Sex is now so widespread

Discuss why the world has become ubiquitously populated by sexually reproducing organisms.
Deemed "the queen of questions" of evolutionary biology, why sex is now so widespread is a mystery when considering some of the immediate costs of sex (Neiman et al. 2009). However sex has triumphed and is now the dominant mode of reproduction today. Looking at why this may have occurred I will consider some of the existing theoretical advantages and disadvantages of evolving a sexual existence and what significance it conferred to the world's multi-cellular organisms.

At first glance asexuality appears to be highly advantageous. Predominant among these advantages is the lack of the male sex which immediately lends a two fold advantage to asexuals (Jaffe 2004). Moreover, a parthenogenetic mutation should conquer anisogamy, where males contribute little, to give the same (Butlin 2002). If fact, even when the contribution of males and females is relatively balanced, sex would still appear costly. This is because a key attribute of sex, recombination, frequently splits beneficial gene combinations faster than it creates them (Butlin 2002). Secondly is that due to segregation, novel and advantageous alleles are not automatically passed on to the offspring (Jaffe 2004). However, homozygosity for a beneficial allele is achieved quicker in the sexual organisms (Weiner et al 1992), as in asexuals two independent mutations must occur for a homozygous to form, whereas with segregation an individual may become homozygous with a single mutation occurrence (Weiner et al 1992). Finally, asexuals also do not have to find a mate, again eliminating a costly factor of sex (Jaffe 2004). Sex however is ubiquitous and so must offer numerous advantages of which I shall present now.

Although there exists an array of hypotheses on the evolution of sex, they converge on two central premises. Firstly, the ecological hypothesis, suggests that sex enables organisms to track environmental change via creation of novel and advantageous traits (Hurst & Peck 1996). Secondly, the mutational hypothesis, proposes that sex lends to an efficient elimination of deleterious genes (Hurst & Peck 1996). The relative weighting of the two arguments is much contested although it would certainly appear that they are not mutually exclusive (Crow 1992).

There are strong advantages to sex when concerning ourselves with a constantly changing environment. Creating new genes and fresh allele combinations, sex can act to 'enhance the rate of adaptation' (Hurst & Peck 1996). A changing environment acts as a strong directional selection mechanism which sexually reproducing organisms can react far quicker to than asexual (Crow 1992). Conversely asexuality would be more beneficial in a constant environment, where a reduction in recombination of alleles would be favoured (Charlesworth 1993). Sexual reproduction has also been considered as an adaptation to resist parasites (Hamilton et al 1990). The hypothesis presented by Hamilton at al suggests that sex does not remove unfavourable alleles but stores them with the potential for recycling them when conditions have changed again. Sex then continually attempts new combinations until the alleles once again come into favour (Hamilton et al 1990).

Deleterious mutations occur frequently. Drosophila for example suffers on average one deleterious mutation per genome, per generation (Peck 1994). Sex therefore has to act to remove these from the genome increasing the fitness of the population.

