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We provided the first insights into how immune responsiveness varies intra-specifically in different

social and environmental contexts. This information provides unique insights into the evolution of
social immunity.

For the 2023/2024 fiscal year, the primary goal was to finalize the
experimental setup and establish field sites. This involved purchasing the required equipment and
carefully designing and preparing the protocol, materials, and conditions required for the project.
We contacted Japanese researchers to build collaborative networks across Japan to help with the
collection of bees and establish fieldwork sites for the upcoming year. We conducted preliminary
fieldwork in Tokashiki, Okinawa to collect bee specimens which were necessary for initially testing
and validating the experimental approach.
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1. Initial background to the study

The coevolutionary struggle between hosts and their parasites and pathogens (hereafter P&P) is one of
the most fundamental forces driving natural selection, and thought to underlie major evolutionary
transitions such as the evolution of sexual reproduction. Social organisms face higher risks from P&P
through increased likelihood of discovery and transmission, facilitated by high genetic relatedness.
However, these costs can be offset by benefits accrued through ‘social immunity’, which comprises a
diverse array of anti-P&P activities at the group level and is found in a broad range of organisms from
mammals to bacteria.

As both social and individual immune responses carry a cost, we can expect a trade-off to exist between
investment in individual and social immunity (Immunity Trade Off (ITO) hypothesis). Data from cross-
taxonomic comparisons support this idea: highly social bees possess many fewer genes for personal
immunity than non-social bees, and expression of immune genes is higher in solitary than group-living
locusts. This has led some to suggest that the evolution of social immunity may be closely associated with
the evolution and elaboration of animal societies. However, studies to date have focused only on
comparisons between highly eusocial organisms such as honeybees and solitary organisms. To further
elucidate this relationship, we require information on social immunity in organisms with more
rudimentary societies, and within species exhibiting multiple social forms. This study will address this
knowledge gap by investigating the relationship between immunity and sociality using a parallel, intra-
specific approach which focuses on facultatively social bees.

2. objectives of the study

The major evolutionary transition to group living has occurred repeatedly, and this is usually explained by
social benefits such as cooperative defence and specialization. However, less attention has been given to
how societies mitigate the costs of group living such as increased risk from P&P. To advance our
understanding of the evolution of group living, we must thus first elucidate the mechanisms which limit
the risk of P&P in group living individuals.

This study focussed on facultatively social bees, and aimed to determine whether investment in immunity
differs between individuals in social and solitary contexts. These animals live both alone and in small
colonies, allowing us to contrast immunity across this transition, where investment in social versus
individual immunity is likely to exhibit the greatest variation. From the ITO hypothesis (above), we expect
to observe a decrease in individual immune investment with increasing colony size, as benefits accrue
from social immunity. Alternatively, the Density dependent prophylaxis (DDP) hypothesis, states that
social individuals should have higher individual immunity because of the higher risk of P&P transmission
in societies. If the ITO hypothesis is correct, we can predict that individuals in social colonies will exhibit:
i) lower latent individual immunity, ii) weaker individual immune responses, and iii) more social immune
behaviours, with the opposite supporting the DDP hypothesis.

We used two species of facultatively social bee, and compared social and solitary colonies within each
species, avoiding potential confounding variables of inter-specific approaches. As social immunity is the
combined effect of a diverse range of behavioural processes, its direct effects are difficult to quantify.
Individual immunity, on the other hand, has been broadly studied in insects and can be quantified using
a variety of different approaches. We thus focussed on a comparative assessment of individual immunity
in bees in social and solitary contexts.

3. research methods

We will use two species of facultatively social bees with rudimentary societies: Lasioglossum baleicum
and Ceratina okinawana. We compared immune capacity in individuals from solitary and social nests using
colonies collected during life-cycle phases in which both social and solitary colonies are present.

Immunity was assessed using two methods. Firstly, we developed a new immune assay to quantify the
capacity for individuals to suppress bacterial growth, allowing direct, laboratory assessment of immune
efficacy at the individual level. This method relies on optical assessment of bacterial growth of genetically
modified bacteria in haemolymph (insect “blood”) extracted from bees. Haemolymph suppresses
bacterial growth, allows us to assess immune efficacy by comparing with control samples. Secondly, we
compared gene expression of immune responsiveness, allowing us to elucidate the genes responsible in
immune responses in difference contexts. Specifically, we tested whether social context influenced gene
expression patterns in response to an immune challenge.



Social status (solitary/social) was determined from demographic information supported by data from
dissections of adults, allowing us to test social and solitary contexts.

4. Research results

The development of the new immune assay allowed accurate quantification of individual immune efficacy.
This method was used successfully to demonstrate that while immune efficacy of individual immunity was
higher in social that solitary colonies of C. okinawana, this was largely the influence of group size. Thus,
individuals increase their immune investment in larger size groups, likely because of the increased threat
of disease transmission. This study was published in Biology Letters. We were also able to show that there
were differences in individual immune expression between urban and rural bee colonies (manuscript
currently in prep.).

Our analysis of gene expression in L. baleicum showed that gene expression patterns differed in social and
solitary bees, and that gene expression was highly responsive to social context. Bees thus responded more
similarly to immune threat based on their current, rather than long term social context. This indicates that
immune responsiveness is strongly influenced by, and highly adaptable to, social context. This manuscript
is currently in preparation.

This research was thus able to i) develop a novel immune assay which is broadly suitable for future
immune testing, ii) demonstrate the influence of social context on immune efficacy in two different
species of bee, iii) demonstrate the importance of environmental context in bee immune expression, iv)
elucidate the genetic basis of adaptive immune responsiveness.
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