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A new study shows that trail pheromones produced by an invasive ant species suppress the dispersal and
stimulate the reproduction of cotton aphids that the ants can ‘milk’ for honeydew. Aphids use these
pheromones as a signal of ant presence and respond adaptively, analogous to early stages of animal
husbandry where animals were attracted to human settlements.

We are used to thinking of animal
husbandry as an exclusively human
endeavor, but some animals have predated us in evolving forms of animal
husbandry millions of years ago. Some of
the best-known examples are ant species
that ‘farm’ aphids, ‘milking’ them for
honeydew. This is a mutualistic
relationship, since the ants protect the
aphids on the plants where aphids are
feeding, and the honeydew produced by
aphids is the ants’ major source of
carbohydrates1. The mutualism between
ants and certain aphids can cause
problems for human agriculture where
invasive species overlap, as is the case for
red imported fire ants (RIFAs, Solenopsis
invicta) and cotton aphids (Aphis
gossypii). It is known that establishment of
mutualistic interactions with invasive
RIFAs is one of the reasons for cotton
aphid outbreaks, but the proximate
mechanism of the mutualism was unclear.
In this issue of Current Biology, Xu et al.2
describe such a mechanism for the

mutualism between RIFAs and cotton
aphids. In a series of elegant experiments,
these authors show that two antproduced semiochemicals (Z,Ea-farnesene and E,E-a-farnesene)
suppress aphid dispersal (although longrange dispersal by flying is not affected),
and additionally that one of these
chemicals (Z,E-a-farnesene) increases
aphid reproduction and leads to faster
aphid population growth.
Ant–aphid interactions have multiple
origins, and the outcomes of these
interactions range from parasitic to
mutualistic and from obligate to
facultative1. It is, however, unknown how
the specific interaction between RIFAs
and cotton aphids evolved. Both partners
in this interaction can be invasive outside
their home range and are widely
distributed. RIFAs are known to have
originated in South America3, but the
origin of cotton aphids is less clear, with
Asia being a possibility4. There is some
circumstantial evidence that aphids play a

more important role in invaded regions
than in their native ranges and that
mutualistic associations have since been
established with other ant species with
which aphids have not previously
coevolved5. This suggests that the aphids
perceive a common suite of chemicals
that signal the presence of ants, which in
turn provide aphids with protection. In
support of this hypothesis, Z,Ea-farnesene is a chemical typically found
in the trail pheromones of multiple ant
species from different genera (Xu and
Turlings, personal communication).
In the new study, Xu et al.2 found that
increases in ant population sizes benefit
the aphids, and the protection conferred
by ants allows aphids to reach a higher
density than they could in the absence of
ants, where higher densities would make
aphids an easy target for predators. On
the other hand, a larger and a denser
aphid population also increases the
feeding efficiency of ants on aphid
honeydew, concomitant with protection
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Figure 1. Analogies between early stages of domestication by ants and by humans, where
either ‘the animal found the farmer’ or ‘the farmer found the animal’.
(A) In the early stages of dog domestication, the wild ancestor of the dog likely followed human huntergatherers around to obtain food and shelter. Wolf pups entering human settlements with certain
behaviors could thrive within them, starting a process of self-domestication. (B) Analogously, cotton
aphids follow ant trail pheromones as a cue for protection by ants. Aphid domestication might thus also
have occurred via self-domestication. (C) Some human populations follow reindeer herds to harvest
them periodically, which might resemble an early stage of full domestication before animal herds are
fully controlled. (D) Analogously, some ant species inhabit nests or multiple nest parts near aphid
colonies and regularly move nests to secure food sources.

of the aphids. The semiochemicals thus
stabilize the mutualism between ants and
aphids by increasing the mutual benefits.
These semiochemicals are components
of a trail pheromone mixture that is
primarily used by ants to guide nestmates
to a food source. If a food source is large
and of high quality it will be visited more
frequently, and the pheromone track is
reinforced, thus leading to more efficient
foraging. Honeydew is a renewable
resource that is constantly produced by
aphids, which means that the trail
pheromone will be deposited by ants on
their foraging route as long as an aphid
colony is present. Therefore, as the
authors point out, the demonstrable effect
of the RIFA trail pheromone on aphid
dispersal and on growth of aphid colony
size likely has evolved as a byproduct of
the ants’ action to facilitate foraging for
aphid honeydew by nestmates2. An
unanswered question is whether aphid
species other than cotton aphids also

respond to those ant-produced
semiochemicals.
We often consider animal husbandry
from an anthropocentric perspective with
farmers exploiting animals for their own
benefit, with the farmer as the active
partner and the domesticated animals as
the passive underlying party. In reality,
animal husbandry is an example of a
mutualism, where both partners profit
from the interaction and where both
partners have acquired genetic changes
in response to each other (that is, have
coevolved). For example, the
domestication of cattle led to some
human populations acquiring the ability to
digest lactose as adults6. The human
perspective of domestication may bias
our view of mutualisms in farming by
placing the farmer in charge. As the
mutualism between RIFAs and cotton
aphids clearly shows, the interaction
between farmer and domesticate is
mutually beneficial. Furthermore, as
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explained above, it seems likely that the
aphids responded to the semiochemicals
that were produced by ants for other
purposes, namely trail finding. Thus, to
put it simply, ‘the aphids found the ants’.
This is analogous to how the
domestication of dogs may have begun,
with wolves seeking the company of
human hunter-gatherers, living close to
human settlements to benefit from food
waste and perhaps shelter7. Some pups
might have ended up in the human
settlement and only the ones with certain
behaviors survived within the settlement
(Figure 1A).
The alternative pathway to
domestication is that ‘the farmer found
the animal’. For example, the
domesticated animals were prey to begin
with and, rather than initiating the
domestication process, the farmers first
hunted the animals, followed by more and
more herd control in which the farmers
controlled the prey population8. The
recent domestication of reindeer
(Rangifer tarandus) may illustrate how this
type of domestication occurred
(Figure 1C). Since the last ice age,
reindeer have been heavily hunted by
humans. Hunters, familiar with the
migration routes of the reindeer, track and
follow the reindeer herds and seasonally
drive them together to be harvested9.
Although we may debate whether the
association between humans and
reindeer is mutualistic, the selective killing
of males clearly benefits both the farmers
and the reindeer10. In some ant–aphid
mutualisms, ‘herd following’ also seems
to occur, for example with aphidattending wood ants (Formica rufa and
F. lugubris). These ant species are
polydomic (occupiers of multiple nests)
and build a network of interconnecting
nests close to the aphid colony1.
F. lugubris ants have been shown to adapt
their nest network to changing
environmental conditions11. Newly
founded nests in the polydomous ant
colony are only inhabited when they are
close to an aphid colony, allowing the ant
colony to expand into areas rich in food
sources12, creating a situation where the
ant colony follows the aphid colony
(Figure 1D).
As there are clear benefits to both
partners, one may wonder why only about
one-third of aphid species are obligatorily
dependent on ants1. Domestication of
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animals by humans usually includes
gaining full control over reproduction,
implying that genetic exchange between
domesticated animals and nondomesticated relatives has ceased. In
contrast, outside of humans, there are very
few examples where farmers gained full
control over the reproduction of
domesticated animal partners. Controlling
aphid reproduction by limiting production
of winged aphids by ant farmers will reduce
the opportunities for aphids to find new
host plants, which would pose a cost for
both the aphids and the ants. There are
some ant species that control the
reproduction of their aphid partners and
collect aphid eggs at the end of the
summer, placing the stored eggs on plants
in the following spring13. Additionally,
some root aphids occur on roots that are
within an ant colony and can therefore be
controlled by their ant farmers14. If farmers
do not have the means to control the
reproduction of domesticated animals and
vertical transmission to the offspring,
locating domesticates places a constraint
on dependence. This may be the ultimate
explanation for the rarity of full dependence
between farmers and animal domesticates
outside of human–animal husbandry.
It is tempting to attribute the ecological
success of invasive populations of RIFAs
at least partly to their mutualistic
association with cotton aphids. This
provides an interesting parallel with the
ecological success of humans upon the
adoption of farming. Additionally, the

RIFA–cotton aphid example also
illustrates that the benefits of animal
husbandry are reciprocal, as the
ecological success of cotton aphids may
also be at least partially due to their
interaction with farming RIFAs and other
ant species. This provides another
analogy with farming by humans, as our
domesticated animals and plants usually
outperform their non-domesticated
ancestors at least in numbers. Ironically,
those high numbers of genetically uniform
domesticated plants and animals also
make them highly vulnerable to a pest
such as cotton aphids, which themselves
exemplify the power of domestication.
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Degeneracy in neuronal networks is emerging as a parallel to accepted degeneracy in neuronal and
synaptic properties. A new study leverages detailed understanding of neuronal networks and their
modulation in the crustacean stomatogastric nervous system to show that network degeneracy is
conditional.
Detailed analyses of neuronal networks,
especially in this era of anatomical
connectomics (for example1) can

produce complex pictures that
overwhelm and thus lose their
significance to biologists and indeed

neuroscientists alike. Moreover, a purely
anatomical connectome without
substantiating physiological analyses of
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