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Most parasitic microbes care little whether the
organism they attack is male, female or
hermaphrodite. However, the interests of one

group of micro-organisms are very much in favour of
being in female rather than male hosts. These are the
bacteria, viruses and protists that live in the cells of their
hosts and are transmitted to the next host generation 
in the cytoplasm of sex cells. As sperm have little
cytoplasm, while eggs have a lot, the inheritance of 
these symbionts is through female, not male hosts.
Consequently, these parasites have evolved a variety 
of strategies – feminization, induction of asexual
reproduction and assassination of males – to promote
their own continued existence by favouring female hosts
at the expense of males.

� Strategies to favour
female hosts
Two of these strategies,
feminization and induc-
tion of secondary asexual 
reproduction, or partheno-
genesis, directly cause 
a reduction in the 
production of males.
Feminization, which is
caused by α-proteobacteria
of the genus Wolbachia and
various protists, such as
micro-sporidians, affect a
number of crustaceans, for
example brine shrimps
(Gammarus spp.) and

woodlice (Armadillium spp.), and some moths (Ostrinia
spp.). Here, feminization is caused by inhibition of the
androgenic gland, which produces the male
development-inducing hormone, androgen. In the
absence of androgen, individuals with male sex
chromosomes develop as females. Due to these
feminizers, all members of some crustacean populations
have male sex chromosomes (crustaceans and moths are
male homogametic, their sex chromosomes being ZZ).
The females are all feminized males (ZZ + feminizing
microbe). The transmission efficiency of these
feminizing microbes is not perfect, so while about 90 %
of progeny are female, the remaining 10 % that do not
inherit the symbiont develop normally as ZZ males.

Microbe-induced parthenogenesis (MIP) is also caused
by Wolbachia, and as yet has only been reported from
haplo-diploids, such as hymenopterans. Here the
Wolbachia cause unfertilized eggs to develop as females,
rather than males as normally occurs in haplo-diploid
systems. Species of asexually reproducing parasitoid
wasps, from which males have not previously been
recorded, produce males following treatment with
antibiotics.

The third strategy of these inherited microbes, male-
killing, is less sophisticated. Bacteria in male hosts are at
an evolutionary dead-end as they can only be passed on by
female hosts. Consequently, they kill male hosts, and 
by so doing increase the fitness of sibling female hosts
that carry clonally identical copies of themselves. Male-
killers of this type are known from a diverse array of
insect hosts, with ladybirds, butterflies, moths and
milkweed bugs being hot-spots for them. The range of
male-killing micro-organisms is similarly diverse, with
α- and γ-proteobacteria, mycoplasmas, flavobacteria and
microsporidians having been identified.

The fitness advantages of male-killing bacteria to
female hosts have been most fully studied in ladybirds.
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ABOVE:
The ladybird Cheilomenes 6-
maculatus, which hosts a male-
killing γ-proteobacterium also has
a nuclear gene that rescues males
from the bacterium’s
pathogenicity.

RIGHT:
The benefits of male-killing in
ladybirds: neonate female larvae of
the ladybird Harmonia axyridis gain
a nutritional benefit by eating the
eggs containing their dead
brothers.
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Here males are killed early in embryogenesis. Ladybird
eggs are laid in clutches, and neonate female larvae
consume their dead brothers, gaining a rich extra meal.
In addition, as cannibalism is rife amongst ladybirds,
with early-hatching larvae eating late-developing
siblings, then in batches where half the eggs die as a
result of male-killer infection, the level of cannibalism of
slow-developing female offspring is reduced. This is
because there are fewer cannibalizers and more
unhatched eggs to choose from.

� Impact on the microbial hosts
Microbes that employ these female-promoting
behaviours may impact on the evolution of their hosts 
in various ways. First, because they are cytoplasmically
inherited, they are in conflict with the nuclear genome 
of their host. In consequence, they will promote the
evolution of nuclear suppresser host genes that
ameliorate their detrimental effect on males. Indeed, in
one ladybird, Cheilomenes 6-maculatus, a male rescue gene
has been found. Second, as a 1 : 1 sex ratio is usually
optimal due to negative frequency-dependent selection,
if the sex ratio of a population is biased towards females,
genes that promote the production of males may be
selected for. Again we have some evidence for this, a
masculinizing gene having been found in woodlice.

Distortion of population sex ratios can have quite
profound affects on host reproductive strategies. Some
populations of the 2-spot ladybird, Adalia bipunctata,
host four different male-killing bacteria; a rickettsia, a
spiroplasma, and two strains of Wolbachia. The sex ratio
of 2-spot populations varies from equality to two females
for every male. Males are capable of multiple ejaculation

within a single copulation, passing one, two or three
sperm packages. The number of sperm packages is
inversely correlated to male frequency. Here then, male
investment per mating is dependent on the availability
of future mating opportunities. If females are easy to
come by, males invest less in each mating than when
females are in short supply.

In some nymphalid butterflies, such as Acraea encedon,
population sex ratios are even more skewed as a result of a
high prevalence, low cost male-killing Wolbachia. Here,
some colonies have over 90 % of females infected, and
less than 5 % of the population is male. Males only live
for about 2 weeks and can only mate once a day. The
result is that a large proportion of females, over 80 % in
some colonies, die virgin. This has led to complete sex
role reversal, with females aggregating and competing
with one another at lekking sites, and males visiting
these sites to find mates.
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LEFT:
Female lekking in the butterfly
Acraea encedon
COURTESY DR F.M. JIGGINS

BELOW (TOP):
A 2-spot ladybird infected with a
male-killing rickettsia takes her
medicine: golden syrup laced with
tetracycline.

BELOW (BOTTOM):
Sex ratio distorters can influence
host reproductive strategies. Here
male investment is shown for 
male 2-spot ladybirds from three
populations with differing male-
killer prevalences (Cambridge,
6–11 %; St Petersburg, 50 %; 
Ulan Ude, 3 %).
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� Effects on the epidemiology of STDs of
hosts
The population sex ratio distortion caused by male-
killers and feminizers, may also impact on the epi-
demiology of sexually transmitted diseases (STDs) of
hosts. Not only does the 2-spot ladybird host four male-
killers, it also suffers from two sexually transmitted
diseases; one a mite, Coccipolipus hippodamiae, the other a
Laboulbeniales fungus. The mite, at least, is very costly,
female ladybirds becoming sterile within 3 weeks 
of contracting this ectoparasitic blood-sucker. The 
2-spot is highly promiscuous, both females and males
mating with many different partners. In populations
with female-biased sex ratios, the prevalence of STDs
will increase more rapidly than in 1 : 1 sex ratio
populations. This is because males, due to their rarity,
will have more mating partners and so more chance to
both contract and pass on the diseases.

The proportion of insect species that harbour ultra-
selfish inherited bacteria of one genus, Wolbachia, has
been estimated to be between 15 and 20 %. If other
groups of parasitic microbes are included, it may be that
the majority of invertebrates host such symbionts. Given
the impacts that these microbes can have on the
evolution of their hosts, it is essential that we increase our
understanding of their biology, and that we start viewing
them as an integral and influential part of the heritable
material of their hosts.

� Dr Michael E. N. Majerus is a Reader in
Evolution, Department of Genetics, Downing
Street, Cambridge, CB2 3EH, UK. He works on
the evolutionary genetics of insects, specializing
on melanism in moths and ladybirds, and the
reproductive strategies and biased sex ratios in
ladybirds and butterflies. He has written six books,
including two in the Collins ‘New Naturalist’
series, the controversial ‘Melanism: Evolution in
Action’ (OUP), and his most recent, ‘Sex Wars:
Genes, Bacteria and Biased Sex Ratios’,
published this year by Princeton University Press.
Tel. 01223 333983; Fax 01223 333992
email mike.majerus@gen.cam.ac.uk

Further reading
Jiggins, F.M., Hurst, G.D.D.
& Majerus, M.E.N. (1999).
Sex ratio distorting Wolbachia
causes sex role reversal in its
butterfly host. Proc R Soc Lond
B 267, 69–73.

Majerus, M.E.N. (2003).
Sex Wars: Genes, Bacteria and
Biased Sex Ratios. Princeton:
Princeton University Press.

Majerus, M.E.N., Hinrich,
J., Schulenburg, G.V. &
Zakharov, I.A. (2000).
Multiple cause of male-killing
in a single sample of the 2-spot
ladybird, Adalia bipunctata
(Coleoptera: Coccinellidae) from
Moscow. Heredity 84,
605–609.

O’Neill, S.L., Hoffmann,
A.A. & Werren, J.H. (eds)
(1997). Influential Passengers.
Oxford University Press:
Oxford.

Werren, J.H., Windsor, D.
& Guo, L.R. (1995).
Distribution of Wolbachia
among neotropical
arthropods. Proc R Soc Lond B
261, 55–63.

ABOVE:
Biased population sex ratios will
cause changes in the epidemiology
of STDs, such as the mite
Coccipolipus hippodamiae, here
shown sucking blood from the
underside of a 2-spot ladybird wing
case. The inset shows a section of
the ventral surface with adult
female mites and offspring.

Sexually transmitted infections in the UK are primarily
diagnosed at a unique network of 230 genitourinary
medicine (GUM) or sexual health clinics. Physicians with
expertise in sexual health belong to the Medical Society 
for the Study of Venereal Diseases (MSSVD). Initially for
doctors with an option to propose membership for 
renowned scientists, since 1998 the society has opened 
its membership to a wide range of health care professionals,
including microbiologists. This more open approach
recognizes the necessity for doctors, nurses, health advisors
and microbiologists to work in partnership to improve sexual
health. The MSSVD is actively encouraging more basic
science in the field of sexually transmitted infections.
Non-medical members are invited to present their work at 
the annual spring meeting and prizes for the best
presentation or poster are open to young investigators 
who are either clinically or non-clinically qualified.

Special interest groups were initiated in 1999 with the 
remit to encourage and improve the study and practice 
of the diagnosis and treatment of sexually transmitted
infections. The eight groups include bacterial STIs, Human
Immunodeficiency Virus, and Human Papilloma Virus. The
Bacterial Special Interest Group (BSIG) aims to promote
communication between microbiologists and clinicians
involved in the diagnosis and treatment of STIs by offering
courses in specialist areas, production of educational
material, organization of symposia on new areas and
arranging update sessions.

Microscopy for the diagnosis of bacterial STIs is an area
where the BSIG has been active in the training of nurses and
GUM clinicians. In many clinical laboratories microscopy is
used for presumptive diagnosis of infection and is manned
predominantly by nurses. A one-day course, which has a
large practical element, is organized twice yearly and covers
the use and care of the microscope and techniques for the
diagnosis of STIs using microscopy. The need for training in
microscopy has been highlighted in recent years by the
increasing use of dark ground microscopy for the diagnosis
of primary syphilis, a technique available in only a few
specialist centres. The continuing outbreaks of syphilis
require this expertise to be more widely disseminated and
training in dark ground microscopy has been incorporated as
a major element in the course. The BSIG also has a
commitment to improve standards for microscopy and has
produced a laboratory manual, for use in GUM clinics and
laboratories. A pilot in quality assurance in microscopy for
STIs is underway.

The society is also aware of the necessity to destigmatize
sexually transmitted infections in the 21st century and to
reach as wide a population as possible through health
promotion. With this in mind the name of the society will be
changed from the Medical Society for the Study of Venereal
Diseases to the British Association for Sexual Health and
HIV when it merges with its sister society in November 
2003.
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