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Sexual Selection in Social
Insects

Boris Baer

Center for Integrative Bee Research (CIBER),
Department of Entomology, University of
California, Riverside, CA, USA

As defined by Charles Darwin, sexual selection is
“the advantage which certain individuals have
over other individuals of the same sex and species
solely in respect of reproduction.” It is, then, a
special case of natural selection driven by con-
flicts among individuals over reproductive deci-
sions. Furthermore, as originally set forth by
Darwin, we distinguish between intra-sexual
selection, which is driven by individuals of the
same sex (typically males) to compete with each
other, and intersexual selection that is driven by
conflicts between opposite-sex individuals over
reproductive decisions.

There is ample of evidence that sexual selec-
tion can be a remarkably strong evolutionary
force. It can occur prior to mating (Table 1), for
example, as male-male competition for access to
females and/or eggs or female choice to discrim-
inate against unwanted males (Table 1). However,
sexual selection can continue to operate beyond
mate choice and copulation. Such post-copulatory
sexual selection can impact reproductive success
and fitness either as » sperm competition, in
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which rival ejaculates compete for access to stor-
age sites and eggs, or as cryptic female choice, in
which a female manipulates ejaculates of males in
her own interest. The latter process is cryptic in
the sense that it typically occurs inside the
female’s reproductive tract in the physical absence
of males and is therefore inaccessible to males to
further influence their paternity success.

Although sexual selection has been exten-
sively investigated in many species and over a
broad range of taxonomic groups, it remains sub-
stantially understudied in social insects. This is
surprising, given that sexual selection can have
substantial impact on offspring relatedness, which
has received intense attention as a key component
of inclusive fitness and » kin selection. Several
reviews have developed a theoretical framework
of how sexual selection operates in social insects
and summarized available knowledge in bees [3],
ants [4, 5], and termites [6]. The following para-
graphs provide a brief summary synthesis of these
contributions.

The colony organization of social insects has
fundamental effects on their reproductive biology
and therefore on the way sexual selection
operates. In most insect societies, there is only
one or very few reproductive females (queens),
and mate choice only occurs during a very brief
period early in their adult lives. In a termite col-
ony, there is typically a single reproductive pair,
which mates repeatedly over the life of the colony,
while in all social wasps, social bees and ants
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Sexual Selection in Social Insects, Table 1 An over-
view of different levels of sexual selection with some
examples from social insects. For a more complete over-
view, see tables in [1, 2]

Intra-
sexual
selection

Inter-
sexual
selection

Pre-copulatory

Male-male
competition
Cardiocondyla ant
males kill rivals
Bumblebee males
establish and defend
territories

Scramble
competition for
copulations in
harvester ants
Female-female
competition

Virgin honey bee
queens kill their
sisters prior to
mating

Mate choice
Bumblebee queens
refuse to mate with
some males and can
kill persistent males
Ant males
monopolize females
by copulating with
queens prior to
hatching and mate
guarding them

Post-copulatory
Sperm competition
Male bees and ants
use seminal fluid
components to kill
sperm of rival males

Cryptic female
choice

Atta queen
secretions terminate
hostile interactions
between competing
male ejaculates
Female remating
Males transfer
mating plugs or
seminal fluid

proteins to reduce
female remating

mating appears limited to the period of mate
choice, the males dying shortly afterward. In
these latter groups (as in solitary wasps and
bees), sperm is stored in a specialized organ, the
spermatheca, for the life of the queen (Fig. 1).
Consequently, any sexually selected traits
harming queens or compromising their lifetime
fecundity are not expected to be favored in social
insects and have not been reported. Mating has even
been found to a have beneficial effects on
Cardiocondyla ant queens by prolonging their
lifespan. Paternity analyses show that the queens
of many social insects store and/or use sperm from
a single male. If this results from queens only
accepting to mate with a single male, they are
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monandrous, and there is no post-copulatory sexual
selection.

Because mate choice and copulation are rare
events in the lives of social insects, they can be
rather challenging to study, especially in species
that mate on the wing or will not mate under
laboratory conditions. More recently developed
techniques such as artificial insemination (Fig. 2)
and molecular tools from systems biology [7]
offer very promising new ways to unravel the
sophisticated processes and conflicts that deter-
mine paternity and fitness of social insect males
and queens.

Present knowledge of sexual selection in social
insects rests on a limited number of ant and bee
species in which it has been studied in detail.
Despite these limitations, there is solid empirical
evidence that all levels of sexual selection as
outlined in Table 1 are manifested in social insects.
Male-male competition for access to females can be
intense, especially in those species with highly
male-biased sex ratios, such as » honey bees, in
which thousands to tens of thousands of males
compete to mate with one or a few virgin queens.
In » harvester ants males form a dense ball around a
virgin queen, forcefully competing with each other
for contact with access to her genital opening. Some

bumblebee males establish territories, which they
mark with » pheromones and defend against other
males. » Cardiocondyla ants provide a fascinating
example of pre-copulatory sexual selection [8], in
which male-male competition has resulted in the
evolution of two distinctly different male morphs
(Fig. 3). Winged males, which resemble the typical
male phenotype found in many ants, leave the col-
ony to disperse on the wing in search of virgin
queens. The second male morph is wingless and
possesses a pair of pointy mandibles; they remain
in the maternal colonies and monopolize access to
emerging virgin queens by patrolling the nest and
killing emerging rival males. Because these wing-
less males are present in the colony for longer
periods of time, they are currently the only
documented cases in ants, social wasps, or social
bees where continuous spermatogenesis re-evolved
in adult life. Winged Cardiocondyla males seem to
have responded to the threat of being killed by
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Sexual Selection in Social Insects, Fig. 1 An Atta
colombica fungus-growing ant queen has just started a
new colony in a Panamanian rainforest. These queens
have driven fecundity to record extremes, as they only
mate during a single nuptial flight early in life, during
which they can acquire over 400 million sperms [10].
They are afterward able to store sperms for several decades
in a special organ known as spermatheca and only use 1-3
sperms per egg fertilization [11], which is key to maintain a
population of several million workers in mature colonies.

Sexual Selection in Social Insects, Fig. 2 Artificial
insemination (Al) was initially developed for honey bees
and has since been used for breeding purposes. Al was
eventually adopted for the use in other social insects such
as in leafcutter ants [12], as seen here, and is a valuable tool
to study the mating biology and reproductive conflicts in
social insects

Sexual Selection in Social Insects, Fig. 3 Pre-copula-
tory sexual selection has been intensively studied in
Cardiocondyla ants. These ants produce two different
male morphs, a winged one (top) leaving the colony to
search for mates and a wingless male morph (bottom)
patrolling colonies and killing rival males with their pointy
mandibles. (Photos provided by Jiirgen Heinze)

wingless males by altering their » cuticular hydro-
carbon profiles to mimic those of females.
Pre-copulatory intra-sexual selection can also
occur as female-female competition, for example,
in honey bees, in which colonies produce an
excess of virgin queens that fight to the death
after their emergence, so that typically only one
remains to participate in nuptial flights and mating
before taking over of the colony from their
mother. Intersexual selection is present as a mate
choice in bumble bees, in which queens resist
mating attempts of some males and sometimes
even kill them if they persist. In Hypoponera
ants, males are able to monopolize queens by
patrolling colonies for queen pupae and mating
with them while they are still in their cocoons [9].
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In polyandrous social insects such as honey
bees and » leafcutter ants, post-copulatory sexual
selection takes the form of sperm competition, in
which males transfer seminal fluid proteins to
queens as part of their ejaculate [1]. These pro-
teins reduce the viability of rival sperm, yet
queens are able to suppress such male-male inter-
actions through proteins in their own glandular
secretions as a form of cryptic female choice.

Finally, males have a number of traits to avoid
remating by queens with additional males. As one
tactic, they can remain firmly attached to females
in copula as a form of mate guarding, even if
females dismember their thoraxes and heads, for
example, in » Dinoponera quadriceps [4]. Ant
and bee males also transfer mating plugs to
queens, which have been found to contain mole-
cules acting as anti-aphrodisiacs and reducing the
willingness of queens to accept further copula-
tions. In honey bees, proteins in the seminal fluid
have multiple effects on queens. Apart from kill-
ing the sperm of rival males, they trigger signifi-
cant changes in gene expression in the queen’s
brain to reduce her visual perception and alter her
nuptial flight behavior.

In conclusion, sexual selection is an important
force in social insects that has resulted in a number
of rather extravagant traits and body forms. Inclu-
sive fitness theory can be used to make accurate
predictions about the way reproductive conflicts
operate and have evolved in social insects. This
offers exciting opportunities for future work,
especially to unravel the molecular basis of these
sexual conflicts, which — in combination with
studies of further species — will allow an under-
standing of the evolutionary history of these traits
and their potential effects during early social evo-
lution. A key effect of sexual selection is to reduce
genetic diversity among offspring of a given col-
ony. A broader understanding of the key underly-
ing reproductive traits could therefore be of
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interest in a number of research fields, such as
conservation biology and the management of
honey bees or other social insects of economic
importance.

References

1. Baer, B. (2014). Sexual selection in social insects. In
D. Shuker & L. W. Simmons (Eds.), The Evolution of
Insect Mating Systems (pp. 261-274). Oxford: Oxford
University Press.

2. Baer, B. (2015). Female choice in social insects. In A.
Peretti & A. Aisenberg (Eds.), Cryptic Female Choice
in Arthropods: Patterns, Mechanisms and Prospects
(pp. 461-477). Stuttgart: Springer.

3. Baer, B. (2003). Bumblebees as model organisms to
study male sexual selection in social insects. Behav-
ioral Ecology and Sociobiology, 54, 521-533.

4. Baer, B. (2011). The copulation biology of ants
(Hymenoptera: Formicidae). Myrmecological News,
14, 55-68.

5. Baer, B. (2016). Proximate and ultimate consequences
of polyandry in ants (Hymenoptera: Formicidae). Myr-
mecological News, 22, 1-9.

6. Hartke, T. R., & Baer, B. (2011). The mating biology
of termites: A comparative review. Animal Behavior,
82, 927-936.

7. Baer, B., & Millar, A. H. (2015). Proteomics in evo-
lutionary ecology. Journal of Proteomics, 135, 4-11.

8. Heinze, J., & Holldobler, B. (1993). Fighting for a
harem of queens: Physiology of reproduction in
Cardiocondyla male ants. Proceedings of the National
Academy of Sciences of the USA, 90, 8412-8414.

9. Foitzik, S., Heinze, J., & Oberstadt, H. J. M. (2002).
Mate guarding and alternative reproductive tactics in
the ant Hypoponera opacior. Animal Behavior, 63,
597-604.

10. Baer, B., Armitage, S. A. O., & Boomsma, J. J. (2006).
Sperm storage induces an immunity cost in ants.
Nature, 441, 872-875.

11. den Boer, S. P. A., Dreier, S., Aron, S., Nash, D.R., &
Boomsma, J. J. (2009). Prudent sperm use by leaf-
cutter ant queens. Proceedings of the Royal Society B
Biolgical Sciences, 276, 3945-3953.

12. den Boer, S. P. A., Boomsma, J. J., & Baer, B. (2013).
A technique to artificially inseminate leafcutter ants.
Insectes Sociaux, 60, 111-118.


http://link.springer.com/search?facet-eisbn=978-3-319-90306-4&facet-content-type=ReferenceWorkEntry&query=leafcutter ants
http://link.springer.com/search?facet-eisbn=978-3-319-90306-4&facet-content-type=ReferenceWorkEntry&query=Dinoponera

	104-2: 
	Sexual Selection in Social Insects
	References




