C1139 Social Insects. Male Production by Workers: Predictions & Tests. Lecture 11

Male production by workers: predictions and tests

Aims

1. To show how to use inclusive fitness theory to investigate male production by workers.

2. To show how these predictions have been tested empirically.

Objectives

1. Learn the theory and examples.

2. Integrate with material from previous lectures on kin value and sex allocation.

Big Picture
In a previous lecture we used inclusive fitness theory to determine worker-optimum sex-allocation, and examined data testing these predictions. Here we use the theory to make predictions about male production. This is easier than for sex allocation because we are comparing the kin value of different types of males that could be reared, not males versus females. Therefore, we only need consider how relatedness varies among males. (Sex specific reproductive value and average mating success are equal for all males in the population.) We will also see how policing can prevent workers from reproducing successfully by killing worker-laid eggs, and how this can prevent workers from laying eggs in the first place (acquiescence). Thus, in a honey bee colony with a queen, even though 100% of the workers have ovaries less than 0.1% have active ovaries and lay eggs.

Whose sons to rear?

Workers in many social Hymenoptera possess ovaries but cannot mate. Workers almost always lay eggs in a colony that is queenless, and the colony rears a batch of males before dying out. But should the workers produce the males in a queenright colony?
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How does the mating frequency of the mother queen affect relatedness between a worker and males?
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Prediction from the above: on relatedness grounds alone, workers would benefit by preventing other workers from producing males when queen mating frequency is > 2 (Ratnieks 1988). But note that a worker is always more related to her own sons than other males. This means that there is an incentive to lay eggs.
Why so few workers’ sons in honey bee colonies?

Almost all the males reared in a normal queenright colony (99.9%) are the queen’s sons (Visscher 1989). Why are not more workers’ sons reared, especially as a worker is more related to her sons than to her brothers? Maybe workers stop each other from reproducing. That is, they police each other.  Worker policing could be effective even in a large colony. Queen policing, in which the mother queen, tries to stop the workers from reproducing could be effective only in small colonies.  

Discovery of worker policing in the honey bee

Workers were found to kill worker-laid eggs (Ratnieks & Visscher 1989). The worker-laid eggs had been experimentally transferred from queenless colonies into a queenright colony, and compared to queen-laid male eggs that had also been transferred into adjoining cells. Subsequently, it was found that worker-laid eggs appear and disappear in normal colonies with a queen (Ratnieks 1993, Visscher 1996). That is, some eggs are being laid by workers but most are being killed. 

How widespread in worker policing by egg eating

It is now known from many species of bee, wasps and ant. In some species, worker policing may also take place via aggression towards workers with active ovaries (Ratnieks et al. 2006; Wenseleers & Ratnieks 2006). 

Conditions that favour worker policing of worker-laid eggs

On relatedness grounds alone, worker policing should be favoured when queens are mated to two or more males. When this occurs, workers will be more related to the mother queen’s sons that to other workers’ sons. There is now considerable evidence for this, including a recent study comparing 90 species by Wenseleers & Ratnieks (2006) and a study of the British wasp Dolichovespula saxonica (Foster & Ratnieks 2000) in which some colonies have a queen mated to a single male and some to multiple males. Workers’ sons are rarer in the latter colonies. 

Consequences of policing: evasion

In some honey bee colonies workers can lay eggs that are not policed (Martin et al 2001). Presumably, they lay eggs that smell like queen-laid eggs (Oldroyd & Ratnieks 2000). Possibly, ant workers can make their eggs acceptable by placing them in the egg pile in order to obtain odours from touching queen laid eggs. However, a study of this in the ponerine ant Pachycondyla inversa showed that worker-laid eggs sandwiched between two queen-laid eggs were not more acceptable afterwards, and had not changed chemically (D’Ettorre et al 2006).

Consequences of policing: acquiescence

If you lay eggs and they are killed, why lay them in the first place? Policing does not just kill worker-laid eggs. It stops workers laying eggs in the first place. In honey bee colonies, less that 0.1% of the workers have active ovaries (Ratnieks 1993). Comparative study of 10 species (9 wasps and the honey bee Apis mellifera), showed that fewer workers had active ovaries when policing was more effective at killing worker-laid eggs (Wenseleers & Ratnieks 2006). 
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