C1139 Social Insects. Sex Allocation. Lecture 12,

Female Rearing Conflict, Synthesis & Evolution of Extreme Altruism
Aims

1. To show how to use inclusive fitness theory to investigate conflict over female rearing

2. To provide an overview of conflict resolution

Objectives

1. Learn the general theoretical framework and examples.

2. Integrate across all conflicts discussed so far to understand the general principles behind conflict resolution in insect societies

FEMALE REARING CONFLICT

Big Picture
Here we use the theory to make predictions about the rearing of females. There are two areas of conflict: 1) Queen rearing nepotism:  conflict among workers of different subfamilies, such as workers with different fathers, in a colony concerning which larvae to rear as queens; 2) Caste fate conflict: conflict between a totipotent larva and the other colony members over whether she is reared as a queen or a worker. 

Queen rearing nepotism

Even though there is a large potential advantage in rearing full sisters (relatedness 0.75) versus half sisters (0.25) the data indicate that queen rearing nepotism is absent or weak in honey bees and other species which have been studied. There are several possible explanations for this. The most likely is that workers simply do not have good information on who their full sisters are. 


The basic theory here is very simple. All you have to note is that workers are more related to some young queens than others.

Caste fate conflict

This is a conflict that is almost completely resolved and has only recently been recognized as a conflict. The conflict only becomes actual in a few species, especially Melipona bees, in which female larvae can control their own fate and in which few queens are needed because the “female” side of reproduction is via swarms not lone queens.


The theory is more complex and will not be taught in detail. You will be given enough information to gain a general understanding. The key thing is that a larva is more related to its own offspring that to a sister’s offspring. 

CONFLICT RESOLUTION SYNTHESIS

Big Picture
What general lessons can we learn about conflict resolution? Perhaps the main one is that even though insect societies are families, not clones, many species have surprisingly few overt or actual conflicts. The honey bee is the outstanding example of this. The reason that there is not much actual conflict is because there are several processes that can reduce conflict from the high levels of “potential” conflict to low levels of “actual” conflict. These processes can all be boiled down to three things: “kinship”, “coercion”, or “constraint”. In particular, social coercion (policing) prevents individuals from acting selfishly, making them act more altruistically. The slides provide further information. 
THE EVOLUTION OF EXTREME ALTRUISM

Abstract from Ratnieks & Helantera (2009) 

The key characteristic of eusociality is reproductive division of labour, in which some society members specialise in reproduction while others are altruists who specialise in helping. The evolution of eusociality is, therefore, also the evolution of inequality. In many modern-day insect societies inequality has reached remarkable levels. For example, a colony of honeybees may contain 50,000 females all of whom can lay eggs. But 100% of the females and 99.9% of the males are offspring of just one, the queen. How did such extremes evolve? Phylogenetic analyses show that high levels of relatedness occurred at the origin of eusociality and were almost certainly necessary for the inclusive fitness benefits of helping to be high enough to allow eusociality to get started. However, even the highest family-levels of kinship are insufficient to cause the extreme levels of inequality and altruism seen in the honey bee and other species via “voluntary altruism”. These extremes represent “enforced altruism” and are caused by social pressures that deter individuals from reproducing or attempting to reproduce. Coercion acts at two stages in an individual’s life cycle. Queens are typically larger so that a larva can be coerced into developing into a worker by being given less food. Adult workers are coerced into working by “policing”, in which workers or the queen eat worker-laid eggs or aggress workers with active ovaries. In some cases individuals rebel, such as when a stingless bee larva being reared in a worker cell develops into a dwarf queen. The incentive to rebel is strong as an individual is generally more related to its own offspring than to those of its mother queen or sister. However, because individuals gain inclusive fitness by rearing relatives there is also a strong incentive to “acquiesce” to social coercion. In a queenright honey bee colony the policing of worker-laid eggs is very effective (>98% killed), which results in most workers working instead of attempting to reproduce (<0.1% have active ovaries). Furthermore, workers cannot opt out by setting up their own colony. Thus, extreme altruism is due to both kinship and coercion. Social insects were discussed by Darwin in the Origin and provided severe difficulties to his theory. However, Darwin saw his difficulty not in explaining how altruism and worker sterility could evolve, but in explaining how individuals that did not have offspring could evolve by natural selection, given that his theory was based on the accumulation of small heritable changes. Altruism, as exemplified by insect workers, is frequently referred to as a Darwinian puzzle. But it was not a puzzle that troubled Darwin. The recognition that altruism is an evolutionary puzzle, and the solution, was to wait another hundred years for William Hamilton.
THE EVOLUTION OF SOCIETY

Discussion Meeting Issue 'The evolution of society' organized and edited by T. Clutton-Brock, S. West, F. Ratnieks and R. Foley.

Philosophical Transactions of the Royal Society of London, B. November 12, 2009; Vol. 364 
http://rstb.royalsocietypublishing.org/content/364/1533.toc
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