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All-fe~naleh ~ o o d sin H. bolina (I;.) 

became common in the first place but are still fouild as a polyrnorphism in marly 
populations requires discussion. If tlie females producing only female progeny are 
a t  an advantage, then the polymorphism will only be transient and should long 
since have disappeared unless it is of very recent origin, which is unlikely because 
of the wide geographic distribution of such females. Alternatively if one postulaies 
that the stability is neutral, random processes might produce a polymorphism of 
longer duration in some populations but ultimately one or other of the forms of 
female would disappear. Finally, the polymorphism may be stable in which case 
one requires a mechaiiism which will put the commoner type of female, whicliever 
that might be, at  a disadvantage. 

Such a mechanism might exist even if the fernales producing all-female broods 
were at  an advantage. Thus if thc species forms discrete populations and the females 
destined to produce only daughters produce rnore of them than do the bisexual 
ones, then the frequency of the former would increase if one of them were intro- 
duced into a colony. Such a population would ultimately consist only of females 
and therefore die out, and the locality could only be recolonized from a bisexual 
population. This would help to explain the presence of both kinds of female, since 
those producing only daughters would ultimately be at  a disadvantage (though at 
an advantage when rare) since the population in which they were present would 
die out. This recolonization hypotl-lesis appears attractive, since our breeding data, 
taken at their face value, suggest that females giving unisexual broods give rise to 
twice as many female progeny as those producing bisexnal ones. However, it is 
difficult to invoke some form of inter-population selection as the stabilizing factor 
since the butterflies are apparently highly migratory (Woodhouse 1950)even in 
populations where unisexual females occur. Thus in Sri Lanka the population of 
the whole island is probably effectively a single genetic unit. 

Neither a neutral nor a selective hypothesis seems adequate to explain the 
presence of two kinds of female. In  our view the most likely explanation of the 
polymorphis~n is that the cytoplasmic factor is infectious but has a low infectivihy. 
This possibility is supported by one of our broods in which a female from a bisexual 
brood produced a uniscxual line. If there were a reservoir of the cytoplasmic factor 
in some other species ia which it did not affect sex ratio, and the unisexual females 
in H. bolina were a t  a slight disadvantage, a stable polymorphism could be main- 
tained. A constant ratio of the two types of female would occur when the propor- 
tion of newly infected females was balanced by the loss due to the reproductive 
disadvantage of infected females. Such a reservoir in another species, if it existed, 
would probably have a patchy distribution and thus explain the apparently 
patchy distribution of populations with females producing only female progeny. 

Owen (1971)noted that in A. emedon populations with an abnormal sex ratio 
and a heavy excess of females appear to be associated with 'disturbed' ground. 
Tf in fact the abnormal sex ratios are due to a difyerential mortality of the males 
rather than Y drive, the situation might be explained by the 'reservoir species' 
being particularly common in such places. 
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We have investigated the matter in W . bolina by asking those who collected for 
us to describe the kind of locality from which our stocks came, and also those in 
Fiji where Simmonds (Poulton 1924) collected. Unlike A. e~zcedon,there is absolu- 
lutely no evidence for all-female broods being associated with cultivation, even 
though the distribution of populations with females giving a clisturbed sex ratio is 
geographically patchy as in A. encedon. 

It seems appropriate to concentrate on studying the ecology of If. bolina in 
Sri Lanka because the species is highly migratory there, females producing uni- 
sexual broods are found and the country is an island. As a first step one must know 
the relative frequencies of the two kinds of female in diEerent localities and at 
different seasons of the ycar. As the result of our own observations and information 
supplied by Mr Karunaratne, there seems to be an excess of females, anyhow a t  
some periods of the year, and also a fair proportion of the females that have been 
caught in the wild have been unmated, as judged by the absence of a spermatophore. 
However, to investigate the sex ratio in the wild it will be necessary to carry out 
mark-release-recapture experiments since the males and females have different 
habits. 

The polymorphism, apart from its own ecological interest, may have important 
implications in the field of pest and vector control (Owen, Owen & Chanter 1973) 
since suggestions have often been made that methods involving the disturbance 
of the sex ratio might be effective. The information so far gleaned from H. bolina 
suggests that a t  least some of these methods are likely to be unrewarding. 
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