C1139 Social Insects. Why Study Social Insects? Lectures 1&2

Why Study Social Insects?
Aims

1. To define social insect and eusociality.

2. To provide a broad overview of the social insects, emphasizing their role and importance in ecosystems, their economic importance, and their role as model systems in the study of important questions in biology.

3. To make students aware of the two main topics to be covered in detail later in the course, and also the additional topic which is Fungus farming in social insects.

4. To make students aware of important areas of social insect biology that will not be covered in detail.

5. To stimulate your desire to learn more about these important and interesting organisms.

Objectives

1. Memorize and understand the definition of eusociality

2. Begin to become "social insect aware" by internalizing a broad picture of the importance of social insects.

3. Become aware of the value of social insects in different areas of biology and human life

4. Learn some examples and names of important taxa such as : Apis mellifera, Melipona, stingless bees (Meliponinae), Atta, fungus-growing ants (Attini), Vespula, Vespinae wasps, Bombus
Note
These two lectures will present a lot of information. You do not have to learn and remember every detail. Instead, try to get an overall feel for the social insects. The aim here is to get you into the right frame of mind for studying social insects and to provide overview and background. 

What do we mean by social insect? Eusociality

Definition of eusociality

1. Cooperative brood care

2. Overlap of generations

3. Reproductive division of labour (the most important of the three parts of the definition)

Workers may be morphologically distinct from queens. But in many species, and also ancestrally, the difference is behavioural/physiological not morphological. 

Other types of insect sociality

"Social" insect generally means "eusocial" insect, but not all insect sociality is eusociality. The most important other type of insect sociality to be aware of is parental behaviour or “subsociality”. In many insects the mother, both parents, or even the father alone care for the young. In many species the mother or parents build a nest. Subsociality was almost certainly the precursor to eusociality in bees, wasps and ants. Initially, helping behaviour was probably misplaced parental care. 

Other eusocial insects

All termites and ants (except some socially parasitic ants)

some bees and wasps; note that most bees and wasps are not eusocial

also, clonal societies with defenders in gall-dwelling aphids (Hemiptera)

eusociality in Australian gall-dwelling thrips (Thysanoptera)

eusociality in one species of Australian bark beetle (Coleoptera)

colonies have from a few individuals to >100,000 (bees, wasps), >10 million (ants, termites)

c.12,000 species described, with ants (Formicidae) being the most diverse (8,800 described species)

Eusocial non-insects

a few species of mammals like the naked mole rat and Damaraland mole rat

some birds and other mammals have “helpers at the nest”

some shrimp which live inside sponges in the Caribbean

humans: post-menopausal women could be considered helpers to their offspring 

Conflicts & conflict resolution in social groups

This topic is one of the main areas covered in the course. Inclusive fitness theory has made it possible to understand how insect eusociality and altruism evolved by natural selection. But it has also made us realize that insect societies have reproductive conflict among individuals. This is because the individuals, although related to each other, are not a clone (r = 1) as are the cells in your body. Nevertheless, these conflicts may be resolved by processes such as worker policing, which prevent individual workers from acting selfishly, by reproducing, instead of working. 

Organization of complex systems

This topic is also covered in detail in the course. Insect societies are faced with the challenge of coordinating the workforce to the needs to the colony, such as by foraging more efficiently. Self-organization is the key. There are many parallels between the organization of insect societies and human factories, organizations, and transport and communication networks.
Symbioses & mutualisms

Social insects have a wide range of symbiotic relationships with other organisms. On the one hand they have many pathogens, parasites and pests. But there are also mutually beneficial symbioses such as farming. 

Ecological importance

The other topics covered in the lecture are all important, but lack of time prevents them from being covered in greater detail. Social insects are of great importance in many terrestrial ecosystems and perform many roles including predation, pollination, decomposition etc. 

Heithaus, E. R. 1979. Community structure of neotropical flower visiting bees and wasps: diversity and phenology. Ecology 60: 190-202. 9231 individual bees and wasps were netted at flowers in one year in 3 habitats (oak forest, savanna, deciduous forest) in Costa Rica. The importance of social bees and wasps in terms of number of individuals was much greater than their species richness.




n (%) species

n (%) individuals


all bees

192


8145

eusocial bees
  
  10 (5%)

4041 (50%)



all wasps

138


1086

eusocial wasps
  20 (14%)

  285 (26%)


Economic importance

Social insects can be both economically harmful and useful. Many social insects have become invasive pests, especially “unicolonial” ants in warm climates. For example, argentine ants in California and the Mediterranean area. In tropical America leafcutter ants can be major pests of agriculture, eating the leaves of crops and competing with cattle for grazing. The most useful to man are the bees, especially the honey bee, Apis mellifera, which produces honey (1 million tons per year worldwide) and wax, and annually pollinates crops worth billions of pounds.

Human culture

Social insects are continually appearing in human culture. Many people are even called bee (Deborah, Melissa). There are poems, paintings and movies about social insects. We humans are always comparing ourselves to social insects, because we are also social. Ants and bees are admired for their industry and appear regularly in advertising. 

Public communication of science

Everybody, even small children, knows what bees, wasps and ants are. They are keen to learn more about how they live. Social insects are a good way of getting the public and school children interested in science. 

Learning, sensory physiology

Insect workers go backwards and forwards from nest to food repeatedly. They are, therefore, ideal to study learning and sensory physiology. How do they find their way back and forth? What visual cues of the flowers they visit and their nest entrance do they learn? 

Nest architecture & building materials

The hexagonal wax cells of the honey bee are the best known example of social insect architecture. Social insects use a wide range of building materials, including wax, silk, paper, tree resin, and soil to construct elaborate nests. Nests of some termites may be 5m high and are the largest and most sophisticated nests of any animal, and are only surpassed by human buildings.  

Background reading & course book
You will be given or be able to download some “popular” and general articles written by Prof. Ratnieks. Hölldobler and Wilson 1994, and Wilson 1971 are highly recommended. Check the internet and the library. There is no course text book as there is nothing suitable. There are many books on social insects but none have been ordered specifically for the campus bookshop.
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