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5 Autumn and Winter Management for Sustainable Honey Production

5.1 Autumn colony recovery and winter preparation

Autumn management should prioritize producing a strong overwintering population, because colonies survive
winter through the transition from short-lived summer workers to long-lived winter bees. This transition is closely
associated with declining brood rearing and falling pollen supply in autumn, which helps generate the diutinus
workers needed for winter survival and spring restart (Knoll et al., 2020). Colony condition entering winter also
matters at the whole-hive level, since overwintering success depends on multiple interacting environmental,
physiological, and social factors rather than any single preparation step. In practical terms, autumn preparation
should aim to ensure adequate colony size, food reserves, and queen quality before temperatures fall. Recent
synthesis suggests that a colony entering winter should weigh at least about 20 kg in autumn and contain roughly
4,000-5,000 bees, while survey evidence shows that young queens are associated with better colony survival and
fewer queen-related losses (Oberreiter and Brodschneider, 2020). Autumn decisions should also account for
within-colony cues that affect the timing of winter-bee production, since late-summer requeening shifted the
appearance of winter bees later than in unrequeened control colonies.

Autumn recovery also depends on controlling late-season biological stress before colonies enter the most
vulnerable part of the year. Disease and pest pressure must be controlled before overwintering, and Varroa is
especially damaging because it both vectors viruses and reduces fat stores in pre-winter bees (St. Clair et al.,
2022). Observational evidence further shows that colonies with many bees showing crippled or deformed wings
during the foraging season had higher winter losses, making visible late-season brood-health problems an
important warning signal (Oberreiter and Brodschneider, 2020). Management quality in autumn appears to
translate into measurable differences in winter survivorship, although optimal practice varies by region and
operation type. Across U.S. survey data, higher-quality management was associated with lower winter mortality,
and modest improvements in practice still produced meaningful survival gains. That regional variation matters,
because stressors, winter severity, and even the performance of specific practices differ across climates and
seasons, so autumn preparation is most effective when adapted to local conditions rather than treated as a fixed
checklist (Steinhauer et al., 2021).

5.2 Winter hive protection and energy conservation

Winter hive protection is fundamentally an energy management problem, because honey bees do not hibernate and
must consume stored food to produce heat while confined in the hive. Colonies rely on clustered workers feeding
on finite stores to maintain a stable internal temperature through winter, which is why this season is often the
highest-risk period for colony survival. At the mechanistic level, winter thermal stability depends not only on
insulation by the cluster mantle but also on active endothermic heat production by core bees, showing that colony
heating carries a real metabolic cost. Because winter thermoregulation is energetically expensive, preserving food
stores is central to sustainable management. Adequate nutritional reserves are required for colonies to
thermoregulate effectively, and colonies with at least 30 kg of honey stores in a temperate Pennsylvania climate
had a 95% chance of surviving winter (St. Clair et al., 2022). More broadly, winter survival depends on both the
availability of honey reserves and the colony’s ability to consume them, while average winter mass loss indicates
a steady seasonal drain on stored energy.

Physical hive protection can reduce that energetic burden, although its benefits depend on context. In a
randomized field experiment, covered colonies consumed less food and had 22.5% higher survival than uncovered
colonies when other recommended overwintering practices were already in place (St. Clair et al., 2022). Material
choice also affects the winter microclimate, as polyurethane hives maintained higher inner temperatures and more
optimal relative humidity than wooden hives, supporting the idea that better insulation can reduce the energy
required for thermoregulation. Winter monitoring should increasingly focus on integrative colony traits rather than
simple survival checks. Population size, social thermoregulation, and honey reserves appear to function as key
predictors of overwintering failure, and tracking these traits may provide early warning of collapse before visible
mortality occurs. Precision monitoring is especially promising here, because current information technologies
could extend from honey-flow surveillance into winter tracking of temperature and other indicators linked to
colony status.
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