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Data analysis and statistical methods

We compared the neuromodulation of biogenic amines (octopamine, OA; serotonin, 5-HT; and
dopamine, DA) in solitary/presocial and eusocial insects using published data. Solitary and
presocial species were combined in analyses because of the similarities in behaviors recorded.
We created eight behavioral categories (activity, aggression, development, higher-order sensory
integration, nutrition, reproduction, sensorimotor, and social functions; defined in Table S1) and
five possible biogenic amine-behavioral category correlations (increase, decrease, modulation,
none, and unknown).

For each species, we analyzed available published results and determined the type of biogenic
amine-behavioral category correlation. We assigned a single value per species, biogenic amine,
and functional category. Increase was assigned when increasing values of a given biogenic
amine correlated with increasing values of a given behavioral category. Decrease was assigned
when decreasing values of a given biogenic amine correlated with increasing values of a given
behavioral category. Modulation was assigned when different doses correlated with different
effects (for example, low levels of 5-HT in inside nest workers and high levels of 5-HT in
outside nest workers) or if results in the literature were inconsistent. None was assigned when no
significant relationship between the biogenic amine and the behavior was found. Empty cells in
our figures indicate no information was available regarding biogenic amine function in a
behavioral category for that species.

To represent evolutionary relationships among insects, we followed the phylogenies: Blattodea
(Djernaes, et al., 2011, Coleoptera Misof, et al., 2014, Diptera Wiegmann, et al., 2011),
Hemiptera (Song, et al., 2012, Wang, et al., 2014), Hymenoptera and Formicidae (Tree of Life:
tol.org; Moreau and Bell, 2013, Schmidt, 2013), Lepidoptera (Regier, et al., 2013), Orthoptera
(Song, et al., 2015); and (Misof, et al., 2014) for relationships among insect orders. The
composite phylogenetic tree was constructed in Mesquite (Maddison & Maddison 2017). Images
of insects were used with permission from PhyloPic (http://phylopic.org).

To compare effects of biogenic amines between solitary/presocial and eusocial insects, we built
contingency tables for each biogenic amine and behavioral/functional category. We used the



Fisher exact test to determine whether social complexity (solitary/presocial versus eusocial)
affected the function of biogenic amines.
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Table S1: Behaviors comprising categories used for comparisons of solitary/presocial and
eusocial insect aminergic control systems. n/a indicates no additional behaviors recorded in a
given category.
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Figure S1: Distribution of effects of the biogenic amines in solitary/presocial and eusocial
insects by behavioral category. A. Octopamine (OA); B. Serotonin (5-HT); C. Dopamine (DA).



Histogram coding: Orange (eusocial species); black (solitary and presocial species) Inc: increase;
Dec: decrease; Mod: modulation; None: no effect. p-values calculated using a Fisher test on
absolute numbers.
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Table S2: References to studies documenting biogenic amine functions for behaviors in eight categories.
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