University of Fribourg / Faculty of Science and Medicine /Department of Biology

The evolution of a social transfer and a socially transferred material in ants

Marie-Pierre Meurville

For many forms of social life, socially transferred materials are crucial for reproduction or
parental care, to the point that, in mammals for example, some special features like nipples
and behaviors like breast feeding evolved to allow the transmission of milk. About half of ant
species perform such a social transfer of materials called trophallaxis, which is the direct
ingestion by one individual of material excreted, secreted or regurgitated by another. Social
regurgitation between adults is the most observed form of trophallaxis and is involved in
various aspects of the colony life, in the food distribution system, the decision-making process,
the defense against pathogens, or the maintenance of the colony odor. Adults and larvae also
exchange regurgitate, as a form of parental care, as well as a possible way to control larval
growth and development through the addition of endogenous proteins in the regurgitated fluid.
Such a level of cooperation makes the whole colony a superorganism, and the network of
regurgitated fluid its social circulatory system. The involvement of all castes, whether
reproductive, behavioral, or morphological suggests that trophallaxis also allows another form
of division of labor, at the physiological level. We hypothesize that trophallaxis enables the
building of a colony economy centered on the metabolic costs and benefits of resource
processing and storage. We explore this hypothesis by defining trophallaxis, its forms, actors
and functions, and propose hypotheses on how this social transfer behavior evolved. We
tested some of these hypotheses using deep learning and ancestral state reconstruction and
highlighted the need of low intracolonial reproductive conflicts combined with a sugary-liquids-
rich diet for social regurgitation between adults to evolve. Additionally, we identified trophallaxis
as a factor for ant speciation and diversification. We finally identified potential signatures of the
social circulatory system, by comparing the proteomes of crop content that can be regurgitated
or not and question the role of trophallaxis as a superorganismal trait.
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