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Objective: The global crisis of biodiversity loss is largely driven by increasing
urbanization and poses a significant threat to ecosystem sustainability and human well-
being. Enhancing the ecological health of urban environments has therefore become a
vital necessity, along with developing effective strategies to create cities that support
biodiversity. The objective of this research is to formulate biodiversity-friendly city
indicators, analyze their effects, and prioritize them for application in urban planning
in order to realize this approach.

Method: A quantitative meta-analysis method was applied to 32 valid and peer-
reviewed scientific articles in English, published between 2010 and 2024, which were
extracted from recognized academic publishing databases. The analysis included
calculating the cumulative effect size of the indicators on urban biodiversity and
evaluating publication bias utilizing CMA V3 software.

Results: The meta-analysis results showed a positive and highly significant relationship
between the investigated indicators and the improvement of the biodiversity status in
cities (pooled odds ratio: 0.258). This result indicates the ability of these indicators to
reduce negative consequences on biodiversity by approximately 60 to 70 percent.
Frequency analysis showed that indicators related to ecological dimensions (such as
species richness, green spaces, native vegetation) received the most attention in the
studies, while human and social dimensions (education, participation) have been less
explored. The meta-analysis results were robust against publication bias.
Conclusions: This study emphasizes the vital importance of investing in urban green
infrastructure and its sustainable management to enhance biodiversity. The identified
indicators are effective tools for improving biodiversity in urban spaces. The findings
highlight the necessity for future research to pay more attention to social and human
dimensions and to adopt a holistic approach for building cities that truly support
biodiversity and emphasize the application of this approach in urban planning and
management in the layers of decision-making as well as the implementation of urban
programs.
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Introduction

The accelerating global decline in biodiversity, driven by human activities such as urbanization, habitat loss, and
climate change, threatens to precipitate a sixth mass extinction. Despite international commitments like the
Convention on Biological Diversity (CBD) and the Sustainable Development Goals (SDGs), reversing this trend
remains a critical challenge. Urban areas, particularly in developing regions, face interconnected ecological, social,
and climatic pressures, which are projected to intensify with ongoing urbanization and climate vulnerability.
However, cities also hold untapped potential as hubs for biodiversity conservation. Strategic urban planning—such
as green infrastructure, ecological corridors, and landscape connectivity—can mitigate habitat fragmentation while
enhancing ecosystem services like air purification, pollination, and climate resilience. Urban green spaces,
recognized as nature-based solutions, offer dual benefits for biodiversity and human well-being, including improved
public health and recreational opportunities. Yet challenges persist, including inequitable access to green spaces,
insufficient public awareness, and fragmented policy implementation. Urban expansion remains a primary driver of
ecosystem modification, yet cities paradoxically host significant biodiversity and provide essential ecosystem
services. Promoting biodiverse cities aligns with sustainable development goals and human welfare, as biodiversity
underpins critical services like food security and mental health. Global wildlife populations have declined by 44%
since 1970, with losses accelerating sharply in the 20" century. While localized conservation successes exist,
regional disparities highlight the complexity of effective interventions. To address this crisis, actionable urban
biodiversity indicators are urgently needed to guide sustainable development. This study identifies and evaluates
such indicators through a systematic meta-analysis of existing research.

Method

The study employed a quantitative meta-analysis to assess the effectiveness of urban biodiversity indicators,
adhering to systematic review guidelines. Research steps included formulating a focused question, database
searches, eligibility screening, data extraction, statistical synthesis, and contextual interpretation.

A comprehensive search of ResearchGate, ScienceDirect, and Scopus yielded peer-reviewed articles (2010-
2024) in urban ecology, conservation biology, and environmental science. Eligible studies provided quantitative
data to calculate effect sizes (Odds Ratios, Ors), reflecting an indicator’s association with biodiversity outcomes.
Exclusion criteria included non-significant effects or insufficient data. From an initial pool of 3,000 sources, 45
articles underwent full review, with 32 meeting inclusion criteria.

Data extraction focused on biodiversity indicators and their Ors. Statistical analysis used Comprehensive Meta-
Analysis (CMA) software, with a random-effects model to account for heterogeneity. Heterogeneity was assessed
using Cochran’s Q statistic and I? index. Publication bias was evaluated via funnel plots, Rosenthal’s Fail-safe N,
and Duval and Tweedie’s Trim and Fill method. Indicators were categorized by frequency to identify research
priorities.

Results

The meta-analysis of 32 studies revealed a significant pooled effect size (OR = 0.258, 95% CI: 0.222-0.299; p
< 0.000), indicating that the examined indicators reduced negative biodiversity impacts by 60-70%. This
underscores their efficacy in supporting SDG 15 (Life on Land). Geographically, 21 studies originated from Europe
(e.g., Germany, UK, Spain), reflecting regional research dominance. Publication trends surged post-2012, peaking
in 2022-2023, signaling growing academic and policy interest.

High heterogeneity (12 > 87%) was attributed to methodological, contextual, and scale differences across studies.
Despite variability, effect direction consistently favored biodiversity (all confidence intervals left of OR=1).
Publication bias analyses confirmed robustness: Rosenthal’s Fail-safe N indicated 1,885 null studies would be
needed to nullify the effect, and Trim and Fill adjustments did not alter results.
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Indicator frequency analysis revealed ecological and management metrics dominated research. Key categories
included:
1. Ecological Structure:

- Species diversity/richness (100% of studies).

- Green space/habitat provision (96.87%).

- Native vegetation cover (87.5%).
2. Management Strategies:

- Monitoring/evaluation (87.5%).

- Sustainable resource management (71.87%).
In contrast, social dimensions were underrepresented:

- Community participation (65.62%).

- Education/awareness (53.12%).

This gap highlights a disconnect between theoretical recognition of socio-cultural factors and their empirical

integration. Addressing this is vital for holistic conservation strategies.

Conclusions

This meta-analysis validates the effectiveness of urban biodiversity indicators, demonstrating their potential to
mitigate urbanization’s ecological impacts. Strategic investments in green infrastructure, native species, habitat
connectivity, and adaptive management are critical. However, the study underscores a need for greater emphasis on
social indicators, such as public engagement and education, to bridge the gap between ecological goals and
community-driven implementation.

Future research should explore heterogeneity drivers (e.g., city size, governance) through subgroup analyses and
expand geographical scope beyond Europe. Investigating synergies between ecological, managerial, and social
indicators could yield comprehensive frameworks. By synthesizing global evidence, this study provides actionable
insights for policymakers, planners, and researchers to foster biodiverse, sustainable cities that harmonize ecological
resilience with human well-being.

Key Takeaways:
1. Urban biodiversity conservation is achievable through targeted indicators like green infrastructure and native

Species.

2. Social dimensions (e.g., community participation) require urgent attention to ensure equitable and effective
outcomes.
3. Global collaboration and context-specific strategies are essential to address regional disparities and scale

Successes.

This evidence-based approach advances the vision of cities as biodiverse ecosystems, aligning ecological health
with sustainable urban development.
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