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PP-458 [Bee Biology] 

Summer Bee / Winter Bee
Physiological & Temporal Comparisons

Apis mellifera, the western Honey bee, has evolved to survive as a 
superorganism in challenging temperate regions, and other seasonal cycles of 
dearth, without external resources. Winter survival requires a healthy cohort of 
diutinus (Latin for long-lasting) worker bees, commonly called winter bees, which 
can live four to five times longer than summer bees. The DNA for these bee 
phenotypes are the same, although their seasonal gene expression results in 
different proteins and physiological traits, as well as behavioral adaptations which 
affect longevity. 

The study of epigenetics has made clear that social and environmental stimuli 
affects gene expression, and these factors affect the temporal polyethism, or age 
plasticity, of worker bee life history. 
Colony level population dynamics, including brood pheromone or lack there of, 
provides internal-hive stimuli which regulate worker bee behavior in response to 
colony needs, which in turn influences the physiological state of the individual 
worker bees. External environmental factors provide additional stimuli.

HIVE BEE
Vitellogenin protein used for 
creating royal jelly

Worker  transitions through hive 
bee tasks based on colony needs

SUMMER BEE 

Averaging 35 DAYS

Immunity plummets

High Vitellogenin protein and lipid 
storage in Fat Body

FORAGER STATE

May act as nurse bee early in life, 
before building up and storing 
proteins

Thermoregulation in the winter 
cluster is the main task in early 
winter, using internal nutrients 
and carbohydrates in honey for 
energy

Worker does not  transition 
through hive bee tasks at this 
juncture

Hemocytes, honey bee immune 
cells in the hemolymph, remain 
high, and unthreatened by 
external influence

Thermoregulation becomes more 
exacting, with Pupae requiring 
additional vigilance

BROOD-REARING COMMENCES

Aging is negligible during this 
winter bee life stage

Colony level metabolic rate and 
food consumption increases with 
brood-nest temperature 
requirements

WINTER BEE 

Averaging 165 to 280 DAYS

Depleted internal protein stores 
due to aging and feeding brood

FORAGER

HIVE BEE

Fat Body 
Forager on left, Nurse bee on right
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The most significant physiological 
adaptation for the survival of 
winter bees is the increased 
internal nutrient storage, primarily 
in the form of Vitellogenin (Vg), a 
pre-yolk high-density protein. 

Vg is synthesized, stored and 
secreted by the Fat Body and 
released into the worker bee 
hemolymph. The hemolymph 
circulates the hemocytes, the 
honey bee immune cells.

Vg plays a critical role in lipid 
transport and zinc-binding, and 
limits oxidative stress.

This organ is negatively impacted 
by Varroa mites.

As Vitellogenin drops Juvenile 
hormone rises

Immunity plummets

As Vitellogenin drops Juvenile 
hormone rises

Highly Dense Fat Body

 Hypertrophied Hypopharyngeal Gland (HG) 

Vitellogenin (Vg)
protein storage and immune builder

high in summer hive bees, 
additionally high in winter bees

BEEKEEPING MANAGEMENT: Varroa mites feed on the Fat Body 
of Honey bees compromising its viability. Managing mites is critical 
heading towards the lean months before the winter bees are 
reared. Vitellogenin, synthesized in the Fat Body, plays a role in 
immune integrity and retards aging in the long-lived winter bees.

There is an inverse relationship between Vitellogenin (Vg) 
and Juvenile Hormone (JH). As Vg drops JH rises.

As brood-rearing commences in mid-winter, population 
dynamics and colony needs become epigenetic factors in 
worker bee aging.

The Vitellogenin gene expression and the insulin-like peptide 
ILP1, a chain of amino acids that act as a hormone, down 
regulate and juvenile hormone increases.

The Hypopharyngeal gland shrinks (in summer season, the 
gland transitions from generating Royal Jelly as a nurse bee 
to the enzyme invertase, to assist in honey processing.)

Juvenile Hormone (JH) 
regulated by the endocrine gland corpora allata    

(two tiny glands behind the brain)

The rise in JH down regulates the immune system as bees enter 
the forager state. Risk rises and immunity plummets.

BEEKEEPING MANAGEMENT: Most colonies that perish in winter 
do so once the colony is brooding. Maturation in bees accelerates 
with social responsibility, causing die-off just as the brood nest is 
growing larger and food reserves are depleting. It’s critical to be 
aware of colony food supply as the brood nest expands.

 Hemocytes, honey bee immune cells are high

   LONG-LIVED WINTER BEE

External food supply is dwindling

Temperature and daylight hours 
are shortening

Brood rearing slows requiring less 
tending and foraging tasks

Successful overwintering is a Honey bee colony’s biggest challenge, requiring long-lived bees and internal resources. 
As a beekeeper, understanding the physiological components and the epigenetic factors impacting individual longevity 
can improve practical management at critical transition points in the colony year.
Specific beekeeping tasks involve managing Varroa mites prior to the winter brood being raised, to attain bees with 
healthy Fat Bodies, and being mindful of food supply when the metabolism of the colony ramps up with brood-rearing 
headed into spring, so the colony does not starve and freeze as bees age out.

Summer bee Vitellogenin protein 
level as nurse bee

Winter bee Vitellogenin protein 
level is higher & Fat Body denser

Inverse relationship of 
Vitellogenin & Juvenile hormone

High Juvenile hormone 
represents the forager state
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Bee Joy (beejoy.org)
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understanding for beekeepers to improve their beekeeping success. 
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Honeybee Illustration: Robin K. Herman
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Beekeeping Management Notes

Reduced oxidative stress due 
to continued high Vitellogenin 
which is a potent zinc carrier

Insulin-like peptides (ILP), 
proteins acting as hormones, 
remain low influencing longevity 
through metabolism and 
nutritional homeostasis

Apimondia International Beekeeping Congress 

Copenhagen, 2025
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PP-458 [Bee Biology] 
Summer Bee / Winter Bee - Physiological & Temporal Comparisons

Grai St.Clair Rice
Bee Joy, New York, USA

Apis mellifera, the western Honey bee, has evolved to survive as a superorganism in challenging temperate regions, 
and other seasonal cycles of dearth, without external resources. Winter survival requires a healthy cohort of long-lived 
(diutinus) worker bees, which can live four to five times longer than summer bees. 

The DNA for these two types of bees are the same, although their seasonal gene expression results in different proteins 
and physiologically traits, which affect longevity. Sociogenomics has made clear that external and internal stimuli affect 
gene expression, and these factors in turn affect the temporal polytheism, or age plasticity, of worker bee life history.

External factors thought to stimulate the onset of winter bee brood production are food availability, daylight length, 
and temperature. Internal factors involve intricate social regulatory mechanisms operating within a Honey bee colony, 
which integrate an array of pheromones, hormones, and protein production which are in a feedback loop with population 
dynamics, and are social drivers of aging influencing worker maturation, and thus lifespan.

Seasonal adaptations for a colony’s winter survival are nuanced and multifaceted. Winter bees develop larger fat bodies, 
which regulate metabolism, energy storage, immunity and endocrine signaling, releasing higher levels of vitellogenin (Vg), 
an egg-yoke precursor protein, into their hemolymph. This influences anti-oxidant levels and immune responses and, 
without brood to feed, extends the bee’s physiological state which is similar to a nurse bee during summer. Winter bees 
also exhibit hypertrophied hypopharyngeal glands, and lower immune response on their exoskeletal cuticle, due to the 
insular nature of the winter nest.

The focus of a winter colony begins with thermoregulation, requiring protein primarily from within the bees and 
carbohydrates from stored honey. Once brood-rearing expands vitellogenin levels drop and Juvenile hormone rises, jump 
starting worker maturation.

It is invaluable for beekeepers to understand the links between nutrition, biology, behavior and physiology in the winter bee 
colony. A time-line comparison will highlight significant physiological and behavioral differences, and their known drivers. 
This will provide insights into the value of healthy fat bodies going into dearth, and the physiological transitions which can 
cause colony fragility in midwinter.
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In Uruguay, forest development has created an opportunity for beekeeping in “ Eucalyptus grandis “ plantations. Flowering 
begins in late summer and extends until mid-autumn. Since these plantations consist of large areas of a single crop 
whose pollen is deficient in some essential amino acids, colonies become weak by the end of the season, compromising 
their ability to overwinter. This study evaluated the effect of supplementing colonies located in a forested area with 
multifloral pollen by measuring colony development and honey production. A total of 24 standardized colonies were used 
and divided into two groups (Control and Supplement). The adult bee population was recorded at the beginning and end 
of the trial, the area of capped brood was measured throughout the trial using image analysis, and the weight of honey 
produced per hive was recorded. At the end of the trial, the adult bee population was significantly higher in the Supplement 
group compared to the Control group (Mann-Whitney test, p = 0.040). ANOVA analysis of the capped brood area and 
honey production showed no significant differences between the groups. The trial began with similar adult bee and brood 
populations, and no differences in brood area were observed throughout the study. Therefore, the difference in the number 
of adult bees at the end suggests a higher survival rate in the supplemented colonies. This effect could continue to amplify 
in the weeks following the removal of hives from the forest, as nutritional stress has been reported to have long-term 
effects. Although honey production did not show significant differences, the supplemented group was more uniform (18.3 
± 4.9 kg) compared to the control group (22.0 ± 13.8 kg). Thus, we consider that supplementation with multifloral pollen 
facilitates colony management by promoting more homogeneous colonies in terms of productivity and allowing colonies 
to maintain a larger adult bee population at the end of “” E. grandis “” flowering, which supports better overwintering.


