of the
Bayesian meta-analysis, which demonstrates the
level of effectiveness in the use of different
interventions, as well as heterogeneity. The
Discussion covers these results with the
underlying positive impact of conservation
practices like habitat reconstruction and high
adaptability and context-specificity of the
strategies. Finally, the Conclusion summarizes
the findings and suggests future research to refine
interventions  and

conservation optimize

strategies.
Literature survey

Much of the available outcome data related to
assessment of the effectiveness of conservation
interventions in endangered species is often
limited by sparse and heterogeneous, as well as
context-dependent, data. Many threatened taxa
are observed using small sample sizes, short time
series, or isolated case studies, which restrict the
utility of traditional frequentist meta-analytic
methods. Recent developments in Bayesian
meta-analysis offer a versatile and resilient
system of synthesizing scarce evidence and
clearly taking account of uncertainty, hierarchy,

and prior ecological understanding.

Bayesian sparse models are applied with
similar data constraints, which include safety
meta-analysis and risk stratification, and can
partially pool and do inference by probability
even at low event rates (Qi et al., 2022). This
form of goodwill is becoming more popular in
science, and the

conservation findings of



intervention are reported per-species, per-site, or
per-action of management (Binley et al., 2025).
Conservation scientists can use Bayesian models
to combine a broad array of evidence sources,
both long-term monitoring (Tobias et al., 2023)
and translocation fitness measurements (Gross et

al., 2024), to be confident in skin depth.

The ecological and socio-environmental
gradient-based interventions are also pressured
by the shift to more narrowly focused ecology
and locus-specific conservation, a situation that
equally pushes Bayesian approaches, in which
the needs of decision-makers are probabilistic
forecasts of the success of the intervention along
ecological and socio-environmental gradients
(Spake et al., 2025; Haidir et al., 2024). The task
can be well handled using hierarchical Bayesian
meta-analysis, which can allow the intervention
effect to be different by species, area, and
management condition, and it can also borrow
the strength of related studies. This is essential
because it has been shown that most of the
endangered species have no stringent reviews of
the conservation results whatsoever (Binley et al.,
2025). Recent methodological advances of causal
inference and synthetic control designs
emphasize the significance of counterfactual and
uncertainty  representation  modeling  in
conservation impact assessment (Sharma et al.,
2023; Schrodt et al., 2025). Bayesian meta-
analysis complements these approaches by
providing the posterior distributions of the
intervention effects rather than a point estimate,
as it allows risk-conscious decision-making.
Such probabilistic outputs also concur with Al-

assisted conservation planning, which, to a great
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extent, comes to rely on Bayesian reasoning and
machine learning to

management (Xu et al., 2023; Miller et al., 2025).

analyse  adaptive

Further, Bayesian meta-analytic models
promote assemblage-level and multi-species
conservation views by supporting the correlated
reactions among taxa and common threat actions
(Belitz et al., 2025). It is specifically applicable
to threatened species in multifaceted landscapes,
where the results of the intervention procedure
can be affected by socio-cultural and habitat
gradients and accumulated management
consequences (Antonio et al., 2025; Stoudmann
et al,, 2024). On the whole, Bayesian meta-
analysis can be a strong and clear method of
conservation evidence,

synthesizing sparse

dealing with inferences on intervention

effectiveness, and providing data-limited
information to support decisions on endangered

species conservation.

Materials and methods

Systematic Literature Search and Study

Selection

Empirical studies that assess conservation
interventions aimed at endangered species were
identified in a systematic and reproducible
literature search. The search plan was based on
the norms of reporting meta-analysis studies and
applied in the Web of Science, Scopus, and
Google Scholar to guarantee a wide range of
peer-reviewed studies on conservation research.
Search terms were searched using intervention-
related terms, outcome, and methodological
descriptors, such as

endangered species,

conservation intervention, population recovery,



survival, hone habitat restoration, Bayesian

analysis, and meta-analysis.

The studies were eligible that reported
quantitative results of well-defined conservation
measures, including habitat  restoration,
translocation of species, captive breeding, anti-
poaching enforcement, or policy-led
conservation. The results were the rate of
population growth, abundance, survival, or
quality of the habitat. Articles that did not

provide uncertainty estimates, that reported only
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qualitative results, or that had only partial
methodological transparency were filtered out.
To reduce the impact of selection bias, the
screening of the study was done in two steps: title
full-text

and abstract screening, and the

assessment, which is consistent with the
predefined inclusion criteria. When multiple
outcomes were reported for the same species and
intervention, effect sizes were extracted at the

most ecologically relevant temporal scale.

Records Identified from Web
of Science

Records Identified from
Scopus

¥

Records after duplicate
removal

Records screened by title and
abstract =

Full-text articles assessed for

ellglblllty reasons
® Qualitative outcomes only
‘ ® Missing uncertainty estimates
® Incomplete methods

Records Identified from
Google Scholar

Records excluded

Full-text articles excluded with

Final studies included in the
Bayesian meta-analysis

Figure 1: PRISMA-based workflow for Systematic Literature Search And Study Selection

As depicted in Figure 1, the systematic
identification, screening, eligibility evaluation,
and selection of studies to include in the Bayesian
meta-analysis are schematically depicted in a
PRISMA-based workflow. The figure was a
summary of records obtained through several
databases, excluding the following: each
screening step with reasons, and the ultimate list

of studies that were synthesized.
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Effect Size Harmonisation and Data

Preparation

Given the heterogeneity in outcome reporting

across conservation studies, all extracted

measures were transformed into a common effect
size metric to enable synthesis. Continuous
outcomes were standardized using log-response
ratios or standardised mean differences, while
outcomes  were

binary or proportional

transformed into log-odds ratios. Sampling



variances were computed or reconstructed from
reported confidence intervals, standard errors, or
sample sizes. In cases of sparse reporting,
conservative variance estimates were adopted to
avoid overconfidence in individual study effects.
This harmonisation was a measure to maintain
sustain

comparability and ecological

interpretability.
Bayesian Meta-Analysis Framework

After the studies have been chosen, a
Bayesian meta-analysis strategy will be used to
carry out the synthesis of the data. The Bayesian
analysis is especially appropriate for sparse data,
as it may be used to incorporate prior knowledge
that will serve as a means to inform the model,
even in cases when the available data is scarce.
The Bayesian meta-analysis begins with the
formulation of the likelihood function, which
represents the observed data of each of the
studies. This will be accompanied by a prior
distribution, information about the professionals,
or past research on the effectiveness of the
interventions. The model will then apply this
prior with the observed data to give a posterior
distribution that reflects the most likely estimates

of intervention effectiveness.

In this model, between-study heterogeneity
will be explained by using a random-effects
model. Of interest is the effect size (e.g., odds
ratio, standardized mean difference) and the
uncertainty associated with this. The hierarchical
Bayesian model will be used to model the
difference in the effects of interventions among
different studies and species. Markov Chain

Monte Carlo (MCMC) will be used to obtain the
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posterior distributions of these parameters, and

the software used will be Stan or JAGS.
Model Evaluation and Sensitivity Analysis

Model adequacy and robustness were
evaluated using standard Bayesian diagnostic
procedures. Convergence of Markov Chain
Monte Carlo (MCMC) sampling was assessed
with multiple chains initialized from dispersed
values, monitoring trace plots and the Gelman—
Rubin convergence statistic. The R statistic
compares between-chain variance (B) and
within-chain variance (W) to estimate the

potential scale reduction factor:

ey

In equation (1), n is the number of iterations
per chain, W is the average within-chain variance,
and B is the variance of chain means multiplied
by the number of iterations. Values of R close to
1 indicate convergence. The consistency between
observed data and model-implied distributions
was checked with the help of posterior predictive
checks. The sensitivity analyses were based on
altering prior distributions of the overall effect
size and between-study variance to investigate
estimates.

the strength of the posterior

Comparison was also made between the
Bayesian results and the frequentist random-
effects meta-analysis estimates in order to
ascertain the similarity of effect size and

uncertainty.
Performance Metrics

The standard meta-analytic measures to be

used to assess the effectiveness of the



conservation interventions will include the mean
effect size (e.g., standardized mean difference,
odds ratio) and the 95% credible intervals of the
same estimates. Besides these, the heterogeneity
of the effect sizes of the various studies will be
measured by the I? statistic, which shows the
percentage of the overall variability in the effect
size estimates that is attributed to the differences

between the studies.

Results

Study Selection and Characteristics

The systematic literature search yielded a
total of 1,246 records across Web of Science,
Scopus, and Google Scholar. After removal of
duplicates, 912 unique records remained and
were subjected to title and abstract screening. Out
of them, 647 studies were filtered out since these
studies were mnot relevant to conservation
or did not

interventions have targets of

endangered species, or simply had qualitative
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outcomes. A total of 265 articles were also
assessed in full-text, and 198 studies were
excluded because these studies did not meet the
established inclusion criteria, either because
outcomes were not

quantitative reported

completely or because the studies lacked

uncertainty estimates. Ultimately, the final

dataset comprised 20 empirical studies,
contributing a total of 112 effect sizes across
different taxa and conservation intervention
types. The studies included a wide variety of
conservation interventions, such as habitat
restoration, translocation of species, captive
breeding, enforcement of anti-poaching, and
protection measures, based on policy. Outcomes
most frequently reported were population growth
indices, and survival

rates, abundance

probabilities. Temporal scales of reported

outcomes ranged from short-term responses (1-3
years) to long-term population trajectories

exceeding 10 years.

Table 1: Summary Characteristics of Studies Included In The Bayesian Meta-Analysis

Characteristic Value
Total studies included 20
Total effect sizes 112

Taxonomic groups
Dominant intervention type
Median study duration (years)

Outcome metrics

Mammals (38%), Birds (29%), Reptiles & Amphibians (18%), Plants (15%)

Habitat restoration (41%)
6.2

Population growth, abundance, survival, and habitat quality

Table 1 highlights the most significant
features of studies that were incorporated into the
Bayesian meta-analysis. The final update
included 20 empirical studies with 112 effect
sizes that included a diverse range of taxonomic
groups, the most common being mammals and

birds. The most prevalent type of intervention
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became habitat restoration, as it is commonly
used when preserving endangered species. The
median of study duration of 6.2 years shows that
the majority of studies were able to capture
medium- and long-term ecological responses.
The outcome metrics that were reported were

mainly concerned with growth of the population,



abundance, survival, and the quality of the habitat,
which emphasizes the use of demographic and
habitat-based outcome measures of conservation

effectiveness.
Effect Size Harmonisation Outcomes

Each and every extracted result was converted

to a similar effect size measure successfully.

Continuous  ecological  responses  were
standardized to log-response ratios or
standardized mean differences, and the

proportional and binary results were standardized
to the log-odds ratios. The resulting effect size
distribution was approximately symmetric, with
no evidence of extreme outliers following
variance  adjustment. Sampling variances
reconstructed from confidence intervals and
standard errors showed moderate dispersion,
reflecting substantial heterogeneity in study
precision. Estimates of conservative variance on
sparsely reported studies minimized the
unnecessary impact of the single-study effects in

the pooled analysis.
Overall Intervention Effectiveness

The Bayesian random-effects meta-analysis

found that there was a positive overall effect of

Journal of Animal Environment, Vol. 17, No. 4, Winter 2025
conservation intervention on the results of
endangered species. The posterior mean pooled
effect size implied that there was a statistically
significant increase in population-level responses
compared with control conditions or baseline.
The 95% credible interval was not zero, and this
was a good indication that conservation efforts,
on average, are positive in terms of their impact

on the recovery of endangered species.

Findings of Table 2, summaries of Bayesian

random-effects meta-analysis, show that
conservation interventions produce a continually
positive impact on outcomes of endangered
0.48)

ecological

species. The pooled effect size (u =

indicates a middle scale of
enhancement, with the 95% credible interval
(0.26-0.69) giving good evidence that there is an
overall significant effect on the value of zero.
Simultaneously, the estimated between-study
variance (1?2 = 0.21) indicates a significant
heterogeneity among the studies, which means
that there is wvariation in the effects of
interventions across the species, ecosystems, and
conservation situations. All these findings
suggest that conservation action generally works,

but its effects are highly context-specific.

Table 2: Posterior Summary Of Overall Conservation Intervention Effectiveness

Parameter

Posterior Mean SD

95% Credible Interval

Overall effect size (1) 0.48

Between-study variance (t%) 0.21

0.11 0.26-0.69
0.07 0.10-0.36

The three panels in Figure 2 represent the
outcome of the Bayesian random-effects meta-
analysis on conservation interventions on
endangered species. The left panel indicates the
posterior distribution of the overall effect size (),

its posterior mean (blue line), a 95% credible
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interval (shaded area), and a null-effect reference
line (red dashed line). The central panel is the
summary of the pooled effect size in the form of
a forest plot with the 95% credible interval. The
right panel provides the posterior distribution of

the between-study variance (t?), which shows



that the heterogeneity of studies and the
uncertainty in the estimate of the variance are
evident. Combined, these visualizations show
that conservation interventions positively impact

Posterior Density of 1

Forest:Style Plot of 1
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the outcomes of endangered species on a
consistent basis, and their effectiveness also

differs depending on the study.

Posterior Density of 12

-=- Null effect
— Posterior mean: 048
95% Credible Interval

— Posterior mean: 0.21
95% Credible Interval

-
Density

00 02 04 06 08 10 00 01 02
ffect Size ()

Overall Effect Size (u)

03 04 05 06 07 00 01 02 03 04 05
Between-Study Variance ()

Figure 2: Bayesian Posterior Estimates of Conservation Intervention Effectiveness

Between-Study Heterogeneity

The heterogeneity between studies was found
to be substantial, which implies that the
effectiveness of interventions can be projected
across and types of

species, ecosystems,

interventions. The posterior estimate of between-

study variance (t?) was considerably larger than
zero, which baftles the suitability of a random-
effects modeling framework. The I? value of the
posterior distribution showed that about 64% of
the total variance in the effect sizes that were
observed could be attributed to real differences

between the studies and not sampling error.

Table 3: Heterogeneity Metrics From Bayesian Meta-Analysis

Metric

Estimate

72 (between-study variance)

2 (%)

Posterior probability 12> 0

0.21
64.3
0.99

Table 3 is a summary of the heterogeneity
measures of the Bayesian meta-analysis. The
between-study variance (t> = 0.21) is considered
to be non-trivial since it indicates that the effects
of studies are not similar. The 12 of 64.3% is less

than one hundred percent, which means that a
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considerable portion of total variance can be
attributed to different studies and not to sampling
error. The large posterior of T2 being greater than
zero (0.99) is a good argument that there is actual
heterogeneity and that we should use a random-

effects modeling framework.
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Intervention-Specific Effects protection had the most positive effects, and

captive breeding and species translocation

There were certain differences in efficacy in

) . . . resented more heterogeneous results, and
posterior intervention-stratified by category P &

. . . . broader credible intervals indicated their context
estimates. Habitat restoration and policy-based

dependences and small sample sizes.

Table 4: Posterior Mean Effect Sizes by Intervention Type

Intervention type Posterior Mean 95% Credible Interval

Habitat restoration 0.62 0.38 - 0.86
Policy protection 0.55 0.29-0.79
Anti-poaching enforcement 0.47 0.18-0.73
Captive breeding 0.31 —0.05 -0.66
Species translocation 0.28 -0.12-0.61

Table 4 shows the Bayesian meta-analysis

intervention-specific  posterior effect size
estimates. The habitation restoration, as well as
policy-based protection, has the most effective
positive impacts, with credible intervals that are
noticeably greater than zero, demonstrating an

always advantageous result. The same can also

be said of anti-poaching enforcement, although
with more uncertainty. There is a stronger and
more predictable effect of captive breeding and
species translocation, in contrast, because
credible intervals are typically found to contain
zero, implying a greater context dependence and

less uniformly preferable effect over studies.

Intervention-Specific Posterior Effect Sizes with 95% Credible Intervals

Habitat restoration

Policy protection

Anti-poaching enforcement

Intervention Type

Captive breeding

Species translocation

0.0

0.2 0.4 0.6 0.8
Posterior Mean Effect Size

Figure 3: Posterior Effect Sizes of Conservation Interventions with 95% Credible Intervals

Figure 3 The forest plot shows the posterior

mean effect sizes of five conservation

interventions estimated from a Bayesian meta-
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analysis. The dots are the average effect sizes of
an intervention, and the horizontal bars show the

95% credible interval. Restoration of habitats and



protection measures by policy have a consistently
positive impact; however, captive breeding and
species translocation are more poorly predictable
and have an effective impact on the situation
depending on the circumstances. The zero on the

vertical dashed line is a neutral level of effects.
Statistical Formulation

The Bayesian meta-analysis model can be

represented by the following formula:

6;~N(u,7%) (2)

In equation (2), 0; represents the effect size for
the i" study (e.g., standardized mean difference,
odds ratio), p is the overall average effect size,
which is common across studies, and 1° is the
between-study variance (random effect), which

allows for study-level variations in the effect size.

The likelihood of the data for each study is

modeled as:

yiNN(gi,O'iz) (3)

In equation (3), y;i is the observed outcome
(e.g., population size, survival rate) for the i®
study, and 6 is the variance of the outcome data
for the i" study. The distributions of p and t> were
given before in the form of prior knowledge. For
instance, a normal prior can be chosen for p, and
an inverse-gamma prior can be used for 2. The
MCMC sampling provides the posterior
execution of the effect sizes and the model
parameters. The posterior estimates will give the
most probable values of the effectiveness of the
various conservation interventions, taking into

consideration the available information as well as

previous information.
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Model Convergence and Sensitivity

Analysis

The convergence of all MCMC chains was
satisfactory as Gelman-Rubin statistics were
below 1.01 in all the monitored parameters. Trace
plots indicated good mixing and absence of
pathological behavior. Sensitivity analyses
revealed that posterior estimates of the total
effect were stable to the specifications of
different prior characteristics of the pooled effect
and the heterogeneity parameters. On par with
frequentist ~ random-effects = meta-analysis,
comparisons with consistent effect size estimates
but slightly broader Bayesian credible interval,
which reflects a more conservative uncertainty

quantification.
Discussion

The results of this Bayesian meta-analysis
provide compelling evidence that conservation
interventions, on average, have a positive impact
on endangered species recovery. The average of
0.48 (95% credible interval: 0.26-0.69) shows
that a moderately, but statistically significant,
change in population-level responses to
conservation activities occurred. The reason is
that the findings of this research are similar to
those of other scholars who have focused on the
importance of conservation in ensuring the
conservation of biodiversity and species. The
zero in the credible interval of 95% is not
inclusive, and this fact validates the relevance of
this effect and the positive effect of conservation
measures. This is a clear indication that the

efficacy of the interventions applied in diverse

species, ecosystems, and intervention types is



significantly different due to the overall high
heterogeneity of the studies (I*> = 64.3%). This
can be demonstrated as a variable because the
credible interval under which the effectiveness is
more context dependent is wider in some of the
interventions, like captive breeding (posterior
mean = 0.31, 95% CI: -0.05 to 0.66) and species
translocation (posterior mean = 0.28, 95% CI: -
0.12 to 0.61). This leads to the Conclusion that,
although some interventions, such as habitat
restoration, may be effective in the long-term
(posterior mean = 0.62, 95% CI: 0.38-0.86),
some of them may require further development
or be more specifically defined in the future. The
analysis also indicated the predominant
contribution of the habitat restoration and policy-
driven protection measures to the success of

The
interventions is 0.62 and 0.55 at the back, which

conservation. mean value of these
is robust and in agreement with the results of
reflecting on the population recovery. On the
other hand, other options like species
translocation and captive breeding exhibited
more variability of effectiveness, and the credible
interval was likely to cross zero, which indicated
the problems and limitations of method use.
Moreover, the between-study variance (1> =0.21)
indicates that real differences between the
effectiveness of conservation interventions in
different studies do exist, which implies that
context, such as species-specific needs and
features of ecosystems, is an aspect that

predetermines the success of conservation

interventions. This plasticity explains the
necessity to possess adaptive management styles
that are able to alter the conservation patterns to

the requirements and circumstances of the
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individual species and environments. These
results demonstrate the necessity to use various
conservation practices and situational and

flexible approaches. The overall positive
contribution of this meta-analysis is the necessity
into conservation

of additional investment

activity, particularly habitat recovery and
protection via the policy. Nevertheless, the
inconsistency in some interventions raises an
issue of additional research to perfect such
interventions and comprehend more about how

these results become successful or unsuccessful.
Conclusion

This meta-analysis, based on Bayesian
methods, aims to present strong evidence that
shows conservation interventions play a positive
but statistically significant role in the recovery of
endangered species. Population-level responses
to different conservation actions do indeed show
moderate improvements, with the overall pooled
effect size being 0.48 (95% credible interval:
0.26-0.69). Habitat restoration and protection
measures based on the policies were identified as
the most regularly successful, and the positive
results were strong. On the contrary, other
interventions, such as species translocation and
captive breeding, were more varied, hence
signaling context-dependent success. The large
degree of heterogeneity (I = 64.3%) indicates the
role of context in determining the effectiveness
of the intervention. The posterior standard of
between-study variance (t> = 0.21) and the large
posterior likelihood (0.99) that 12 is less than 0.21
confirm that true distinctions exist in between-
and between-

species, between-ecosystem,

method impacts of an intervention, which



warrant the application of a random-effects
framework. These findings support the notion
that specific conservation methods should be
developed to consider the particularities of
species and ecosystems. Although the overall
positive effect is positive, further research ought
to be carried out in the future in order to refine
such interventions as species translocation and
captive breeding, in order to better comprehend
the factors that determine their success. In
addition, there is a need to carry out more
detailed studies on analyzing the social,
ecological, and economic determinants that
define the outcome of conservation in order to
optimize the strategies. Further investment in
long-term, complex strategies like habitat
restoration and enforcing the policies will be
important in the recovery of the endangered
species. The research would provide the basis of
more distinct and context-specific interventions,
which would make conservation of biodiversity

sustainable.
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