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Abstract:  

In the context of escalating biodiversity loss and climate uncertainty, this paper explores bio-

corridors as regenerative urban design tools to reconnect fragmented ecosystems and reimagine 

street networks as ecological spaces. Focusing on Gandhinagar, India—a city with abundant yet 

disconnected green spaces—this study proposes a multi-scalar intervention utilizing existing green 

ensembles, landscape layering, and street redesign. The methodology employed spatial mapping, 

typological analysis, and ecological layering to identify intervention opportunities. Findings reveal 

that Gandhinagar's disconnected forest patches, parks, planned natural areas, agricultural zones, 

and wilderness can be linked through six continuous ecological corridors by transforming tertiary 

streets, primary roads, and peripheral highways. The paper articulates a comprehensive 

implementation strategy involving phased execution, seasonal calibration, policy alignment, and 

community engagement to ensure long-term corridor viability. This approach offers a model for 

addressing ecological fragmentation in rapidly urbanizing regions while enhancing ecosystem 

services like air purification, stormwater management, and climate regulation. 

 

Keywords: bio-corridor, ecological connectivity, green infrastructure, urban biodiversity, 

Gandhinagar 

 

Introduction 

The global biodiversity crisis, marked by a 

68% decline in wildlife populations since 

1970 (WWF, 2020), stems largely from 

habitat fragmentation and urbanization. In 

rapidly developing India, this ecological 

disruption is intensified by unplanned 

urban expansion that creates isolated green 

patches inadequate for wildlife or 

ecosystem services. 

 

Gandhinagar, Gujarat's capital, presents a 

paradox: despite 40% green cover, its 

ecological assets remain disconnected. 

Originally designed as a garden city with 

abundant green spaces, its ecological 

potential is unrealized due to fragmentation 

across administrative boundaries. The city 

contains diverse green elements—urban 

forests, formal parks, institutional grounds, 

agricultural areas, and riverine corridors—

separated by roads and development. 

 

This research explores transforming 

Gandhinagar's street networks and 

underutilized spaces into bio-corridors 

linking these isolated green ensembles. By 

reimagining streets as ecological conduits 

rather than merely transportation 

infrastructure, the study aims to create 

continuous pathways for flora and fauna, 

support ecosystem services, and enhance 

urban resilience amid climate uncertainty. 

 

Methodology 

Research uses an ecological design 

approach considering spatial and temporal 
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dimensions of urban ecology through three 

stages: 

 

Spatial and Ecological Mapping 

Used GIS data to map and classify 

Gandhinagar's green spaces into five 

ecological ensembles: 

 

● Forest Ensembles: Peripheral, 

biologically diverse habitats with 

multiple vegetation layers (e.g., 

Indroda Nature Park, Punit Van). 

 

● Park Ensembles: Recreational 

spaces in residential sectors with 

manicured landscapes and 

ornamental species (e.g., Sarita 

Udyan). 

 

● Planned Natural Areas: 

Institutional campuses and green 

buffers with less intensive 

management allowing some 

ecological processes. 

 

● Agricultural Zones: Peripheral 

productive landscapes offering 

seasonal habitat for birds and 

pollinators. 

 

● Wilderness Zones: Unmanaged 

areas with spontaneous ecological 

communities (e.g., Sabarmati 

riverfront). 

 

Each ensemble was evaluated for species 

composition, structure, management, and 

connectivity potential. 

 

Street Typology Analysis 

Road networks categorized into three 

typologies: 

 

● Tertiary Streets (10-20m R.O.W): 

Residential streets (68% of 

network) with limited ecological 

value but high transformation 

potential. 

 

● Primary Streets (65-100m 

R.O.W): Major boulevards with 

substantial tree cover but lacking 

understory diversity. 

 

● Peripheral Roads: City Ring Road 

interfaces between urban and rural 

contexts, currently ecological 

barriers with potential as buffer 

zones. 

 

Analysis included solar exposure, drainage, 

land use, pedestrian activity, and 

vegetation. 

 

Design and Ecological Layering 

Context-specific strategies included: 

 

● Native Planting Palettes: Species 

selected for ecological function, 

seasonal characteristics, and urban 

compatibility. 

 

● Vertical Vegetation Layering: 

Multiple layers from canopy trees 

to ground covers creating habitat 

niches. 

 

● Bio-retention Systems: Water-

sensitive elements creating 

moisture gradients for diverse plant 

communities. 

 

● Ecological Stepping Stones: 

Strategic nodes for enhanced 

habitat creation connecting larger 

green spaces. 

 

● Seasonal Adaptation Strategies: 

Calibrated for Gandhinagar's 

monsoon and dry seasons ensuring 

year-round functionality. 
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Findings 

 

The comprehensive analysis and design 

exploration yielded several significant 

findings regarding the potential for bio-

corridor development in Gandhinagar: 

 

Fragmented Green Ensembles: Despite 

Gandhinagar's substantial green coverage, 

quantitative spatial analysis revealed 

significant ecological isolation. The 

average distance between functionally 

similar green ensembles exceeds 300 

meters—beyond the comfortable 

movement range of many small mammals, 

reptiles, amphibians, and invertebrates that 

are critical to ecosystem function. Forest 

ensembles, which host the greatest 

biodiversity, are particularly isolated by 

infrastructure barriers and incompatible 

land uses. 

Through strategic street-based 

interventions, the analysis identified 

potential for establishing six continuous 

ecological corridors running predominantly 

southeast to northwest across the city grid. 

These corridors would connect peripheral 

forest and agricultural ensembles with inner 

parks and wilderness zones, creating a 

permeable ecological network across the 

urban fabric. 

 

Tertiary Street Ecological Potential: The 

tertiary street network (10m–20m R.O.W) 

emerged as having exceptional potential for 

biodiversity support despite currently 

hosting minimal ecological value. Their 

lower traffic volumes, residential 

adjacency, and fine-grained urban 

integration make them ideal candidates for 

transformation into capillary-like 

biodiversity conduits. Field surveys 

identified 32 tertiary street segments 

totaling approximately 18 kilometers that 

could be prioritized for ecological 

enhancement, potentially creating 

continuous habitat corridors for insects, 

birds, and small mammals. 

 

The proposed interventions for tertiary 

streets include condensed vegetation 

layering, front yard habitat gardens, 

community stewardship zones, and 

integrated bio-retention features. These 

streets could function as intimate ecological 

experiences where residents directly 

engage with biodiversity through daily 

exposure and management participation. 

 

Primary Street Transformation: The 

analysis of primary streets (65m–100m 

R.O.W) revealed substantial existing tree 

canopy but significant deficiencies in 

structural diversity and species 

composition. Current plantings are 

dominated by a limited palette of 8-10 tree 

species, creating ecological monotony and 

vulnerability to disease or pest outbreaks. 

These wide corridors present opportunities 

for developing what could be termed 

"showcase ecological infrastructure"—

highly visible interventions that 

demonstrate ecological principles while 

providing substantial habitat area. 

 

The study proposes reconfiguring primary 

street medians and edges as interactive 

ecological interfaces where people can 

engage with biodiversity through 

educational planting displays, sensory 

gardens, and demonstration bioswales. 

Three primary corridors were identified as 

priority candidates for transformation based 

on their strategic location connecting major 

green ensembles. 

 

Ecological Buffer Zones: The city ring 

road analysis revealed its current function 

as an ecological barrier separating urban 

ecosystems from surrounding rural and 

natural landscapes. The wide, high-speed 

road creates significant wildlife movement 

obstacles while generating noise and air 

pollution that degrades habitat quality in 

adjacent areas. Reimagining this peripheral 

infrastructure as a graduated ecological 
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buffer could transform it from barrier to 

connector. 

 

The proposed approach envisions the ring 

road corridor as a multi-functional green 

buffer with tiered native plantations, 

wildlife crossing structures at strategic 

intervals, and specialized edge treatments 

where the road intersects with identified 

wildlife movement pathways. This 

peripheral ecological belt would serve as 

both a defensive barrier against urban 

sprawl and a transitional connector to 

surrounding ecosystems. 

 

Layered Landscape Integration: Field 

studies of existing green spaces revealed 

that structural complexity—the vertical 

layering of vegetation—was consistently 

more important for biodiversity support 

than simply increasing green coverage. 

Sites with multiple vegetation layers were 

found to support 3-4 times more bird 

species and significantly higher insect 

diversity than those with only tree canopy 

or ground cover. This finding informed the 

development of context-specific planting 

strategies that emphasize structural 

diversity even in spatially constrained 

conditions. 

 

Temporal analysis also highlighted the 

critical importance of seasonal planning in 

Gandhinagar's climate. The current street 

vegetation provides minimal ecological 

resources during the dry season (March-

June), creating seasonal bottlenecks for 

wildlife. Proposed planting palettes were 

specifically developed to ensure year-round 

functionality by incorporating species with 

complementary life cycles and resource 

provision. 

 

Table 1. Bio-corridor Typology and 

Intervention Matrix 

 

Street 

Type 

Width 

(m) 

Current 

Status 

Proposed 

Interventio

n 

Ecological 

Function 

Tertiar

y 

10-20 Limited 

vegetation 

with 

monoculture 

planning 

Dense 

biodiversity 

conduits 

with layered 

planting 

Wildlife 

movement 

corridors, 

microhabitat 

creation, 

community 

engagement 

Primar

y 

65-100 Single-layer 

median 

plantation, 

limited 

diversity 

Interactive 

ecological 

edges with 

demonstrati

on gardens 

Educational 

interfaces, air 

purification, 

pollinator 

support 

Periph

eral 

Variab

le 

Ecological 

barrier with 

sparse 

vegetation 

Multi-

functional 

green buffer 

with 

wildlife 

crossings 

Defensive 

ecological 

belt, 

transitional 

habitat, 

regional 

connectivity 

 

Implementation Strategy: The 

implementation is broken down into short-

term (0–2 years), medium-term (2–5 years), 

and long-term (5+ years) strategies, with 

supportive policy, community, and 

ecological measures to enable phasing: 

 

Policy Framework and Land Use 

Integration: 

 

● Amend local development plans to 

designate selected tertiary and 

primary streets as 'Bio-corridor 

Priority Zones' where ecological 

function is prioritized. 

● Mandate green buffers in land use 

policy for new developments and 

retrofitting existing ROWs with 

ecological functions. 

● Introduce incentives for residents to 

maintain green thickets on private 

or institutional land parcels 

adjoining the corridors. 

● Integrate ecological corridor plans 

into Smart City or AMRUT-level 

funding proposals. 
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● Develop specialized maintenance 

protocols that balance ecological 

objectives with urban management 

requirements. 

 

Pilot Projects and Demonstration 

Corridors: 

 

● Identify a pilot sector (e.g., Sector 

4) for early implementation to test 

materials, planting, and community 

engagement strategies. 

● Use modular design kits to scale 

across similar street profiles, 

allowing cost-effective 

implementation and community-led 

adaptation. 

● Incorporate interpretive signage, 

QR-coded information kiosks, and 

participatory monitoring tools to 

raise awareness. 

● Document outcomes through 

rigorous pre- and post-

implementation assessment to build 

evidence for broader application. 

 

Ecological Infrastructure 

Phasing: 

 

● Begin with bioswale installation 

and green medians in low-traffic 

residential sectors where 

community support is strongest. 

● Prioritize water-sensitive urban 

design (WSUD) techniques such as 

rain gardens and permeable 

pavements to manage stormwater 

while creating habitat. 

● Establish a seed bank and native 

species nursery to supply local plant 

material and ensure genetic 

biodiversity. 

● Implement seasonal management 

protocols that respond to monsoon 

cycles and wildlife needs. 

 

 

 

Community Stewardship and 

Capacity Building: 

 

● Collaborate with Resident Welfare 

Associations, schools, and NGOs to 

develop stewardship programs for 

corridor maintenance. 

● Train local youth as 'green 

ambassadors' who help in planting 

drives, maintenance, and 

biodiversity mapping. 

● Host seasonal festivals, planting 

days, and ecological walks to foster 

long-term cultural and emotional 

connections with the spaces. 

● Develop ecosystem service 

valuation tools to communicate 

benefits to stakeholders and 

policymakers. 

 

Ecological Monitoring and 

Feedback: 

 

● Install monitoring systems (e.g., 

camera traps, pollinator counts, 

water quality sensors) to track 

biodiversity returns and ecosystem 

service enhancements. 

● Establish performance indicators 

including species diversity, 

stormwater retention, soil quality, 

and community use patterns. 

● Evaluate and recalibrate strategies 

every two years based on real-time 

data and community feedback. 

● Create an adaptive management 

framework that allows for strategy 

refinement based on 

implementation learning. 
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Conclusions 

 

 
 

Figure 1. The envisioned bio-corridor 

thematic section in Gandhinagar, 

incorporating all the proposed strategies. 

Reference: Shaurya Singh, 2023 

 

The concept of bio-corridors offers a 

powerful framework for embedding 

ecological consciousness into everyday 

urban life. By rethinking the potential of 

streets as living systems—beyond their 

mobility function—cities can be 

transformed into landscapes of coexistence 

between people and biodiversity. In 

Gandhinagar, the proposed strategy fosters 

a polycentric ecological network, 

decentralizing habitat value and mitigating 

environmental degradation. 

 

The findings demonstrate that substantial 

ecological connectivity can be achieved 

through strategic interventions in the 

existing street network without requiring 

major land acquisition or infrastructure 

overhauls. By targeting different street 

typologies with context-appropriate 

ecological enhancements, the bio-corridor 

approach offers a pragmatic pathway to 

reconnect fragmented habitats while 

providing multiple co-benefits including 

improved microclimate regulation, 

stormwater management, air quality, and 

human wellbeing. 

 

The approach is scalable and adaptable to 

other Indian cities with similar green 

fragmentation patterns. However, 

limitations include dependency on policy 

alignment, funding availability, and long-

term community engagement. With 

appropriate political will, cross-

disciplinary collaboration, and public 

involvement, bio-corridors can become 

central to India's urban resilience strategies. 

 

Limitations: The research assumes 

availability of public land and political will 

for implementation. Certain strategies may 

require regulatory reform and maintenance 

protocols that go beyond the scope of this 

project. Additionally, the effectiveness of 

wildlife movement corridors depends on 

factors beyond design alone, including 

surrounding land use intensity and habitat 

quality at corridor endpoints. 

Implications: The findings advocate for 

integrating landscape architecture, urban 

planning, and ecology to address 

biodiversity loss in urban India. 

Practitioners and policymakers can adapt 

the proposed framework for other planned 

or rapidly urbanizing contexts across the 

Global South. By reimagining streets as 

ecological infrastructure rather than merely 

circulation space, cities can work toward 

reconciliation ecology—finding ways for 

human and non-human life to coexist 

productively in shared environments. 
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