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ABSTRACT 

Sociability, mass response to threat, food production and food sharing and an adaptable 

communication system are a suite of traits involved in the evolution of complex society in animals. 

Cycles of interaction characterize members of such societies and those of species in association that 

can affect disease structure in time and virulence. Colony Collapse Disorder (in North America, 

Honey Bee Depopulation Syndrome, or HBDS elsewhere) shows similarity to a number of mass 

behavioural responses in other social animals, especially in ants. A number of questions regarding the 

cause of CCD continues to make progress in fighting the disease difficult. Here information is 

provided that may result in an isolation of factors to identify the syndrome of effects that lead to the 

disease, based on studies of disease avoidance and illness behaviour in other animal species. Most of 

the work to date to discover a cause has focused on a direct relationship between a pathogen or 

parasite or environmental condition and the Disorder. Dysfunctional mass behaviour is even seen in 

humans, as during the Black Plague. Disease avoidance is an important survival tactic for many 

animals and if the mechanism is modified by a pathogen or toxin unusual outcomes may result. In 

complex animal societies the opportunity for other forms of disruption of social life are numerous. 
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INTRODUCTION 

Avoiding disease certainly has value to the individual in escaping pain, suffering and death. It 

would seem obvious that mechanisms would evolve to enhance the ability of an individual to 

recognize and avoid contact leading to infection or exposure to infection. Social animals 

especially display evidence of behaviour that avoid or limit disease and death, as in the grouped 

behaviour of the water flea Daphnia where grouped animals give off more carbon dioxide 

than single ones and this extra CO2 can neutralize some toxic substances in the water 1. 

It is clear from animal research in the wild and captivity that behaviour can play a significant 

role in infection and the spread of disease and the production of mortality 2. Such behaviour 

would then have a selective role to play in evolution, as Allee argues 1 concerning 

Cryptocerus, the wood-eating cockroach. These insects can only feed on wood with the aid of 

wood-digesting protozoans in their alimentary tract. Transmission of these protozoans can 

only take place in a social context and Allee proposed that as termites evolved from a 

common ancestor of cockroach and rely on a flagellate protozoan for wood digestion, the 

foundations of the social situation can be seen as essential for survival. The balance of 

pathogens or parasites or the lack of a factor they produce for daily life and mean the end of 

the social context. The same problem may be involved in CCD, and the abnormal behaviour 

of the bees not a matter of a new pathogen, but a change in the host-parasite relationship, for 

example, a lack of a factor a pathogen once produced or a change in its chemical make up. 

Hart 3, 4 has documented a variety of behaviours that can be described as sanitary, 

preventing the spread of infection among animals. Bees engage in a number of behaviours 

that clean the hive, these can be affected by disease. Sanitary behaviours in humans are often 

integrated in rites, but new disease avoidance behaviour can become ritualized or codified as 

threats of serious disease consequences are demonstrated, as in the Black Death and the 

development of quarantine 5. Douglas 6 found that in studying the varieties of human 

religious practice, pollution and danger were often associated with a positive effort to 

organize the environment. 

Threats derived from the 9/11 attacks resulted in mass responses to avoidance of disease by 

taking medications 7. The appearance of a new and deadly strain of coronavirus in China 

and Hong Kong resulted in a variety of mass behaviour including wearing masks, fleeing 

urban centers and contact with crowds 8 paralleling responses seen during the 1918-1919 

flu. Images in the world press, for example, the Financial Times (January 12, 2006), show 

government workers spraying cars to prevent the spread of bird flu at frontier posts. A deluge 

of “precautionary 77 measures” are recommended in the early stages of perceived serious 

pandemics, as the refusal to shake hands with a chicken farmer (Christopher Caldwell, in the 

Financial Times 15 January 2006), the avoidance of perceived gay waiters during the 1990s all 

seem familiar from past experience. In 2004 MRSA or drug-resistant Staph (Staphylococcus 

aureus) was found to be infecting healthy people 9 and by early 2008 was recognized as a 

new public health problem no longer confined to hospitals 10. Avoidance of touching 

others, wearing masks and washing hands has recently been stressed during the H1N1 flu. 

A number of scientists have written on the potential transformations of society by war 11 

and disease 12. It is the change in the survivors that matters in death and illness whether 

their reflection on life produces any change in social institutions or behaviour. Influence of 

the social environment has significant effects on the individual in other species, for example, 

in bees. Amos Ives Root noted the fact that hives bees who become infected or ill will leave 

the hive to die alone, published in his studies of the bee in 1879 as The A B C of Bee Culture. 
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Whether instinctual or a socially reinforced altruism, this act of a highly social animal is 

remarkable, especially in the context of the new disease, Colony Collapse Disorder, where 

the immature nurses of the bee hive have been found to abandon the hive before they are 

prepared, perhaps in response to a disease agent 13. 

Recent research has shown that human population diversity is distributed by the effects of 

climate, pathogens and habitat diversity 14. Also, Guegan 15 found that human fertility 

increases with the diversity and structure of disease types. The human immune system as it 

shares features such as innate immunity with insects 16 and others with early vertebrates 

17, is much older than our species, yet it shows a remarkable degree of diversity which 

predates our Neolithic population explosion and the transition of humans to large populations 

living in dense, sedentary groups 18. Some biologists have proposed theories of the 

evolution of social systems based on patterns of selection 19-21. 

The pattern of selection that would produce complex social animals capable of building 

structures (humans, bees, ants, perhaps termites), but also produce food (humans, bees and 

ants) is rare in evolution. The fact that both humans and ants have domesticated both plants 

and animals for food production is also rare 20. That humans and bees have developed 

complex communication systems capable of considerable plasticity is not found in other 

complex social animals given our present sensitivity in analyzing ant communication 22. 

However, communication by food (trophallaxis) is poorly understood and may provide an 

insight into communication and order in ant species 23. An interesting parallel in the fossil 

record concerning the evolution of ant complex society and that of humans is the correlation 

of the appearance of both during climatic optimums, the ant’s origin of fungus-growing 

coincides with the early Eocene climatic optimum of about 50-55 mya 24 and human food 

production and domestication appears during the Holocene Climatic Optimum 25, 26. 

To avoid catching a disease, many human societies have evolved standardized behaviours 27. 

These behaviours, which are, at times, neither prescribed nor sanctioned, may be ritualistic, 

stereotyped or taken to extremes by individuals 28. Understanding human responses to 

disease has many important applications to public health, as well as to the individual. Such a 

study can help answer questions such as “How does individual behaviour affect the 

transmission of infectious disease?” While epidemiological study has resulted in techniques 

to control transmission and to identify patterns of disease transmission, the cross-cultural and 

historical study of the psychology of disease transmission has seldom been attempted. 

Other questions than may be answered include: “How dependent is disease avoidance on 

culture?” and “What types of intervention can best be assumed to influence behaviour, affect 

transmission and increase aid to the infected?” The nature of human consciousness and its 

reactivity, is a major issue in social science research that can be addressed in this inquiry. For 

while it is logical to assume that avoiding disease might be destructive to social bonds and 

association, another aspect of this stress could be of a unifying nature – the origins of the 

structure of the kind of human social behaviour whose root some theorists like Fabrega 29 

have argued lies in the mutual aid extended to the sick and injured. He points out 5 that the 

cultural definitions of the sick role also pattern withdrawal of the person identified as ill as 

well as avoidance by those defined as well. 

It is clear from reports in several cultures, European in the 14
th

 Century 30, the Near East in 

the 14
th

 12 and China in the 20
th

 31, 32 that the plague has had the ability to disrupt 

society and affect both commerce and religious practices significantly. Mass behaviour is 

reported with thousands of individuals travelling together over the countryside while in other 

cases people often fled from disease singly, while cases of aid and organized care are also 
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typical during the Black Plague 30. The power of this disease parallels some others in 

history as in the Plague of Athens in the 5th Century B.C.E. 33. In Egypt Dols’ 12 sources 

for the 14
th

 Century report a substantial disruption in religious practice, but as the data here 

show a marked distinction with Europe in mass behaviour, there was little fleeing and no 

mass psychogenic events (MPEs). MPEs are also termed by psychologists epidemic hysteria 

(EH) and mass psychogenic illness/mass sociogenic illness 34. This avoids the ends and 

means determination, for example is participation in a lynch mob an illness, in a charge in the 

army or a culturally defined chaotic behaviour (Dionysian rite) illness? 

It seems that there must be a balance in behavioural response to disease by infection, between 

immediacy of action to avoid contact versus plasticity to assess danger. Instinct might 

provide various stimuli as signals or thresholds to response. Certainly cultural patterns can 

provide some foundation for these polar alternatives, based on embedded coding of ancient 

experience with disease as Mead has argued 35, and as we have seen with disaster events as 

in the case of the Andaman Islanders and the recent tsunami 36. With regard to instinct, 

hygienic bees versus non-hygienic 37 do not seem to have fared any better in the challenge of 

Colony Collapse Disorder 38, 39. Thus a behavioural system to avoid diseased or potentially 

diseased nest mates does not provide the level of hygiene or isolation necessary in every case 

of infection. Since pandemic disease is a characteristic of the late period of human adaptation 

to sedentary behaviour associated with populations dependent on massive food production, 

distribution and storage as well as increased population density, we might expect we are in the 

process of adaption to these conditions. Pandemic diseases have evolved in waves as Zinsser 

argued 40, mainly Black Plague, small pox, cholera, typhoid, flu, polio, AIDS. The last four 

have become endemic, perhaps with cancer if it can be separated from general ageing disease. 

What is curious about CCD in bees is that bees have long been adapted as sedentary, densely 

populated food producers, why now do we see them susceptible to such a virulent pandemic? 

Most bees are not social, or live in socially constructed structures 41. One argument might 

be that they have become domesticated human subjects and that recently they have been 

forced into mass production concentration of mobilized pollinators for agribusiness. 

Although there is no direct evidence linking this last innovation with CCD changes in 

lifestyle can produce stress and biological responses as disease. On the other hand, there is an 

analogy in an ant species that may provide a link and since ants are not domesticated animals 

we might find a clue to CCD and to modern human pandemic diseases not in only pathogens, 

but in stress patterns. 

Even the course of this complexity and domestication is uncertain. Our knowledge of the 

evolution of complex societies among other animals, for example the insects, shows us that 

complexity is reversible. Research with various solitary insects has found that reversals from 

complexity back to solitary behaviour have occurred at least twelve times 42. The ants, termites 

and corbiculate bees that are highly social with complex behaviour are from the Cretaceous 

period and their closely related solitary taxa have long been extinct. Varying degrees of complex 

social behaviour are found in wasps and Halictid bees and allow for comparative study. 

Various philosophers and scientists have put forth proposals where the basis of human 

solidarity lies in similar scenarios, for example, where social displays are “epidiectic” serving 

as feedback to adjust or restore the balance between population density and consumable 

resources 43 through processes of group selection 19 and cooperation 44, others have 

produced more comprehensive, but elusive explanations, such as forms of social 

effervescence 45 and mass bonding which is thought to be the foundation of complex 

society 46. Nevertheless, even these seem to have parallels in animal societies, as when 
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Wilson gives examples 20 of behavioural scaling in animal societies where the social 

organization specific to one species can change dramatically given changes in climate, 

season, daylight, or other factors. We see this same process in humans as in the case of the 

Prophet Cults and millenarian movements of Melanesia 47. What is important to reflect on 

here is that a typical social organization based on ritual warfare between adjacent groups that 

was long established was transformed into mass organization based on cooperation to oppose 

European pressure. Gaius Julius Caesar noted the same phenomenon when he opposed the 

tribes of Gaul in the first century B.C.E 48. 

Speculation on the cause of Colony Collapse Disorder (CCD) in bees has grown considerably in 

the past few years as the disease has spread in the bee populations and across continents 49, 50. 

Characteristics of this disease include the abandonment of colonies and the apparent 

disorientation and death of individual members. There is some variation in the expression of 

this disorder and the conditions of its appearance 39. While it has long been known that 

members of eusocial bee species cannot survive long without contact with their hive social 

environment 51, certain definite pathological conditions have been associated with the 

individual deaths of CCD that differ from separation deaths found under other situations 49, 50. 

The broad nature of the process of abandonment and the pattern of individual disorientation and 

death of the bees in CCD seems quite similar to a disease described as Lomechusamania 51. 

This syndrome was unique in the scientific literature of the late 20
th

 century and was found in 

ant colonies. Chavin described a feature of ant behaviour in a certain context regarding the 

mutualist beetle from contemporary research including that of Pierre-Paul Grasse and 

Wassman (see 52). While Grasse’s full report was never made available in English it 

provides another example of mass behaviour induced in a highly social species, while it 

parallels the work of Wassman and Forel 53 with Lomechusa strumosa. Like L. strumosa, 

Dinarda a commensal that also inhabits nests of ants, is a beneficial scavenger of mites that 

attack the ants. It also eats the dead bodies of ants and nymphs preventing the growth of 

mold. Lomechusa, unlike Dinarda, has no beneficial effect but by its presence “drugs” the 

ants with a substance and survives off the food of the ants. Another commenual, Atemeles 

also feeds off the ants and is tolerated but has no beneficial effect. In fact, there is evidence 

they and Lomechusa affect the nest production resulting in a type of adult called a 

pseudogyne, a form of ant that works less in Forel’s experiments 52, has a smaller brain and 

is sterile. The substance Atemeles gives off to placate or stupefy the ants can result in 

destructive behaviour in some cases, as one reported by Forel 52 where F. fusca nest 

members licked its body for the exuded substance so furiously they eventually caused 

wounds and then at times this led to its being eaten. While many act species have structured 

behaviour that acts to quarantine foreign species, these commensuals have adapted means to 

overcome this protective behaviour. 

Here we can see a process of acceptance derived from defense. In one case Forel 52 

describes how an L. strumosa entered the nest of F. rufibarbis and was immediately 

quarantined in a violent attack by F. rufibarbis who drench it with poison which caused the L. 

strumosa to respond with gaseous exudations. This exchange seemed to create a context for 

acceptance as the F. rufibarbis came to eventually start licking the L. strumosa and it became 

integrated socially. Humans have been using quarantine since it was invented in Venice in the 

14
th

 century during the Black Plague. It is often effective, but can cause social disorder and 

resistance as seen recently during the most recent Ebola epidemic. 

A main difference in nest behaviour between ants, termites and bees is that ants and termites 

often share their nests with commensals 51. One source describes the relation between the 
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Lomechusa beetle and ants as “commensal” 51 but it seems to be more parasitic, although 

another authority does not use this term 54. The Lomechusa beetle lays its eggs among the 

ant brood. The Lomechusa grub is fed and can eat the ant brood as well. It utilizes a number 

of chemical signals to communicate or influence the behaviour of Formica sanquinea 51-53. 

If attacked, the beetle displays its trichome hairs which the ant licks with relish. This is a way 

there is a transfer of substance from the beetle to the ant. Affected ants lose their usual 

behaviour, neglect the brood and abandon the nest. 

Heinze and Walter have reported 55 experimental results that seem to confirm Grasse’s 

work. Ants exposed to the fungus Metarhizium anisopliae left their colony hours or days 

before death and away from nestmates. They also observed worker ants dying from other 

causes than disease leaving the nest. To test for the effects of the fungus on ant behaviour 

they used CO2 and the vast majority exposed who survived left the nest before death. 

Recently a pathogen, Nosema ceranae, was found to be the causative agent in some European 

apiaries and treatment of these apiaries to destroy this pathogen arrested the disease 56-58. 

While it seems unlikely that this pathogen is responsible for all forms of CCD in all locations 

as it has been found in many non-CCD colonies 49, it is a welcome development and now 

study of the etiology of disease and the CCD behavioural consequences can be investigated. 

Nosema was also found in many CCD colonies in association with invertebrate iridescent 

virus strains (IIV) 56-58, but there is no explanation of how these pathogens could cause the 

features of the disease. It is assumed that all bees that do not return to the hive have expired 

due to the physiological degradation caused by Nosema ceranae, IIV or a combination of 

them . Investigations of bees found in CCD hives show distinct variation from Nosema ceranae 

infection or lack of it 50. However, the spores of Nosema ceranae may have an effect on bees 

in addition to the pathological degradation, producing also an allergenic effect or behavioural 

modification. Bailey theorized 59, 60 that fungal infection might increase due to faecal 

contamination within colonies as it becomes “… greatest by the end of winter when bees have 

been confined for the longest period and is cleared away in summer in undisturbed colonies 

by the several generations of nest-cleaning bees that ingest any contamination and void their 

faeces in flight away from the colony.” Therefore a behavioural change that limited cleaning 

could increase fungal exposure and lead to levels of infection that would overcome a colony. 

Leaf-cutting ants have specialized workers who remove waste and corpse from the nest. 

Heinze and Walter propose 55 that species with smaller colonies can leave a nest easily 

without contaminating other nest mates, while in larger colonies specialized waste collecting 

workers function to effectively remove moribund ants from the more complex situations. 

OBSERVATIONS AND AVOIDANCE BEHAVIOUR 

Recent studies of the bee genome 61 have shown that they have few genes that regulate 

their immune system and this may be why they are subject to other devastating hive 

infections. The behaviour where individuals avoid the hive if ill or damaged would also go 

far to prevent general epidemics. One might argue then that in bees, avoidance behaviour is 

an important adjunct to immune system response and has acted in tandem with immune 

system gene selection in the evolution of complex social evolution. This hypothesis would fit 

with what proposed Loehle 2. Avoidance surveillance would be particularly important in 

light of the fact that bees use pheromones to differentiate kin and outsiders. Mass induced 

behaviour by disease has been considered for over 100 years in humans, especially regarding 

remarkable examples from the Black Plague of the 14
th

 century C.E. and other forms of 

stereotyped disease avoidance customs have been noted by several researchers (1951-1961). 

This is particularly interesting in the context of Cremer & Sixt review 62 of the analogies in 
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the evolution of individual and social immunity. A successful response to infection requires 

identification of pathogen and an appropriate response at both the level of the individual in a 

biological immune response and a socially defensive behavioural response. These are both 

intertwined with the evolution of pathogen genomic variation to elude both responses. 

Stimulation of distinct behaviour patterns has been long studied by ethologists. The work of 

Tinbergen 63 among others established the general principles of the field. The survival of 

individuals in threatening conditions by stereotyped responses to particular chemical stimuli 

has become a rigorous field of investigation with improved instrumentation to detect trace 

residues in the past few decades. For example, the presence of trimethylthiazonline (TMT) a 

component of fox feces was found to elicit freezing in rats, a prominent behavioural sign of 

fear 64. A new discipline has grown up in the past thirty years that has focused its attention 

on social behaviours influenced by selection for pathogen avoidance 2. Many animals, 

especially Hymenoptera expend considerable energy removing foreign objects from their 

nests, such behaviour could have infection reducing results, and similar sanitary actions have 

been documented in other animals 2-4, 65, 66. However, viral interaction of interference 

with gene expression for hive behaviour could also be a causative factor in CCD, as it has 

been found that a single gene is centrally involved in hive sociability 61. 

However, the fact that infection in CCD can be transmitted by the reuse of equipment from 

CCD colonies and that irradiation of such equipment can eliminate transmission 49 suggests 

a specific causation that is similar to Lomechusamania. Seminal studies in the denaturing of 

proteins by ionizing radiation began with work by Fricke 67 in the 1950s, since it was 

assumed that a substance is transmitted from the beetle to the ant in Lomechusamania, a 

similar substance that could induce CCD might be denatured by irradiation. 

The production of social barriers to the spread of disease has been noted as a peculiar, but not 

infrequent aspect of eusocial animals 68, 69. It has also been noted that behaviour and 

chemical signals of sick animals can produce stereotyped responses from healthy ones 2. 

Three general trends can be identified that are of interest in eusocial animals and CCD: 1. 

location avoidance due to sensing of chemical signals of pathogens or danger, 2. avoidance of 

individuals or herds due to signals indicating illness and 3. sensing illness in other 

conspecifics and in self. Interruption of any of these response bases could explain the 

etiology of CCD in bees. It would also explain the lack of a uniform set of symptoms and 

pathological expression of disease state from colony to colony. A stimulus that induced a 

malfunction in surveillance could produce a general colony avoidance. Recent research in 

honey bees and discovered a negative feedback signal that can reduce recruitment 70. Panic 

in humans is often induced through language such as honeybees communicate with a 

language that is not only versatile in modifying detail 71 and allows for individual 

adaptation in learning different languages 72 but is similarly distorted by drugs 73 as in 

human language we might consider the role of a specific negative feedback pathology. 

Location avoidance is common in many insects where pheromones are deposited to mark 

territory and can elicit aversive or aggressive behaviour, for example in Oecophylla 

longinoda 74. Some animals’ behaviour is changed in specific ways to suit a parasite’s 

fitness as in fungal infection of millipedes and ants 75, 76. This is an example of disease 

diverted behaviour (DDB). Research into specific pathways of DDB has recently focused on 

a number of mechanisms in infection, for example, inflammation 77 and is referred to as 

“sickness behaviour” in humans. Heinze and Walter have already shown 55 that this is not 

the case with their ant behaviour. Many vertebrates are affected in quite similar fashion 

behaviourally by infection with prion disease. A degradation of normal behaviour takes place 
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resulting in purposeless sequences and wasting 78-80. Since there are behavioural aspects 

of bee hygiene, as in the case of nest cleaning differences between strains, such behaviour 

can have a substantial effect on colony survival 37. 

Along this line of investigation, Core et al. have demonstrated 81 that the parasitic phorid 

fly Apocephalus borealis can induce hive abandonment behaviour in in honey bees. While 

this cannot explain every example of CCD nor or bee die-offs, it fits the pattern of behaviour 

modification by infection resulting in avoidance I have described. 

I am not suggesting that Lomechusamania (or the Heinze & Walter effect) and CCD/HBDS 

are the same syndrome, rather that they may proceed from similar pathways of causation. A 

Lomechusamania/ CCD could be induced by either a parasite as in the case of Nosema or 

varroa infections or Israeli Acute Paralytic Virus (IAPV) together with some other stress or 

co-factor as in some human disease conditions 82. The fact that IAPV seems the best 

candidate due to time association and presence of disease would argue for IAPV to be the 

productive agent 49. Interestingly we find that fungal prions act to induce invader fungus to 

die in certain cases acting like stress induced apoptosis in cellular death. Usually cascading 

stimuli are the triggers with no one source as an identified initiator. CCD could therefore be 

seen as an environmentally induced mass behavioural dysfunction, like Lomechusamania in 

pattern but taking different temporal form and structure due to different conditions and 

genetic variation. It is evident that the effect of the environment and genotype interaction can 

produce significant variation in pathogenicity in host-parasite interaction 83. One obvious 

character would be the rhabdomeres of the eye that allow for the bee to “see” polarized light. 

In experiments conducted by von Frisch 84 blocking of the transmission of polarized light 

resulted in confusion and random behaviour in the bees so exposed. 

Similarities between Lomechusamania and CCD center on the abandonment of the hive or nest 

by adults, random behaviour of the afflicted individuals, excess brood present relative to adult 

bees. However, the Lomechusa beetle (Lomechusa strumosa) has developed a mimic behavioural 

regime that allows it to be fed by the nursery ants of Formica sanquinea (Europe) 54. 

Published research on the Lomechusa beetle is quite limited and should be extended to better 

characterize the relationships between beetle and ant especially how each responds to specific 

situations, for example, inside the nest in familiar conditions of interaction and outside where 

potentially hostile contact can occur. 

Fruitful research might be directed to specific genetic sequences that might identify similar 

triggers in ants and bees to substances involved in parasite presence or environmental 

triggers. Another likely source could be related to the considerable taste and smell abilities of 

the bee, known now for almost 100 years 84. Or epigenetic interactions on aspects of 

sociability, as in the genetic interaction that produces nest cleaning 85, 86. There are a 

number of pathways that have been found in other animals to affect epigenetic expression of 

complex gene interactions 85, 87, 88. Silencing of expression of DNA methyltransferase 

Dnmt3 results in changes in developmental outcomes and behavioural status in bees 89. 

CONCLUSIONS 

Some chemicals have been found to affect the behaviour of vertebrates in uniform ways 90 

while epigenetic effects have been implicated in disease differences in human twins 91, 

epigenetic changes are also associated with aging 92 and the onset of characteristics of 

senescence could be a pathway to explain CCD in bees along with the production of other 

disease mimicking states induced in different genomes of bee populations. It is known from 

experiments von Frisch 93 conducted over half a century ago that under stress bees can 



N. Caldararo 

90 
 

change their stage of development and re-develop organs necessary for colony survival, like 

salivary glands. These are probably influenced by epigenetic pathways and may be 

susceptible to pathogenic changes. 

The accumulation of melanin 59, 60 is associated with aging and has been found in many 

bees in hives subject to CCD 50. Epigenetic variations may be spreading through bee 

populations by several environmental stresses (risk factors). Like AIDS in humans, there may 

be one underlying causative agent. Melanosis another distinct disease condition 59, 60 has 

been found in many bees, has have a number of pathogens in like manner to the spectrum of 

pathogens found in early AIDS patients. Also, as in AIDS in humans, the expression of CCD 

may be masked by genetic differences in populations, in differences in different behaviours 

(risk factors) that promote the spread of the agent, and a variety of factors that make bee 

populations susceptible to infection and disease progression 94. This scenario seems most 

likely when we consider the report by Higes et al. 56 and others 57, 58 where a variety of 

pathogens are found in the two populations studied, but an absence of Israeli acute paralysis 

virus (IAPV) and low numbers of Varroa, no agricultural pesticides but the presence of 

acaricides but with infestation by N. ceranae. Treatment with fumagillin resulted in survival 

of the colonies, absence of CCD symptoms and elimination of N. ceranae. The fact that N 

ceranae is found in many colonies where CCD has not developed 49 supports the idea of 

multiple factors including genetics as does the fact that N. ceranae was present in the infected 

colonies with acaricides reported by Higes et al. 56. The relation of pesticides in CCD may 

be indirect but at present is unproven. A Chinese case from Sichuan Province seems in 

implicate pesticides where bees have been eliminated due to over spraying. However, this 

may not be related to CCD 95. 

Modeling the epidemiology of the cases of disease helped to identify AIDS as a disease 

complex, characterizing the different factors associated with its different disease states and 

expression (e.g., slow responders, susceptible gene variants, quasi-species of virus) 94. 

CCD may be controlled in a similar effort. It should be kept in mind that this recent 

phenomenon has taken place in the context of a substantial decline in native wild bees in 

North America and Europe since the mid 1900s 96. 

Whether it is Lomechusamania, CCD or AIDs, it is obvious that the sedentary conditions of 

complex life for animal societies makes them liable to infectious disease that can induce 

behavioural correlates. In the evolution of human societies a number of diseases have become 

severe challenges to complex sedentary life, some of these have abated by genetic change and 

selection, e.g. the Black Plague, others by human response, like small pox. Human response 

is paralleled in bees by nest-cleaning varieties. Since there have been some reversals in social 

complexity in a number of insect species, and temporary ones in human history (e.g. after the 

Black Plague), it seems likely that disease, and especially epidemic infectious disease would 

be a likely agency for reversals. Humans would be especially liable to reversals in the past 

given the reliance on learning and memory and the potential loss of knowledge should elder 

cohorts of populations be lost in pre-literate groups. It is obvious that bee evolution is 

continuous, but what is unclear are the possibilities for increased complexity and plasticity in 

social bees. The implications for human social evolution are obvious as well, what are the 

prospects of what has been considered “stable” societies in human history given that 

contemporary capitalism is characterized by continuous destructive evolution 97. Are bee, 

ant and termite societies “closed” in the sense that they have reached a limit of complexity 

given their behavioural capacity or are they representations of stable complexity? 

Waddington argued 98 that “…types of instability have been built into the epigenetic 

mechanisms by selection for response to environmental stresses.” Humans seem capable, on 
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the other hand, to respond in a rather Lamarkian fashion to environmental changes but some 

authors have concluded that corrective responses are unlikely given the recent human past 99. 

Other students of world systems research like Chew 100 see a revitalizing role for periodic 

instability and collapse of human social complexity. Perhaps we are too close to the evolution 

of complexity to be able to have the proper perspective to assess possible mechanisms of 

corrective change 101, or as Mead argued 35, we have not produced the necessary social 

science tools to discern the elements of such change and how to manipulate them. One 

example is in memory or knowledge transmitted over time. In ants it has long been known 

that pheromone traits “lead” colony ants to goals, but recent studies have demonstrated that 

the information encoded in the trails is complex and the trails are now referred to as part of 

the ant’s “external memory” system 102. Humans also could be said to have such systems 

in urban road signs, advertisements, or in simple form in some traditional societies in 

“message sticks” that are set along trails telling later passersby how long ago the individual 

passed that point, where the moon was, whether there was food or game available, etc. 

Recent research in ant societies has perceived these colonies as “superorganisms” and that the 

nature of the society has significant effects on the longevity of the colony and its individual 

members. Shik et al., found 103 that small colonies have shorter duration than larger ones 

and that this is mirrored in the shorter life spans of smaller colonies. Can we view human 

societies in a similar fashion, does this hint to patterns of survival in village life that 

determine shorter lives than those in human settings? The concept of the superorganism is not 

new, Wheeler proposed it in 1911, but the effects of selection in molding the nature of a 

society’s members 104 has significant implications for our understanding of the evolution 

of complex societies. Social insects, often referred to as “eusocial” and Hou et al. 105 have 

extended this examination of selection on individuals of colonies and the evolution of 

complex societies in animals. This idea then results in other possibilities, especially if the 

selection acts on individuals as it acts on colonies 106. This creates a central contradiction 

as we find that in eusocial animals there is a tendency for reduced genetic diversity as single 

queens produce all colony members at one time in the most successful species. Yet, such a 

clonal reproduction strategy while it might maximize altruism necessary for eusocial life, 

reduces the genetic foundations of resistance to disease and pathogen challenge 107. 

A number of scientists in the 20
th

 century (e.g. 40) saw a role for disease in the evolution of 

society. Perhaps we can learn something about how complex societies adapt to disease by 

studying the behavioural responses of complex animal societies. It does seem apparent, 

however, that the fragility of complex societies, whether human or other animal, is related to 

basic factors of reproduction, density and communication. As Wilson has noted 20 most insect 

complex societies are highly interrelated and they tend to have short lives in either specific 

social ordering (as in bees) or in location (as in ants). The solution in these examples is different, 

in bees the colony may survive a year or two but require a new queen and reconstruction of the 

hive, often also in a new location. With ants there is often a periodic relocation to a new 

setting. Still, complexity in social insects is often attributed to their ability to choose the sex 

of their offspring, the ‘haplodiploidy hypothesis.’ Thus complex societies are liable to both 

genetic exhaustion and environmental degradation. In termites, however, instead of having a 

predominance of one sex, we find equal numbers of both sexes and yet complex society, this 

‘sex-ratio adjustment’ hypothesis’ has largely replaced the ‘haplodiploidy hypothesis’ 108. 

REFERENCES 

[1] Allee, W.C.: The Social Life of Animals. 
Beacon Press, Boston, 1938 (ed. 1958), 



N. Caldararo 

92 
 

[2] Loehle, C.: Social barriers to pathogen transmission in wild animal populations. 
Ecology 76(2), 326-335, 1995, 

http://dx.doi.org/10.2307/1941192, 

[3] Hart, B.L.: Biological basis of the behaviour of sick animals. 
Neuroscience Biobehavioural Reviews 12(2), 123-137, 1988, 

http://dx.doi.org/10.1016/S0149-7634(88)80004-6, 

[4] Hart, B.L.: Behavioural adaptation to pathogens and parasites – five strategies. 
Neuroscience and Biobehavioural Reviews 14(3), 273-294, 1990, 

http://dx.doi.org/10.1016/S0149-7634(05)80038-7, 

[5] Fabrega, Jr. H.: Disease and Social Behaviour: An Interdisciplinary Perspective. 
MIT Press, Cambridge, 1974, 

[6] Douglas, M.: Purity and Danger; an Analysis of Concepts of Pollution and Taboo. 
Praeger, New York, 1966, 

http://dx.doi.org/10.4324/9780203361832, 

[7] Davidson, K. and Schevitz, T.: Customers line up for iodine in case of nuclear attack. 
S.F. Chronicle, June 23, p.A23 and p.A27, 2002, 

[8] Lyn, T.E. and Kwong, V.: HK seals off apartment building as virus spreads. 
Reuters News Service, March 31, 2003, 

[9] Johnson, L.A.: Doctors worry as drug-resistant staph infects more healthy people. 
The Marin Independent Journal, 30 September, p.A7, 2004, 

[10] Russell, S.: Lethal new bacteria – S.F. an epicenter. 
San Francisco Chronicle, January 15, 2008, 

[11] Toynbee, A.: A Study of History. 
Oxford University Press, London, 1935-1961, 

[12] Dols, M.W.: The Black Death in the Middle East. 
Princeton University Press, Princeton, 1977, 

[13] Stipp, D.: Flight of the Honeybee. 
Fortune, September 3, 108-116, 2007, 

[14] Cashdan, E.: Ethnic diversity and its environmental determinants: effects of climate, 

pathogens and habitat diversity. 
American Anthropologist 103(4), 968-991, 2001, 

http://dx.doi.org/10.1525/aa.2001.103.4.968, 

[15] Guegan, J.-F.: Disease diversity and human fertility. 
Evolution 55(7), 1308-1314, 2001, 

http://dx.doi.org/10.1111/j.0014-3820.2001.tb00653.x, 

[16] Hoffmann, J.A.; Kafatos, F.C.; Janeway, Jr., C.A. and Ezekowitz, R.A.B.: Phylogenetic 

perspectives in innate immunity. 
Science 284(5418), 1313-1318, 1999, 

http://dx.doi.org/10.1126/science.284.5418.1313, 

[17] Du Pasquier, L.: Origin and evolution of the vertebrate immune system. 
Acta Pathologica, Microbiologica et Imunologica Scandinavica 100(1-6), 383-392, 1992, 

http://dx.doi.org/10.1111/j.1699-0463.1992.tb00888.x, 

[18] Klein, J.; Takahata, N. and Ayala, F.: MHC polymorphism and human origins. 
Scientific American 269(6), 78-83, 1993, 

http://dx.doi.org/10.1038/scientificamerican1293-78, 

[19] Wynne-Edwards, V.C.: Intergroup selection in the evolution of social systems. 
Nature 200(4907), 623-626, 1963, 

http://dx.doi.org/10.1038/200623a0, 

[20] Wilson, E.O.: Sociobiology: A new synthesis. 
Belknap Press of Harvard University Press, Cambridge, 1975, 

[21] Hölldobler, B. and Wilson, E.O.: The Superorganism: The Beauty, Elegance, and 

Strangeness of Insect Societies. 
W.W. Norton, New York, 2008, 

http://dx.doi.org/10.2307/1941192
http://dx.doi.org/10.1016/S0149-7634(88)80004-6
http://dx.doi.org/10.1016/S0149-7634(05)80038-7
http://dx.doi.org/10.4324/9780203361832
http://dx.doi.org/10.1525/aa.2001.103.4.968
http://dx.doi.org/10.1111/j.0014-3820.2001.tb00653.x
http://dx.doi.org/10.1126/science.284.5418.1313
http://dx.doi.org/10.1111/j.1699-0463.1992.tb00888.x
http://dx.doi.org/10.1038/scientificamerican1293-78
http://dx.doi.org/10.1038/200623a0


Social behaviour and the superorganism: Implications for disease and stability in complex ... 

93 
 

[22] Greene, M.J. and Gordon, D.M.: Structural complexity of chemical recognition cues 

affects the perception of group membership in the ants Linephithema humile and 

Aphaenogaster cockerelli. 
Journal of Experimental Biology 210(5), 897-905, 2007, 

http://dx.doi.org/10.1242/jeb.02706, 

[23] Detrain, C.; Deneubourg, J.L. and Pasteels, J.M.: Information processing in social insects. 
Harvard University Press, New York, 1999, 

http://dx.doi.org/10.1007/978-3-0348-8739-7, 

[24] Schultz, T.R. and Brady, S.G.: Major evolutionary transitions in ant agriculture. 
Proceedings of the National Academy of Sciences of the United States of America 105(14), 

5435-5440, 2008, 

http://dx.doi.org/10.1073/pnas.0711024105, 

[25] Davis, B.S.A. et al.: The temperature of Europe during the Holocene reconstructed from 

pollen data. 
Quaternary Science Reviews 22(15-17), 1701-1716, 2003, 

[26] Rossignol-Strick, M.: The Holocene climatic optimum and pollen records of sapropel 1 

in the eastern Mediterranean, 9000–6000 BP. 
Quaternary Science Reviews 18(4-5), 515-530, 1999, 

[27] Clements, F.E.: Primitive concepts of disease. 
Monograph. University of California Publications in American Archaeology and Ethnology 

32(2), 185-252, 1932, 

[28] Nelkin, D. and Gilman, S.L.: Placing blame for devastating disease. 
In Mack, A., ed: In time of plague: The history and social consequences of lethal epidemic disease. 

New York University Press, New York, pp. 39-56, 1991, 

[29] Fábrega, Jr. H.: Evolution of Sickness and Healing. 
University of California Press, 1997, 

[30] Ziegler, P.: The Black Death. 
Harper & Row, New York, 1969, 

[31] Wu, L.-T.: Plague Fighter. 
W. Heffer, Cambridge, 1959, 

[32] Nathan, C.F.: Plague Prevention and Politics in Manchuria: 1910-1931. 
East Asian Research Center – Harvard University. Distributed by Harvard University Press, 

Cambridge, 1967, 

[33] Thucydides: The Peloponnesian War. 
431 B.C.E. The Crawley Translation Revised. Modern Library, New York,1982. 

[34] Boss, L.P.: Epidemic Hysteria: A Review of the published literature. 
Epidemiologic Reviews 19(2), 233-243, 1997, 

http://dx.doi.org/10.1093/oxfordjournals.epirev.a017955, 

[35] Mead, M.: Continuities in Cultural Evolution. 
Yale University Press, New Haven, 1964, 

[36] Bhaumik, S.: Tsunami folklore ‘saved islanders’. 
BBC News, 20 January 2005, 

http://news.bbc.co.uk/2/hi/south_asia/4181855.stm, 

[37] Rothenbuhler, W.C.: Behavioural genetics of nest cleaning in honey bees. IV. Responses 

of F1 and backcross generations to disease-killed brood. 
American Zoologist 4(2), 111-123, 1964, 

[38] Oldroyd, B.P.: Evaluation of Australian commercial honey bees for hygienic behaviour, 

a critical character for tolerance to chalkbrood. 
Australian Journal of Experimental Agriculture 36(5), 625-629, 1996, 

http://dx.doi.org/10.1071/EA9960625, 

http://jeb.biologists.org/cgi/content/abstract/210/5/897
http://jeb.biologists.org/cgi/content/abstract/210/5/897
http://jeb.biologists.org/cgi/content/abstract/210/5/897
http://dx.doi.org/10.1242/jeb.02706
http://dx.doi.org/10.1007/978-3-0348-8739-7
http://dx.doi.org/10.1073/pnas.0711024105
http://dx.doi.org/10.1093/oxfordjournals.epirev.a017955
http://news.bbc.co.uk/2/hi/south_asia/4181855.stm
http://dx.doi.org/10.1071/EA9960625


N. Caldararo 

94 
 

[39] Anderson, D. and East, I.J.: The latest buzz about Colony Collapse Disorder. 
Science 319(5864), 724-725, 2008, 

http://dx.doi.org/10.1126/science.319.5864.724c, 

[40] Zinsser, H.: Rats, Lice and History. 
Atlantic Monthly Press, Boston, 1935, 

[41] Milius, S.: Most bees live alone: No hives, no honey, but maybe help for crops. 
Science News 171(1), 11-13, 2007, 

http://dx.doi.org/10.1002/scin.2007.5591710110, 

[42] Danforth, B.N.: Evolution of sociality in a primitively eusocial lineage of bees. 
Proceedings of the National Academy of Science of the United States of America 99(1), 286-290, 2002, 

http://dx.doi.org/10.1073/pnas.012387999, 

[43] Wiens, J.: An approach to the study of ecological relationships among grassland birds. 

Ph.D. Thesis. 
University Microfilms, Ann Arbor, 1966, 

[44] Allee, W.C.: Cooperation Among Animals. 
Schuman, New York, 1951, 

[45] Durkheim, E.: The elementary forms of the religious life. 
Originally published 1915. Free Press, New York, 1965, 

[46] Canetti, E.: Crowds and Power. 
Viking Press, New York, edition 1966, 

[47] De Waal Malefijt, A.: Religion and Culture. 
Waveland Press, Prospect Heights, 1968, 

[48] Caesar, G.J.: The Gallic War. 
Translated by Edwards, H.J. Heinemann, London, 1939, 

[49] Cox-Foster, D.L. et al.: A metagenomic survey of microbes in Honey Bee Colony Collapse 

Disorder. 
Science 318(5848), 283-287, 2007, 

http://dx.doi.org/10.1126/science.1146498, 

[50] van Engelsdrop, D. et al.: Fall-Dwindle Disease’: investigations into the causes of 

sudden and alarming colony losses experienced by beekeepers in the fall of 2006. 
Preliminary Report. 1

st
 revision. USDA/ARS, pp.1-14, 2007, 

[51] Chauvin, R.: Animal Societies. 
Originally published by Armand Collin, Paris, 1935. Translated by Grasse, P.-P., ed. . Hill and 

Wang, New York, 1968, 

[52] Forel, A.: The Social World of the Ants Compared with That of Man. 
Translated by Ogden, C.K. Albert & Charles Boni, New York, 1930, 

[53] Wasman, E.: New contributions to the biology of Lomechusa and Atemeles, with critical 

remarks about the real Gastverhalthnis. In German. 
Zeitschrift fur Wissenschaftliche Zoologie 114(2), 233-402, 1915, 

[54] Holldobler, B. andWilson, E.O.: The Ants. 
Belknap Press of Harvard University, Cambridge, 1990, 

[55] Heinze, J. and Bartosz, W.: Moribund ants leave their nests to die in social isolation. 
Current Biology 20(3), 249-252, 2010, 

http://dx.doi.org/10.1016/j.cub.2009.12.031, 

[56] Higes, M. et al.: Honeybee colony collapse due to Nosema ceranae in professional apiaries. 
Environmental Microbiology Reports 1(2), 110-113, 2009, 

http://dx.doi.org/10.1111/j.1758-2229.2009.00014.x, 

[57] Fries,I.M. et al.: Nosema ceranae n. sp. (Microsporidia, Nosematidae), morphological 

and molecular characterization of a microsporidian parasite of the Asian honey bee Apis 

cerana (Hymenoptera, Apidae). 
Europan Journal of Protistology 32(3), 356-365, 1996, 

http://dx.doi.org/10.1016/S0932-4739(96)80059-9, 

http://dx.doi.org/10.1126/science.319.5864.724c
http://dx.doi.org/10.1002/scin.2007.5591710110
http://dx.doi.org/10.1073/pnas.012387999
http://dx.doi.org/10.1126/science.1146498
http://dx.doi.org/10.1016/j.cub.2009.12.031
http://dx.doi.org/10.1111/j.1758-2229.2009.00014.x
http://dx.doi.org/10.1016/S0932-4739(96)80059-9


Social behaviour and the superorganism: Implications for disease and stability in complex ... 

95 
 

[58] Bromenshenk, J.J. et al.: Iridovirus and microsporidian linked to honey bee colony decline. 
PLoS ONE 5(10), e13181, 2010, 

http://dx.doi.org/10.1371/journal.pone.0013181, 

[59] Bailey, L.: Honey Bee Pathology. 
Annual Review of Entomology 13, 191-212, 1968, 

http://dx.doi.org/10.1146/annurev.en.13.010168.001203, 

[60] Maurizio, A.: Factors influencing the lifespan of bees. 
In Wolstenholme, G.E.W. and O’Connor, M., eds.: The Lifespan of Animals. CIBA Foundation 

Colloquia on Aging 5, pp.231-242, 1959, 

[61] Nelson, C.M. et al.: The gene vitellogenin has multiple coordinating effects on social 

organization. 
PLoS Biology 5(3), e62, 2007, 

http://dx.doi.org/10.1371/journal.pbio.0050062, 

[62] Cremer, S. and Sixt, M.: Analogies in the evolution of individual and social immunity. 
Philosophical Transactions of the Royal Society B Biological Sciences 370(1663), 129-142, 2009, 

http://dx.doi.org/10.1098/rstb.2008.0166, 

[63] Tinbergen, N.: The Study of Instinct. 
Clarendon Press, Oxford, 1969, 

[64] Fendt, M.; Endres, T. and Apfelbach, R.: Temporary inactivation of the Bed Nucleus of the 

Stria Terminalis but not of the Amygdala blocks freezing induced by trimethylthiazoline, a 

component of Fox feces. 
Journal of Neuroscience 23(1), 23-28, 2003, 

[65] Hart, B.L.: Behaviour of sick animals. 
Food Animal Practice 2(3), 383-391, 1987, 

[66] Hart, A.G. and Ratnieks, F.L.W.: Waste management in the leaf-cutting ant Atta colombica. 
Behavioural Ecology 13(2), 224-231, 2002, 

http://dx.doi.org/10.1093/beheco/13.2.224, 

[67] Fricke, H.: Effect of ionizing radiation on protein denaturation. 
Nature 169, 965-966, 1952, 

http://dx.doi.org/10.1038/169965a0, 

[68] Alexander, R.D.: The evolution of social behaviour. 
Annual Review of Ecology and Systematics 5, 325-383, 1974, 

http://dx.doi.org/10.1146/annurev.es.05.110174.001545, 

[69] Anderson, R.M. and May, R.M.: Population biology of infectious diseases: Part I. 
Nature 280, 361-367, 1979, 

http://dx.doi.org/10.1038/280361a0, 

[70] Nieh, J.C.: A negative feedback signal that is triggered by peril curbs honey bee recruitment. 
Current Biology 20(4), 310-315, 2010, 

http://dx.doi.org/10.1016/j.cub.2009.12.060, 

[71] Riley, J.R. et al.: The flight paths of honeybees recruited by the waggle dance. 
Nature 435(7039), 205-207, 2005, 

http://dx.doi.org/10.1038/nature03526, 

[72] Su, S. et al.: East learns from West: Asiatic honeybees can understand dance language of 

European honeybees. 
PloS ONE 3(6), e2365, 2008, 

http://dx.doi.org/10.1371/journal.pone.0002365, 

[73] Barron, A.B.; Maleszka, R.; Helliwell, P.G. and Robinson, G.E.: Effects of cocaine on 

honey bee dance behaviour. 
The Journal of Experimental Biology 212(2), 163-168, 2008, 

http://dx.doi.org/10.1242/jeb.025361, 

http://dx.doi.org/10.1371/journal.pone.0013181
http://dx.doi.org/10.1146/annurev.en.13.010168.001203
http://dx.doi.org/10.1371/journal.pbio.0050062
http://dx.doi.org/10.1098/rstb.2008.0166
http://dx.doi.org/10.1093/beheco/13.2.224
http://dx.doi.org/10.1038/169965a0
http://dx.doi.org/10.1146/annurev.es.05.110174.001545
http://dx.doi.org/10.1038/280361a0
http://dx.doi.org/10.1016/j.cub.2009.12.060
http://dx.doi.org/10.1038/nature03526
http://dx.doi.org/10.1371/journal.pone.0002365
http://dx.doi.org/10.1242/jeb.025361


N. Caldararo 

96 
 

[74] Holldobler, B. and Wilson, E.O.: Colony-specific territorial pheromone in the African 

weaver ant Oecophylla longinoda (Latreille). 
Proceedings of the National Academy of Science of the United States of America 74(5), 

2072-2075, 1977, 

http://dx.doi.org/10.1073/pnas.74.5.2072, 

[75] Herlocker, D.: Mind control, fungus style. 
Bulletin of the Puget Sound Mycological Society 442, 5, 2008, 

http://www.psms.org/sporeprints/SP442.pdf, 

[76] Andersen, S.B. et al.: Natural history note: the life of a dead ant: the expression of an 

adaptive extended phenotype. 
American Naturalist 174(3), 424-433, 2009, 

http://dx.doi.org/10.1086/603640, 

[77] Dantzer, R. et al.: From inflammation to sickness and depression: when the immune 

system subjugates the brain. 
Nature Reviews Neuroscience 9(1), 46-56, 2008, 

http://dx.doi.org/10.1038/nrn2297, 

[78] Weissman, C.: The State of the Prion. 
Nature Reviews Microbiology 2(11), 861-871, 2004, 

http://dx.doi.org/10.1038/nrmicro1025, 

[79] Rhodes, R.: Deadly Feasts: “The Prion” Controversty and the Public’s Health. 
Touchstone Books, 1998, 

[80] Collinge, J.: Prion diseases of humans and animals: their causes and molecular basis. 
Annual Review of Neuroscience 24, 519-550, 2001, 

http://dx.doi.org/10.1146/annurev.neuro.24.1.519, 

[81] Core, A. et al.: A new threat to honey bees, the parasitic phorid fly Apocephalus borealis. 
PLos ONE 7(1), 1-9, 2012, 

http://dx.doi.org/10.1371/journal.pone.0029639, 

[82] Skouri, H. et al.: Antibodies to anionic phospholipids and cofactors in kala-azar. Comparative 

study with malaria, toxoplasmosis and ‘autoimmune’ diseases. 
Clinical and Experimental Rheumatology 26(5), 894-902, 2008, 

[83] Emara, Y.A. and Freake, G.W.: Effect of environment and genotype and their interaction 

on pathogenicity of Ustilago hordei. 
The Journal of Heredity 72, 261-263, 1981, 

[84] von Frisch, K.: Bees: Their Vision, Chemical Senses & Language. 
Cornell University Press, Ithaca, 1971, 

[85] Meyer, E. and Duharcourt, S.: Epigenetic programming of developmental genome rearranges 

in ciliates. 
Cell 87(1), 9-12, 1996, 

http://dx.doi.org/10.1016/S0092-8674(00)81317-3, 

[86] Silverman, P.H.: Rethinking genetic determinism. 
The Scientist 18(10), 32-33, 2004, 

[87] Caldararo, N.: Human phylogenetics and ancient DNA: the role of gene sequence variation 

in the species concept. 

The Linnean 19, 27-29, 2003, 

[88] Perucho, M.: Microsatellite instability: the mutator that mutates the other mutator. 
Nature Medicine 2(6), 630-631, 1996, 

http://dx.doi.org/10.1038/nm0696-630, 

[89] Kucharski, R.; Maleszka, J.; Foret, S. and Maleszka, R.: Nutritional control of reproductive 

status in honey bees via DNA methylation. 
Science 319(5871),1827-1830, 2008, 

http://dx.doi.org/10.1126/science.1153069, 

http://dx.doi.org/10.1073/pnas.74.5.2072
http://www.psms.org/sporeprints/SP442.pdf
http://dx.doi.org/10.1086/603640
http://dx.doi.org/10.1038/nrn2297
http://dx.doi.org/10.1038/nrmicro1025
http://dx.doi.org/10.1146/annurev.neuro.24.1.519
http://dx.doi.org/10.1371/journal.pone.0029639
http://dx.doi.org/10.1016/S0092-8674(00)81317-3
http://dx.doi.org/10.1038/nm0696-630
http://dx.doi.org/10.1126/science.1153069


Social behaviour and the superorganism: Implications for disease and stability in complex ... 

97 
 

[90] Kubo, K. et al.: Low dose effects of bisphenol A on sexual differentiation of the brain and 

behaviour in rats. 
Neuroscience Research 45(3), 345-356, 2003, 

http://dx.doi.org/10.1016/S0168-0102(02)00251-1, 

[91] Fraga, M.F. et. al.: Epigenetic differences arise during the lifetime of monozygotic twins. 
Proceedings of the National Academy of Science of the United States of America  102(30), 

10604-10609, 2005, 

http://dx.doi.org/10.1073/pnas.0500398102, 

[92] Guarente, L.: Do changes in Chromosomes cause aging? 
Cell 86(1), 9-12, 1996, 

http://dx.doi.org/10.1016/S0092-8674(00)80072-0, 

[93] von Frisch, K.: The Dancing Bees. 
San Diego, Harvest Books, 1953, 

[94] Caldararo, N.: The HIV/AIDS epidemic: its evolutionary implications for human ecology 

with special reference to the immune system. 
Science of the Total Environment 191(3), 245-269, 1996, 

http://dx.doi.org/10.1016/S0048-9697(96)05267-9, 

[95] Ya, T.; Xie, J.-S. and Keming, C.: Hand pollination of pears and its implications for 

biodiversity conservation and environmental protection – a case study from Hanyuan 

County, Sichuan Province, China. 
College of the Environment – Sichuan University, Sichuan, 2001, 

[96] Grixti, J.C.; Wong, L.; Cameron, S. and Fauret, C.: Decline of bumble bees (Bombus) in 

the North American Midwest. 
Biological Conservation 142(1), 75-84, 2009, 

http://dx.doi.org/10.1016/j.biocon.2008.09.027, 

[97] Schumpeter, J.A.: Business Cycles: A Theoretical, Historical and Statistical Analysis of the 

Capitalist Process. 
McGraw-Hill, New York, 1939, 

[98] Waddington, C.H.: Evolutionary Systems – animal and human. 
Nature 183(4676), 1634-1638, 1959, 

http://dx.doi.org/10.1038/1831634a0, 

[99] Diamond, J.: Collapse: How Societies Choose to Fail or Succeed. 
Penguin Books, New York, 2005, 

[100] Chew, S.C.: The Recurring Dark Ages. 
Altamira Press, 2007, 

[101] Caldararo, N.: Sustainability, Human Ecology and the Collapse of Complex Societies. 
The Edwin Mellen Press, Lewiston, 2004, 

[102] Jackson, D.E.; Martin, S.J.; Holcombe, M. and Ratnieks, F.L.W.: Longevity and detection 

of persistent foraging trails in Pharaoh’s ants, Monomorium Pharaonis(L.). 
Animal Behaviour 71(2), 351-359, 2006, 

http://dx.doi.org/10.1016/j.anbehav.2005.04.018, 

[103] Shik, J.Z. et al.: Towards a general life-history model of the superorganism: predicting 

the survival, growth and reproduction of ant societies. 
Biology Letters 8(6), 1059-1062, 2012, 

[104] Gillooly, J.; Hou, C. and Kaspari, M.: Eusocial insects as superorganisms: insights from 

metabolic theory. 
Communicative & Integrative Biology 3(4), 360-362, 2010, 

http://dx.doi.org/10.4161/cib.3.4.11887, 

[105] Hou, C.; Kaspari, M.; Vander Zanden, H.B. and Gillooly, J.F.: Energetic basis of colonial 

living in social insects. 
Proceedings of the National Academy of Science of the United States of America 107(8), 3634-3638, 2010, 

http://dx.doi.org/10.1073/pnas.0908071107, 

http://dx.doi.org/10.1016/S0168-0102(02)00251-1
http://dx.doi.org/10.1073/pnas.0500398102
http://dx.doi.org/10.1016/S0092-8674(00)80072-0
http://dx.doi.org/10.1016/S0048-9697(96)05267-9
http://dx.doi.org/10.1016/j.biocon.2008.09.027
http://dx.doi.org/10.1038/1831634a0
http://dx.doi.org/10.1016/j.anbehav.2005.04.018
http://dx.doi.org/10.4161/cib.3.4.11887
http://dx.doi.org/10.1073/pnas.0908071107


N. Caldararo 

98 
 

[106] Wilson, D.S. and Sober, E.: Reviving the superorganism. 
Journal of Theoretical Biology 136(3), 337-356, 1989, 

http://dx.doi.org/10.1016/S0022-5193(89)80169-9, 

[107] Caldararo, N.: Evolutionary Aspects of Disease Avoidance. 
preprint, Social Science Research Network, 2011, 

http://ssrn.com/abstract=2001098, 

[108] Gardner, A. and Ross, L.: Haplodiploidy, Sex-Ratio Adjustment, and Eusociality. 
The American Naturalist 181(3), E60-E67, 2013, 

http://dx.doi.org/10.1086/669147. 

DRUŠTVENO PONAŠANJE I SUPERORGANIZAM: 
POSLJEDICE NA ZARAZE I STABILNOST KOMPLEKSNIH 
ŽIVOTINJSKIH DRUŠTAVA I KOLAPS KOLONIJE PČELA 

N. Caldararo 
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SAŽETAK 

Društvenost, masovni odgovor na prijetnje, proizvodnja i dijeljenje hrane te adaptivni komunikacijski sustav 

predstavljaju kolekciju svojstava uključenih u evoluciju kompleksnih životinjskih društava. Ciklusi 

međudjelovanja, koji mogu utjecati na strukturu i podložnost zarazi, karakteristika su članova takvih društava 

kao i pripadnih vrsta. Poremećaj kolapsa kolonije (naziv korišten u Sjevernoj Americi za pojavu koja se drugdje 

naziva sindrom depopulacije pčela) sličan je brojnim masovnim ponašanjima drugih društvenih životinja, 

posebno mrava. Niz pitanja o uzroku poremećaju kolapsa kolonije otežava napredak u borbi protiv zaraza. U 

ovom radu razmatraju se informacije, koje mogu dovesti do izdvajanja faktora za identifikaciju znakova učinaka 

koji dovode do zaraze, dobivene na temelju istraživanja ponašanja izbjegavanja zaraze i bolesti kod životinjskih 

vrsta. Većina dosadašnjih istraživanja uzroka fokusirala se na izravnu vezu između poremećaja s jedne strane i 

patogena, parazita ili uvjeta okoline s druge strane. Disfunkcionalno masovno ponašanje vidljivo je i kod ljudi, 

kao tijekom epidemija kuge. Izbjegavanje zaraze značajna je taktika za preživljavanje mnogih životinja. Ako se 

mehanizmi taktika modificiraju patogenom ili toksinom mogu se javiti neuobičajeni ishodi. U kompleksnim 

životinjskim društvima brojne su mogućnosti za druge oblike remećenja društvenog života. 
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