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Honey Bee Health & Colony Losses — Overview
A grounded synthesis of the most-cited open-access papers on honey bee colony losses. Every claim is
traceable to a cited study; curated overview, not exhaustive.

Overview

Honey bee colonies have suffered elevated mortality for decades, with losses concentrated in the
overwintering period and first dramatised by the "Colony Collapse Disorder" (CCD) episodes of the
late 2000s (van Engelsdorp 2008). Extensive investigation has produced a clear meta-conclusion:
there is no single cause. Colony decline is driven by the combined stress of parasites,
pathogens, agrochemicals and poor nutrition acting together, often amplified by climate (Goulson
2015).

Key themes

The search for a single cause — and why it failed

Early efforts hunted for one culprit. An unbiased metagenomic survey of CCD colonies famously
associated the syndrome with Israeli Acute Paralysis Virus, while underscoring that infection was
one factor among several (Cox-Foster 2007). National surveys quantified the scale of the problem
and showed that wintering losses had been systematically underestimated (van Engelsdorp 2008).
The field has since converged on a multifactorial picture: stressors do not act in isolation, and their
interactions are central (Goulson 2015).

Varroa and viruses dominate the loss equation

Among the interacting factors, the Varroa–virus complex is repeatedly the strongest. Deformed
Wing Virus was directly implicated in overwintering losses (Highfield 2009), and the emerging,
more virulent DWV genotype B is closely linked to overwinter colony mortality (Natsopoulou
2017). This is treated in depth under drivers of overwinter loss.

Pathogen burden predicts mortality

Surveillance studies tie summer pathogen loads to subsequent winter death. A comprehensive
Belgian screen of 363 colonies for 18 pathogens found specific infections predicting winter
mortality (Ravoet 2013), and national monitoring networks — such as Italy's ~100-apiary scheme
— track pathogen, chemical and pollen status to relate health to losses (Porrini 2016).

Climate as an amplifier

Weather and climate modulate the whole system: seasonal temperature and precipitation
measurably affect honey bee winter mortality, and warming is expected to intensify the other
stressors (Switanek 2017; Goulson 2015).

Conclusion

Colony health is best understood as the net result of several interacting pressures rather than any
one disease. The practical implication — manage the dominant, controllable stressor (Varroa and
its viruses) while supporting nutrition and minimising chemical load — runs through the subtopics:
overwinter losses, nutrition, the multi-stressor model and queen health.

Notable studies

Bee declines driven by combined stress from parasites, pesticides, and lack of flowers

Goulson et al., Science 2015 · 1,734 citations — The definitive statement of the multifactorial,
interacting-stressor view of bee decline.

/colony-health/overwinter-losses
/colony-health/overwinter-losses
/colony-health/nutrition
/colony-health/multi-stressor
/colony-health/queen-health
https://doi.org/10.1126/science.1255957


A metagenomic survey of microbes in honey bee colony collapse disorder

Cox-Foster et al., Science 2007 · 1,008 citations — The landmark CCD investigation associating
IAPV with collapse.

A survey of honey bee colony losses in the U.S., fall 2007 to spring 2008

van Engelsdorp et al., PLoS ONE 2008 · 279 citations — Quantified the true scale of winter losses.

Deformed wing virus implicated in overwintering honeybee colony losses

Highfield et al., Applied & Environmental Microbiology 2009 · 196 citations — Links DWV load to
overwinter mortality.

Comprehensive bee pathogen screening in Belgium

Ravoet et al., PLoS ONE 2013 · 167 citations — Summer pathogen burden predicts winter
mortality.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.

https://doi.org/10.1126/science.1146498
https://doi.org/10.1371/journal.pone.0004071
https://doi.org/10.1128/aem.02227-09
https://doi.org/10.1371/journal.pone.0072443
https://scrapeworks.net/search.html?q=honey%20bee%20colony%20loss


Drivers of Overwintering Loss
A grounded synthesis of the most-cited open-access papers on overwinter colony mortality. Every
claim is traceable to a cited study; curated overview, not exhaustive.

Overview

Winter is when colonies die. Mortality has reached sustained high levels, and beekeepers depend
on spring queen and colony availability to recoup the losses (Holmes 2025). While winter loss is
multifactorial, the evidence consistently places the Varroa–virus complex at the head of the causal
list (Rosenkranz 2010; Highfield 2009).

Key themes

Varroa is the leading controllable driver

The parasitic mite is a major cause of overwintering loss, and the clearest practical evidence is
that varroacide use is associated with the lowest winter losses across large beekeeper surveys
(Haber 2019). Managing the mite remains the single most effective lever a beekeeper has over
winter survival (Rosenkranz 2010).

It is mostly about the viruses the mite carries

The mechanism linking Varroa to winter death is largely viral. Deformed Wing Virus load is directly
implicated in overwintering mortality (Highfield 2009), the virulent emerging DWV genotype B is
closely linked to overwinter loss (Natsopoulou 2017), and Varroa-mediated transmission selects
exactly the virulent DWV variant that accumulates in failing colonies (Ryabov 2014). Mite control
and virus control are therefore largely the same task.

The natural experiment of Varroa-free regions

Regions historically without Varroa reveal its impact by its absence. Analysis of over a thousand
Australian colonies — then free of V. destructor and DWV — showed a fundamentally different,
less dangerous viral landscape, reinforcing that the mite is what converts background viruses into
lethal ones (Roberts 2017).

Other interacting drivers

Varroa does not act alone: pathogen burden measured in summer predicts winter mortality
(Ravoet 2013), and the broader combination of parasites, agrochemicals and poor forage sets the
stage on which the mite acts (Goulson 2015). Nutrition and queen health further modulate which
colonies survive.

Conclusion

Overwinter loss is multifactorial, but it has a dominant, controllable centre of gravity: Varroa and
the viruses it amplifies. Going into winter with low mite loads and low virus titres is the most
reliable protection — which is why this subtopic connects directly to the entire Varroa section.

Notable studies

Deformed wing virus implicated in overwintering honeybee colony losses

Highfield et al., Applied & Environmental Microbiology 2009 · 196 citations — Directly ties DWV
load to overwinter mortality.

The virulent, emerging genotype B of DWV is closely linked to overwinter mortality

/colony-health/nutrition
/colony-health/queen-health
/varroa/overview
https://doi.org/10.1128/aem.02227-09
https://doi.org/10.1038/s41598-017-05596-3


Natsopoulou et al., Scientific Reports 2017 · 95 citations — Genotype B (DWV-B) associated with
winter colony death.

Use of chemical and nonchemical methods for Varroa control and associated winter
losses

Haber et al., Journal of Economic Entomology 2019 · 59 citations — Varroacide use associated with
lowest winter losses.

Absence of DWV and Varroa in Australia provides a unique perspective

Roberts et al., Scientific Reports 2017 · 66 citations — A Varroa-free viral landscape, showing the
mite's pivotal role.

Queen survival and colony performance after overwintering

Holmes et al., Journal of Economic Entomology 2025 · new — Documents sustained high winter
mortality and dependence on spring queen supply.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.

https://doi.org/10.1093/jee/toz088
https://doi.org/10.1093/jee/toz088
https://doi.org/10.1038/s41598-017-07290-w
https://doi.org/10.1093/jee/toaf022
https://scrapeworks.net/search.html?q=overwintering%20loss


Nutrition & Forage
A grounded synthesis of the most-cited open-access papers on honey bee nutrition. Every claim is
traceable to a cited study; curated overview, not exhaustive.

Overview

Pollen is the colony's source of protein, lipids and micronutrients, and the adequacy of floral
resources is a foundational determinant of bee health and survival (Di Pasquale 2013). Poor
nutrition is one of the interacting stressors behind colony decline, both directly and by shaping the
immune competence that determines resilience to parasites and pathogens (Di Pasquale 2013).

Key themes

Quality and diversity both matter

Not all pollen is equal, and variety counts. Pollen quality and diversity influence honey bee
physiology and immune competence, so a monotonous or poor diet leaves bees more vulnerable
even when calories are sufficient (Di Pasquale 2013). The colony's requirements also shift across
the year, tracking the changing nutrient composition of seasonal pollens as the colony moves
between brood rearing and overwintering preparation (DeGrandi-Hoffman 2018).

Bees do not perfectly self-select good diets

A natural assumption is that bees regulate their own nutrition, but the evidence is mixed: nurse
bees do not necessarily consume pollens according to nutritional quality, meaning colonies can be
undernourished even amid available forage (Corby-Harris 2018). Sub-optimal nutrition leaves
measurable molecular signatures in developing nurse workers, providing biomarkers of nutritional
stress (Corby-Harris 2014).

Supplements and substitutes

Where forage is insufficient, beekeepers feed pollen substitutes and artificial diets, especially in
intensively managed pollination operations. Their effects on colony performance, immunity and
physiology vary by formulation, and no substitute fully matches diverse natural pollen (Ricigliano
2022; Diedrick 2025; Li 2025).

Landscape and agricultural intensification

The ultimate driver of nutritional stress is the landscape. Agricultural intensification and habitat
change reduce the abundance and diversity of floral resources, a decline that sits alongside
parasites and pesticides as a core pressure on bees (Di Pasquale 2013).

Conclusion

Nutrition is the substrate on which all other stressors act: well-fed colonies tolerate Varroa, viruses
and pesticide exposure better than starved ones. Improving forage diversity and timely
supplemental feeding are among the few levers that strengthen the colony against the whole
stressor complex — see the multi-stressor model.

Notable studies

Influence of pollen nutrition on honey bee health: do pollen quality and diversity
matter?

Di Pasquale et al., PLoS ONE 2013 · 421 citations — Pollen quality and diversity shape physiology
and immunity.

/colony-health/multi-stressor
https://doi.org/10.1371/journal.pone.0072016
https://doi.org/10.1371/journal.pone.0072016


Connecting the nutrient composition of seasonal pollens with changing needs of honey
bees

DeGrandi-Hoffman et al., Journal of Insect Physiology 2018 · 47 citations — Nutritional
requirements shift seasonally.

Honey bee nurses do not consume pollens based on nutritional quality

Corby-Harris et al., PLoS ONE 2018 · 27 citations — Bees do not reliably self-select optimal diets.

Transcriptional markers of sub-optimal nutrition in developing nurse workers

Corby-Harris et al., BMC Genomics 2014 · 31 citations — Molecular biomarkers of nutritional
stress.

Effects of different artificial diets on commercial honey bee colony performance

Ricigliano et al., BMC Veterinary Research 2022 · 49 citations — Pollen-substitute formulations
vary in their effects on colony health.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.

https://doi.org/10.1016/j.jinsphys.2018.07.002
https://doi.org/10.1016/j.jinsphys.2018.07.002
https://doi.org/10.1371/journal.pone.0191050
https://doi.org/10.1186/1471-2164-15-134
https://doi.org/10.1186/s12917-022-03151-5
https://scrapeworks.net/search.html?q=honey%20bee%20nutrition


The Multi-Stressor Model
A grounded synthesis of the most-cited open-access papers on interacting stressors in bees. Every
claim is traceable to a cited study; curated overview, not exhaustive.

Overview

The single most important conceptual shift in bee-health research is the recognition that
stressors interact. Bees face parasites, pathogens, agrochemicals and poor nutrition
simultaneously, and the combined effect is often different from — and worse than — the sum of
the parts (Goulson 2015). Understanding these interactions, rather than any single factor in
isolation, is the key to explaining colony losses.

Key themes

Pesticide × pathogen interactions

The most studied interaction class is agrochemical-plus-disease. Nosema ceranae and Deformed
Wing Virus act synergistically, with Nosema accelerating DWV replication in co-infected bees
(Zheng 2015). Fungicide exposure can alter disease dynamics: chlorothalonil exposure changed
pathogen transmission potential, consistent with the multiple-stressor hypothesis (Calhoun 2021).
These couplings mean a "safe" pesticide dose may stop being safe in a diseased colony.

Interactions are not uniformly synergistic

A crucial nuance is that combined effects are not always synergistic. Within a single species,
stressor interactions can range from antagonistic to strongly synergistic depending on
susceptibility (Straub 2020), and some novel insecticides have been shown not to synergise with
viral infection. Treating all interactions as additive — or as uniformly synergistic — is therefore
wrong in both directions.

What the meta-analyses show

Quantitative syntheses have begun to formalise the picture. Meta-analyses of binary chemical
mixtures (Carnesecchi 2019), of lethal and sublethal pesticide effects (Tosi 2022), and of joint
chemical–parasitic effects across more than a thousand combinations (Cedergreen 2023) all
conclude that single-stressor risk assessment systematically underestimates real-world harm to
bees.

Implications for risk assessment

The practical upshot is that regulatory risk assessment, which traditionally evaluates one chemical
at a time at lethal endpoints, misses the sublethal and combinatorial reality bees actually
experience (Tosi 2022; Carnesecchi 2019). Holistic, interaction-aware assessment is repeatedly
identified as a priority.

Conclusion

No bee stressor should be studied — or managed — in isolation. The multi-stressor model
reframes colony health as the management of an interacting system: reduce Varroa and viruses,
support nutrition, and minimise pesticide load together, because each lever changes how the
others bite.

Notable studies

Bee declines driven by combined stress from parasites, pesticides, and lack of flowers

/colony-health/nutrition
/pesticides/overview
https://doi.org/10.1126/science.1255957


Goulson et al., Science 2015 · 1,734 citations — The foundational statement of the
interacting-stressor framework.

Synergistic interaction of Nosema ceranae and Deformed wing virus

Zheng et al., Veterinary Microbiology 2015 · 32 citations — Nosema accelerates DWV replication in
co-infected bees.

From antagonism to synergism: extreme differences in stressor interactions in one
species

Straub et al., Scientific Reports 2020 · 9 citations — Interaction sign depends on susceptibility —
not always synergistic.

Lethal, sublethal, and combined effects of pesticides on bees: a meta-analysis

Tosi et al., Science of the Total Environment 2022 · 88 citations — Single-effect risk assessment
underestimates real harm.

Combined toxicity of binary mixtures in bees: meta-analysis

Carnesecchi et al., Environment International 2019 · 55 citations — Quantifies mixture effects
relative to other stressors.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.

https://doi.org/10.1016/j.vetmic.2015.02.003
https://doi.org/10.1038/s41598-020-61371-x
https://doi.org/10.1038/s41598-020-61371-x
https://doi.org/10.1016/j.scitotenv.2022.156857
https://doi.org/10.1016/j.envint.2019.105256
https://scrapeworks.net/search.html?q=bee%20multiple%20stressor


Queen Health & Failure
A grounded synthesis of the most-cited open-access papers on honey bee queen health. Every claim is
traceable to a cited study; curated overview, not exhaustive.

Overview

A colony lives or dies with its queen: she is normally the sole egg-layer, so her failure is
catastrophic. Queen failure is among the most frequently reported causes of colony loss, with
beekeepers replacing a large fraction of queens each year where historically a queen might head
a colony for one to two years (Pettis 2016; Holmes 2023).

Key themes

Sperm viability and the mechanics of failure

A central mechanism is reproductive. Colony failure has been directly linked to low sperm
viability in queens — a queen that cannot maintain viable stored sperm cannot sustain brood
production, triggering failure (Pettis 2016). The queen's sperm-storage organ, the spermatheca,
keeps sperm alive for years, and its molecular biology is now being characterised to understand
what preserves or compromises fertility (Rangel 2021).

Disease compromises the queen

Queen quality is degraded by pathogens. Reviews of queen diseases highlight the potential for
disease to interact with and undermine queen health (Amiri 2017), and Deformed Wing Virus can
be transmitted to queens during natural mating, infecting the reproductive tract — a route linking
the Varroa–virus complex directly to queen failure (Amiri 2017). Viral susceptibility also varies
across queen developmental stages in commercial production (Bhandari 2025).

The queen microbiome

Like workers, queens depend on a gut microbial community, and queen-specific microbiomes —
notably low in diversity — are being linked to queen health and failure, opening a new axis for
understanding why queens fail (Caesar 2024; Copeland 2022).

Supply, importation and quality

Because winter losses are high, beekeepers depend on replacement queens, often imported — but
imported and domestic queens can differ in quality and winter survival, making reliable queen
supply a structural vulnerability of the industry (Holmes 2023; Holmes 2025).

Conclusion

Queen health is a gate on colony survival that interacts with every other stressor: Varroa-borne
viruses infect queens, nutrition affects queen rearing, and poor queens accelerate winter loss.
Protecting queens means protecting them from the same pressures covered under overwinter
losses and the Varroa section.

Notable studies

Colony failure linked to low sperm viability in honey bee queens

Pettis et al., PLoS ONE 2016 · 65 citations — Directly links queen sperm viability to colony failure.

Queen quality and the impact of honey bee diseases on queen health

Amiri et al., Insects 2017 · 72 citations — Reviews how diseases compromise queens, including
DWV.

/colony-health/overwinter-losses
/colony-health/overwinter-losses
/varroa/overview
https://doi.org/10.1371/journal.pone.0147220
https://doi.org/10.3390/insects8020048


Transcriptomic analysis of the honey bee queen spermathecae

Rangel et al., PLoS ONE 2021 · 20 citations — Characterises the biology of long-term sperm
storage.

Metagenomic analysis of the honey bee queen microbiome

Caesar et al., mSystems 2024 · 14 citations — Low-diversity queen microbiome linked to queen
health.

Queen quality, performance and winter survival of imported and domestic queens

Holmes et al., Scientific Reports 2023 · 7 citations — Imported vs domestic queen quality and the
supply vulnerability.

Curated synthesis of representative and most-cited studies — not exhaustive. Explore the full evidence base via
search.

https://doi.org/10.1371/journal.pone.0244648
https://doi.org/10.1128/msystems.01182-23
https://doi.org/10.1038/s41598-023-44298-x
https://scrapeworks.net/search.html?q=honey%20bee%20queen%20health

