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PERSPECTIVES
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Animal Behavior and
the Microbiome

Feedbacks between microbiomes and their
hosts affect a range of animal behaviors.

Behaviors impact microbiomes
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also manipulate host behavior in overt or
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microbes in nature, it is important to expand alter microbial acquisition and maintenance.
the view of behavior-microbe interactions to
include nonpathogens.
ﬁt of social living in many species may be
Once host-microbe associations are
For diverse animals, including iguanas, the transmission of beneﬁcial microbes (9). established, microbes can influence host
squids, and many insects, behavior plays a Koch and Schmid-Hempel have shown that behavior in ways that have far-reaching
central role in the establishment and regula- in the case of bumble bees (Bombus terres- implications for host ecology and evolution
tion of microbial associations (see the ﬁrst tris), either direct contact with nest mates or (see the second ﬁgure). Sharon et al. recently
ﬁgure). For example, the Kudzu bug (Mega- feeding on feces of nest mates was neces- found that fruit ﬂies (Drosophila melanocopta cribraria), an agricultural pest, is sary for establishing the normal gut micro- gaster) strongly prefer to mate with individborn without any symbionts. After birth it biota. Bees never exposed to feces had an uals reared on the same diet on which they
acquires a speciﬁc symbiont from bacterial altered gut microbiota and were more sus- were reared. Antibiotic treatment abolished
capsules left by its mother. If these capsules ceptible to the parasite Crithidia bombi (1).
the mating preference, and inoculation of
are removed, the bugs show dramatic wanSocial context also shapes establishment treated ﬂies with microbes from the dietary
dering behaviors, presumably to search for of mammalian microbial associations. For media restored the preference, indicating
symbiont capsules left with nearby eggs (8). example, chimpanzees from the same com- that microbes, and not diet, altered mate
Social contact is another mechanism that munity have more similar microbial consor- choice. Changes in presence of one bactecan mediate the acquisition and exchange tia than do chimpanzees from different com- rium, Lactobacillus plantarum, were linked
of microbial symbionts. Indeed, a bene- munities (10).
to the induction of mating preferences (2).
Yet, despite these and other examples of Flies reared on different diets showed difbehavior facilitating microbial colonization, ferences in major cuticular hydrocarbons,
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marine tubeworm Hydroides elegans. Bacterial bioﬁlms play a key role in the settlement behavior of many marine invertebrates, from corals to sea urchins. To study
the H. elegans system, the authors used
transposon mutagenesis to knock out a number of genes from the bacterium Pseudoalteromonas luteoviolacea, which is required
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can be passed between a host and microbe
(5, 6). Mice fed with the probiotic Lactobaccillus rhamnosus fared better in a forced
swim test, an indication of lower anxiety, and
showed higher expression of γ-aminobutyric
acid receptors in the brain. Partial removal
of the vagus, a central communication nerve
between gut and brain, obliterated the probiotic effect, suggesting that this nerve transmits information on gut bacteria to the brain
(5). If beneﬁcial microbes are also found to
modify neural and endocrine activity in the
brain in other animals, then they have enormous potential to influence how animals
behave toward one another.
Experimental approaches that evaluate
the behavioral consequences of microbiome
manipulation will be key to addressing outstanding questions. Similarly, studies that
manipulate animal behavior—for example,
by swapping social or mating partners or by
enhancing or blocking neuroendocrine function—can be used to identify behaviors that
alter microbiomes. Through either approach,
the interface between the ﬁelds of microbiology and behavior is poised to expand our
understanding of complex microbial communities already known to shape animal
nutrition and health (13, 14) and to unveil a
hidden dimension of animal behavior.
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Microbial effects on animal chemistry
also recently have been linked to changes
in predator-prey interactions (11) and feeding behavior (12). Females of the African
malaria mosquito, Anopheles gambiae, use
chemical cues released from human skin
to locate hosts. By analyzing skin emanations from 48 subjects, Verhulst et al. (12)
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