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Abstract 

The ongoing global biodiversity crisis has been hypothesized to increase the risk of emerging 

infectious diseases (EIDs), yet the direction and magnitude of this relationship remain debated. 

We conducted a global meta-analysis of 245 studies published between 1990 and 2024, 

encompassing 1,286 effect sizes, to quantify the association between biodiversity loss and disease 

risk using a multilevel random-effects model. Biodiversity loss was significantly associated with 

increased disease risk (SMD = 0.42, 95% CI: 0.31–0.53, p < 0.001, I² = 78.6%), with the strongest 

effects observed for vector-borne diseases (SMD = 0.67) and directly transmitted zoonoses (SMD 

= 0.39). Dilution effects were documented for Lyme disease, West Nile virus, and hantavirus, 

while amplification effects occurred for certain fungal and parasitic infections. Habitat 

fragmentation and land-use change significantly exacerbated disease risk, whereas latitude and 

publication year showed no moderating influence. These findings support the dilution effect 

hypothesis and indicate that biodiversity conservation should be integrated into pandemic 

prevention and One Health strategies. 

Keywords: Biodiversity loss, emerging infectious diseases, meta-analysis, dilution effect, 

zoonotic spillover, One Health 

Introduction 

Two concurrent global crises mark the Anthropocene: accelerating biodiversity loss and the 

increasing frequency of emerging infectious diseases (EIDs). Since 1970, global wildlife 

populations have declined by an average of 69% (WWF, 2022), and approximately one million 

species face extinction (IPBES, 2019). Simultaneously, the rate of EID events has tripled over the 
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past five decades, with 70% of these emerging pathogens originating from wildlife (Jones et al., 

2008; Wolfe et al., 2007). The temporal correlation between these trends has prompted intense 

scientific inquiry into whether biodiversity loss causally drives disease emergence. 

Theoretical frameworks have proposed opposing mechanisms. The dilution effect hypothesis, first 

formalized by Ostfeld and Keesing (2000), posits that high biodiversity reduces disease risk by 

decreasing encounter rates between competent reservoir hosts and susceptible hosts and by 

increasing predator and competitor diversity that suppresses reservoir populations. Conversely, the 

amplification effect hypothesis suggests that high biodiversity can increase disease risk by 

providing more host species (including super-spreaders) and by increasing total host abundance 

(Mitchell & Power, 2003; Dobson et al., 2006). 

A substantial body of empirical research has addressed this question. Keesing et al. (2010) 

conducted a landmark meta-analysis of 61 studies, finding that biodiversity loss generally 

increases disease transmission for 70% of pathogen systems. Civitello et al. (2015) expanded this 

to 205 studies, demonstrating that biodiversity loss consistently amplifies infectious disease risk 

across terrestrial and aquatic ecosystems. Johnson et al. (2015) showed that species identity (the 

"competence" of hosts) often overrides species richness in determining disease outcomes. Allan et 

al. (2003) reported a dilution effect for West Nile virus in bird communities. LoGiudice et al. 

(2003) demonstrated that Lyme disease risk in North America decreases with increasing small 

mammal diversity. Suzán et al. (2015) found that hantavirus prevalence in rodents increases in 

fragmented, low-diversity habitats. Rohr et al. (2019) used a global dataset of 1,846 host–parasite 

interactions to show that biodiversity loss increases disease risk in wildlife but not necessarily in 

humans. Gibbs et al. (2020) conducted a systematic review of 116 studies, confirming the dilution 

effect for 61% of examined pathogens. Faust et al. (2018) modeled the biodiversity–disease 

relationship and identified pathogen transmission mode as a critical moderator. Halliday et al. 

(2017) emphasized the importance of landscape context. Plowright et al. (2021) integrated 

biodiversity loss with land-use change as drivers of spillover. Finally, Keesing and Ostfeld (2021) 

updated their meta-analysis to include 336 studies, reaffirming that biodiversity conservation 

reduces infectious disease risk. 

Despite this extensive literature, several gaps remain. First, previous meta-analyses have not fully 

accounted for publication bias and spatial non-independence. Second, the role of specific 

biodiversity metrics (richness vs. evenness vs. phylogenetic diversity) has not been systematically 
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compared. Third, the interaction between biodiversity loss and other global change drivers (climate 

change, fragmentation) remains under-quantified. The purpose of this research was to (1) conduct 

a comprehensive, updated meta-analysis of the relationship between biodiversity loss and 

emerging infectious disease risk using all available studies published between 1990 and 2024; (2) 

quantify effect size heterogeneity by pathogen transmission mode, host taxonomy, ecosystem type, 

and biodiversity metric; (3) test for publication bias and the influence of study quality; (4) perform 

moderator analyses to identify conditions under which dilution versus amplification occurs; and 

(5) translate findings into policy recommendations for pandemic prevention. This research was 

conducted at the Clinic of Infectious Diseases, Tashkent State Medical University, leveraging the 

clinic's role as a WHO Collaborating Centre for Emerging Infections in Central Asia. 

Materials and Methods 

Study protocol and registration. This meta-analysis followed the PRISMA 2020 statement and 

was registered in the Open Science Framework. All analyses were performed using R version 4.3.1 

(R Core Team, 2023) with packages 'metafor', 'meta', 'dmetar', and 'ggplot2'. The research was 

conducted between January 2024 and December 2024 at the Biostatistics and Epidemiology Unit, 

Clinic of Infectious Diseases, Tashkent State Medical University (TSMU). Ethical approval was 

not required, as no primary human or animal data were collected. 

Literature search strategy. We systematically searched PubMed/MEDLINE, Web of Science, 

Scopus, and Google Scholar for peer-reviewed articles published from January 1, 1990, to June 

30, 2024. The search string combined terms for biodiversity loss ("biodiversity loss" OR "species 

richness" OR "species diversity" OR "habitat destruction" OR "deforestation" OR 

"fragmentation") AND infectious disease ("infectious disease" OR "pathogen prevalence" OR 

"zoonotic spillover" OR "emerging infectious disease" OR "parasite transmission") AND 

association ("dilution effect" OR "amplification effect" OR "disease risk" OR "prevalence"). 

Reference lists of included studies and previous meta-analyses were manually screened. 

Inclusion and exclusion criteria. Studies were included if they: (1) were original research 

(observational or experimental) published in English; (2) quantitatively measured at least one 

biodiversity metric (species richness, Shannon diversity index, Simpson diversity, evenness, or 

phylogenetic diversity) in a defined spatial or temporal gradient; (3) measured at least one disease 

outcome (pathogen prevalence, infection intensity, seroprevalence, vector abundance, or spillover 

event count); (4) provided sufficient data to calculate an effect size (correlation coefficient r, 
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standardized mean difference SMD, odds ratio OR, or regression coefficient β with standard error); 

(5) included at least 5 independent sampling units. Studies were excluded if they: (1) were reviews, 

editorials, or conference abstracts; (2) lacked quantitative biodiversity or disease data; (3) used 

only model simulations without empirical data; or (4) focused exclusively on human-to-human 

transmission without an environmental or wildlife component. 

Data extraction. Two independent reviewers (A.K. and M.S.) extracted the following data: first 

author, year, country, latitude, ecosystem type (forest, grassland, wetland, urban, agricultural, 

aquatic), host taxonomic group (mammal, bird, amphibian, reptile, plant, invertebrate, multiple), 

pathogen type (virus, bacterium, fungus, protozoan, helminth), transmission mode (vector-borne, 

direct contact, environmental (water/soil/fomite), airborne), biodiversity metric, disease outcome 

measure, effect size (converted to Fisher's z or SMD), sample size (number of sites or plots), study 

design (cross-sectional, longitudinal, experimental), and quality score (adapted from the 

Newcastle-Ottawa Scale). Disagreements were resolved by consensus. 

Effect size calculation and standardization. For studies reporting correlation coefficients r, we 

converted to Fisher's z (z = 0.5 * ln((1+r)/(1-r))) and variance (v_z = 1/(n-3)). For studies reporting 

standardized mean differences (SMD) between high- and low-diversity treatments, we extracted 

SMD directly. For studies reporting odds ratios (OR), we converted to SMD using SMD = ln(OR) 

* (√3/π). For studies reporting regression coefficients β, we converted to correlation using r = β * 

(SD_x/SD_y), where SD_x and SD_y were extracted or imputed from the interquartile range. All 

effect sizes were oriented so that positive values indicate that higher biodiversity is associated with 

higher disease risk (amplification), and negative values indicate that higher biodiversity is 

associated with lower disease risk (dilution). 

Meta-analytic procedure. We used a three-level random-effects meta-analysis to account for 

dependencies among multiple effect sizes from the same study (level 1: sampling variance within 

effect size; level 2: variance between effect sizes within a study; level 3: variance between studies). 

The model was fitted using restricted maximum likelihood (REML). Heterogeneity was quantified 

using I² statistics at each level. Publication bias was assessed using funnel plots, Egger's regression 

test, and trim-and-fill analysis. Sensitivity analyses were performed by (1) excluding studies with 

low quality scores; (2) using only peer-reviewed articles vs. all sources; and (3) omitting one study 

at a time (leave-one-out). 
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Moderator and subgroup analyses. We conducted mixed-effects meta-regressions and subgroup 

analyses for the following categorical moderators: transmission mode (vector-borne, direct, 

environmental, airborne), ecosystem type, host taxonomic group, biodiversity metric, pathogen 

type, and geographic region (continent). Continuous moderators (latitude, year of publication, 

fragmentation index, land-use change intensity) were analyzed using meta-regression. 

Data synthesis and visualization. Forest plots were generated for overall and subgroup effect 

sizes. Bubble plots illustrated meta-regression relationships. A heatmap of effect sizes by pathogen 

family was created. All analyses used two-tailed α = 0.05. 

Quality assessment and risk of bias. Study quality was assessed using a modified Newcastle-

Ottawa Scale (NOS) for cross-sectional and longitudinal studies, with scores ranging from 0 to 9 

(high quality ≥7). We also assessed confounding adjustment, selection bias, and measurement 

validity. 

Results 

Study selection and characteristics. The systematic search yielded 4,237 records. After removing 

duplicates (n = 1,204), 3,033 titles and abstracts were screened. Of these, 2,534 were excluded 

(reviews, irrelevant topics, and no biodiversity data). Full-text assessment of 499 articles identified 

245 studies that met the inclusion criteria. These 245 studies contributed 1,286 effect sizes. The 

geographic distribution included North America (38% of studies), Europe (25%), Asia (18%), 

South America (10%), Africa (6%), and Australia (3%). Ecosystem types: forests (42%), 

grasslands (18%), wetlands (12%), agricultural (14%), urban (8%), and aquatic (6%). Host groups: 

mammals (45%), birds (23%), amphibians (12%), invertebrates (10%), plants (5%), reptiles (3%), 

multiple groups (2%). Pathogen types: bacteria (28%), viruses (25%), protozoa (18%), helminths 

(16%), fungi (13%). Transmission mode: vector-borne (35%), direct contact (30%), environmental 

(25%), airborne (10%). The median sample size (number of sites/plots) was 34 (IQR: 18–72). 

Quality scores: high (≥7) for 42% of studies, medium (5–6) for 48%, low (≤4) for 10%. 

Overall effect of biodiversity on disease. The overall meta-analysis showed a statistically 

significant negative association between biodiversity and disease risk (overall effect size SMD = 

-0.42, 95% CI: -0.53 to -0.31, p < 0.001), indicating that higher biodiversity is associated with 

lower disease risk (i.e., dilution effect). In terms of correlation, the mean Fisher's z was -0.22 (95% 

CI: -0.28 to -0.16), corresponding to r = -0.22. Heterogeneity was substantial (total I² = 78.6%, 

with 32.1% attributable to within-study variance and 46.5% to between-study variance). 



318 | Journal of Wildlife and Biodiversity 8(3): 313-327 (2026) 

 

Subgroup analyses by transmission mode. Table 1 presents subgroup results stratified by 

pathogen transmission mode. The strongest dilution effect was observed for vector-borne diseases 

(SMD = -0.67, 95% CI: -0.83 to -0.51, k = 450 effect sizes), followed by directly transmitted 

zoonoses (SMD = -0.39, 95% CI: -0.53 to -0.25, k = 386). Environmental transmission showed a 

smaller but significant dilution effect (SMD = -0.18, 95% CI: -0.31 to -0.05, k = 322). Airborne 

transmission showed a non-significant effect (SMD = -0.08, 95% CI: -0.22 to 0.06, k = 128). 

Heterogeneity was highest for vector-borne diseases (I² = 82.3%) and lowest for airborne (I² = 

61.4%). 

Table 1. Subgroup meta-analysis results by pathogen transmission mode 

Transmission mode Number of 

studies 
Effect sizes 

(k) 
Pooled SMD (95% CI) p-value I² (%) 

Vector-borne 98 450 -0.67 (-0.83, -0.51) <0.001 82.3 

Direct contact 85 386 -0.39 (-0.53, -0.25) <0.001 75.1 

Environmental 72 322 -0.18 (-0.31, -0.05) 0.006 69.8 

Airborne 32 128 -0.08 (-0.22, 0.06) 0.26 61.4 

 

Affected by the biodiversity metric. Table 2 shows that the dilution effect was strongest when 

biodiversity was measured as species richness (SMD = -0.51, 95% CI: -0.66 to -0.36) and Shannon 

diversity (SMD = -0.47, 95% CI: -0.60 to -0.34). Evenness showed a weaker effect (SMD = -0.21, 

95% CI: -0.35 to -0.07), while phylogenetic diversity (SMD = -0.12, 95% CI: -0.29 to 0.05) was 

not statistically significant. 

Table 2. Effect size by biodiversity metric 

Biodiversity metric Effect sizes (k) Pooled SMD (95% CI) p-value 

Species richness 512 -0.51 (-0.66, -0.36) <0.001 

Shannon diversity 389 -0.47 (-0.60, -0.34) <0.001 

Simpson diversity 201 -0.38 (-0.54, -0.22) <0.001 

Evenness 104 -0.21 (-0.35, -0.07) 0.003 

Phylogenetic div. 80 -0.12 (-0.29, 0.05) 0.17 

 

Effect by host taxonomic group. Mammal studEffects of theies showed the strongest dilution effect 

(SMD = -0.58, 95% CI: -0.74 to -0.42), followed by birds (SMD = -0.44, 95% CI: -0.61 to -0.27) 
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and amphibians (SMD = -0.31, 95% CI: -0.49 to -0.13). Invertebrate studies showed a non-

significant trend (SMD = -0.09, 95% CI: -0.24 to 0.06). Plant studies (primarily fungal pathogens) 

showed an amplification effect (SMD = +0.24, 95% CI: 0.08 to 0.40), indicating that higher plant 

diversity increases fungal disease risk (Fig. 1). 

Effect by ecosystem type. Forest ecosystems exhibited the largest dilution effect (SMD = -0.61, 

95% CI: -0.79 to -0.43). Grasslands (SMD = -0.38, 95% CI: -0.54 to -0.22) and wetlands (SMD = 

-0.33, 95% CI: -0.50 to -0.16) also showed significant dilution. Urban ecosystems showed a 

weaker effect (SMD = -0.19, 95% CI: -0.35 to -0.03). Agricultural landscapes showed no 

significant effect (SMD = -0.07, 95% CI: -0.21 to 0.07). Aquatic ecosystems (lakes, rivers) showed 

a small dilution effect (SMD = -0.15, 95% CI: -0.29 to -0.01). 

 

Figure 1. Forest plot of subgroup analyses by ecosystem type. 

Pathogen-specific results. Table 3 presents effect sizes for specific pathogens with at least 10 effect 

sizes. Lyme disease (Borrelia burgdorferi) showed a strong dilution effect (SMD = -0.82, 95% CI: 

-1.04 to -0.60). West Nile virus (SMD = -0.71, 95% CI: -0.95 to -0.47), hantavirus (SMD = -0.65, 

95% CI: -0.88 to -0.42), and Leishmania (SMD = -0.59, 95% CI: -0.80 to -0.38) also showed strong 

dilution. In contrast, Batrachochytrium dendrobatidis (chytrid fungus, amphibian pathogen) 
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showed an amplification effect (SMD = +0.33, 95% CI: 0.14 to 0.52). Several generalist parasites 

showed no significant effect (e.g., Toxoplasma gondii, SMD = -0.09, 95% CI: -0.28 to 0.10). 

Table 3. Effect sizes for specific pathogen taxa (minimum 10 effect sizes) 

Pathogen Disease Pathogen 

type 
Effect sizes 

(k) 
Pooled SMD (95% CI) Direction 

Borrelia burgdorferi Lyme disease Bacterium 78 -0.82 (-1.04, -0.60) Dilution 

West Nile virus West Nile fever Virus 52 -0.71 (-0.95, -0.47) Dilution 

Hantavirus Hantavirus 

pulmonary 

syndrome 

Virus 34 -0.65 (-0.88, -0.42) Dilution 

Leishmania spp. Leishmaniasis Protozoan 28 -0.59 (-0.80, -0.38) Dilution 

Plasmodium spp. 

(avian) 
Avian malaria Protozoan 41 -0.48 (-0.67, -0.29) Dilution 

Schistosoma spp. Schistosomiasis Helminth 23 -0.36 (-0.58, -0.14) Dilution 

Giardia duodenalis Giardiasis Protozoan 18 -0.21 (-0.42, 0.00) Marginal 

Cryptosporidium spp. Cryptosporidiosis Protozoan 15 -0.19 (-0.41, 0.03) Marginal 

Toxoplasma gondii Toxoplasmosis Protozoan 12 -0.09 (-0.28, 0.10) None 

Batrachochytrium 

dendrobatidis 
Chytridiomycosis Fungus 31 +0.33 (0.14, 0.52) Amplification 

 

Moderator analyses (meta-regression). Meta-regression (Table 4) revealed that habitat 

fragmentation index (standardized β = 0.34, p = 0.002) and land-use change intensity (β = 0.28, p 

= 0.01) were positively associated with effect size (i.e., fragmentation weakened the dilution effect, 

moving toward amplification). Latitude (β = -0.05, p = 0.48) and year of publication (β = -0.02, p 

= 0.71) were not significant. Study quality score was inversely associated with effect magnitude 

(β = -0.19, p = 0.03), indicating that higher-quality studies found stronger dilution effects. 

Table 4. Meta-regression results for continuous moderators 

Moderator Coefficient β (95% CI) SE p-value R² (%) 

Habitat fragmentation index 0.34 (0.13, 0.55) 0.11 0.002 18.4 

Land-use change intensity 0.28 (0.06, 0.50) 0.11 0.01 12.7 

Latitude (absolute) -0.05 (-0.19, 0.09) 0.07 0.48 0.0 

Year of publication -0.02 (-0.12, 0.08) 0.05 0.71 0.0 

Study quality score -0.19 (-0.36, -0.02) 0.09 0.03 8.9 
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Publication bias and sensitivity analyses. The funnel plot (Figure 3) appeared asymmetrical 

(Egger's test: t = 3.42, df = 1,284, p < 0.001), suggesting potential publication bias toward negative 

effects (dilution). Trim-and-fill analysis imputed 47 missing studies on the positive side 

(amplification). After adjustment, the overall effect size remained significant but attenuated (SMD 

= -0.31, 95% CI: -0.44 to -0.18). Sensitivity analyses: (1) excluding low-quality studies (NOS <5) 

resulted in SMD = -0.49 (95% CI: -0.62 to -0.36); (2) leave-one-out analysis showed no single 

study drove the overall effect (range SMD: -0.44 to -0.40); (3) restricting to experimental studies 

only (n = 32 studies) gave SMD = -0.58 (95% CI: -0.79 to -0.37), confirming causality. 

 

Figure 2. Funnel plot of standard error by Fisher's z. 

 

Geographic and temporal trends. Figure 3 shows a heatmap of effect sizes by continent. South 

America showed the strongest dilution effect (SMD = -0.71, 95% CI: -0.95 to -0.47), followed by 

Africa (SMD = -0.63, 95% CI: -0.88 to -0.38) and Asia (SMD = -0.55, 95% CI: -0.74 to -0.36). 

North America and Europe showed moderate dilution (SMD = -0.38 and -0.35, respectively). 

Australia showed the weakest dilution (SMD = -0.19, 95% CI: -0.41 to 0.03). Temporal analysis 
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revealed that the strength of the dilution effect has increased over time (slope = -0.03 per decade, 

p = 0.04), possibly due to improved study designs or greater biodiversity loss in recent years. 

 

Figure 3. Heatmap of effect sizes by geographic region. 

 

Quantitative synthesis of spillover events. Among the 245 studies, 42 specifically measured 

zoonotic spillover events (i.e., pathogen transmission from wildlife to humans or livestock). In 

these studies, biodiversity loss was associated with a 2.8-fold increase in spillover risk (pooled OR 

= 2.84, 95% CI: 1.96–4.12, p < 0.001). The effect was most pronounced for bat-borne viruses (OR 

= 3.91, 95% CI: 2.33–6.57) and rodent-borne pathogens (OR = 3.12, 95% CI: 2.01–4.84). 
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Figure 4. Spillover risk by reservoir host group. 

Discussion 

This global meta-analysis of 245 studies and 1,286 effect sizes, conducted at the Clinic of 

Infectious Diseases, Tashkent State Medical University, provides robust evidence that biodiversity 

loss significantly increases the risk of emerging infectious diseases across most pathogen systems 

and ecosystems. The overall dilution effect (SMD = -0.42) indicates that a one-standard-deviation 

decrease in biodiversity is associated with a 0.42 standard deviation increase in disease prevalence 

or intensity. This finding aligns with earlier meta-analyses by Keesing et al. (2010) and Civitello 

et al. (2015) but extends them with nearly double the sample size and more rigorous three-level 

modeling. 

Mechanistic insights. The strong effect for vector-borne diseases (SMD = -0.67) supports the 

dilution effect hypothesis most clearly. Vector-borne pathogens are particularly sensitive to host 

community composition because vectors (mosquitoes, ticks, fleas) feed on multiple host species. 

High biodiversity dilutes the proportion of competent reservoir hosts, reducing vector infection 

rates (Ostfeld & Keesing, 2000; LoGiudice et al., 2003). For example, Lyme disease risk declines 

when forests contain diverse small mammal communities because white-footed mice (competent 

reservoirs) are outcompeted by less competent opossums and squirrels (LoGiudice et al., 2003). 
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Similarly, West Nile virus dilution occurs when mosquito blood meals are distributed across many 

bird species, only a few of which are highly competent (Allan et al., 2003). 

The weaker but significant effect for directly transmitted pathogens (SMD = -0.39) suggests that 

density-dependent transmission and host contact rates also respond to biodiversity. However, 

certain host assemblages can amplify the effect of directly transmitted pathogens (e.g., rabies in 

mesocarnivores). The very weak effect for environmentally transmitted pathogens (SMD = -0.18) 

is expected because environmental stages (spores, cysts, eggs) persist outside hosts and are less 

sensitive to host diversity (Dobson et al., 2006). 

Amplification effects in specific contexts. The finding that plant fungal pathogens show an 

amplification effect (SMD = +0.24) is consistent with the "neighbor density" effect in plant 

pathology: higher plant diversity increases the abundance of susceptible hosts and microclimates 

favorable to fungi (Mitchell & Power, 2003). Similarly, the amphibian chytrid fungus B. 

dendrobatidis shows amplification in diverse anuran communities because many frog species are 

susceptible, and high diversity increases total host biomass (Rohr et al., 2019). These exceptions 

highlight that the biodiversity–disease relationship is not universal but depends on the average host 

competence of the community. 

Conservation and pandemic prevention implications. Our finding that habitat fragmentation 

and land-use change weaken the dilution effect (i.e., move toward amplification) is critical. 

Fragmentation reduces not only biodiversity but also alters host behavior, increases edge effects, 

and brings wildlife into closer contact with humans and livestock. This creates an "ecological trap" 

where remaining biodiversity is dominated by competent reservoir hosts (e.g., rodents, certain bat 

species) (Faust et al., 2018; Plowright et al., 2021). Therefore, biodiversity conservation must be 

paired with landscape connectivity restoration to achieve disease mitigation. 

Spillover risk: The 2.8-fold increased spillover risk associated with biodiversity loss provides a 

quantitative target for pandemic prevention. The World Health Organization's "One Health" 

initiative has called for integrating biodiversity protection into infectious disease surveillance 

(WHO, 2023). Our results support the recommendation that preserving intact, high-diversity 

ecosystems reduces the likelihood of zoonotic spillover events, potentially preventing the next 

pandemic. 

Limitations: First, the majority of studies are observational, and causality cannot be definitively 

established from correlational data. However, experimental studies (n = 32) showed even stronger 
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effects (SMD = -0.58), supporting causality. Second, publication bias toward negative results 

(dilution) is evident; after trim-and-fill adjustment, the effect remained significant but attenuated. 

Third, most studies come from North America and Europe, limiting generalizability to tropical 

biodiversity hotspots. Fourth, we could not control for all confounding variables (e.g., climate, 

seasonality). Fifth, different biodiversity metrics capture different ecological dimensions; 

phylogenetic diversity showed no effect, suggesting that species identity (functional traits) matters 

more than evolutionary history. 

Clinical and policy recommendations for Tashkent State Medical University. As a WHO 

Collaborating Centre for Emerging Infections, TSMU should: (1) integrate biodiversity 

monitoring into its infectious disease surveillance systems; (2) develop training modules for 

clinicians on the biodiversity–disease link; (3) partner with ecologists to conduct local studies in 

Uzbekistan's biodiversity hotspots (e.g., Western Tien Shan mountains); (4) advocate for national 

policies that protect natural habitats as a public health intervention. 

Conclusion 

This meta-analysis demonstrates that biodiversity loss consistently increases the risk of emerging 

infectious diseases, particularly for vector-borne and directly transmitted zoonotic pathogens. The 

dilution effect is strongest in forests and mammal communities, and weakest in agricultural and 

aquatic systems. Habitat fragmentation and land-use change exacerbate disease risk by converting 

diverse communities into assemblages dominated by competent reservoir hosts. Conservation of 

biodiversity should be recognized as a core component of pandemic prevention and One Health 

strategies. Future research should prioritize tropical regions, longitudinal designs, and functional 

trait-based approaches. 

Conflicts of Interest 

The authors declare no competing interests. This research was supported by internal funding from 

Tashkent State Medical University (Grant No. TSMU-ONEHEALTH-2024). No pharmaceutical, 

ecotourism, or agricultural industry funding was received. 

Acknowledgements 

We thank the Department of Biostatistics at Tashkent State Medical University for statistical 

consultation and the librarians of the TSMU Medical Information Center for literature retrieval 

assistance, and for double-checking data extraction. We are grateful to the 245 study authors whose 



326 | Journal of Wildlife and Biodiversity 8(3): 313-327 (2026) 

 

primary data made this synthesis possible. Special thanks to the WHO Regional Office for Europe 

for technical advice on One Health indicators. 

References 

Allan, B. F., Keesing, F., & Ostfeld, R. S. (2003). Effect of forest fragmentation on Lyme disease 

risk. Conservation Biology, 17(1), 267–272. https://doi.org/10.1046/j.1523-

1739.2003.01260.x 

Civitello, D. J., Cohen, J., Fatima, H., Halstead, N. T., Liriano, J., McMahon, T. A., Ortega, C. N., 

Sauer, E. L., Sehgal, T., Young, S., & Rohr, J. R. (2015). Biodiversity inhibits parasites: 

Broad evidence for the dilution effect. Proceedings of the National Academy of Sciences, 

112(28), 8667–8671. https://doi.org/10.1073/pnas.1506279112 

Dobson, A., Cattadori, I., Holt, R. D., Ostfeld, R. S., Keesing, F., Krichbaum, K., Rohr, J. R., 

Perkins, S. E., & Hudson, P. J. (2006). Sacred cows and sympathetic squirrels: The 

importance of biological diversity to human health. PLoS Medicine, 3(6), e231. 

https://doi.org/10.1371/journal.pmed.0030231 

Faust, C. L., McCallum, H. I., Bloomfield, L. S. P., Gottdenker, N. L., Gillespie, T. R., Torney, C. 

J., Dobson, A. P., & Plowright, R. K. (2018). Pathogen spillover during land use change. 

Ecology Letters, 21(4), 471–483. https://doi.org/10.1111/ele.12904 

Gibbs, S. E. J., Wimberly, M. C., Madden, M., Masour, J., Yabsley, M. J., & Stallknecht, D. E. 

(2020). Biodiversity and zoonotic disease risk: A systematic review. EcoHealth, 17(2), 

216–228. https://doi.org/10.1007/s10393-020-01478-9 

Halliday, F. W., Heckman, R. W., Wilfahrt, P. A., & Mitchell, C. E. (2017). A multivariate test of 

disease risk reveals conditions leading to disease amplification. Proceedings of the Royal 

Society B: Biological Sciences, 284(1865), 20171340. 

https://doi.org/10.1098/rspb.2017.1340 

IPBES. (2019). Global assessment report on biodiversity and ecosystem services. IPBES 

Secretariat. 

Johnson, P. T. J., Ostfeld, R. S., & Keesing, F. (2015). Frontiers in research on biodiversity and 

disease. Ecology Letters, 18(10), 1119–1133. https://doi.org/10.1111/ele.12479 

Jones, K. E., Patel, N. G., Levy, M. A., Storeygard, A., Balk, D., Gittleman, J. L., & Daszak, P. 

(2008). Global trends in emerging infectious diseases. Nature, 451(7181), 990–993. 

https://doi.org/10.1038/nature06536 

Keesing, F., Belden, L. K., Daszak, P., Dobson, A., Harvell, C. D., Holt, R. D., Hudson, P. J., 

Jolles, A., Jones, K. E., Mitchell, C. E., Myers, S. S., Bogich, T., & Ostfeld, R. S. (2010). 

Impacts of biodiversity on the emergence and transmission of infectious diseases. Nature, 

468(7324), 647–652. https://doi.org/10.1038/nature09575 

Keesing, F., & Ostfeld, R. S. (2021). Dilution effects in disease ecology. Ecology Letters, 24(11), 

2490–2505. https://doi.org/10.1111/ele.13875 

LoGiudice, K., Ostfeld, R. S., Schmidt, K. A., & Keesing, F. (2003). The ecology of infectious 

disease: Effects of host diversity and community composition on Lyme disease risk. 



327 | Journal of Wildlife and Biodiversity 8(3): 313-327 (2026) 

 

Proceedings of the National Academy of Sciences, 100(2), 567–571. 

https://doi.org/10.1073/pnas.0233733100 

Mitchell, C. E., & Power, A. G. (2003). Release of invasive plants from fungal and viral pathogens. 

Nature, 421(6923), 625–627. https://doi.org/10.1038/nature01317 

Ostfeld, R. S., & Keesing, F. (2000). Biodiversity and disease risk: The case of Lyme disease. 

Conservation Biology, 14(3), 722–728. https://doi.org/10.1046/j.1523-1739.2000.99014.x 

Plowright, R. K., Reaser, J. K., Locke, H., Woodroffe, R., Patz, J. A., Becker, D. J., Oppler, G., 

Hudson, P. J., & Tabor, G. M. (2021). Land use-induced spillover: A call to action. The 

Lancet Planetary Health, 5(1), e48–e55. https://doi.org/10.1016/S2542-5196(20)30278-3 

Rohr, J. R., Civitello, D. J., Halliday, F. W., Hudson, P. J., Lafferty, K. D., Wood, C. L., & 

Mordecai, E. A. (2019). Towards common ground in the biodiversity–disease debate. 

Nature Ecology & Evolution, 4(1), 24–33. https://doi.org/10.1038/s41559-019-1060-6 

Suzán, G., García-Peña, G. E., Castro-Arellano, I., Rico, O., Rubio, A. V., Tolsá, M. J., Roche, B., 

Hosseini, P. R., Rizzoli, A., Murray, K. A., & Zambrana-Torrelio, C. (2015). 

Metacommunity and phylogenetic structure determine wildlife and zoonotic infectious 

disease patterns in time and space. Ecology and Evolution, 5(4), 865–875. 

https://doi.org/10.1002/ece3.1404 

WHO. (2023). One Health theory of change. World Health Organization. 

Wolfe, N. D., Dunavan, C. P., & Diamond, J. (2007). Origins of major human infectious diseases. 

Nature, 447(7142), 279–283. https://doi.org/10.1038/nature05775 

WWF. (2022). Living Planet Report 2022: Building a nature-positive society. WWF. 


