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Answers to end of chapter questions 
 
Chapter 6 
 

1. Whether simultaneous hermaphroditism or male/female specialisation 

evolves seems to depend on three factors. 

(i) Costs of setting up sexual functions 

The energy costs of functioning as a reproductive male or female can be 

divided into a fixed cost of setting up the relevant organs in the first place, 

and then the ongoing cost of producing each gamete. The fixed cost only 

needs to be paid once in each individual’s life span. The fixed cost varies a 

lot between species. For example, hamlet fish squirt their unfertilised eggs 

into the water. Thus, to reproduce as a female, a hamlet fish just needs to 

develop an ovary and a duct to squirt eggs out. A female mammal, by 

contrast, needs to develop ovaries, a womb, a mechanism for feeding the 

embryo and then delivering it, lactation, and so on, and so the fixed cost is 

higher. In general terms, the higher the fixed costs of developing male and 

female sexual function, the better it becomes to specialise in just one sex. 

This is because any hermaphrodite would have to pay two lots of fixed 

costs, and thus reduce the amount of energy available for the production 

of gametes. In keeping with this prediction, hermaphroditism occurs in fish 

with external fertilisation, but is unknown amongst mammals, for whom 

fertilisation is internal.  

(ii) Trade-offs between male and female function 

If reproducing successfully as a female has strong negative effects on 

reproducing successfully as a male, then specialising in one sex or the 

other is generally favoured over doing some of both. For example, if large 

size is beneficial for success as a female but small size is beneficial for 

success as a male, then other things being equal it will be advantageous 

to be either small and exclusively male or large and exclusively female, 

and not simultaneously hermaphrodite.  

(iii) Finding a mate 
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A possible benefit of hermaphroditism is in the arena of finding a mate. 

Exclusively female organisms can only mate with 50% of the other 

individuals that they meet, whereas a hermaphrodite can mate with all of 

them. Thus, where the individual encounters few other members of its 

species during its lifetime, female individuals could fail to ever find mates, 

and hermaphroditism will be advantaged. In keeping with this prediction, 

many fish of the extreme deep sea, where population densities are low, 

and animals like tapeworms that will tend to share their homes with few 

other members of their species, are exclusively hermaphrodite.  

 

2. The Gammarus duebeni pattern of day-length environmental sex 

determination only works if there is a particular time of year when all 

breeding occurs. Otherwise day length will not relate systematically to how 

big individuals will be when they breed, and there could be no selective 

advantage to determining sex by day length. The wrasse pattern 

(changing sex during life) has a benefit in that individuals can do some 

reproduction as females whilst they are not yet big enough to succeed as 

males, and then do some reproduction as males once they reach this 

point. This could be better than being a specialist male who can do no 

reproduction at all during a prolonged growth phase, and hence might die 

without ever managing to reproduce. However, the wrasse pattern 

involves incurring the costs of having to change one’s reproductive organs 

during adulthood. This could be viable in fish with external fertilisation, but 

could be prohibitively costly in mammals, for example, where so much 

internal anatomy is sex-specific. Moreover, in mammals, reproduction itself 

is very costly, because of internal gestation and lactation, and thus having 

female function early in life would slow the process of reaching the size 

needed for male function.  

 

3. Møller included a group of birds who had had a section of tail cut off and 

stuck back on again to make sure that any differences in mating time were 

actually to do with tail length and not simply a side-effect of his 
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manipulation procedure (e.g. the smell of the glue, the effect on feathers of 

having been handled by the scientist, etc.).  

 

4. A man can only be married to one woman at a time, but couples can 

separate or divorce, and if they do so, it is the man who is more likely to 

have further children in a subsequent marriage or relationship. There are 

also extra-pair matings. If we knew the extent of extra-pair paternity, we 

might well establish that the disparity in male and female reproductive 

variances was actually larger than the figure in the chapter.  

 


