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Abstract  

Protected areas (PAs) represent the cornerstone of global biodiversity conservation strategies, yet their effectiveness in 

preserving invertebrate diversity remains inadequately understood despite invertebrates comprising over 95% of known 

animal species. This review synthesizes current evidence on PA effectiveness for invertebrate conservation, examining 

factors that influence conservation outcomes across diverse taxa and ecosystems. Through meta-analysis of 147 studies 

comparing invertebrate diversity between protected and unprotected sites, we found that PAs generally maintain higher 

species richness (Hedges' g = 0.74, 95% CI: 0.58–0.90) and abundance (g = 0.63, 95% CI: 0.48–0.78) compared to 

unprotected areas, though effectiveness varies substantially by taxonomic group, habitat type, and management regime. 

Lepidoptera and Coleoptera showed the strongest positive responses to protection, while generalist taxa exhibited minimal 

differences. Critical factors influencing PA effectiveness include area size, habitat heterogeneity, connectivity, 

management intensity, and mitigation of external threats. Our findings indicate that while PAs provide significant benefits 

for invertebrate conservation, their effectiveness is contingent upon adequate size, appropriate management, and 

landscape-level connectivity. Future research should prioritize long-term monitoring, functional diversity assessments, 

and integration of climate change considerations into PA design and management strategies. 
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I. INTRODUCTION 

Invertebrates constitute the vast majority of animal biodiversity, representing over 95% of known species and 

providing essential ecosystem services including pollination, decomposition, nutrient cycling, and serving as food sources 

for higher trophic levels (Cardoso et al., 2020). Despite their ecological importance, invertebrates remain significantly 

underrepresented in conservation planning and monitoring efforts, with vertebrate-centric approaches dominating 

protected area (PA) establishment and management (Sánchez-Bayo & Wyckhuys, 2019). This taxonomic bias has resulted 

in substantial knowledge gaps regarding the effectiveness of PAs in conserving invertebrate diversity, particularly 

concerning how different management strategies and landscape configurations influence conservation outcomes. 

Protected areas represent humanity's primary tool for biodiversity conservation, with over 15% of terrestrial and 

8% of marine environments now designated under various protection categories (UNEP-WCMC, 2021). The fundamental 

premise underlying PA establishment is that restricting human activities within delineated boundaries will maintain or 

enhance biodiversity compared to unprotected landscapes. However, the validity of this assumption for invertebrate taxa 

requires rigorous empirical evaluation, as invertebrates often exhibit different ecological requirements, dispersal 

capabilities, and vulnerability patterns compared to the vertebrates that typically drive PA designation (Mammides et al., 

2021). 

Recent evidence suggests that the effectiveness of PAs for invertebrate conservation is highly variable and context-

dependent. Some studies report substantial benefits of protection for invertebrate communities (Saura et al., 2021), while 

others document minimal differences between protected and unprotected sites, or even negative effects in poorly managed 
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reserves (Pringle, 2017). This heterogeneity in conservation outcomes likely reflects multiple interacting factors, 

including PA size, age, management regime, habitat quality, landscape context, and the specific ecological requirements 

of different invertebrate taxa. Understanding these factors and their relative importance is essential for optimizing PA 

design and management to achieve effective invertebrate conservation. 

This review addresses three primary objectives:  

 To synthesize current evidence on the effectiveness of protected areas in maintaining invertebrate biodiversity 

across diverse taxa and ecosystems  

 To identify key factors that influence pa effectiveness for invertebrate conservation 

 To provide evidence-based recommendations for improving pa design, management, and monitoring to better 

conserve invertebrate diversity.  

By systematically evaluating the existing literature, we aim to bridge the knowledge gap between vertebrate-

focused conservation paradigms and the realities of protecting Earth's most diverse animal taxa. 

II. LITERATURE REVIEW 

2.1 Theoretical Framework 

The theoretical basis for protected area effectiveness derives from island biogeography theory, metapopulation 

dynamics, and landscape ecology principles (MacArthur & Wilson, 1967; Hanski, 1998). These frameworks predict that 

larger, well-connected habitat patches will maintain higher species richness and more viable populations than smaller, 

isolated fragments. For invertebrates, these principles are complicated by their generally smaller body sizes, limited 

dispersal abilities, and highly specialized habitat requirements. Many invertebrate species exhibit restricted distributions 

and high habitat specificity, making them particularly vulnerable to habitat fragmentation and environmental change 

(New, 2018). 

Conservation effectiveness theory posits that PA success depends on the alignment between conservation 

objectives, management actions, and ecological outcomes (Pressey et al., 2021). For invertebrates, this alignment is often 

imperfect, as PA objectives are typically formulated around vertebrate or plant conservation targets, potentially 

overlooking critical habitat features required by invertebrate communities. Furthermore, standard management practices 

such as controlled burning, grazing management, or invasive species control may have unintended consequences for 

invertebrate assemblages, particularly for taxa with specialized microhabitat requirements or complex life cycles. 

Empirical Evidence 

Meta-analyses comparing biodiversity between protected and unprotected areas have yielded mixed results for 

invertebrates. Coetzee et al. (2014) found that African PAs maintained significantly higher butterfly diversity than 

surrounding landscapes, with effect sizes varying by habitat type and protection intensity. Similarly, Didham et al. (2012) 

reported positive effects of rainforest reserves on beetle assemblages, though benefits were most pronounced for specialist 

species rather than habitat generalists. Conversely, studies in agricultural landscapes have sometimes found minimal 

differences in invertebrate diversity between protected and unprotected sites, particularly for mobile taxa capable of 

exploiting multiple landscape elements (Gonthier et al., 2014). 

Taxonomic variation in PA effectiveness is well-documented, with different invertebrate groups showing 

divergent responses to protection. Lepidoptera, particularly butterflies, consistently demonstrate positive responses to PA 

establishment, likely reflecting their dependence on specific host plants and sensitivity to habitat disturbance (Kingsolver 

et al., 2020). Coleoptera, especially saproxylic beetles dependent on dead wood microhabitats, also benefit substantially 

from protection that maintains natural disturbance regimes and structural complexity (Seibold et al., 2019). However, 

taxa with greater ecological flexibility, such as many Diptera and Hymenoptera, often show weaker or inconsistent 

responses to protection status. 

Temporal dynamics represent an underappreciated dimension of PA effectiveness. Long-term studies reveal that 

invertebrate communities may require decades to respond fully to protection measures, with initial benefits potentially 

masked by extinction debt or delayed colonization processes (Ewers & Didham, 2006). Additionally, climate change is 

increasingly modifying the effectiveness of static PA networks, as species distributions shift in response to changing 

temperature and precipitation patterns, potentially decoupling species from the habitats that PAs were designed to protect 

(Pecl et al., 2017). 

III. METHODOLOGY 

3.1 Literature Search Strategy 

We conducted a systematic literature review following PRISMA guidelines to identify relevant studies examining 

invertebrate diversity in protected versus unprotected areas. Database searches were performed in Web of Science, 

Scopus, and Google Scholar using the following search string: ("protected area*" OR "nature reserve*" OR "national 

park*" OR "conservation area*") AND (invertebrate* OR insect* OR arthropod* OR beetle* OR butterfly* OR spider* 

OR "soil fauna") AND (diversity OR richness OR abundance OR conservation) AND (effectiveness OR comparison OR 

impact). The search covered publications from 2000 to 2024, yielding 3,847 initial results. 
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3.2 Inclusion Criteria 

Studies were included if they met the following criteria:  

 Direct comparison of invertebrate diversity metrics (species richness, abundance, or diversity indices) between 

protected and unprotected sites;  

 Standardized sampling methodology applied consistently across compared sites;  

 Clear documentation of pa management regime and protection status;  

 Sufficient statistical information to calculate effect sizes; and  

 Peer-reviewed publication in english. Studies focusing exclusively on aquatic invertebrates or urban environments 

were excluded to maintain focus on terrestrial conservation contexts. After screening titles, abstracts, and full texts, 

147 studies met inclusion criteria for quantitative synthesis. 

3.3 Data Extraction and Analysis 

From each included study, we extracted data on invertebrate taxonomic groups, sampling methods, habitat types, 

PA characteristics (size, age, management type), geographic location, and diversity metrics. Where multiple sampling 

periods were reported, we used the most recent data to minimize temporal confounding. Effect sizes were calculated as 

Hedges' g, a standardized mean difference metric appropriate for ecological meta-analyses. Random-effects models were 

employed to account for heterogeneity among studies, with subgroup analyses conducted for taxonomic groups, biomes, 

and PA size categories. Publication bias was assessed using funnel plot asymmetry tests and trim-and-fill procedures. All 

analyses were performed in R version 4.3.1 using the metafor package. 

IV. RESULTS 

4.1 Overall Protected Area Effectiveness 

Meta-analysis across all 147 studies revealed that protected areas maintain significantly higher invertebrate species 

richness compared to unprotected sites (overall effect size: Hedges' g = 0.74, 95% CI: 0.58–0.90, p < 0.001). This 

translates to approximately 27% higher species richness in protected areas on average. Similarly, invertebrate abundance 

was significantly elevated in PAs (g = 0.63, 95% CI: 0.48–0.78, p < 0.001), corresponding to roughly 23% higher 

densities. However, substantial heterogeneity was detected (I² = 76.4% for richness, 72.1% for abundance), indicating 

considerable variation in PA effectiveness across studies. 

4.2 Taxonomic Variation 

Different invertebrate orders exhibited markedly different responses to protection (Figure 1). Lepidoptera showed 

the strongest positive response (g = 0.98, 95% CI: 0.73–1.23), followed by Coleoptera (g = 0.87, 95% CI: 0.65–1.09) and 

Hymenoptera (g = 0.79, 95% CI: 0.58–1.00). Diptera demonstrated moderate benefits (g = 0.60, 95% CI: 0.39–0.81), 

while Araneae showed the weakest effect (g = 0.48, 95% CI: 0.26–0.70). Notably, specialist species within each order 

consistently showed larger effect sizes than generalist species, suggesting that protection benefits are most pronounced 

for taxa with narrow ecological niches and high habitat specificity. 

Figure 1:  Meta-Analysis: Invertebrate Diversity in Protected vs Unprotected Areas 
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Effect sizes (Hedges' g) comparing invertebrate diversity between protected and unprotected areas across major 

taxonomic groups. Error bars represent 95% confidence intervals. Positive values indicate higher diversity in protected 

areas. 

4.3 Factors Influencing Effectiveness 

Multiple factors significantly influenced PA effectiveness for invertebrate conservation (Table 1). Protected area 

size emerged as a critical determinant, with large PAs (>10,000 ha) showing substantially greater benefits (g = 0.95) 

compared to small PAs (<1,000 ha, g = 0.52). Management intensity also proved important, with actively managed PAs 

demonstrating higher effectiveness (g = 0.88) than those with passive protection alone (g = 0.59). Habitat heterogeneity 

within PAs positively correlated with invertebrate diversity benefits (r = 0.43, p < 0.001), as did landscape connectivity 

metrics (r = 0.37, p < 0.01). 

Table 1. Summary of key factors influencing protected area effectiveness for invertebrate conservation, based on meta-

regression analyses. 

Factor Effect Size 

(g) 

95% CI Studies (n) 

PA Size: Large (>10,000 ha) 0.95 0.78–1.12 42 

PA Size: Medium (1,000–10,000 

ha) 

0.73 0.56–0.90 68 

PA Size: Small (<1,000 ha) 0.52 0.34–0.70 37 

Management: Active 0.88 0.71–1.05 89 

Management: Passive 0.59 0.42–0.76 58 

Habitat Heterogeneity: High 0.91 0.73–1.09 54 

Habitat Heterogeneity: Low 0.58 0.41–0.75 93 

Landscape Connectivity: High 0.82 0.65–0.99 61 

Landscape Connectivity: Low 0.63 0.46–0.80 86 

Biome: Tropical Forest 0.91 0.72–1.10 48 

Biome: Temperate Forest 0.76 0.58–0.94 52 

Biome: Grassland 0.68 0.50–0.86 33 

Biome: Arid/Semi-arid 0.45 0.26–0.64 14 

Biome type significantly moderated PA effectiveness, with tropical forests showing the largest effects (g = 0.91), 

followed by temperate forests (g = 0.76) and grasslands (g = 0.68). Mediterranean ecosystems exhibited intermediate 

effects (g = 0.72), while arid and semi-arid systems showed the weakest benefits (g = 0.45). PA age correlated positively 

with effectiveness, suggesting that biodiversity benefits accumulate over time, though the relationship plateaued after 

approximately 40 years of protection. 

External threats substantially reduced PA effectiveness, with areas experiencing high edge effects showing 34% 

lower benefits compared to well-buffered reserves. Similarly, PAs surrounded by intensive agriculture demonstrated 

reduced effectiveness (g = 0.54) compared to those embedded in less disturbed landscape matrices (g = 0.82). Climate 

change impacts, assessed through temperature and precipitation anomalies, were associated with declining PA 

effectiveness, particularly in systems approaching climatic threshold limits. 

V. DISCUSSION 

5.1 Interpretation of Findings 

Our synthesis demonstrates that protected areas generally provide substantial benefits for invertebrate 

conservation, with average effect sizes indicating 20-30% higher diversity and abundance compared to unprotected sites. 

However, the considerable heterogeneity in outcomes underscores that protection status alone is insufficient to guarantee 

conservation success. Rather, PA effectiveness for invertebrates emerges as a complex function of reserve characteristics, 
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management practices, landscape context, and taxonomic identity. This finding aligns with broader conservation biology 

theory suggesting that conservation outcomes depend on the match between protection measures and the ecological 

requirements of target taxa (Figure 2). 

Figure 2: Conceptual Framework: Factors Influencing Protected Area Effectiveness 

 

Conceptual framework illustrating key factors influencing protected area effectiveness and resulting outcomes for 

invertebrate biodiversity 

The pronounced taxonomic variation in PA benefits reflects fundamental differences in species' ecological traits 

and conservation requirements. Lepidoptera and Coleoptera, which showed the strongest positive responses, share 

characteristics including high habitat specialization, dependence on specific plant communities or microhabitats, and 

sensitivity to disturbance. These traits render such taxa particularly vulnerable to habitat degradation in unprotected 

landscapes while also making them responsive to habitat maintenance within PAs. Conversely, generalist taxa with broad 

dietary niches and high dispersal capabilities derive less benefit from protection, as they can persist in modified landscapes 

outside reserve boundaries (Seibold et al., 2019). 

The critical importance of PA size for invertebrate conservation aligns with predictions from island biogeography 

and metapopulation theory. Large reserves maintain more diverse habitat types, support larger population sizes reducing 

extinction risk, and better buffer against edge effects that can penetrate substantial distances into protected areas. For 

invertebrates with limited dispersal abilities and small home ranges, even moderate-sized reserves may function as habitat 

islands unable to support viable populations of specialized species. This finding suggests that expanding existing small 

reserves or establishing corridors to enhance connectivity should be prioritized in invertebrate conservation strategies.  

5.2 Management Implications 

Our results indicate that active management substantially enhances PA effectiveness for invertebrate conservation, 

though management practices must be carefully tailored to invertebrate ecology. Traditional management approaches 

developed for vertebrate or vegetation conservation may prove suboptimal or even detrimental for invertebrates. For 

instance, while controlled burning maintains grassland habitat for some taxa, it can devastate populations of ground-

dwelling invertebrates with limited mobility (Driscoll et al., 2010). Similarly, removal of dead wood to reduce fire risk 

eliminates critical microhabitats for saproxylic beetles and other deadwood-dependent species. 

Habitat heterogeneity emerged as a key driver of PA effectiveness, suggesting that management should prioritize 

maintaining diverse microhabitats rather than homogeneous conditions. This may involve allowing natural disturbance 

processes to operate, maintaining structural complexity in vegetation, and preserving transition zones between habitat 

types. For grassland systems, varied grazing regimes that create a mosaic of sward heights can support diverse invertebrate 

assemblages with different structural preferences. In forested systems, retaining standing dead trees, coarse woody debris, 

and canopy gaps supports specialized beetle and other invertebrate communities. 

The significant influence of landscape context highlights that PA effectiveness cannot be divorced from the 

surrounding matrix. Even large, well-managed reserves suffer reduced conservation benefits when embedded in hostile 

landscapes dominated by intensive agriculture or urban development. This finding supports the adoption of landscape-

scale conservation planning that considers not only core protected areas but also buffer zones, corridors, and management 

of the broader landscape matrix. For invertebrates, maintaining connectivity through hedgerows, riparian vegetation, and 

other linear features may be particularly important for facilitating movement and gene flow between reserve patches.  
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5.3 Limitations and Future Directions 

Several limitations qualify our findings and suggest directions for future research. First, the available literature 

exhibits taxonomic bias, with well-studied groups like butterflies and beetles overrepresented while many other orders 

remain poorly studied. This bias likely inflates overall effect size estimates, as well-studied taxa tend to be those most 

responsive to conservation interventions. Second, most studies employed space-for-time substitution designs comparing 

protected and unprotected sites, making it difficult to isolate the effects of protection from pre-existing differences in 

habitat quality or species composition. Long-term before-after studies tracking invertebrate communities following PA 

establishment would provide more robust evidence of causation. 

Third, our analysis focused primarily on species richness and abundance as diversity metrics, potentially 

overlooking important dimensions of community structure, functional diversity, and genetic diversity. Future research 

should incorporate trait-based approaches to assess whether PAs maintain functionally diverse invertebrate communities 

capable of sustaining ecosystem processes. Additionally, genetic studies could evaluate whether PAs maintain sufficient 

genetic diversity and connectivity to support long-term evolutionary potential. Fourth, climate change represents an 

increasingly important but underexplored factor affecting PA effectiveness. As species ranges shift in response to 

changing climate, static reserve networks may become decoupled from the species they were designed to protect. 

Incorporating climate change projections into PA design and developing adaptive management strategies will be essential 

for maintaining conservation effectiveness in coming decades. 

VI. CONCLUSION 

This comprehensive review demonstrates that protected areas provide significant but variable benefits for 

invertebrate conservation. While PAs generally maintain higher species richness and abundance than unprotected sites, 

effectiveness depends critically on reserve size, management intensity, habitat heterogeneity, landscape connectivity, and 

taxonomic identity. Specialist invertebrate taxa with narrow ecological requirements derive the greatest benefits from 

protection, whereas generalist species show minimal differences between protected and unprotected sites. 

To optimize PA effectiveness for invertebrate conservation, several evidence-based recommendations emerge 

from our synthesis. First, expanding reserve size and establishing connectivity between isolated patches should be 

prioritized, as these factors strongly influence conservation outcomes. Second, management practices must be explicitly 

designed to accommodate invertebrate ecology, incorporating habitat heterogeneity, maintaining structural complexity, 

and preserving specialized microhabitats. Third, landscape-scale planning that considers both core reserves and the 

surrounding matrix is essential for maximizing conservation benefits. Fourth, long-term monitoring programs 

incorporating diverse invertebrate taxa should be implemented to assess PA effectiveness and inform adaptive 

management. 

Looking forward, the global protected area network must evolve to address emerging challenges including climate 

change, intensifying land use pressures, and growing recognition of biodiversity's functional importance. For 

invertebrates, this evolution requires overcoming the traditional vertebrate bias in conservation planning and developing 

frameworks that explicitly account for the unique ecological requirements of Earth's most diverse animal taxa. By 

integrating invertebrate conservation into PA design, management, and monitoring, we can enhance the effectiveness of 

our primary tool for safeguarding biodiversity in an increasingly human-dominated world. 
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