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Abstract Dietary sources of essential amino acids
(EAAs) are used for growth, somatic maintenance and
reproduction. Eusocial insect workers such as honeybees
are sterile, and unlike other animals, their nutritional needs
should be largely dictated by somatic demands that arise
from their role within the colony. Here, we investigated the
extent to which the dietary requirements of adult worker
honeybees for EAAs and carbohydrates are affected by
behavioural caste using the Geometric Framework for
nutrition. The nutritional optimum, or intake target (IT),
was determined by confining cohorts of 20 young bees or
foragers to liquid diets composed of specific proportions of
EAAs and sucrose. The IT of young, queenless bees shifted
from a proportion of EAAs-to-carbohydrates (EAA:C) of
1:50 towards 1:75 over a 2-week period, accompanied by a
reduced lifespan on diets high in EAAs. Foragers required
a diet high in carbohydrates (1:250) and also had low
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survival on diets high in EAA. Workers exposed to queen
mandibular pheromone lived longer on diets high in EAA,
even when those diets contained 5x their dietary require-
ments. Our data show that worker honeybees prioritize
their intake of carbohydrates over dietary EAAs, even
when overeating EAAs to obtain sufficient carbohydrates
results in a shorter lifespan. Thus, our data demonstrate that
even when young bees are not nursing brood and foragers
are not flying, their nutritional needs shift towards a diet
largely composed of carbohydrates when they make the
transition from within-hive duties to foraging.

Keywords Honeybee - Amino acid - Nutrition - Protein-
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Introduction

All animals require a dietary source of essential amino
acids (EAAs) which are used for growth, somatic mainte-
nance, and reproduction. EAAs are obtained by consuming
the protein found in other animals or plants and are in
greatest demand during periods of growth early in life
(Behmer 2009; Tigreros 2013). In contrast to juvenile
animals, adults mainly require amino acids for basic
somatic functions (e.g. production of enzymes, peptide or
amine signalling, tissue repair, immune function) or
reproduction, and their needs for EAA decline with age
(Millward et al. 1997; van de Rest et al. 2013). Repro-
duction, in the form of allocation of resources to eggs or
offspring by females (O’Brien et al. 2002) or the donation
of nuptial gifts and the production of sperm by males
(Voigt et al. 2008), also places demands on the acquisition
of amino acids in adult diets, which is often manifested as a
trade-off between lifespan and protein/amino acid
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synthetic QMP and measured food consumptlon and sur-
vival on diets high in EAA. This study is the first to show
that the nutritional requirements of honeybees change as a
mn@f age and behavioural role, and has implications
for dietary intervention strategies designed to improve
honeybee health.

method.

previously.

kept in outdoor colonies at Newcastle Un1vers1ty Each
frame was placed in a box in a controlled temperature room
at 34 °C and 60 % relative humidity. Newly emerged bees
were brushed off the frame each day; foraging workers
were collected daily at the hive entrance by capturing
individuals in plastic sample tubes. For each cohort, 20

d honeybees were kept in the
QMP was

M@fgglbup by placing a 2-cm strip
the nC1QMEmmals bSﬁ ]il f ne ﬁP’ﬁ %eigv{m\)ere removed frohwobox
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