
Although sexual reproduction is costly, it is extremely 
widespread and is the dominant and ancestral mode of 
reproduction of eukaryotic organisms [1]. It is thus clear 
that sex must confer great benefits, and parthenogenesis 
(a type of asexual reproduction) is disadvantageous [2]. 
Despite their low evolutionary potential, parthenogenetic 
lineages do ‘spin off’ from sexual ancestors in a broad 
range of animals [3]. Several vertebrate and invertebrate 
species are composed of both sexual and asexual lineages. 
Stouthamer et al. [4] have now published a model of how 
obligate asexuality could evolve in parasitoid wasps with 
the help of a symbiont.

Routes to parthenogenesis
There are several evolutionary routes to parthenogenesis 
in animals [3] (Box 1). One of the more remarkable recent 
experiments on the origin of asexuality demonstrated 
that certain haplodiploid taxa could be ‘cured’ of 
asexuality when treated with antibiotics [5]. Haplodiploid 
taxa, which include many social insects such as termites 
and wasps, produce males from unfertilized eggs and 
females from fertilized eggs. This demonstration [5] was 
explained by the fact that parthenogenesis can arise from 
manipulation by endosymbionts.

This system is now one in which the forces driving the 
establishment of asexual lineages are well known. 

Bacterial symbionts (such as Wolbachia, Cardinium and 
Rickettsia) can be transmitted only through the 
cytoplasm of eggs, from a female to her offspring. Males 
are essentially ‘dead ends’, and symbiont fitness is thus 
maximized by converting male progeny to female 
develop ment. In arrhenotokous haplodiploid taxa (such 
as the parasitoid wasps studied by Stouthamer et al. 
[4,5]), this can be achieved by the parasite taking haploid 
unfertilized eggs that would develop into males and 
diploidizing their genome, such that they develop as 
females. At the start of this process, symbiont-infected 
females do mate with males, and fertilized eggs resulting 
from these matings develop into normal, sexually 
produced daughters. It is only the unfertilized haploid 
eggs that are subject to genome doubling and become 
asexually produced daughters.

Some sex or no sex?
An important topic in the evolution of asexuality is the 
degree to which newly derived parthenogenetic lineages 
will be reproductively isolated from sexual ancestors. 
Organisms can have lineages that are parthenogenetic 
but experience rare sex with males (cyclically partheno-
genetic), whereas other lineages may be obligately parthe-
no genetic. Waterfleas (Daphnia spp.), are examples of 
such organisms. Although some populations consist of 
cyclic parthenogens, in others meiotic suppressor genes 
have spread and transformed them to strict parthenogens 
[6]. In addition, some parthenogenetic vertebrates arising 
from hybridization show an incomplete loss of sex, and 
females may still require insemination even if the sperm 
do not contribute to the genetic composition of offspring.

In the case of symbiont-induced asexuality, an infected 
female can be in the curious position of being able to 
reproduce both sexually and asexually. All progeny are 
daughters, with sexually produced female offspring 
following from fertilization of haploid eggs and asexually 
produced daughters arising from unfertilized eggs 
following chromosome doubling. Obligate asexuality 
occurs only when infection drives the complete loss of 
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males in the population. This outcome requires two 
conditions to be met: (i) the bacterium must transmit 
from mother to daughter with near perfect fidelity, such 
that all females in the population are infected; and (ii) the 
diploidization of infected males must occur with high 
penetrance, such that no males slip through the femini za-
tion process. Despite these stringent conditions, the 
majority of species carrying parthenogenesis-inducing 
symbionts are obligately asexual and mixed sexual/
asexual populations are rare.

This apparent contradiction - that conditions for obli-
gate transition to symbiont-induced asexuality are 
stringent, but the process occurs commonly - has been 
addressed in a new model by Stouthamer et al. [4]. Their 
idea is motivated by the observation that a lack of sex in 
species in which feminizing-symbionts are fixed is 
associated not just with symbiont presence, but also with 
loss of sexual function in females [7] (males created 
through antibiotic exposure are somewhat sexually func-
tional [8]). They [4] provide a pathway for the transition 
from facultative sex to obligate asexuality that operates 
through selection. Simply, female receptivity to mating or 
a female’s ability to store and process sperm are degraded 
by selection to produce sons. This selection acts when the 
population is still sexual, and is driven by the presence of 
the female-biased population sex ratio associated with 
the actions of the symbiont.

Their argument is an elegant one. As a feminizing 
infection invades, the sex ratio becomes progressively 
more female-biased. However, sex is still occurring, and 
natural selection at the level of the individual will act to 
promote production of sons. In arrhenotokous haplo-
diploid taxa, male-biased sex ratios can be achieved by 
females either refusing to mate or not using sperm. An 
uninfected mother that does not fertilize her eggs will 
produce only sons, but an infected mother will produce 
the maximal number of sons possible given the con-
straints of a feminizing symbiont. A conflict between 
cytoplasmic genes (favoring Wolbachia transmission and 
daughter production) and nuclear genes (favoring male 
production by preventing egg fertilization) ensues. Traits 
favoring production of males will, in an infected mother, 
in fact be rather ineffective as the symbiont causes the 
diploidization of unfertilized eggs. Nevertheless, the 
conflict results in the spread of traits that make sex 
impossible for females. As a result, the transition to 
parthenogenesis is irreversible.

Outcomes of a sexual past and an infected, 
parthenogenetic future
It is commonly observed that parthenogenetic lineages 
are short twigs on phylogenetic trees, implying that most 
are short lived on an evolutionary timescale. This is 
generally thought to be the result of the inherent low 
adaptability of asexual populations; such populations 
have ‘difficulty’ both in removing deleterious mutations 
and in recombining advantageous mutations into a single 
genome. However, it is possible that the low adaptability 
of asexual populations is particularly acute in recently 
evolved clones. This may explain the contrast between 
the few parthenogenetic lineages that are ancient and the 
majority which are short lived.

Low adaptability of newly parthenogenetic lineages 
may be driven by the process discussed by Stouthamer 
et al. [4], that is, parthenogenetic lineages contain many 
useless sexually selected traits. Although the authors [4] 
argue that directly selected virginity mutations drive the 
sexual-asexual transition, they note that once a popu-
lation switches from sexual to parthenogenetic repro-
duc tion, many genes for sexual function (for attracting 
mates, copulation or fertilization) become functionally 
redundant. If any of these traits are costly, then 
mutations that erode these functions will be under 
positive selection, and there will be a series of selective 
sweeps, each reducing sexual traits that are now costly. 
Study of Wolbachia-infected parthenogenetic popula-
tions indeed verifies that morphological and physio-
logical sexual traits shaped previously by male-female 
coevolution do degrade, but the rate of erosion may 
vary among traits [9]. Essentially, the older the 
partheno genetic lineage or the longer the population 

Box 1. Modes of parthenogenesis in animals

Organisms can possess lineages composed of facultative 
parthenogens (tychoparthenogens) or obligate parthenogens. 
In the case of the former, eggs infrequently and spontaneously 
develop without fertilisation, whilst in the latter ’cloning‘ is 
the only mode of reproduction. The forms of parthenogenesis 
include:

Apomictic parthenogenesis (apomixis) - meiosis is suppressed 
and unfertilized eggs develop into offspring by mitotic cell 
division. Apomixis occurs in rotifers and waterfleas.

Automictic parthenogenesis (automixis) - meiosis occurs, but 
diploidy is restored by duplication or fusion of gametes from the 
mother. Automixis is found in some stick insects and weevils.

Gynogensis - sperm from males of a related species activate egg 
development, but the sperm nuclei do not fuse with egg nuclei. 
Only maternal genes are expressed in the offspring.

Hybridogenesis - the genome is transmitted both sexually and 
clonally. Sperm and egg nuclei fuse and genes from the father 
are expressed in the offspring. When female offspring produce 
their own eggs, only the maternal genome is transmitted to the 
next generation; the father’s genes are discarded. Hybridogenesis 
can occur in organisms that are hybrids of two species.

If unfertilized eggs develop into females, the organisms 
are thelytokous parthenogens. The unfertilized eggs of 
arrhenotokous parthenogens develop into males, as in the case 
of the haplodiploid insects of interest in Stouthamer et al. [1].
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has been fixed for infection, the less sexually functional 
females and males are expected to be.

We cannot currently quantify the relative contributions 
of positive selection and mutation accumulation to the 
observed loss of function in the courtship and repro-
ductive systems of recent asexual lineages. It is likely, 
however, that many redundant sexual traits are costly and 
the early phase of asexual life is characterized by 
recurrent bouts of positive selection favoring loss-of-
function mutations in the reproductive system. Because 
asexual populations lack recombination, these selective 
sweeps will reduce standing genetic diversity. Reduced 
genetic diversity is thought to put asexual lineages at a 
great disadvantage when faced with complex or fluctuat-
ing environments (such as coevolving parasites [10]) and 
thus we arrive at a potential explanation for why many 
parthenogenetic populations are short lived. Overall, 
positive selection for the removal of redundant sexual 
traits in newly established asexual lineages is likely to 
reduce standing genetic variation, which may make the 
population more susceptible to a range of extinction 
risks associated with fluctuating biotic and abiotic 
environ ments.

Why and how asexuality arises from otherwise sexual 
species remains, for the most part, an enigma to 
evolutionary biologists. The pathway modeled by Stout-
hamer et al. [4] potentially resolves the conundrum of 
obligate asexuality through manipulation by symbionts. 
Under their model, the combination of symbiont 
manipulation and natural selection can actually favor 
obligate asexuality in the short term. However, in the 
long term, the selective sweeps removing superfluous 
sexual traits may erode genetic variation and may be 
critical in increasing the vulnerability of novel asexual 
lineages to extinction.
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