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Abstract

Rapid urbanization has significantly altered natural ecosystems, leading to habitat fragmentation, biodiversity loss,
soil degradation, and reduced ecosystem services. Urban ecological restoration has emerged as a critical strategy to
mitigate these environmental impacts and enhance urban sustainability. This study investigates the effectiveness of
experimental ecological restoration techniques in an urban environment through a controlled field experiment
conducted over two years. Three restoration treatments—native vegetation planting, soil amendment with organic
compost, and integrated green infrastructure—were implemented in degraded urban sites and compared with untreated
control plots. Ecological indicators, including plant diversity, soil quality, microclimate regulation, and faunal activity,
were measured periodically. The results demonstrate significant improvements in biodiversity, soil fertility, and
ecosystem functioning in restoved plots, particularly in integrated treatment areas. The findings highlight the
importance of multi-dimensional restoration strategies in urban contexts. This study contributes empirical evidence to
urban ecology and provides practical recommendations for sustainable urban planning and policy development.
Keywords: Urban ecology; ecological restoration; biodiversity conservation; green infrastructure; ecosystem services;
sustainable cities

1. INTRODUCTION

Urbanization is one of the most pervasive forms of land-use change globally. According to the United
Nations (2019), more than 55% of the world’s population currently resides in urban areas, a figure
expected to rise to 68% by 2050. While urban development supports economic growth and social
advancement, it also exerts considerable pressure on natural ecosystems.

Urban ecosystems are characterized by habitat loss, soil compaction, pollution, reduced vegetation cover,
and altered hydrological cycles. These disturbances diminish biodiversity and compromise ecosystem
services such as carbon sequestration, air purification, stormwater regulation, and thermal regulation
(Grimm et al., 2008).

Ecological restoration seeks to recover degraded ecosystems by reestablishing native species, improving
soil conditions, and restoring ecological processes (SER, 2016). In urban contexts, restoration is
particularly challenging due to limited space, ongoing human disturbance, and fragmented landscapes.
Despite increasing interest in urban restoration, empirical studies employing experimental designs remain
limited. Most existing studies rely on observational approaches, restricting causal inference. This study
addresses this gap by implementing a controlled experimental framework to evaluate restoration
effectiveness.

1.1 Objectives

The objectives of this study are:

1. To evaluate ecological impacts of different restoration treatments.

2. To compare single and integrated restoration approaches.

3. To analyze changes in biodiversity, soil quality, and microclimate.

4. To provide evidence-based recommendations for urban management.

2. LITERATURE REVIEW

2.1 Urban Ecosystem Degradation

Urban development alters natural landscapes through infrastructure expansion and pollution. These
activities disrupt ecological connectivity and degrade habitat quality McKinney, 2002). Fragmentation
and invasive species further threaten biodiversity (Alberti, 2005).

2.2 Principles of Ecological Restoration

Ecological restoration aims to assist ecosystem recovery toward a reference condition (SER, 2016). Core
principles include use of native species, restoration of ecological processes, long-term sustainability, and
adaptive management.

2.3 Urban Restoration Strategies
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Common strategies include native planting, soil remediation, wetland creation, green roofs, and urban
forestry. Integrated approaches combining multiple techniques have shown greater resilience (Tzoulas et
al., 2007).

2.4 Experimental Research in Urban Ecology

Experimental studies enable causal inference but are limited in urban settings due to logistical and social
constraints. Aronson et al. (2017) emphasize the importance of rigorous designs for evaluating restoration
outcomes.

3. METHODOLOGY

3.1 Study Area

The study was conducted in the metropolitan region of [City Name], covering 15 hectares of degraded
land previously used for mixed industrial and residential purposes. The climate is temperate, with mean
annual rainfall of 850 mm and mean temperature of 18°C.

3.2 Experimental Design

A randomized block design was applied. Twelve plots (20 m x 20 m) were divided into four treatment
groups with three replicates (Table 1).

Table 1. Experimental Treatments and Description

Treatment Code Description Main Components

C Control No intervention

NP Native Planting Indigenous grasses, shrubs, trees
SA Soil Amendment Compost and biochar

IT Integrated Treatment NP + SA + green infrastructure

3.3 Restoration Treatments

3.3.1 Native Planting

Species were selected from regional floristic surveys, including Quercus robur, Acer campestre, and Festuca
rubra.

3.3.2 Soil Amendment

Organic compost (10 kg/m?) and biochar (5% volume) were incorporated into topsoil.

3.3.3 Green Infrastructure

Rain gardens, permeable pavements, and retention ponds were constructed to improve stormwater
management.

3.4 Data Collection

Data were collected quarterly from 2022 to 2024.

3.4.1 Vegetation Assessment

Species richness, Shannon diversity index, and canopy cover were recorded.

3.4.2 Soil Analysis

Soil samples were analyzed for organic matter, pH, nitrogen, phosphorus, potassium, and bulk density.
3.4.3 Faunal Monitoring

Birds were surveyed using point counts. Insects were sampled using pitfall traps and sweep nets.

3.4.4 Microclimate Monitoring

Temperature and humidity sensors recorded data at 30-minute intervals.

3.5 Statistical Analysis

Data were analyzed using one-way ANOVA and Tukey’s HSD post-hoc tests (a = 0.05).

4. RESULTS
4.1 Vegetation Diversity
Species richness and diversity increased significantly in restored plots (Table 2).
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Table 2. Vegetation Diversity After Two Years (Mean + SD)

Treatment Species Richness Shannon Index (H’) Vegetation Cover (%)
C 9+2 1.2+03 34+5
NP 21+£3 2.4 +0.4 62+7
SA 15+2 1.9+03 51+6
IT 28 + 4 29 +0.5 78+ 6
4.2 Soil Quality

Soil fertility and structure improved markedly in SA and IT plots (Table 3).
Table 3. Changes in Soil Properties (2022-2024)

Parameter C NP SA IT
Organic Matter (%) +4 +18 +35 +48
Bulk Density (g/cm?) 1.58 1.42 1.31 1.22
Available N (mg/kg) 24 39 52 61

4.3 Faunal Activity

Bird abundance increased by 62% in IT plots. Pollinator richness was highest in NP and IT treatments.
4.4 Microclimate Regulation

IT plots exhibited reduced surface temperatures and increased humidity.

Table 4. Microclimate Parameters (Summer Mean)

Treatment Surface Temp (°C) Relative Humidity (%)
C 35.4 48
NP 32.6 54
SA 33.8 51
IT 32.6 60

4.5 Statistical Outcomes

ANOVA revealed significant treatment effects for all indicators (p < 0.01).
5. Figures

Figure 1. Location of Study Area

Schematic Map of Experimental Plots
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Figure 2. Changes in Species Richness Over Time

Changes in Species Richness (2022-2024)
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(Line graph illustrating species richness from 2022-2024)
Figure 3. Soil Organic Matter Trends
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Figure 4. Summer Surface Temperature Variation
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6. DISCUSSION

6.1 Restoration Effectiveness

Integrated treatments produced the strongest ecological responses, confirming the benefits of
multifunctional approaches.

6.2 Biodiversity Recovery

Enhanced vegetation structure supported higher faunal diversity, particularly pollinators and birds.

6.3 Soil and Ecosystem Processes

Improved soil conditions promoted microbial activity and nutrient cycling, contributing to system
stability.

6.4 Planning Implications

Urban planners should prioritize integrated green spaces that combine ecological and hydrological
functions.

6.5 Limitations

e Short monitoring period

e Limited spatial coverage

e DPotential edge effects

7. CONCLUSION

The experimental study demonstrates that urban ecological restoration significantly improves
biodiversity, soil health, and microclimate regulation. Integrated approaches outperform single-method
interventions. These findings support the integration of ecological restoration into urban development
policies.

8. Recommendations

Promote integrated restoration in redevelopment projects.
Encourage native species use.

Include soil rehabilitation in regulations.

Establish long-term monitoring systems.

R

Foster community participation.
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Appendices
Appendix A: Species List Used in Native Planting

Category | Species Name

Trees Quercus robur, Acer campestre

Shrubs Crataegus monogyna, Cornus sanguinea

Grasses | Festuca rubra, Poa pratensis

Appendix B: Soil Sampling Protocol
1. Collect samples at 0-15 cm depth.
2. Use stainless steel auger.
3. Store in labeled polyethylene bags.
4. Air-dry samples before laboratory analysis.
Appendix C: Biodiversity Monitoring Methods
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1. Bird surveys: 10-minute point counts at sunrise.

2. Insect sampling: Monthly pitfall trapping.

3. Vegetation surveys: Quadrat method (1 m2).
Appendix D: Statistical Output Summary

Parameter F-value | p-value | Significance
Species Richness 18.6 <0.001 | Significant
Soil Organic Matter | 22.4 <0.001 | Significant
Temperature 15.2 <0.001 | Significant
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