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        T
he hallmark of insect societies is 

reproductive division of labor. In the 

presence of a fertile queen, workers 

do not reproduce. It has long been recognized 

that chemical substances emitted by queens 

induce infertility in workers ( 1). However, the 

few queen pheromones that have been char-

acterized appeared to be chemically unrelated 

( 1– 3). On page 287 of this issue, Van Oys-

taeyen et al. ( 4) show that a class of structur-

ally similar queen-specifi c hydrocarbons sup-

presses worker reproduction in ants, wasps, 

and bumblebees. A comparative analysis 

indicates that these long-chained saturated 

hydrocarbons were associated with fertility 

in solitary ancestors, providing fresh insights 

into the evolution of queen pheromones and 

eusociality.

In societies of Hymenoptera (ants, bees, 

and wasps), queens and workers are usu-

ally related. By helping the queens, workers 

therefore indirectly pass on copies of their 

own genes to future generations. However, 

because queens and workers are not clones, 

they still have potential confl icts over who 

will reproduce in the colony ( 5). In most 

hymenopteran lineages, workers retain some 

ability to lay eggs and often do so after the 

death of the queen.

The presence of potential confl icts raises 

interesting questions about the function and 

evolution of queen pheromones ( 1). A long-

standing hypothesis is that queens use pher-

omones to control worker reproduction ( 6). 

Under this scenario, queen pheromones are 

expected to evolve quickly because work-

ers are selected to resist manipulation, gen-

erating an evolutionary arms race ( 1). Alter-

natively, queen pheromones may be honest 

signals of her fertility, with workers reacting 

to the signal because helping fertile queens 

maximizes their genetic representation in the 

next generation through the rearing of kin ( 7). 

In that case, the pheromones are expected to 

have evolved from physiological by-products 

of reproduction that are cues of fertility and 

to be evolutionarily stable ( 3). Studying the 

nature and diversity of queen pheromones 

can thus help to determine whether the pher-

omone has a control or a signal function.

Van Oystaeyen et al. identified queen 

pheromones inhibiting worker reproduction 

in an ant, a wasp, and a bumblebee species. 

They compared the hydrocarbon profi les on 

the cuticles of queens and workers, selected 

several compounds that are overproduced in 

queens, and tested their effect on queenless 

groups of workers. Control groups of work-

ers exposed to pentane quickly developed 

their ovaries. By contrast, workers exposed 

to several synthetic long-chained alkanes 

remained infertile and even exhibited ovar-

ian regression. Thus, queen-produced, long-

chained saturated hydrocarbons stop workers 

from reproducing in three divergent lineages 

of Hymenoptera.

Next, the authors reviewed existing data 

on putative queen pheromones across 64 spe-

cies of social Hymenoptera, mapped them on 

the phylogeny, and reconstructed the ances-

tral state. They show that a class of saturated 

cuticular hydrocarbons is more abundant in 

queens than workers in the vast majority of 

species and in all major lineages.

Differences in cuticular hydrocarbons 

between reproductive and nonreproductive 

individuals are so widespread throughout the 

phylogeny that they were most likely already 

present in the basal solitary lineage at the ori-

gin of all hymenopteran lineages that later 

acquired eusociality independently. Before 

the emergence of communication, such dif-

ferences constituted unselected cues. Because 

cuticular hydrocarbons are produced during 

egg formation, they convey inadvertent infor-

mation on the fertility of their bearers ( 8). If 

some individuals react to these cues in ways 

that benefi t them and the producer, selection 

can enhance the emission and reception until 

an effi cient communication system based on 

evolved signals is established. In line with 

this reasoning, cuticular hydrocarbons appear 

to have become fertility signals in ants, bees, 

and wasps ( 4,  8).

Given the diversity of cuticular hydro-

carbons, it is remarkable that a few struc-

turally similar compounds suppress worker 

reproduction in lineages as divergent as ants, 

wasps, and bees. Based on this similarity, Van 

Oystaeyen et al. suggest that cuticular hydro-
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Chemically similar queen pheromones inhibit 

worker reproduction in ants, wasps, and some 

bees, suggesting that these pheromones have 

served to signal fertility for 150 million years.

Follow the queen. A bumblebee queen surrounded by her worker offspring. Van Oystaeyen et al. show that 
the queen overproduces pentacosane, a long-chained alkane that inhibits ovary development in the workers. 
Yet, toward the end of the egg-laying season, many workers start reproducing. The chemical communication 
that regulates reproductive competition may be bidirectional: Nonreproductive bumblebee workers produce 
specifi c esters that might protect them from being aggressed by the queen ( 12).
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Can tabletop experiments using polar 

molecules to reveal the internal structure 

of the electron point to physics beyond 

the Standard Model?

carbons were already used as signals of fer-

tility in solitary ancestors of social Hyme-

noptera before the major lineages diverged 

in the early Cretaceous (~145 million years 

ago). One might wonder why such a com-

munication system would evolve in solitary 

ancestors. Van Oystaeyen et al. propose that 

the ancestral fertility signal was directed to 

males. In support of this hypothesis, cuticular 

hydrocarbons are used as contact sex phero-

mones in solitary wasps ( 9). Communication 

among solitary females is a possible alterna-

tive. Indeed, parasitoid wasps use cuticular 

hydrocarbons to inform other females that an 

egg has already been deposited in a host ( 10).

The hypothesis that queen pheromones 

evolved from a preexisting communication 

system in solitary ancestors has interesting 

implications for the evolution of eusocial-

ity. In the early stage of sociality, daughters 

may respond to maternal fertility signals by 

helping the mother if she is highly fertile, and 

reproducing if she is not ( 3). By allowing this 

conditional response, a preexisting phero-

monal communication of fertility may have 

facilitated the transition to eusociality.

Alternatively, queen pheromones may 

have evolved independently in several 

hymenopteran lineages from a small number 

of major fertility cues that were already pres-

ent in solitary ancestors. Similar selection 

pressures can lead to convergent adaptations 

across distant species. To rule out the pos-

sibility of convergence in the queen-worker 

communication system, the precise degree 

of conservation of each compound should be 

further investigated. This could be done by 

testing a representative array of queen-spe-

cifi c compounds across divergent species and 

by investigating the genetic basis of phero-

mone biosynthesis ( 11). Studies of cuticular 

hydrocarbon presence and perception in soli-

tary species and in highly social species with 

permanently sterile workers will also shed 

light on the origin and maintenance of queen 

pheromones.

Van Oystaeyen et al.’s fi nding that queen 

pheromones are stable in multiple lineages of 

Hymenoptera is consistent with the hypothe-

sis that queen pheromones are honest fertility 

signals that benefi t both queens and workers 

( 7). There was no sign of rapid evolutionary 

changes and shifts in classes of chemicals, 

as expected in confl ict situations. This is not 

to say that confl icts are absent. For example, 

cases where workers escaped pheromonal 

inhibition have been documented in the hon-

eybee ( 5). But the persistence of the queen’s 

perfume over 150 million years of evolution 

suggests that workers generally benefi t when 

they refrain from reproducing in the presence 

of a fertile queen. It is striking that, in the 

absence of the queen perfume, some ant, bee, 

and wasp workers still start laying eggs today, 

as they probably did in the Cretaceous.  
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O
rdinary matter is made of fast-mov-

ing electrons and slow-moving 

nuclei. The dynamics of electrons 

accounts for most material properties from 

color to reactivity. Our success in predicting 

the physics of semiconductors and the chem-

istry of molecules depends on our ability to 

characterize the electron. The electron is van-

ishingly small, and its properties can be well 

described by three parameters: mass, charge, 

and magnetic dipole. All of these param-

eters have been measured to extreme preci-

sion. Theoretical models of physics predict 

that the electron will also have a very small 

electric dipole moment. A strong electric fi eld 

is required to detect a small electric dipole, 

and one proposed method is to observe the 

properties of the electron in the internal elec-

tric fi eld of a polar molecule. Loh et al. ( 1) 

recently demonstrated that molecular ions can 

also be used for this task. On page 269 of this 

issue, Baron et al. ( 2) report on measurements 

that lower the bound for the electron’s electric 

dipole moment.

To observe the strong internal fi elds, the 

molecule or molecular ion must be aligned. 

Otherwise, the rotation of the molecule will 

wash out any possible signal. For a polar 

molecule, this alignment can be performed 

by applying an external electric field ( 2, 

 3). Baron et al. use a cryogenic buffer gas 

beam of thorium monoxide (ThO) mole-

cules between two electric plates. 

An electric field of approximately 

100 V/cm orients the molecular 

dipole, and lasers then interrogate 

the molecule for a possible signa-

ture of the electron electric dipole 

moment. The measurements of 

Baron et al. place a bound on the 

electron electric dipole moment 

to be below 8.7 × 10−29 e⋅cm, an 
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Spin it up and peek inside. Schematic of 
the experiment of Loh et al. from the per-
spective of the molecular ion HfF+. The red 
and blue shapes approximate the orbitals 
of the two highest energy electrons. The 
white arrow represents the motion of the 
molecule as it follows the fi eld.
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