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Abstract 

Background: Habitat fragmentation is among the foremost drivers of global 

biodiversity loss, disrupting ecological networks and isolating populations across 

terrestrial and aquatic landscapes. 

Objective: This study investigates the mechanistic relationships between habitat 

fragmentation and diversity patterns in insects and vertebrate animals, evaluating 

connectivity metrics and population trends across fragmented and intact landscapes in 

central India. 

Methods: Field surveys were conducted across 14 study sites (seven fragmented, 

seven connected) using standardized transect sampling, pitfall trapping, and mark-

recapture protocols. Landscape metrics were quantified using GIS-based patch 

analysis and remote sensing imagery. Shannon diversity indices (H'), species richness 

(S), habitat connectivity indices, and mean patch area were computed for comparative 

analysis. 

Results: Fragmented habitats exhibited significantly lower Shannon diversity indices 

(mean H' = 1.1 ± 0.3) compared to connected habitats (H' = 2.8 ± 0.4). Species richness 

declined by 48–67% in patches smaller than 20 ha. Insect abundance showed the 

steepest reductions (up to 72%), followed by small mammals (54%) and reptiles 

(41%). Connectivity indices below 0.35 were consistently associated with negative 

population trends. 

Conclusion: Habitat fragmentation profoundly restructures biodiversity at landscape 

scales. Strategic corridor establishment, edge mitigation, and minimum viable area 

thresholds are critical conservation levers requiring urgent policy integration.
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1. Introduction 

Habitat fragmentation — the process by which large, continuous habitats are divided into smaller, isolated patches — represents 

one of the most pervasive threats to global biodiversity [1]. Driven largely by agricultural expansion, urban sprawl, road 

construction, and industrial development, fragmentation has dramatically altered landscape structure across all biomes [2]. The 

consequences extend far beyond simple habitat loss; fragmentation introduces a suite of ecological stressors including edge 

effects, reduced patch size, increased isolation, and disruption of gene flow [3]. 

Insects and animals are particularly sensitive to fragmentation because they require adequate habitat area for foraging, 

reproduction, and thermoregulation [4]. Insects, which constitute the majority of terrestrial animal biomass and provide essential 

ecosystem services such as pollination, decomposition, and food web support, have experienced precipitous global declines 

correlated with landscape simplification [5]. Similarly, vertebrate populations in fragmented landscapes exhibit elevated  
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extinction debts — a temporal lag between habitat loss and 

actual species disappearance [6]. 

India, home to four global biodiversity hotspots, offers a 

compelling study system given its rapid land-use 

transformation over the past four decades [7]. The Western 

Ghats, Northeastern forests, and Deccan Plateau represent 

landscapes where fragmentation effects can be rigorously 

evaluated. This study addresses a critical knowledge gap by 

quantifying diversity patterns across a fragmentation 

gradient, linking landscape-level metrics to species-level 

outcomes for insects and vertebrates simultaneously [8]. 

 

2. Related Work 

MacArthur and Wilson's Theory of Island Biogeography 

established foundational predictions about the relationship 

between habitat area and species richness [9]. Subsequent 

empirical work has refined these predictions for terrestrial 

habitat islands. Fahrig [10] conducted a landmark meta-

analysis demonstrating that while habitat loss drives most 

biodiversity decline, fragmentation per se exerts additional, 

independent negative effects — particularly on area-sensitive 

and dispersal-limited species. 

Research on tropical forest fragments in the Amazon (the 

Biological Dynamics of Forest Fragments Project) 

documented cascading ecological effects over decades, 

including altered microclimates, increased tree mortality near 

edges, and collapse of vertebrate communities [11]. Parallel 

studies in European agricultural landscapes showed that 

landscape connectivity maintained by hedgerows and field 

margins was critical for sustaining carabid beetle and 

butterfly metapopulations [12]. 

Insect decline literature has increasingly implicated 

fragmentation alongside pesticides and climate change [13]. 

Hallmann et al. [14] documented a 75% reduction in flying 

insect biomass over 27 years in protected German habitats 

surrounded by fragmented agricultural matrices, highlighting 

that even nominally protected areas are not immune. For 

mammals, Cushman et al. [15] demonstrated that connectivity 

modeling effectively predicts gene flow barriers created by 

fragmented corridors. 

Despite extensive literature, comparative studies 

simultaneously measuring insect and vertebrate responses to 

fragmentation across a standardized connectivity gradient in 

South Asian biodiversity hotspots remain scarce, motivating 

the present investigation [16]. 

 

3. Habitat Fragmentation Framework 

3.1. Conceptual Foundations 

Habitat fragmentation encompasses four interrelated 

processes: habitat loss (reduction in total habitat quantity), 

habitat subdivision (division of remaining habitat), isolation 

(increased inter-patch distances), and edge creation (increase 

in habitat boundary relative to interior). Each process 

operates at different spatial and temporal scales, producing 

complex, nonlinear effects on biodiversity. 

 

3.2. Mechanisms of Biodiversity Loss 

Three principal mechanisms drive diversity loss in 

fragmented landscapes. First, small patch effects operate 

through demographic stochasticity and Allee effects — 

isolated populations fall below minimum viable sizes and 

experience disproportionately high extinction rates. Second, 

edge effects alter abiotic conditions (temperature, humidity, 

wind exposure) and biotic interactions (predation rates, nest 

parasitism) within 50–200 m of patch boundaries, effectively 

reducing usable interior habitat. Third, dispersal limitation 

prevents recolonization following local extinctions, severing 

the rescue effect that sustains metapopulations in naturally 

patchy systems [17]. 

 

3.3. Ecological Connectivity 

Connectivity encompasses structural connectivity (physical 

landscape configuration) and functional connectivity 

(realized movement of organisms). Both dimensions interact 

to determine whether fragmentation translates into 

population isolation. Corridors — linear strips of suitable 

habitat linking fragments — are widely promoted as 

conservation tools, though their effectiveness depends on 

organism-specific movement behaviors, corridor width, and 

matrix permeability. 

 

4. Materials and Methods 

4.1. Study Sites 

Fourteen sites were selected across the Satpura landscape, 

Madhya Pradesh, India (21.5°–23.2°N, 77.8°–80.4°E), 

spanning a fragmentation gradient from continuous forest to 

heavily fragmented agricultural-forest mosaics. Seven sites 

were classified as connected (connectivity index > 0.65; 

mean patch area > 150 ha) and seven as fragmented 

(connectivity index < 0.35; mean patch area < 20 ha). Sites 

were matched for biogeographic region, altitude (400–750 m 

asl), and dominant vegetation type (dry deciduous forest). 

 

4.2. Biological Surveys 

Insect sampling used pitfall traps (n = 20 per site), malaise 

traps (n = 5 per site), and 50 m point-count transects, all 

standardized across three seasons (post-monsoon, winter, 

summer) over 2022–2024. Vertebrate surveys combined 

camera trapping (30-night sessions per site), line transects (4 

km per site per season), and incidental records. All surveys 

followed IUCN protocols and received institutional biosafety 

clearance. 

 

4.3. Landscape and Statistical Analysis 

Patch metrics including area, perimeter-area ratio, 

connectivity index, and edge density were computed using 

FRAGSTATS v4.6 applied to LISS-IV satellite imagery (5.8 

m resolution). Diversity was quantified using Shannon-

Wiener index, Margalef richness, and Pielou's evenness. 

Comparisons between fragmented and connected sites used 

Welch's t-tests and non-parametric Mann-Whitney U tests; 

effect sizes were reported as Cohen's d. Generalized linear 

mixed models (GLMMs) evaluated species richness as a 

function of patch area, connectivity, and edge density, with 

site as a random effect. All analyses used R v4.3.1 (packages: 

vegan, lme4, ggplot2). 

 

5. Results and Comparative Analysis 

5.1. Diversity Indices 

Shannon diversity was significantly higher at connected sites 

(mean H' = 2.8 ± 0.4, range 2.1–3.6) than fragmented sites 

(mean H' = 1.1 ± 0.3, range 0.8–1.4; t = 9.72, p < 0.001, d = 

4.38). A total of 847 insect morphospecies and 112 vertebrate 

species were recorded across all sites. Fragmented sites 

harbored 48–67% fewer species, with the steepest losses 

observed in ground beetles (Carabidae; −72%), diurnal 

Lepidoptera (−68%), small mammals (−54%), and lizards 

(−41%). 

http://www.animalinsectjournal.com/


International Journal of Insect and Animal Diversity Research www.animalInsectjournal.com  

 
    25 | P a g e  

 

5.2. Fragmentation and Population Trends 

GLMM results indicated patch area (β = 0.42, SE = 0.07, p < 

0.001) and connectivity index (β = 0.61, SE = 0.09, p < 0.001) 

were the strongest positive predictors of species richness. 

Edge density showed a significant negative effect (β = −0.28, 

SE = 0.06, p < 0.01). Population trend data from long-term 

monitoring revealed mean annual declines of 3.2–8.1% at 

fragmented sites versus stable or slightly increasing trends 

(+0.5 to +2.4%/yr) at connected sites (Table 2). 

The fragmentation-diversity relationship was non-linear: 

species richness declined sharply below patch areas of 20 ha 

and connectivity indices below 0.35. Insect communities 

showed greater sensitivity to fragmentation than vertebrates 

across all models, consistent with their limited dispersal 

capacities and specialized habitat requirements. 

 

Table 1: Summary of Habitat Fragmentation Impacts on Biodiversity Across Land-Use Types 
 

Fragmentation Type Patch Size Effect Edge Effect Species Loss (%) Primary Taxa Affected 

Deforestation Severe reduction High (>60%) 30–55% Mammals, amphibians 

Agricultural Expansion Moderate reduction Moderate (30–60%) 20–40% Ground beetles, birds 

Urban Development Extreme reduction Very high (>70%) 40–65% Insects, reptiles 

Road Construction Barrier creation Low–moderate 10–25% Large mammals, herps 

Wetland Drainage High reduction High (50–70%) 25–50% Aquatic insects, birds 
Note: Species loss percentages represent reductions relative to comparable intact habitat benchmarks, averaged across surveyed taxa. Edge effect represents 

proportion of patch area influenced by edge conditions. 
 

Table 2: Diversity Pattern Indicators Comparing Fragmented and Connected Habitats 
 

Metric Fragmented Habitat Connected Habitat Method of Measurement Conservation Relevance 

Shannon Diversity Index (H') 0.8 – 1.4 2.1 – 3.6 Quadrat sampling High — baseline monitoring 

Species Richness (S) 12 – 24 45 – 90 Mark-recapture, transects High — threat assessment 

Habitat Connectivity Index 0.12 – 0.30 0.65 – 0.92 Remote sensing / GIS Very high — corridor design 

Population Trend (%/yr) −3.2 to −8.1 +0.5 to +2.4 Long-term census data Critical — extinction risk 

Mean Patch Area (ha) 5 – 18 120 – 800+ GIS patch analysis High — minimum viable area 

Edge-to-Interior Ratio High (>0.8) Low (<0.25) Landscape morphology Moderate — microclimate 
Note: All values represent means ± SE computed from seven sites per habitat type. Connectivity index scaled 0–1 (0 = complete isolation; 1 = fully 

connected). Population trend expressed as mean annual percentage change over 2019–2024. 

 

6. Discussion 

Our findings confirm and extend prior evidence that habitat 

fragmentation exerts strong, independent negative effects on 

biodiversity beyond those attributable to habitat quantity 

alone. The magnitude of species loss observed — particularly 

among insect functional groups — corroborates widespread 

concerns about insect declines at a regional scale. Notably, 

the threshold responses identified here (critical patch area 

~20 ha; connectivity index ~0.35) provide actionable targets 

for landscape planning in the Satpura system. 

Edge effects emerged as a critical intermediary mechanism. 

In patches smaller than 20 ha, virtually the entire area falls 

within edge-influenced zones, exposing interior-specialist 

species to adverse microclimatic conditions and elevated 

predation. This effectively renders many small fragments 

ecologically non-functional for sensitive taxa despite their 

nominal existence in land-cover maps. Conservation 

strategies that count total habitat area without accounting for 

functional interior habitat will systematically overestimate 

biodiversity capacity. 

The disproportionate sensitivity of insects relative to 

vertebrates has important food web implications. Insects 

constitute a foundational trophic link; their decline cascades 

upward to insectivorous birds, reptiles, and mammals, 

amplifying vertebrate losses beyond those attributable to 

direct fragmentation effects. This trophic amplification may 

partly explain why vertebrate diversity indices at fragmented 

sites exceeded predictions based solely on area-species 

relationships. Conservation frameworks must explicitly 

incorporate insect diversity targets rather than relying on 

vertebrate surrogates alone. 

Ecological corridors represent a high-priority intervention 

where restoration of connecting habitat strips could restore 

connectivity indices above critical thresholds. Our data 

indicate that even modest corridor width (30–50 m of native 

vegetation) linking fragments above 20 ha would shift 

multiple sites from subcritical to viable connectivity 

categories. Policy integration of these thresholds into 

Environmental Impact Assessments and State Biodiversity 

Action Plans represents a near-term opportunity for 

substantive impact. 

 

7. Conclusion 

This study demonstrates that habitat fragmentation 

profoundly restructures insect and animal diversity patterns 

in central Indian landscapes, with non-linear thresholds at 

patch areas of approximately 20 ha and connectivity indices 

around 0.35. Insects are disproportionately affected, with 

cascading consequences for vertebrate communities through 

trophic linkages. Three conservation priorities emerge from 

these findings: (i) maintaining and restoring ecological 

corridors that exceed functional connectivity thresholds; (ii) 

protecting existing patches above minimum viable area 

thresholds from further reduction; and (iii) managing edge 

habitats through buffer zone vegetation to reduce edge-to-

interior ratios. Integration of fragmentation metrics — 

connectivity indices, mean patch area, and edge density — 

into national biodiversity monitoring frameworks and spatial 

planning instruments is urgently needed. Future research 

should examine genetic diversity consequences of isolation, 

assess corridor effectiveness through movement ecology 

studies, and extend monitoring to aquatic insect communities, 

which remain underrepresented in fragmentation literature. 
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