
articulatory-defined phonetic features,

such as lip-rounding or tongue position

[11]. The Leonard et al. [2] results for

signing are surprisingly parallel, despite

the dramatic difference in linguistic

articulators. Speaking and signing both

involve rapid, fine-grain coordination of

multiple articulators that together encode

abstract linguistic representations of form

(‘phonemes’). This universal level of

structure appears to be supported by the

same neural principles and architecture,

regardless of language modality. Future

research in both linguistics (clarifying the

nature of phonological features in sign

language) and neuroscience (more

controlled mapping of the neural

encoding of these features in time and

space) will reveal the extent to which

phonological structure in human language

is modality-independent versus specific

to the manual or vocal articulators.
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Insect Host Choice: Don’t Put All the Eggs in One
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Unlike mammals, most insects have no chance to personally take care of their offspring. Insect mothers,
therefore, carefully weigh egg-laying options to select an optimal site, which guarantees better survival
and fitness for their progeny. A new study in oriental fruit flies reveals that gravid females rely on a
bacteria-derived odour — b-caryophyllene — to avoid competition for their offspring.
Animals have evolved sophisticated

strategies to increase survival and fitness

for their progeny [1]. A wide range of

different behaviours can be observed

throughout the animal kingdom: for

example, lactation in mammals [1], active

egg guarding against predators in birds

[2], egg fanning to increase oxygen

access in fishes [3], and active removal of

microbes and fungi from eggs in

millipedes [4]. It can even reach extreme

levels like in some amphibians [5], where

the skin of the mother becomes

consumed by her offspring (a behaviour

known as matriphagy). However, most

invertebrates provide no direct care for
their offspring, except a limited amount of

yolk in the egg that serves as initial food

source and a well-selected oviposition

site. How do gravid females evaluate

opportunities and threats when choosing

their egg-laying substrate? How do they

determine the sufficiency of food

resources and the presence or absence of

potential intraspecific competitors? In this

issue of Current Biology, Huijing Li, Lu

Ren, and colleagues [6] discover a

strategy used by the polyphagous oriental

fruit fly Bactrocera dorsalis to mark its

host, unravelling an extraordinary

interaction between bacteria, insects, and

plant hosts (Figure 1). Their study offers
Current Biology 30, R1361–R1389, Nov
novel insights into how insect oviposition-

related decisions are shaped by tritrophic

interactions and extend our

understanding of the ecological

relationships between bacteria and

insects.

Although a few insects are viviparous

(the mothers bear their neonates), most

are oviparous, that is, they lay eggs, which

are unable to move and hence are

vulnerable to biotic and abiotic threats.

Therefore, selecting an appropriate egg-

laying substrate is a challenging task for

the gravid insect female. This is especially

true for holometabolous insects (those

that exhibit a complete metamorphosis),
ember 16, 2020 ª 2020 Elsevier Inc. R1363
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Egg-laying repellent: bacteria odours

Egg-laying stimulant: fruit odours

Egg with bacteria 

Current Biology

48 hours before

Figure 1. The oriental fruit fly avoids laying eggs on fruits that are already infested by
conspecifics.
A female fly chooses its host fruit based on fruit odours. Egg-derived bacteria later govern the fruit-based
production of b-caryophyllene. This odour repels further gravid females and hence reduces interspecific
competition of the flies.
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whose larvae are still relatively immobile

and whose chances for survival depend

on their mother’s decision of where to lay

her eggs; for example, an unoccupied

oviposition site avoids a shortage of food

due to intraspecific competition. One way

for themother to avoid competition for her

offspring is to mark her oviposition site

with a specific odour — called a host-

marking pheromone — which tells other

mothers that the place is already taken.

This phenomenon was first observed by

William Kirby and William Spence �160

years ago [7], when they noticed that

females of the cabbage butterfly

preferred to lay their eggs on plants free of

eggs. However, it took another 110 years

before the first host-marking pheromone

was isolated from the Azuki bean

weevil [8]. Currently, host-marking

pheromones of more than 200 species of

parasitoid wasps and 30 species of

herbivorous insects have been

discovered [9], andmany are used as very

effective tools in integrated pest-

management programs [10].

One of the world’s most damaging

pests to mark its egg-laying hosts is

B. dorsalis. Gravid females of B. dorsalis

infest more than 400 plant hosts [11] and

can travel more than 20 miles [12] in

search of a suitable fruit in which they lay
R1364 Current Biology 30, R1361–R1389, No
eggs between the peel and flesh [13].

Larvae hatch within 1–3 days and then

penetrate the flesh, causing the whole

fruit to rot [13]. Despite its economic

importance, no specific chemical has yet

been identified as a host-marking

pheromone for B. dorsalis. In their paper,

Li and Ren et al. [6] set out to investigate

how gravid B. dorsalis females avoid

laying eggs in sites occupied by

conspecific eggs or larvae. The authors

first established a two-choice oviposition

preference assay and showed that flies

generally avoid oviposition in fruit

harbouring conspecific eggs.

Surprisingly, the oviposition avoidance

is dependent on the age of the eggs,

with older eggs being more strongly

avoided.

The ‘mother-knows-best’ hypothesis

predicts that insect females should lay

eggs at sites that provide the best

survival chances to their progeny. To

choose these sites, females assess a

wide range of signals about the

surrounding environment, through the

integration of different sensory

modalities. Of the sensory cues

involved, odours represent reliable long-

range signals with which to evaluate

substrates. For example, through

pheromone-sensing olfactory channels,
vember 16, 2020
gravid females of Drosophila

melanogaster attract each other to lay

eggs on the same site to increase

offspring survival through larval

cooperation [14]. Likewise, tobacco

hawkmoths avoid oviposition in sites

occupied with conspecific larvae

through sensing acid-derived faeces by

olfaction [15]. Through a combination of

chemical and electrophysiological

experiments, using solid phase

microextraction and

electroantennography detection, Li and

Ren et al. [6] analysed chemical profiles

of fruit before and after infestation by

B. dorsalis and tested whether the flies’

antennae — the main olfactory organs in

insects — would respond to them. Using

these techniques, the authors identified

b-caryophyllene as the most promising

deterrent candidate, as it increased after

infestation in all tested fruits (guava,

orange, and mango) and could be

detected by the flies. Behavioural

assays further supported the role of this

odour. In a four-arm olfactometer assay,

the high concentration of

b-caryophyllene found in infested fruit

repelled B. dorsalis females. Similarly, in

a two-choice oviposition assay, gravid

females significantly prefer fresh fruit

over similar ones perfumed with

b-caryophyllene.

Egg deposition is a warning signal of

upcoming larval feeding damage.

Therefore, plants respond to it through

direct or indirect defensive mechanisms

that might include herbivory-induced

plant volatiles [16]. Gravid herbivorous

females can adjust their egg deposition

according to these volatiles to avoid

intraspecific competition [16]. But, is

b-caryophyllene really a plant-defence-

related compound that is induced by the

laid eggs? In a series of further

experiments, the authors showed that

not the eggs themselves, but rather the

bacteria on the egg surface are the

major players behind the increase of

b-caryophyllene after infestation. First,

using a bacterial florescent marker, the

presence of bacteria on the surfaces of

eggs was visualized. Second, chemical

analyses revealed that the

b-caryophyllene concentration in fruit

increases not only in the presence of

eggs, but also when the fruit are treated

with bacteria-containing eluent obtained

from washing of the eggs. Lastly,
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behavioural experiments confirmed that

this eluent is sufficient to induce

oviposition deterrence in B. dorsalis.

Egg-laying decisions in several dipteran

species are influenced by the presence

of bacteria, which produce a blend of

volatiles belonging to different chemical

classes [17]. One of these volatiles is

b-caryophyllene, whose concentration

has been reported to rise after the

infection of plants with pathogenic

bacteria [18]. Therefore, Li and Ren et al.

[6] hypothesized that increased levels of

b-caryophyllene are not attributed to the

host plant itself but to the bacteria

present on the surface of the eggs.

Bacteria, which are abundant in

insects and their ecological niches, play

a vital role in mediating the interactions

between host plants and insect

herbivores. In several tritrophic

interactions, bacteria associated with

insects or host plants could provide

many benefits to eggs and larvae, such

as providing nutritional substances and/

or antimicrobial compounds [17].

Likewise, insect-associated bacteria

could improve insect fitness by

detoxifying plant-defensive chemicals

[19]. But which are the bacterial players

in the oviposition choice of the oriental

fruit fly? Through sequencing PCR-

amplified ribosomal 16S rRNA, the

authors identified, among others, the

bacterial genera Providencia, Klebsiella,

and Enterobacter on the egg surfaces.

Notably, the abundance of Klebsiella

and Enterobacter, but not Providencia,

increased 48 hours after infestation,

correlating with the increased

oviposition avoidance of gravid females

at that time. Li and Ren et al. [6] next

demonstrated that Klebsiella and

Providencia spp. isolated from

B. dorsalis eggs were sufficient to deter

oviposition preference in gravid females.

Deciphering the identity and

behavioural significance of microbe-

induced volatiles is providing new

opportunities to control insect pests and

host plants. The discovery of the host-

marking odour of the oriental fruit fly is

intriguing and inspires more pest-

control-related questions. Does spraying

the hosts with b-caryophyllene reduce

B. dorsalis infestation? And if so, does

the fly develop resistance or habituation

towards it? Future field experiments

testing the efficiency of this newly
dentified chemical will be needed to

eneralize its applicability to the

iocontrol programs of this pest.

oreover, additional research is needed

o know the source of these bacteria

nd whether females transfer them to

ggs. It is also important to investigate

he plant responses to increased

oncentration of b-caryophyllene.

The insect nervous system is

ascinating with respect to how it

overns behaviour, such as egg laying.

viposition behaviours are sexually

imorphic, and most of the neurons

omposing the underlying circuits can

e expected to be under the control of

emale-specific genetic loci. Based on

his, it should be possible to identify and

haracterize the olfactory channels,

ncluding the odorant receptors, that

ediate this oviposition deterrence. It

ould also be interesting to test whether

he role of b-caryophyllene (and the

orresponding receptors) in oviposition

eterrence is conserved among different

actrocera species. This genus includes

ore than 70 species that are pests on

wide range of fruit and vegetables [20].

f the novel findings of this new study

pply to some or all Bactrocera species,

he genus might become at least

omewhat less scary to the agricultural

ndustry.
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