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L
ocust plagues threaten food security 

across the globe, with infestations 

estimated to affect the livelihood of 

1 in 10 people (1). Cannibalistic inter-

actions have been implicated in the 

formation and maintenance of these 

swarms (2 4). The threat of consumption 

by others is thought to have resulted in 

selection pressure for flightless juvenile 

locusts to use both visual and tactile in-

formation to move away from those ap-

proaching and to move toward those mov-

ing away (4). The outcome is large-scale, 

coordinated motion out of nutrient-poor 

areas, with the benefit of conspecifics be-

ing a source of essential, yet often scarce, 

nutrients along the way (2, 3). On page 537 

of this issue, Chang et al. (5) report that 

chemical communication plays a central 

role in regulating cannibalistic interac-

tions in the migratory locust ( Locusta mi-

gratoria) . This discovery contributes new 

understanding about the role of cannibal-

ism in locust ecology and suggests possible 

targets for their control.

Cannibalistic behavior is ubiquitous in 

the natural world (6) and may once have 

been common among human ancestors 

(7). Cannibalism has the potential to act 

as a key modulator in population growth 

and dispersal (8), an ecological role that 

may be especially profound for certain 

swarm-forming insects. In Mormon crickets 

(Anabrus simplex), for example, cannibal-

ism is rife, with insects marching in unison 

not through some cooperative tendency, 

but rather with individuals being on what 

is effectively a “forced march” to avoid the 

threat of attack (9).

Even when cannibalism is less prevalent, 

such as among the two principal locust pest 

species the migratory locust and desert lo-

cust (Schistocerca gregaria) it has the po-

tential to exert strong selection pressure on 

behavior. Thus, the proximate mechanisms 

that regulate social interactions among lo-

custs, such as visually mediated attraction 

and avoidance, likely reflect this cannibalis-

tic aspect of their evolutionary ecology (4). 

If food  supplies are abundant, individuals 

will tend to persist as shy and cryptic “soli-

tarious” grasshoppers. Population upsurges 

start with atypical rainfall that provides 

temporarily good breeding conditions, fol-

lowed by food limitation. The increase in 

local density experienced by individuals, 

which ever closely aggregate on limited food 

resources, causes them to become actively 

“gregarious” (10). Moving in the same direc-

tion as others minimizes contact, and thus 

cannibalism (4), while facilitating collective 

motion out of areas of low food availability.  

It is this extreme phenotypic plastic-

ity, which involves rapid and substantial 

changes in physiology and behavior, that 

allows locusts to be so well suited to highly 

variable and unpredictable environments. 

Yet despite behavioral similarities, the dif-

ferences in the molecular mechanisms 

by which the phylogenetically distant S. 

gregaria and L. migratoria regulate den-

sity-dependent plasticity could provide 

valuable insights into the evolutionary 

ecology of swarm formation (10, 11). Both 

species exhibit a striking density-depen-

dent color change when gregarious. This 

acts as a warning signal to predators (12). 

However, it is only the gregarious migratory 

locust that is known to synthesize a potent 

toxin hydrogen cyanide. Doing so is likely 

to be costly, owing to energetic costs and 

the risk of self-poisoning, and only occurs 

under conditions of stress (13). However, by 

emitting a precursor in the hydrogen cya-

nide biosynthesis pathway, phenylacetoni-
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trile (PAN), they provide an “honest” (i.e., 

truthful) olfactory signal of their toxicity to 

potential predators (13). Gregarious desert 

locusts, by contrast, bias their diet toward 

toxic plants, and so their gut contents con-

fer protection. This difference may imply 

that desert locusts are incapable of produc-

ing PAN, but this is not the case. Gregarious 

sexually mature adult male S. gregaria emit 

PAN as an aversive volatile to rival males 

during courtship (14, 15). Thus, the emission 

of PAN has evolved, likely independently, as 

an aversive signal in both species. Neither 

species produces PAN when solitarious, us-

ing instead both cryptic coloration and be-

havior to avoid predation. 

Chang et al. identified a PAN-sensitive 

olfactory receptor (LmOR70a) and edited 

mutations in the encoding gene that make 

this receptor nonfunctional, thereby creat-

ing a means to test how the reception of 

PAN affects behavior. They also engineered 

insects that are unable to produce PAN by 

introducing a loss-of-function mutation in 

CYP305M2, a crucial gene for PAN biosyn-

thesis (13). Behavioral experiments with 

these gene-edited insects demonstrated not 

only that PAN is a generally aversive com-

pound associated with crowding but also 

that it plays a specific role in suppressing 

cannibalism among juvenile migratory lo-

custs. (It is notable that cannibalism is ex-

pected to play a greater role in the swarms 

of flightless juveniles that inevitably pre-

cede the adult flying swarms.) Juveniles 

that were unable to produce PAN were both 

more frequently attacked and preferen-

tially consumed compared with wild-type 

nymphs. Conversely, LmOR70a-edited lo-

custs, which are unable to detect PAN, read-

ily consumed PAN-releasing individuals. 

Together, this suggests that PAN may be an 

honest signal to deter cannibalism (warning 

of the locusts’ capability to produce hydro-

gen cyanide if attacked), but whether this 

results from direct toxicity or an association 

with another physiological and/or behav-

ioral mechanism remains to be determined.  

The finding that PAN mediates within-

species communication in L. migratoria nar-

rows the disparities between its role in the 

two locust species, which is thus-far associ-

ated with male-male antiharassment in S. 

gregaria and antipredation in L. migratoria. 

It could be that migratory locusts, which are 

adapted to grassland biomes in which plant 

toxins are less prevalent, cannot use gut con-

tents as a chemical deterrent. Why juvenile 

S. gregaria do not use the PAN pathway to 

suppress cannibalism is less clear. 

The work of Chang et al. serves as an im-

portant step in understanding the mecha-

nisms that mediate the intricate balance 

between aggregation and competition in 

locusts. Because the PAN pathway regulates 

cannibalistic interactions, which in turn 

can drive mass migration, it may also prove 

to be a promising target for the future de-

velopment of locust control agents.        j
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A migratory locust (Locusta migratoria)

consumes a conspecific. Juveniles 

deter cannibalism by emitting the chemical 

phenylacetonitrile (PAN). 




