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ASPECTS OF CHEMICAL COMMUNICATION IN PHARAOH'S ANT, 

MONOMORIDM PHAEAONISCL.) 

by Anastassios Legakia 

Some morphologioal, ohemical and behavioural a&peots of chemical communi-
cation mere studied in pharaoh's ant, Monomorium pharaonis. The histo-
logical study of the sensory and nerrous systems shewed t&e presence 
of a typical formicid structure with two specific adaptations: the 
increased size and complexity of the organs that are related to olfac-
tion and the decrease in size of the ganglia that control the movements 
of the stingo The latter can be related to the reduced size of the 
furcula, the part of the sting apparatus connected with muscles, 
important for its movement, and with the absence of barbs on the lan-
cets. These observations are related to the uae of the sting for 
emission of pheromones and defensive secretions only. structure 

of the exocrine glands is typical for a myrmicine species. 

Chemical analysis revealed the presence of the majority of vola-
tiles in the abdomen. The head and the thorax also contained very 
small amounts. The pheromones monomorine Ifall-cis), II and III were 
present in the poison gland, the alarm and defence secretions and in 
the trail. The pheromone monomorene was present in the Dufour's 
gland and in the trail. The trail contained aacretions fr^m both 
Dufour's and the poison glands at a ratio of 15:1. aJUuM 
defence secretions came only from the poison gland bwt the former 
contained 5 times the quantity of volatiles. 

Various behaviour patterns of the ant are (Lescribed. Necrophoric 
behaviour was studied in detail. The responses of workers to corpses 
of various ages were observed and a hypothesis is pu^ foiTKU^ to 
explain them on the basis of changes in pheromones and other chemical 
cues after death, taking into account also the role of tactile cues 
in recognition. 

Recruitment of workers was carried out for both food exploitation 
and new territory e^loration. Evidence was found for different 
types of recruitment in these two cases. 

Crushed abdomens, poison and Dufour's glands elicited high recruit-
ment in workers while the crushed heads and thoraces of wor^rs were 
relatively inactive. Behavioural assays of synthetic pheromones 
showed that all-cis monomorine I was an attractant and arrestant 
while its isomers were inactive in these respects. Trans-monomorine 
III elicited alarm, and a mixture of both elicited both attractancy 
and alarm in a similar way to the natural alarm-defence secretion. 
A hypothesis is advanced concerning the function of the pheromones 
under various circumstances* 
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CHAPTER 1 

ZNTEODUCIION 

1.1 Chemioal communioation. 

Communioation between two organisms has been described, as "the 

phenomenon of one organism produoing a signal that when responded, to by 

another organism, confers some advantage (or the statistical probability 

of it) to the signaler or his group" (Burghardt, 1 970) . With this defini-

tion in mind, communication plays a very important role both in the sur-

vival and the maintenance of homeostasis in an Individual or a group of 

individuals and in the evolution of specific adaptive features (morpho-

logical or behavioural) in a species. Consequently, in the last twenty 

years, a lot of attention has been given to its study and a special term, 

zoosemiotics, (Sebeok, 196$) has been proposed for the branch of science 

that concerns the ways in which animals communicate with each other, an 

interdisciplinaiy approach deriving from "semiotics", the study of 

signals, and "ethology", the study of behaviour. 

Three parameters are absolutely necessary for communication to occur. 

There must be an organism which emits the signal, there must be a medium, 

common to both organisms, through which the signal will pass, and there 

must be an organism with receptors to receive the signal and respond. 

It is most common to classify communication according to the medium used. 

Thus we observe acoustic communication, with verbal communication as a 

sub-category, visual communication, chemioal communication etc. 

Chemical communication must have been the first way in lAiich primor-

dial organisms interacted with both other organisms and their environment. 

As evolution proceeded to foim multicellulor organisms, chemical communica-

tion between individual cells became what we now know as hormone action 

(a term coined in the beginning of the century to describe those internal 

secretions which,carried in the blood, act as chemical messengers between 

different tissues of the body) #iile individual organisms continued to use 

chemicals (Wilson, 1970). Today, chemical communication is the main mode 

of communioation in many animals. The insect world especially, provides 

many examples. Solitary insects use chemicals when seeking mates, in 
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courting and in mating. Howsver, ohemioal communication is most advanced, 

among social and semi-social insects. Here, it can mediate aggregation 

and attraction, information about food and its exchange, alarm, defence, 

grooming and cleaning, recognition of castes as well as among members of 

a colony or a species, nest construction, care of the young and the 

sexuals, and other social actiTities in conjunction with visual, auditory, 

and tacti e signals that build an intricate communication system. 

The chemical substances that are used in chemical communication to 

transmit a message have been termed "semiochemicals"(La* Anil Regnier, 1971) 

from the greek semeion: a mark or signal, or "ectohormones" (Bethe, 1932). 

Semiochemicals can be divided into two categories, those that are used 

between individuals of different species (interspecific) and those used 

between individuals of the same species (intraspecific) « Interspecific 

semiochemicals can be allomones (Brown, 1 968) , chemicals that produce an 

advantage to the emitter of the signal, such as defensive secretions and 

repellents, or kairomones (Brown, Eisner andWhlttaker, 1970), chemicals 

that produce an advantage to the receiver of the signal such as chemicals 

involved in the detection of hosts or prey. However, the latter and part 

of the former lie outside the concept of communication as defined previously. 

1.2 Pheromones. 

Intraspecific semiochemicals include the 80-0al.led pheromones. The 

term was first used in 1959 to describe "substances which are secreted to 

the outside by an individual and received by a second individual of the 

same species in lAiich they release a specific reaction, for exangle a 

definite behaviour or a developmental process" (Karlson and Butenandt, 

Earl8on and Luscher, 1 959) « The word comes from the greek pherein: to 

transfer and horman ; to excite, to stimulate« The term has since been 

used with various senses, sometimes even including all secretions which 

convey information from one individual to others and evoke behavioural 

and physiological reactions in the recipients (Bruce,1970). Here, it will 

be used only in its original definition. 

Pheromones have been classified in various ways. According to the 

chemical structure (Jacobson, 1966), according to their origin (surface 

pheromones, Wilson, 1965), according to the medium they use (olfactory and 

oral pheromones, Earlson eind Butenandt, 1959), according to the behaviour 
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they elicit (alarm pheromoiies, trail following pheromones, sex pberomones) 

or acoording to whether they have a direct effect on behaviour (releaser 

pheromones) or on the physiology of the animal.(pid-iner pheromones) (Wilson 

and. Bossert, 1963; Wilson,196$). These classifications are not exclusive 

some are even misleading. For example, a pheromone at one concentra-

tion may act as attractant and at another as alarm (Wilson, 1 970). 

Cephalic and Dufour's gland secretions in fire ants, cause alarm amd 

attraction respectively. When expelled simultaneously, they elicit 

oriented alarm behaviour (Wilson, 1970). The term releaser can be used 

for insects where responses appear to be innate, but mammalian behaviour 

is veiy modifiable and the term may take an ambiguous behavioural meaning 

(Wilson, 1970b ). 

1.3 Structure of pheromones 

Most pheromones have to be fairly volatile substances as they must 

be able to move from one animnl to the other and transmit the message in 

a short time. This excludes compounds such as proteins, lipids Eind long 

chain hydrocarbons, leaving however, a very large number of compounds. 

It has been calculated that alarm pheromones must contain 5-10 carbon 

atoms and have a molecular weight of 100^200 (Bossert and Wilson, 19^3)« 

These simple structures have high volatility and can be ideal for very 

fast transmission as well as rapid fade out. Sex attractants are more 

con^lex, containing 10-17 carbon atoms with molecular weights between 

I8O-3OO. They are less volatile but show more specificity because they 

are more complex (Wilson, 1963). Trail pheromones are the most conglex, 

containing both simple small molecules and large conglex ones. 

The high volatility however, is not a characteristic of all phero-

mones. Surface or contact pheromones that are on the cuticle and are 

used in cleaning, recognition and other activities are not very volatile 

ar^ are not transmitted very far. The alarm substances of termites are 

of low volatility and are said to be transmitted by body contact (Stuart, 

1967). 

The pheromones so far identified include acids, esters, alcohols, 

aldehydes, aliphatic and cyclic hydrocarbons, ketones, terpenes and 

terpene derivatives and nitrogenoils compounds (piperidines, pyrrolidines, 

indolizines)» 
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1o4 Biosynthesis and emission of pheromonea 

Not much is known about the biosynthesis of pheromones. Many are 

related to fatty aoid and terpenoid precursors mhlle others are direct 

by-products of primary biosynthetio routes. Some plheromones are laot 

synthesized by the insects themselves but are either made by symbiotic 

organisms or by the plants that the insects use as fcxxl. 

The pheromones are usually produced in specialised glands with 

external ducts. This is not always the case as cuticular excretions can 

also be pheromones (Earlson and Butenandt, 1959). The glands can be 

individual secretory cells irregularly dispersed throughout the epidermis 

(Orthoptera), modified intersegmental membranes (sex attraotants in 

Lepidcptera, Mecoptera and Coleoptera), modified abdominal stemites 

(Isoptera, Coleoptera), modified abdominal tergites (isoptera^Hymen-

optera), localised integumentary modifications with disseminating mechan-

isms (sex pheromones inDictyoptera,Lepidoptera), internally located 

glands with cuticular lined reservoirs (Dufour's gland, Pavan's gland, 

tibial glands, marrdibular glands, analgland, poison gland in Hymenoptera, 

frontal gland in Isoptera) or glandular sources associated with internal 

organs whose prime function is not pheromone production (hind gut, anal 

tube) (Percy and Weatherstone, 1974)* 

Although the morphology of these glands is relatively well known, 

their ultrastructure azid histology, the exact relative proportion of the 

components of their contents, their synthesis and their mode of release 

have not been fully studied. 

1.5 Transmission of pheromones 

According to Bossert and Wilson (1963), pheromones emanating from a 

given source in air, follow the laws of diffusion of gases. Pheromone 

concentration at any point is a function of the role of molecular emis-

sion, the diffusion coefficient of the pheromone, the distance from the 

source, and the time from the start of emission. As all animals have a 

minimum concentration below iidiich they either cannot perceive or do not 

show a particular response to a pheromone, the identification of this 

threshold concentration for a particular pheromone aad a particular 

behavioural response, is very important. This concentration (E) can be 
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oaloulated using a number of equations (Bossert and. Wilson, 1 W i l s o n 

Bossert and Regnier, 1 969) . Using the E value one can also calculate the 

"active space" of the pheromone, a term used to describe the space in 

which a pheromone is eliciting a particular response (Bossert and Wilson, 

1963) as well as the time needed for the pheromone to reach this space, 

and the time it takes to fade out, provided no more emission is present. 

The ratio of the rate of emission Q to the threshold concentration K is 

fixed for a particular pheromone and a particular behavioural response. 

Trail pheromones have low Q/K values, alarm pheromones have intermediate 

values while sex attractants have the highest (Wilson, 1970). 

Apart from the modification of Q/k ratios, insects have other ways 

through which they can increase the information contained in a chemical 

message. They can use components of different glands at the same time 

(trail pheromones of M.pharaonis from the Dufour's and poison gland, 

Ritter et al, 1975), mixtures of compounds from the same gland (multi-

component pheromones in Oecophylla longinoda. Bradshaw, Howse and Baler, 

1973) , the same pberomoihs in different circumstances (tran8-9-kBto-2-

decenoic acid in honey bees, Gary, 1 9^2) or in different concentrations 

(mandibular gland pheromone in Pogonomyrmex ba&ius. Wilson, 1958; Bossert 

& Wilson, 1963), pheromones that produce synergistic effects (Cephalic 

and Dufour's gland secretion in fire ants, Wilson, 1962) and perhaps 

frequency and amplitude mod.ulation of a single signal pheromone (Bossert, 

1968). 

1.6 Perception of pheromones 

Insects perceive airborne pheromones through chemoreceptors situated 

on their antennae. The chemoreceptors are primary neurons consisting of 

dendrites, cell bodies and axons. The axons continue in the antennal 

nerve up to the antennal lobe where they join more complex neurons. The 

receptors are situated in special structures known as sensilla. The basic 

structure of a sensillum is such that it permits airborne molecules to 

enter it and excite the neuron. Por this, they have a porous cuticular 

surface, with tubules leading from the pores to the receptor membrane. 

The lumen of the sensillum is filled with an extracellular fluid, the 

sensillum liquor. (Ernst, 1969). 

There are four basic categories of sensilla: the sensilla trichodea 
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or hairs, the sensilla basiconica or pegs, the asinsilla placodea or pore 

plates and the sensilla ooeloconica or pits. There are c^±er less oommon 

structures as well. Each sensillum is not sensitive to the saae range of 

chemicals. There are the "odour specialists" which cells that belong 

to morphologically recognizable sensilla and all have the saae stereotyped 

reaction spectrum, and there are "odour generalists" which e&e cells each 

of which has a unique odour spectrum, but the spectra cf different cells 

overlap to a great degree. (Boeckh et al, 1965)» 

When the receptor site on a dendrite is stimulated by a pheromone, it 

produces a slow receptor potential. This induces a slow generator poten-

tial at the whole dendrite level. If the generator potential is iatenae 

enough, then a series of rapid electric impulses is generated at the 

proximal end of the cell body and these impulses travel through the i&xmis 

to the antennal lobe where they are integrated. 

There are various theories for the transformation of the olfactory 

signal to electric response of the receptor site QReoeptor protein model, 

Riddiford, 1970; stereochemical site theory, Amoore, 15%^^ penetration 

and puncturing theory, Davies, 1971; molecular vibration theory, Wright, 

1964, 1969; three dimensional force model, ]&aPka, 1974). None of these 

theories has been conclusively proven and it is possible that more than 

one may apply. 

When stimulated by pheromones, the animal must be able to determine 

both their quantity and their quality. An important factor for the 

quantitative determination is the sensitivity of the sense cells. It has 

been calculated in Bombyz mori that one molecule per sensillum in still 

air may be sufficient to elicit a nerve impulse. (Eaissllng and Prlesner, 

1970). The more molecules hit the receptor cells, the impulses are 

produced, giving a measure of quantity. 

The ways in which the animal determines the quality of the pheromone 

are still not well known. The simplest case can be the use of odour 

specialist cells that will only respond to a certain kind of chemlcalo 

However, such narrow receptors are not always present. Odour generallst 

cells can be grouped into a number of types with identical chemical sensi-

tivity. It is possible that the identity of a pheromone mixture or a 
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natural od.our is perceived, as a oomplicated. pattern of action potentials 

of different cell types. It is also possible that a i-eoeptor can be 

stimulated, by oongound.8 of different structure and. relay different informa-

tion (O'Connell, 1972), 

The integration of the signals between the receptors mnfi the deuto-

cerebrum (antenna! lobe) as well as between the deutooerebrum and the 

other integrating parts of the brain, is not well known. The main connec-

tion between the deutooerebrum and the protocerebrum is a bundle of fibres 

that terminate in the calyces of the corpora pedunoulata (Boeckh, 1975) 

where further integration and inhibition with neurons from other parts of 

the brain as well as with olfactory neurons takes place (Howse, 1974, 1975)» 

The reaction patterns of central olfactory neui\)nB are more complica-

ted than the receptor responses. Inhibition is often observed (Tamada, 

197l) as well as spatial integration from different parts of the antenna 

(Boeckh, 1974) and. integration of responses from both chemo-. ahdmechanore-

ceptors (Waldow, 1975)« 

1.7 Behavioural responses to pheromones in ants 

The last step in the series of events that comprise communication 

between two animals is the response to the signal that is transmitted. 

The concept of sociality implies a more varied repertory of responses by 

the members of a society, that has emerged from the integration of sinpler 

individual patterns with the help of communication (Wilson, 1971)« These 

responses not only vary in number but also in the nature, the duration and 

the complexity, depending on various factors such as environmental, hormo-

nal or developmental (Blum, 1977). It seems that insect responses to 

pheromones are not single responses but consist of a series of behavioural 

steps that so far have received little study (Shorey, 1970). 

The responses of social insects to pheromones had originally been 

grouped into various categories (Wilson, 1968, 1971; Butler, 1970; 

Shorey, 1973) suoh as alarm, simple attraction, recruitment, trail laying, 

sexual attraction, arrestance, dispersion, territory marking, recognition, 

grooming, trophallazi^, transport, licking and more. It is becoming 

increasingly evident that because of the multifunctional nature of pherom-

ones, these distinctions are no longer helpful and a new system must soon 
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be deTiaed. Howaver, they are still in use today, accong)aiiied by more 

precise behavioural terminology such as kineses (non-directed res-

ponses) and tazes (directed responses) (Dethier et al, 196O). 

The best studied behavioural responses in ants, are those that 

involve long range volatile pheromones and include alarm, recruit-

ment emd trail laying and sez attractance. The relationship of 

other responses and the surface pheMmones is less understood. 

Alarm behaviour covers a variety of responses. They can range 

from retreat and dispersal to attraction and attack on the source of 

disturbance (Acanthomyops olaviKer. Grhent, 1961 : Atta teiana, Moser et 

al, 1968; Crematogaster scutellaris, Leuthold and Schlunneger, 1973)« 

They may also include jerking movements (A. clavier, Gonomyrma 

pvramicus. Blum and Warter, 1 966) unoriented circular running together 

with rapid movement of antennae (C. scutellaris), transportation of 

brood (A. claviger, C. pyramicus), digging behaviour (Pogonomyi-mez 

badius, Wilson, 1958), and attack on sister workers (C» scutellaris. 

A. texana. P. badius, Blum et al, 1971)» Finally, alarm behaviour 

includes the further secretion of substeinces, either of venom from an 

elevated gaster (2* scutellaris) or from lowered gaster through the 

legs directed to the source of disturbance (Formica rufa, Cosens, 

1969) or of the contents of the mandibular glands (A. claviger. 

scutellaris) . The particular response that an emt id.ll follow is 

related to many factors: the place of emission (inside or outside the 

nest or on trail, scutellaris). the concentration and amount of 

pheromone emitted (A. tezana), the nature or source of pheromone 

(mandibular or poison gland), the physiological state (hunger) or the 

presence of other stimuli such as leaves that are being transported 

(Trachymyrmez septentrionalis. Crewe and Blum, 1972). 

Many ants are capable of communicating information about a new 

food source td other members of the colony. They are also capable 

of recruiting members of a colony to a new nest. Both these activi-

ties can be mediated by chemical signals. Recruitment to a food 

source is not the product of a single response but can be subdivided 

into inviting or alerting signals, leading signals and orientation 

signals (Maschwitz, 1975). These signals can be either tactile or 
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ohemloal. In the most primitive forms of recruitment, social carrying 

and. tandem running (Wilson, 1959), tactile a M chemical signals play 

an equally important role. (Camioonotus socius. Maschwitz, 1 975) « 

Chemical signals are used, in orientation and. leading in tandem, 

while tactile,in alerting. More developed recruitment strategies 

employ tactile stimuli for alerting and stimulating the ants 

inside the nest but use chemical trails for leading and orienta-

tion to the food source either in group recruitment CCamponotus socius. 

Holldobler, 1971) iwhere a small number of ants leave the nest to 

forage, or in mass recruitment CMonomorium sps, Tapinoma,sps,, Szlep 

and Jaoobi, 1907; Formica fusca; Mdglich and Hdlldobler, 1975) iihere 

large numbers are recruited to the food* Finally, there is mass 

recruitment with chemical signals only fSolenopsis saevissima, Wilson, 

1963; Lasius fuliginosus. Hangartner, 1962). Pheromones, sometimes 

different, act both as alerting substances for the inhabitants of the 

nest and as leading and orientation workers. Alarm pheromones are 

Eilso used in recruitment in conjunction with other oompounds (8. 

saevissima. Camponotus pennsrlvanicus. Ayre <& Blum, 1971; C. sooius, 

Holldobler, 1 971). 

The behavioural mechanism of orientation during trail following 

is believed to be chemo- or osmotropotazis (Hangartner, 19^7). In 

this, the ant turns one antenna to one direction until it leaves the 

odour field and then it alternately turns the other antenna to the 

other side. The course is regulated as if to achieve balanced 

olfactory stimuli. 

8ei attractants have not been well studied in ants (Buschinger, 

1975). In some genera (Camponotus, Holldobler and Maschwitz, 19^5; 

Lasius. Acanthomyops, Law, Wilson and McGluskey, 19^5) swarming males 

produce mandibular gland secretions that attract females from their 

nest and synchronize swarming. In other species (M. pharaonis, 

Holldobler A W u s t , 1973: Formica sp., Kannowski, 19^3; HarpaKOzenus 

sublaevis. Buschinger, 1968), it is the females that produce attrac-

tants from various glands when calling. No ant sei pheromone has yet 

been identified. 

There is a number of other behavioural patterns whose activity is 
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believed, to be mecLiated by surface pheromones (Wilson, 197l). These 

are less volatile substances that produce small active spaces and are 

perceived only by contact chemoreception. One of the nwst important 

social aspects they mediate is the recognition of nest mates at the 

colony, the caste or the developmental level. JRecognition of colony 

members is almost certainly carried out mainly through chemical 

signals* Members of alien colonies are usually greeted with degrees 

of "aggression" varying from a reduced rate of exchange of food 

(Lange, 1967) to attack. The basic problem that has not yet been 

fully explained is the source of the colony odour, whether it is 

genetically or environmentally controlled. 

Chemical signals are used in the recognition of castes and 

developmental stages, in conjunction with other tactile aiKi acoustic 

stimuli (Wilson, 1971). Although no specific chemical has been 

identified, there exists substantial evidence for the presence of 

brood pheromones in Solenopsis invicta (Walsh & Tsohdniel, 197%J 

aad in Myrmica rubra (Brian, 1975) and it is also known that the 

volatiles of queens and workers differ in M. phoraonis (Ritter et 

al, 1975) as &o those of major and minor workers in Ou longinoda 

(Bradshaw, 1976)* 

There is also evidence that dead ants are chemically recog-

nised by members of their own colony and transported to specific or 

non-specific refuge piles (Wilson, Durlach and Roth, 1958; Howard & 

TschinkB^l976)» 

1.8 Use of pheromones in pest control 

Pheromones have already been used in insect integrated control 

systems sometimes in conjunction with chemical insecticides. There 

are three basic ways in which pheromones can be used in pest control. 

One technique involves the use of attractant pheromones,usually sex 

attractants, in baits together with some toxic insecticides or means 

of trapping the insects. Baited traps can be used as monitoring 

systems for determining the timing of insecticide applications. 

Insects that have been dealt with these two methods include the 

gypsy moth (Stevens and Beroza, 1972), the boll-weevil (Bqyt, 1975), 
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the redbanded. leafroller, ArfHrrotaenia velutinana (Trammel, Roelofs 

emd. Glass, 1974), the i^estem pine beetle Dendrootonus breTioorois 

(Bedard and Wood, 1974) the elm bark beetle (Peaoook ) 

others o A third use in control is that of the confusion technique 

in iihioh the air is saturated iiith a sei attractant or inhibitor in 

order to disrupt tha oriejatation of males towards females (Beroza, 

1960). 

1«9 Monomorium pharaonis : its importance 

konomorium pharaonis (L), (pi 1.1, 1o2), pharaoh's ant, as it is 

commonly called, is a tropical species which originally comes from 

Africa. Lately, it has moved to the mild tezgerate climates of 

Europe and the U.S. It has established itself in well heated and 

humid places such as kitchens, bakeries, hospitals, toilets and 

foodstores (Stawarski, 19^3). In its native habitat, it is both 

harmful and beneficial. It can cause damage to crops and foodstuffs 

but it is also known to be the major pollinator of certain crops 

(Bambarra groundnut, Doku, 1968; Doku and Earikari, 1972) and also 

a serious predator of important pests. (Thrips in Ficus nitida, 

Tawfik, 1970). In the mild, temperate climates, this insect and 

the german cockroach (Blattella Rermanica) are pests whose importance 

has increased together with the increase in housing facilities and the 

standard of living (Bemdt and Nitschmann, 1 977) » It has been shown 

to carry pathogenic agents such as Pasteurella (plague vector)(Alekseev 

et al, 1972), Salmonella, Pseudomonas (Cartwright and Clifford, 1973) 

Staphylocoocus, Streptococcus and Clostridium in its vestitutes, 

mouthparts and legs for 2-3 days after contacting them, and therefore 

hospital infestations are highly dangerous (Beatson, 1972). Because 

of its small size (2-3 mm), it is able to penetrate bandages or 

sterile packs, feeding on wound discharges and baby slobber 

(Wintringham, 1973). It has also been reported to bite infants around 

eyelids and has also been found in operation rooms, sterile laundry, 

among surgical instruments, between the toes of postoperative 

patients, possibly spreading digital mycoses, in surgical incubation 

equipment, central humidifiers, computers, drug storage units, and 

refrigeration units (Eichler, 1974). Outside hospitals, it can 

infest foodstuffs, such as powdered milk and coffee (Eichler & 

Eleinsorge, 1973). It has even been reported to attack beehives and 

cause high mortality. (Gottschalk, 1963)* 
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pi. 1.1. Inside of the nest of M. pharaonis 

(1: larvae, q: queen, w: workers) 

pi. 1.2. Queen, worker and brood of pharaonis 

(1: larva, q: queen, w: worker) 
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M. pharaonis is not an easily controllable pest, espeoially in 

vie* of its small size. The use of common inseotioid.es diminishes 

its activity only temporarily because the nests are well protected 

and inaccessible and also because the ants usually move away from 

adverse conditions. At first, attempts were mad.e to control it with 

insecticides such as thallium sulfate, sodium benzoate (Davidson, 

1950) and sodium arsenate (Bemdt, 1974) which proved, very effective 

but difficult to apply and. dangerous to other forms of life, 

especially in hospitals. Later control methods included the use of 

diazinon (Sy, 1961, 1970) borax (Bemdt et al, 1974; Vorbrazkova et 

al, 1976) trichloiphon, aprocarb, DDT (8y, 1961) dieldrin, chloir-

dane, dichlorvos and primarily chlordecone (kepone) (Bemdt & 

Nitschmann, 1976), which is considered the most effective so far, in 

sprays, oils, lacquers or food baits. The only effective control 

method would be the destruction of the queen and the brood. Unfort-

unately, the queens do not leave the nest and search for mates or 

food but are fed by the workers. Also, because they lie at the end 

of the food chain, they receive sublethal doses of insecticides 

especially when fast acting contact insecticides are used (Bemdt, 

1974)* For these reasons, finding the nest is a very hard and time 

consuming work. 

The ants multiply very rapidly. Every colony may contain 

several thousand workers including up to 100 queens at the same time, 

each of which can produce approximately 400 eggs during her lifetime 

(Peacock, 1950)/max. lifetime for queens, 40 weeks (Peacock & Baxter, 

1950)/. In addition, the ants can feed on any kind of foodstuff, 

preferably raw meat and sweet items. 

All these factors show that the problem cannot be tackled with 

the ordinary control methods which are highly toxic to mammals and 

aire especially dangerous to hospital patients since most formulations 

contain chlorine, arsenic, borax and other substances of high toxicity, 

FurthermoM, bearing in mind the great ability of insects to develop 

resistance to insecticides, new control methods must be found which 

take into account the biology of the specieSo 

One area towards which research has turned, is the destruction 
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of the ants with radiation (Cole et al, 1958). Another area is 

the use of pathogen vectors such as Bacillus thurin^iensis (Berndt et 

al, 1974; Vankova et al, 1975) Although positive results have been 

obtained, with this method, it is difficult to evaluate them because 

the vector has always been used with borax which is itself a slow 

acting toxin (Berndt and Nitschmann, 1 977). Further study has been 

carried out with the queen technique, which is distinguished from 

other methods by acting selectively on the queens by inhibiting their 

reproduction capacity (Bemdt et al, 1973)* The sterilization is 

effected by chemo-sterilants such as TEPA (triethylene phosphoramide) 

(Bemdt & Nitschmann, 1 974) * 

The juvenile hormone analogue Altosid (Methop]rene)(lsopropyl-11-

methoxy - 3,7,11 , trimethyl-dodeca - 2,4, dienoate) can also be used 

for the sterilization of queens as well as for the disruption of 

normal metamorphosis and the subsequent death of larvae and pupae. 

(Edwards, 1975, 1977). Another means, is the use of synthetic trail 

pheromones in baits for the increase of their attractivity (Ritter & 

Stein, 1974, 1976). Future possibilities may include cases in which 

pheromoiass or other chemical secretions can play a role in recruitment 

to a food source, alarm behaviour or colony recognition. 

1.10 The biology of M. 

Monomorium belongs to the family . Formicidae, subfamily 

%nrmioinae, tribe Myrmicini (Bolton, 1973; Bolton & Collingwood, 

1975; Collingwood, 1964). It is a laurge specialized genus, oocuring 

in both tropical and warm temperate regions (Ettershank, 1966). 

Monomorium pharaonis is an African species that has been spread by 

man almost eveiywhere. The ability to adapt to various climates is 

due to two basic oharacterisitcs. The first is the abandonment of 

the nuptial flight. The queens lose their wings and are unable to fly. 

They are ready to mate 48-60 hrs after eclosion and up to the age of 

14 weeks (Petersen-Braun & Buschinger, l97l)o Copulation takes place 

in the nest or nearby. There are indications that a sex pheromone 

originates in the Dufour's gland and the bursa pouches of M. pharaonis 

(in the female) (Holldobler & Wiist, 1973). The queens mate once 

nheireas the males mate up to 4 times. 
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The second oharaoteristic is the abandonment of territoi-ial 

boundaries. The oolony multiplies by budding. When it beooiuBs crow-

ded, scout ants start searching for a new nest site. When this is 

found, odour trails are laid and a part of the oolony consisting of 

a minimum of $0 workers together with brood and some queens, moves to 

the new nest (O'Toole, 1973)* New queens are not necesseiry for 

budding. If the new colony has no sexuals, they are reared from the 

existing brood. M. pharaonis is the only ant species so far 

recorded that can make this immediate response ensure its own 

supply of sexuals. The workers seem to be able to distinguish brood 

which will become queens or males from brood destined to become 

workers. It seems that the differentiation and production of sexuals 

is induced by the absence of queens or by the excessive number of 

workers over queens. Experimental results have shown that fertilized 

queens possess an inhibitoiy pheromone on the cuticle that supresses 

the production of other sexuals. Fertilization must play a role 

because unfertilized queens do not supress the sexual forms (Bemdt, 

1975; Berndt & Mtschmann in prep.) Other results have shown that 

queens, shortly before the end of their lives, stop producing glandu-

lar secretions. This is coupled with the appearance of sexual brood 

(Buschinger & Eloft, 1974; Petersen-Braun, 1975). While the primary 

supression of sexuals can be due to the inhibitory pheromone, the 

development of sexual larvae may depend upon foodo 

Monomorium pharaonis. in tropical climates lives in suitable 

plant cavities outdoors, vAiile in the temperate climates it lives in 

any crevice or cavity in warm and humid places. It thrives in 

temperatures between 27-50°C and the nest has a relative humidity of 

about 80̂ 2 (Peacock et al, 1955)* It feeds on any kind of food which 

is another reason for its ease of adaptation to unstable environments. 

The workers' maximum recorded life span is 9-10 weeks, while the 

queen's maximum life span is 39 weeks (Peacock & Baxter, 1 950)« The 

colonies may consist of 150 to 2000 workers, 2 to 110 queens and 3 

to 4 times less males (Petersen-Braun, 1975)= Since their odour 

trails intersect at many points, many colonies infesting a certain 

area can be considered as one very large superoolonyo 
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The study of oonmiinication in M. pbaraonis has concernea recruit-

ment to a food source (Sudd, 1957a, 1957b, 1960, 1967). Sudd was the 

first to make detailed observations on the behaviour of M. pharaonis. 
«S99 £gM0iBaMMci>MMnaMasae 

What we know so far can be summed up as follows: 

Scouts leave the nest and begin searching for food independently 

from each other. They basically follow a well defined route and wan-

der around returning to it at times. 

As soon as a scout finds food, it eats and returns to the nest. 

The return journey is quite different. First, it moves faster, touch-

ing the abdomen oor the ground. The sting is out and is lifted from 

time to time, leaving a non-continuous trail of a substance which, 

although volatile, it remains on the ground for 24 hrs (Blum, 1966). 

The route the ants follow is almost a straight line from the food to 

the nest and it seems that in this case it is guided not only by the 

trail on the ground, but also by distant stimuli such as light for 

example. 

Shortly after the return of the scout to the nest, a group of 

ants appear and head towards the food, following the trail left by 

the scout. The workers, after feeding, return too, and another 

group emerges. Soon, we obsei-ve a continuous movement of ants coming 

in and out of the nest. Initially, the number of workers arriving at 

the food is greater than the number of those that leave. Soon, an 

equilibz-ium is established which lasts as long as the food lasts* 

This rapid recruitment is caused by two main factors. The scouts, 

while entering the nest, make a series of fast movements when they meet 

another worker. In general, they move in a very agitated manner. 

This rise in "excitement" stimu^tes the neighbouring inhabitants of 

the nest, lAiich in turn stimulate the rest. In other species of the 

genus Monomorium (M. subopacum, M. venustun). a specific behavioural 

pattern has been observed which includes head pushing, oscillatory 

movements and accelerated antennal beatings (Szlep, 1970; Szlep & 

Jacobi, 1967). This pattern, vAiich has been named by Szlep, Oscilla-
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tory Recruitment Display (OED), has not been observed in M. 

The general rise of excitement inside the nest, does not give the 

workers the direction they must take to find the food. This informa-

tion comes from the odour trail iihich the scouts leave and which is 

reinforced by workers returning to the nest. 

The odour trail is left by the workers only on their way to the 

nest. It seems that its oomponents oome from both the poison Anil the 

Dufour's gland (Ritter et al, 1975)* There was an earlier controversy 

on this matter. Blum(l 966) believed that the recruitment pheromone 

comes from the poison gland, while Holldobler (1 97;;) believed that it 

comes from the Dufour's gland and that the poison gland secretes a 

substance which repels workers of other specieso 

1 o1 2 Chemical 

More work has been done towards elucidating the structure of the 

substance or substances that cause recruitment or other kinds of 

behaviour. Ritter et al (1973) homogenised and extracted workers of 

M. pharaonis in methylene chloride. The extract was gas chromQ,tographed 

and produced three basic biologically active zones. The first of these 

three, showed the best biological activity. 

The bioassay method which was used involved two tubes placed in 

a V. Their common end was placed in a dish which contained the 

workers. One of the tubes contained a filter paper with the substance 

to be tested. The other tube contained a blank filter paper. 

Chemical analysis of the first zone with mass spectrometer, IR and 

MMR, showed that it consisted of one compound, 5-methyl-3-butyl-

octahydroindolizine (fig 1.1). 

Because there are four possible stereo-isomers of this compound 

(fig. 1 .2), all of them were individually synthesised by Oliver and 

Sonnet (1974)» Behavioural bioassays with all four isomers suggest 

that the all-cis isomer is the naturally occuring monomorine I, as it 

was subsequently called (Edwards & Pinninger, 1978)» 
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The second, zone had little or no biological activity. CLC-M8 

analysis gave the possible formula 2-butyl-5-pentyl pyrrolidine, (fig. 

1 .1). This compound, can be related biogenetically m.th 5-metbyl-3-

butyl-octahydroindolizine (fig. 1.3). 

The third compound to be isolated was monomorine III, the trans 

isomer of 2(5'-hexenyl)-5-pentyl pyrrolidine which was also active in 

choice tests. Two other homologues of monomorine H I were also found 

in trace amounts: monomorines IT ai^ 7, the 5-heptyl g-no^yl 

derivatives of I H (Ritter et al, 1975) (fig. 1 .l)o 

An unsaturated bicyclic hydrocarbon with the formula g 

was also isolated. It was called monomorene. 

Finally, a very active compound, faranal, was isolated, identi-

fied and synthesized (Ritter et al, 1977). This was the most active 

in both choice tests and treiil following tests (fig. I^lf). 

The sources of these compounds vary. The poison gland of workers 

and queens contained the first three monomorine s probably some 

monomorene, although the latter was not found in older wingless 

queens. The Dufour's gland of the workers contained monomorene but 

not monomorine I, II and III. The Dufour's gland of the queens 

contained different compounds which could have some sez attractant 

activity. 

The ratio of the compoui^s differed in the various castes such as 

the ratio of monomorine I to monomorine III from 1:3 in workers up to 

1:^0 in queens. Therefore, the compounds may have many functions 

according to their relative concentration. 
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Fie 1.1. Structures of M. pharaonis pheremones 

(ml: monomorine I, 3-butyl-5-methyl octahy&roindolizine; 

mil: monomorine II, 2-butyl-5-pentyl pyrrolidine; 

mill: monomorine III, trans-2(5'-hexenyl)-5-pentyl pyrro-

lidine; ml?: monomorine iTf, 2-butyl-5-heptyl pyrrolidine; 

mV: monomorine V, 2-butyl-5-nonyl pyrrolidine; 

f: faranal, (6E, I0z)-3,4,7,11-tetramethyl-6,l0-trideca-

dienal-l)(from Ritter et al, 1973, 1975, 1977)° 
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Pig 1.2. Stereo-configuration of the four isomers of monomorine I, 

1a: 3(S)5(R)9(R)-3-butyl-5-methyl ootabydroindolizine. 

lb: 3(a)5(E)9(R)-j-butyl^5-methyl ootahydroindolizineo 

1c: 3(8)5(R)9(8)-3-butyl-5-methyl octahydroinaolizine. 

Id: 3(R)5(a)9(S)-3-butyl-5-methyl octahydroindolizine. 

(from. Edwards & Pinningerj 1978)o 

m II m 

Fig 1.]. Possible biogenetic relation between monomorine l(ml) 

and monomorine II (mil). (From Talmam et al, 1974J. 
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CHAPTER 2 

MORPHOLOGY OF THE SENSORY AND NEBVOUS SYSTEMS 

2.1 Introduction 

The mechanism of olfaction in animals is largely unknown land 

although many of the relevant organs of olfaction b̂ ien described, 

the exact means by which a chemical signal is ibransformed into a 

particular behaviour pattern is still hypothetical. No attempt is 

made here to provide a complete picture of olfacticm ia&U pharaonia, 

but some basic elements will be discussed that may iadicate possi-

bilities of further research. 

This chapter will deal with two parts of the animal that play 

the most important roles in olfaction: the antennae as sensory 

centres and the brain as an integrating centreo 

2.2 Antennae 

Antennae and whole heads were covered with a gold-palladium 

film and observed in the scanning-electron mioro8oc%#. 

The antennae of pharaonis workers consist of twelve artioleso 

The first, the scape, is almost as long as the rest, the second is 

elongated, the third up to the ninth are approzimad#ly cuboidal and 

the last three are larger and form a club (pi. 2.1)» 

Hair-like processes are apparent throughout tha length of the 

antenaa. The most widespread are those that look like sensilla 

tjv.chodea curvata (pl« 2.2). They are present in all 

articles. They are curved in shape with a distinct pit at the point 

where they attach to the cuticle. 

The olfactory sensilla are situated on the last three articles 



33. 

pi. 2.1. Final segments of antenna of M. pharaonis. 

^magnification 
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of the antenna. Three types were observed., although the possible 

presence of others cannot be ezoluded.. Most abtuniant were the sensilla 

triohoiea (pi. 2.j) comprising approximately 70^ of the total number 

of sensilla on the last article. They are elongated, structures lying 

almost parallel to the suifaoe of the antenna. They d.o not ai4:ioulate 

with the outicular surface. 

The sensilla bAsiconica (pi. 2.4) are shorter and thicker than 

the s. triohodea. They aire aligned more vertically with the cuticular 

surface, and con^rise about of all sensilla on the last article. 

The sensilla placod.ea (pi. 2.5) are round plates projecting only 

a little above the cuticular surface. There ai% very few of these on 

the antennae. 

Apart from the olfactory sensilla, there ai% also tactile 

sensilla on the last three articles comprising about 2^^ of the total. 

They can be distinguished from the olfactory sensilla by an articula-

tion at the point of contact with the cuticle and. a pit usually 

visible at the base. They are thicker than the s* triohodea can be 

usually seen at various angles to the surface. 

2.3 Brain 

The term brain is used here to describe both the cerebral or 

supra-oesophagal and the suboesophagal ganglia which are fused in one 

mass. The brain is the main association centre of the bod.y receiving 

sensory input from the sense organs and gives motor and. other outputs 

to the rest of the nervous system and the muscles. It also organises 

many behaviour patternse 

2.^.1 . Materials and. method.s 

The histological techniques for If. nharaonis are d.es-

cribed in Chapter 10. The sections of Atta cephalotes.Formica 

semKuinea and. Oecophylla longinod.a had been subjected, to the following 

fixing and staining techniques. 

a. Brains iKre fixed, in situ by the injection of either Bouins, 
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pi. 2.2. Sensilla trichodea curvata on middle segments i 

antenna of M. pharaonia (magnification %3000). 

pl" 2.3. Sensilla trichodea on last segment of the antenna of 

ML pharaonis. 

Imagnification XJOOO) 
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pi. 2.4. SenBillum basiconicum on last segment of the antenna 

of M« pharaonis. 

(sb: gens, basiconicum, st: sens, trichodeum) 

(magnification *10000). 

pi. 2.5. Sensillum of undetermined nature, possibly sensillum 

placodeum on last segment of the antenna of M. pharaonis, 

(magnification %30000). 

(sp: sens, placodeum, st: sens, trichodeum) 
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Zenker's fluid or buffered gluteraldebycle into the head capsule. They 

mere then washed, disseoted away from the head capsule, dehydrated, 

cleared and embedded in paraffin wax. The sections were stained in 

Heidenhain's or Ehrlich's haemotozylin with counter staining in 

eosin. 

b. Wigglesworth's osmium tetroxide-etbyl gallate method with 

modifications (Wigglesworth, 1957). first fixing the brain in situ 

with 6*29^ glutaraldehyde (Pisber GL5l) phosphate buffered at pH 7*0 

to 7«2 according to Colonnier (1964) prior to washing in distilled 

water and secondarily fixing in osmium tetrozide in distilled water. 

The dehydrated material was cleared and embedded in paraffin wax and 

sectioned. 

o* Blest's modification of Holmes' pyridine method (Blest, 196l), 

a reduced silver method, was used on Bouins or phosphate buffered 

glutaraldehyde fixed brains which were paraffin wax embedded and 

sectioned. 

2oj.2, Results 

The brain of M. pharaonis can be divided into the follow-

ing pai'ts: the protocerebrum lAiich contains the corpora pedunculata 

and the central body, the optic lobes, the deutocerebrum which con-

tains the antennal lobes and the fused tritocerebrum and suboesophagal 

ganglia. 

i) The protocerebrum (fig. 2.1p). The protocerebrum consists 

of two lobes surrounded by cortical cells of one type. The most pro-

minent organs in the protocerebrum are the corpora pedunculata (mush-

room bodies) (figs. 2.1 cp, 2.2, pi 2.8). These are two pairs of 

mushroom shaped cups lying postero-dorsally to the rest of the brain. 

Each corpus pedunculatum consists of a calyx and a stem (fig 2.2 o,s)o 

The stems of each pair fuse into a stalk that enters the rest of the 

brain before dividing into two lobes, the «(.- and the p!- lobe (fig 2.2). 

The cell bodies of the neuropile that make up the corpora pedunculata, 

known as Kenyon cells, lie within and over the calyx. The calyx con-

sists of three clearly discernible regions: the lip which is the 

outermost, the collar which is in the middle, azid the basal ring that 
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pi. 2.6. Longitudinal section of head of M. pharaonis 

(al: antenna! lobe, cp: corpora pedunculata, phg: pharyn-

geal gland, p: protocerebrum) 

pl" 2.7# Longitudinal section of thorax of M. ^h^raonis 

(pr:'prothoracic ganglion, ms: mesothoracic ganglion, 

mt: metathoracic ganglion, la: let abdominal ganglion). 
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fig.2.1 o A) Dorsal and. B) Ventral views of the brain of 

Monomorium pharaoniso 

al : antenna! lobe 

a-1 : 91- lobe 

an : aatennal nerve 

ooc : circum-oesophageal connective 

op : corpora pe&unculata 

ol : optic lobe 

on : optic nerve 

P : prot@oerebr&m 

8g : suboesophagal ganglion 

t : tritocerebrum. 
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pi. 2.8. Corpus pedunculatum of 14. pharaonis 

(1: lip, c: collar, r: basal ring, s: stem) 

pl" 2.9. Central body and pons cerebralis of ML pharaonis 

(cb: central body, pc: pons cerebralis, b̂ Ĵ ^ ^ -lobe, 

st: stalk of cor.pedunc.) 



-
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B 

a - I 

20 40̂ . 

Fig 2o2. Posterior vie* of corpora pedunculata of M. pharaonis 

A. Calyces B. o(-anclp- lobes. (a-l:(<-lobe, b-1: 

P-lobe, C: calyx, c:b: central body, pc: pons cerebralis, 

sistem, st: stalk) 

B 

Pig 2o3« Longitudinal sections of corpora pedunculata of four ant 

species. A: Atta cephalotes. B: Pormica sanguinea. 

C: Oecophylla longinoda. D: Monomorium pharaonis 

(l: lip, c: collar, r: basal ring) (not drawn to scale)* 
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lies nearest to the stem of the calyx (pi 2.8). Of the two "roots" 

or lobes of each pair of corpora pedunculata, the qf-lobe passes for-

wards and. upwards to the frontal siirface of the brain, while the 

P-lobe turns downwards and inwards under the central body where it meets 

the p-lobe from the other side. 

The function of the corpora pedunculata is not yet oongpletely 

clear. It is generally believed that they contain at least part of 

the inhibitory system of the brain and they also act against the 

central nervous system for the control of movement. In general, they 

must play an in^ortant integrative role in the control of complex 

muscular patterns (Huber, 1965). Especially, the two lobes may be 

used to integrate behavioural sequences (Hawse, 1975) . It has been 

observed that the ratio of the volumes of the coi-pora pedunculata to 

the volume of the central body is proportional to the complexity of 

behaviour, and is higher in social insects (Howse, 1974)« 

Another observation is that part of the caly% wall in Hymen-

optera is associated with optical memory whioh is used in foraging, 

while another part is associated with olfactory memory. On these 

lines, it has been observed that the collar is much more developed 

in social bees and wasps which use optical stimuli much more than 

ants, which on the contrary have a more developed lip. (Howse, 1974) 

Therefore, lip size must be somehow proportional to the importance 

that olfaction has in the every day life of the insect. In order to 

test this, the volumes of the lip, collar and basal ring of 

M. pharaonis were calculated from serial sections and compared with 

the respective volumes in three other ant species: Atta cephalotes, 

Oecophylla longinods and Formica sanguinea. The results are summar-

ized in Table 2.1 and fig. 2.2» Prom these results, it is obvious 

that M. pharaonis has a much larger lip relative to the other compo-

nents of the calyx wall and if the hypothesis about the function of 

the lip is correct, then olfaction plays a much more important role 

than in other ants, while vision is much less important. 

The other important organ in the protocerebrum, is the central 

body (fig 2.2cb, pi. 2.9). It lies medially, between the and the 

p-lobes of the corpora pedunculata on the dorsal part of the brain. 

It is concave with the concave part facing the ventral part of the 
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brain* Its function is largely unknown and. many hypotheses have been 

put forward. It has been suggested, that it is the site of regulation 

of levels of responaiveness in insects. (Howse, 1974). 

Finally the pojis oerebralis (fig. 2.2pc) is a nadially situated 

structure in the posterior part of the brain, behind the central bw%y. 

It is more elongated and thinner and the concave sida is facing the 

ventral wall as well* 

The optic lobes (fig 2,1 ol)* The optic lobes in M. pharad-

nis are found lateral to the rest of the brain and extend towards the 

middle of the head where the compound eyes are situated. The lobes 

are not well developed as in other insects such as Schistooerca 

Kregaria (Williams, 1972) and are even less developed than other ants 

such as Formica sanf;uinea« 

iii) The deutocerebrum (fig 2.1 al). This consi&s of the two 

large antennal lobes that originate below the protocenArum and end in 

the antennal nerve that leads to the antenna. The neuropils of the 

antennal lobes is arranged in grape-like groups which stain more dense. 

These act as correlation centres for the neurona cf tte (udx)ium 

(Boeckh, 1975). 

In order to test the importance of olfaction in NU pharaonis 

further, a comparison was made of the ratio of the volumes of the 

antennal lobe to the volume of the whole brain, excluding the corpora 

pedunculata and the optic lobes in three ant gpecieso (Table 2.2) 

The antennal lobe in M. pharaonis is relatively larger than in 

other species which may imply again that olfaction is more used in 

this specieso 

The tritocerebrum and the suboesophaeal ganelia (fig. 2.1t,sg) 

It is very difficult to distinguish in this ant whether the tritooere-

brum is fused with the deutocerebrum or with the suboesophagal 

ganglia. Both the two latter ones lie ventral to the stomatogastric 

canal. The tritocerebrum is anterior and the suboesophagal ganglion 

is posterior. The tritocerebrum continues into the pair of frontal 

and labral nerves. The suboesophagal ganglion continues through the 
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Table 2.1 . Average volumes of lip, o o U a r and. basal ring in four 

ant species (in pie) calculated from serial sections of 4 ants. 

A, 
cephalotes longinoda 92 

F. 
sanguinea 92 pharaonis % 

Lip 

Collar 

Basal 
Ring 

903.2 

226.4 

50.1 

37.3 

12.5 

396.0 

218.4 

55.2 

59.1 

32.6 

8.2 

477.6 63.3 

226.4 30.0 

50.4 6.7 

38.2 

1.6 

0.5 

94.8 

4.0 

1.2 

Table 2o2o Average volumes and. ratios of antennal lobes to whole 

brain in three ant speoies (in nl) 

A.oephalotes F. sanxuinea M.pharaonis 

Antenna! 
lobe 2.14 0.58 0.07 

Brain 43.78 12.39 0.95 

4.9 4.75 7.73 
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oesophagal nerves to the other ganglia of the body. 

2.4 Thoracic and abdominal ganaiim 

Me pharaonis nas three thoracic ganglia, the prothoracic, 

the nesothoracic and the oetathoraoic that take up cf the space 

within the thorax (fig. 2.3, pi 2.7). The metathoi^uiic gangiinn ig 

fused with the first abdominal ganglion which lies in 

abdominal segment that has fused with the thorax. The second 

abdominal ganglion is in the petiole and the third is the gaster. 

This last ganglion is the product of fusion of aeveral abdominal 

ganglia. 

2.5 Conclusions 

The observations on the sensory and insrvous system of 

NU pharaonis show the presence of a typical formicid structure for 

these systems. Thei% are however, several deviations from this pattern 

that reflect the specific way of life of this ant. 

The most important adaptation is the increased si^# and oomplezi^y 

of the organs that are related to olfaction. Both the antennal lobe 

aad the lip of the calyz wall are indications of its importance. 

Indeed, M. pharaonis uses vision very sparingly and only for general 

orientation purposes when scouts return to the nest from foraging 

(Sudd, 1957). This visual stimulation is coupled with olfactory cues 

but the extent of each is not yet known. 

The fact that it has only 3 abdominal ganglia may also be of some 

significance. M. pharaonis does not use its sting for stinging its 

enemies and therefore the control of its movement is significantly 

decreased. This can be related to the presence of only one abdominal 

ganglion in the gaster. Other Hymenoptera with effective stings have 

significantly larger number of abdominal ganglia. The bee has 5, 

PanurgUB and Sphecodes have 4 and the Ichneumonidqe with the large 

ovipositor have 6. (Bullock & Horridge, 1965). 
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Pig 2«4o Dorsal view of thoracic and. abdominal ganglia of M* 

Tiharaonis. (pr: prothoracic ganglion, ms: mesothoraoic 

ganglion, mt: metathoraoic ganglion, 1a: 1st abdominal 

ganglion, 2a: 2nd abdominal ganglion, ja: jrd abdominal 

ganglion). 
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CHAPTER 3 

MORPHOLOGY OF THE EZOCRINE GLANDS AMD A8S0CIATRT) STEnCTTJT^T^S. 

3.1 Introduotion 

PharomoiiGB are usually emittsd. firom spGcialized. szooriiiG 

gland-s present in all parts of the body of an organism. The ezoorine 

glands of the ants have some interest since at least one, 

metapleural gland, is present only in this giroup. The morphology 

and. histology of the gj.and8 has been well studied, in. some speoies, 

but in other species such as M. has been completely 

overlooked. 

The most important ezocrine glands in M. pharaonis are the man-

dibular glands in the head, the metapleural gland.s in the thorax and 

the poison and Dufour's glands in the abdomen. Other glands that may 

play some role in communication are the pharyngeal and. maxillary 

gland-s in the head, the labial glands of the thorax, the small glazes 

of the 7th abdominal tergite and the glands of the h i g u t . Since 

these glands have other functions apart from the possible function of 

communication, they will not be stu&ied here. 

3"2 Materials and methods 

The techniques of dissecting and excising the glEind.s, pre-

paring whole mounts of the sting apparatus and fixing, sectioning 

staining serial sections are discussed in Ch.ICo 

3.3 Mandibular gland.8 

The mandibular glands (fig. 3.1A) consist of a reservoir 

and a mass of glandular cells (0.06 x 0.02 mm) situated near the base 

of the mandibles. A duct leads from the reservoir to the anterior 

mesal border of the preoral cavity. The whole struo^ture of the 

glands does not differ significantly from the general structure of 

the glands of other ants (Blum & Hermann, 1978). 
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Detail-A 

D e t a H - B 

^ '4mm 

Pig 3=1 » Exocrine glancLs of M. pharaonis (A: mandibular gland, 

B: metapleural gland, phg: phai-yngeal gland, Ig: labial 

glands, pg: poison glands, Dg: Dufour's gland). 
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3 Metapleural glands 
M.I••II——^ I I IIIIMill "liii*iiwniin"iMfiii ajiiiiitt 

The metapleural glands (fig. 3.1 B) are a pair of multi-

oellular structures (eaoh 0.0$ z 0.04 mm) situated, at the lateral 

posterior paî « of the thorax. Eaoh consists of a Dumber of large 

secretory cells that open in a sclerotized. chamber in the cuticle 

through a porous plate. There is no significant difference from the 

common structure observed in all ants. (Blum & Hermann, 1978). 

3o5 Poison gland 

The poison gland (fig. 3*2^1: 3, pi 3*1: j) is situated in 

the posterior part of the abdomen, dorsal to the Dufour's gland, on 

the right side of the hind gut. It consists of a convoluted poison 

gland, a pair of free filaments, a poison reservoir or sac and the 

main duct of the sac. 

a. Poison gland, (fig 3.2 & 3, pi 3'1:j). The convoluted 

poison gland is oval in shape, and is enclosed in the poison sac. 

Its distal end is situated near the region where the free fila-

ments start. In the gland, there are many polygonal cells nhich 

end in small ducts opening in the poison sac. 

b. Free filaments, (fig 3=2 & 3:k). A pair of filaments emerges 

from the poison sac at a point near the beginning of the main 

duct. The place where they emerge is slightly thickened. They 

usually curl towards the anterior part of the abdomen. The fila-

ments arise from the sac individually and are not branched. They 

have a uniform diameter of approximately 0.00$ mm and their length 

is 0.2 mm. The cells of the filaments are not distinguishable 

but a small duct running over the whole length can be discerned 

at 1OOOz magn. 

c. Poison sac (fig. 3«2 & 3:i) The poison sac is subglobular 

in shape. It resembles the poison sac of Pogononiyrmez badlus 

(Hermann & Blum, 1 96?) in that the sac is quite distinct from the 

main duct lAiich is of uniform diameter, while in other species 

such as Paraponera clavata (Hermann & Blum, 1966), Solenopsis 
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P b d 

Pig 3o2; Internal aorpho|.ogy of the abdomen «f M. pharaonls» 

A: dorsal view, B; lateral view, C: horizontal section, 

(a: crop, b; proventriculus, c; mid gut, d: malpighian 

tubules, e; ant. intestine f: hind gut, g: rectal papillae, 

h: anus, i: poison sac, j: poison gland, k: filaments, 

1: main duct, m: Dufour's gland, n: sting bulb, o: sting 

p: abd. ganglion)» 
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o n 

Fig 3»3« Poison apparatus of M. pharaonls. A: poison apparatus 

B. cross section of poison apparatus, C: cross section of 

sting area, D: cross section of Dufour's gland. (Indices 

as in fig. 3„2). 
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pi. Longitudinal section of poison sac of M. pharaonis 

(ff: free filaments, hg; hind gut, mt: malphigian tubules, 

pg: poison gland, ps: poison sac). 
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(Callahan, Blum & Walker, 1959) and. Pseud-omYMnAT pallidus (Blum 

and Callahan, 1963) the sao Is elongate and tapers gradually 

towards the main duot. The sac has a diameter approximately 

0.15 - 0.2 mm when full, and a volume of 10"^^1. The wmll of 

the sac is composed of achitinous tunioa proprda mn/i an epithel-

ium whose cells cannot be distinguished* No nKisc]^ layer was 

observed. 

d. Main duct (fig 3*2 & 3:1) « The main duot of t*e poison sac 

is a tube of uniform diameter (0.01 mm) that connects the poison 

sac and the sting bulb. In the sting bulb,it is found dorsal to 

the duot from the Dufour's gland. The overall length is approxi-

mately 0.2 mm. The walls are similar to the wall cf the poison 

sac with a ck&inous outer shell and (uieixLtlbslium inside. 

3.6 Dufour's gland 

The Dufour's gland (fig. 3»2 &3:m) Is an elongated structure 

0.15 mm long, sometimes reaching beyond the poison sac. Its 

diameter (0.05 mm) decreases gradually towards tha juaotion with 

the sting bulb. The gland has a thick wall composed of cuboidal 

cells. It lies ventral to the poison sac and enters the sting 

bulb at the same point as the main duct of the poison sao* 

3.7 Skeletal components of the sting 

The abdomen of ]M. pharaonis, as In all ants, consists of 10 

segments. One is thoracic, two are petiolar and four are gastral. 

The last three (8th, 9th and 10th) are concealed within the gastral 

segments. The skeletal components of the sting consist of the 

remnants of the 8th and 9th segments and their gonapophyses. 

The pair of spiraoular plates (8th hemitergite8)(fig. 304 sp) 

originate from the 8th tergum. Th^y are the last sclerites. They are 

closely attached to the ezoskeleton of the abdomen. They aae triangu-

lar in shape and their height from base to top is O.C^ nm. 

The pair of quadrate plates (9th hemitergite8)(flg. 3=4 qp) 

originate from the 9th tergum. They are associated with the spiraou-
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lar plates but they are a more integral part of the sting apparatus. 

They lie inside the spiracular plates, d-orseJ. and. lateral to the rest 

of the solerites and are oonneoted by a solerotized. bridge, the anal 

arc (fig 3»4 aa) * The aro bears a structure with numerous setae which 

may be of sensory nature. The quadrate plates are trapezoidal with 

approximate dimensions 0.02 z 0.06 mm. 

At their proximal end, the quadrate plates are articulated to 

the pair of triangular plates (lst ?alvifer)(fig tp, fig. 3«5) 

that originate from the 8th stemite. The triangular plates are 

triangular in shape measuring 0.02 mm at their base. One of their 

apodemes extends into the long and. thin 1 st ramus (fig 3*4 Ir) which 

in turn is connected to the lancets (fig 3*5 l) or stylets (ist 

valvulae) that are the most protruding parts of the sting. The lan-

cets originate from the genapophyses of the 8th stemite. They 

are a pair of thin structures approximately 0.15 mm long, forming 

part of the poison canal through which the secretions of the poison 

nnil Dufour's gland flow. Throughout their length, each lancet bears 

a pair of ridges on their dorsal side* At the proximal end, near 

the connection with the Ist ramus, each lancet bears a valvular lobe 

or valve (figs 3*4, 3*5 u). These valves function to pump the 

secretions out of the glands as the lancets move backwards and for-

wards. 

At the distal end, the lancets bear a number of very indistinct 

barbs. The barbs were originally used for cutting into wounds but 

since the sting of M. pharaonis is no longer used this way, the barbs 

have almost disappeared. 

The ventral apodeme of the triangular plates, articulates with 

the pair of oblong plates (2nd vAlvifer) (figs. 3*4, 3*5 op). They 

are the lateral remnants of the gth stemite. They are approximately 

0e1 mm in length and their dorsal border is highly sclerotized. At 

the distal end, they bear a pair of elongate structures, the gonostyli 

(3rd valvulae) (fig. 3*4 g) that represent the gona-pophyses of the 

9th steiTiite. The gonostyli bear a number of setae and are presumably 

used both as sensory organs in mechanoreception and for protection of 

the sting. They are hollow and concave posteriorly and form a dorsal 
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and. lateral sheath for the sting when it is contracted.« Apart from 

the larger setae, they bear smaller bristles that project from the 

ventral and. me sal borders and may also be used as sensory organs. 

At the proximal end, at the point of articulation iiith the 

triangular plates, the oblong plates bear 3 sensory pegs that may func-

tion as mechanoreoeptors, (fig 3.5)« The oblong plates continue into 

the 2nd. rami (fig 3.4, 2r) that run next to the Ist rami and are 

connected to the base of the sting bulb near the point where the 

fulcral arms arise. Ihs 2nd rami bear 4 sensory pegs on their pos-

terior surface euad a number of other sensory pegs on their lower part 

near the point where they attach to the sting bulb. 

The stinA bulb is a structure that originates from the 9th 

sternite and is 0.1 mm long. At its anterior end., it bears a small 

sclerite, the furcula (figs. 3=4* 3«5 f) which is responsible for the 

control of the movements of the sting. It is V shaped anil large 

muscles are attached to it. 

At the base of the sting bulb, two fulcral arms (fig fa) arise, 

They originate from the 8th sternite and. are joined, to the bulb by 

membranous connections. They are triangular in shape and only their 

anterior border is sclerotizedo 

The sting bulb continues into the sting shaft (2nd. valvula)(figs. 

3"4, 3»5 ss) which together with the lancets comprises the external 

part of the sting. It represents the gonq)ophyses of the 9th tergite. 

It consists of a fused pair of sclerites forming a concave sheath 

over the lancets which are at the ventral side. The shaft has a ridge 

on each of its ventromesal borders that articulates with a groove in 

the dorso lateral border of the lancet and functions as a guide on 

which the lancets move back and forth. The sting shaft and the lan-

cets form the cavity through which the secretions of the poison and. 

Dufour'B glands flowo 

3.8 Muscles associated with the glands 

Two muscles are important in the control of the emission of 
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pi. 3.2. Longitudinal section of sting apparatus of M. pharaonis 

(aa: anal arc, Dg: Dufour's gland, fa: fulcral arm, 

pg: poison gland duct, sb: sting ewx sting shaft, 

v: valves). 

pi. 5.3. Transverse section of sting bulb of ML pharaonis 

Dufour's gland, m: muscles controlling emission, 

pg: poison gland duct) 
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Fig 3.4 Sting apparatus of M. pharaonis. A: lateral vie*, B: dorsal 

view (aa: anal arc, f: furcula, fa: fulcral arm, g: gono-

styli, op: oblong plate, qp; quadrate plate, Ir: 1st ramus, 

2r: 2rui ramus, sb: sting bulb, sp: spiraoular plate, ss: 

sting shaft, tp: triangular plate, v: valve). 
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Fig 3*50 Details of the sting apparatus. A:lateral view of area of 

connection between triangular an& oblong plates, Bzfurcula, 

Gimuscles associated with the control of emission of 

pheromoneso (Dg: Dufour's gland, fzfuroula, fa:fulcral arm, 

op: oblong plate, pg: poison gland, 1r: 1st ramus, 2r: 2nd 

ramus, tp: triangular plate). 
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0 5 lOp 

Fig 3.6, Serial transverse sections of sting shaft aad lancets from 

the tip of the sting (l), to the area of the valves (6)o 

(in:lancets, ss: sting shaft, v: valves)o 
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the contents of the poison and Dufour's gland (fig 3.5). One muscle 

originates from the mesal and ventral border of one fulcral arm, 

passes dorsal to the duct of the poison sac and connects «ith the 

fulcral arm of the other side. The other muscle extends from the 

ventral mesal border of one fulcral arm, attaches to the ventral wall 

of the poison duct and again connects with the other fulcral arm. 

The first muscle, when active, keeps the poison duct hermetically 

closed. The other opens the duct when the gland is activated. It 

also controls the opening and closing of the Dufour's gland. The co-

ordinated action of these two muscles ensures that the correct proDor— 

tion of poison and Dufour's gland's contents are emitted. 

Discussion 

The structure of the whole sting apparatus of M. pharaonis 

suggests an ant that does not use its sting for defence, but only for 

pheromone emission. The interesting points are a) the small size of 

the furcula. The furcula is essential in the control of movements of 

the sting and the prezence of large furculas in the Ponerinae and 

Dorylinae is associated with its use as defensive weapon and in sting-

ing. The myrmicine ants that have lost the ability to sting such as 

Solenopsis and Crematogaster usually have small and weak furculas« 

b) the almost complete absence of barbs on the lancets. Barbs are 

often associated with stinging and the infliction of wounds. The 

absence of barbs and the presence sometines of spatulate lancets is 

associated with the use of the sting as an organ for pheromone 

emissiono 
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CHAPTER 2̂  

CHEMICAL ANALYSIS OF THE ANT AM) ITS SECRETIONS 

4o1a Introcluotion 

After the description of the glands that are responsible 

for the emission of pheromones, the chemical analysis of the volatile 

oomponents of the ant is the next step towards the analysis of 

communication <, 

As the previous chapter has shown, the main areas of pheromone 

production are in the head, the thorax and the abdomen. Chemical 

analysis of these parts was carried out separately by gas liquid 

chromatography. The glands that could be excised were also analysed 

chromat ograp hi cally. 

Three of the various secretions of the ant were also analysed 

chemically: the trail, a secretion used in defence against intruders 

in the nest which will be termed the "defensive secretion" and a 

secretion that causes alarm which will be termed the "alarm secretion", 

All three were emp̂ l-oyed very frequently by the ants and had very 

immediate and sometimes long lasting effects. The behaviour patterns 

that accompany these secretions will be described in the following 

dhapter. 

Finally, the four geometric isomers of one of the major vola-

tile oomponents of the abdomen, monomorine I, were gas chromoto-

graphed in order to compare their retention times with the retention 

time of the naturally occuring monomorine I to identify which of 

the four isomers is the naturally occurring oneo 

4<»2 Chemical analysis of the ant 

4o2o1 o Materials and methods 

The heads, thoraces and abdomens of a number of 

M. pharaonis workers were separated and placed inside small glass 
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capillary tubes ?Aiioh were then sealed from both aides. Individual 

glands were ezcised from the workers and placed on small pieces of 

filter paper which mere then placed inside the small glass capillary 

tubes and sealed. The tubes ware placed inside a solid sample 

injection apparatus, secured at the open end of a 07-l0l/CLQ ^ inch 

gas chromatographic column and heated up to approximately 170°C by a 

standard injection port heater. After 5 min. of heating, the tube 

was crushed and the volatile chemicals were taken up by the carrier 

gas.(Morgan & Wadhams, 1 972) « Relative percentages of compounds were 

determined by calculating the areas under each peak. 

4.2.2* Results 

ie Abdomens 

The gas chromatogram of the abdomens (fig .4.1) 

showed 17 peaks. Four of these peaks are most promi-

nent (no. 1, 3, 12 and 16). They comprise respectively 

12^, 75^ and 5^ of the total volatile components of 

the abdomen. The percentage of peak 10 fluctuates 

from almost zero up to l^o 

The peaks in the beginning of the chromatogram 

also fluctuate. It has not been possible to assign a 

role to them. They may be products of metabolism, 

components of pheromones or contaminants from other 

parts of the body. 

The retention times of peaks 1 , 3 and 12 corres-

pond to the retention times of compounds MP.1 , MP 2-1 

and MP 3-I (TeUjnan et al, 1975) which were named mono-

morine I, II and Illrespectively. Compound 16 was 

named (Eitter et al, 1975) monomorene. 

ilo Thorace s 

The retention times of the peaks of the volatile 

compounds of the thorax wez-e similar to those of the 

abdomen (fig. 4o2). However, the relative percentages 
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were different. Peak 16 did. not appear at all, peaks 1 

and 3 were much lower, 2.g^ and 3.3^ respectively, peak 12 

was approximately at the same level, 80^ and only peak 10 

was considerably higher up to There was also a 

number of peaks in the beginning of the chromatogram 

whose presence again cannot be accounted for. Also, the 

total Eimount of volatiles was much less than in the 

abdomen, approximately iS^.The fact that the proportion of 

peak 12 to peak 1 is larger than in the abdomen may be due to a 
metapleural gland secretion that has the same retention time as 
ill. Heads peak 12 and is therefore masked by it. 

The total amount of volatiles in the head is much less 

than in both the thorax and the abdomen (fig. 4«3)« It 

is 41^ of the total in the thorax and only 6^ of the 

total in the abdomen. There is also one new peak which 

represents 4*9^ of the total in the head and which is not 

present in the chromatograms of the other parts of the 

body. It is possible that this compound originates from 

the mandibular glands of the ant. A very large propor-

tion, 5 ^ , is taken up by the very volatile compounds 

observed in the beginning of the chromatogram,, 

In general, 5^ of the volatile a can be found on 

or in the head, 1 ̂  can be found on or in the thorax and 

8392 on or in the abdomen. Because some of the compounds 

found on the head and the thorax may be contaminants from 

abdominal secretions, it is calculated that at least 95^ 

of all volatiles originate in the abdomeno 

iVo Poison gland 

The chromatogram of the poison gland reveals the 

presence of 12 of the 17 volatile compounds that weire 

observed in the abdomen (fig. 4*4)« Compound 1 amounts 

to approximately 1 ̂  and compound 1 2 approximately 80^ of 

the total volatiles. Their relative ratios are comparable 

to the ratios observed in the abdomen. Here again, the 

amount of compound 10 fluctuates up to of the total in 

the gland. The peaks of the early volatiles were again 

observedo 
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To Duf our' 8 glaJid 

The Dufour's gland, oontains the 5 remaining compounds, 

13-17 (fig. 4o5). Their retention times 

column are longer than those of the compounds in the 

poison gland. There is a very large arncwu^ of 

unidentified very volatile compounds.Of the remainder, 

compound I6 comprises 80^^ compound 13* 7^ mnri compounds 

15 aad 17, 40 each, 

4o2,3* Conclusion 

The chemical analysis has dhomn that the majority 

of volatile compounds that could be used as pheromoiKis ai% present 

in the abdomen of the ant* The mandibular glands aay secrete a 

volatile compound,and there is a possibility for the presence of a metapleural 

gland volatile secretion. In the abdomen, the poison gland contains 

the majority of volatiles, including the pheromones so far identi-

fied, monomorine I, II and IIIo Dufour's gland contains a smaller 

amount of volatiles including the unsaturated hydrocarbon 

monomorene. 

4.3. Chemical analysis of secretions 

4.3*1. Materials and methods 

i. Trail: A narrow plastic bridge was established be-

tween a nest area and a foraging arena of the ants where 

a food source had been placed. As soon as the trail was 

established, pieces of filter paper with a diameter of 

1 mm, wsre placed at various points in such a way that 

the trail would pass over them. The ants were left lying 

on the trail for approximately 1 h. The pieces of filter 

paper were then removed amd placed inside small glass 

capillary tubes which were sealed and inserted in a 

solid sample injection apparatus, connected to a 5^ 

OV-lOl/CLQ inch GIG column as mentioned above o 
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ii. Defensive secretions: A metal pin. was inseirted in 

the entrance of a nest and moved back and forth a fe* 

times. When the ants adopted the position described in 

the following chapter, they secreted a dj%#let of liquid 

from their sting. Two hundred and fifty such droplets 

were collected on a very small piece of filter paper, 

which was then placed Inside a small glass capillary 

tube and the same procedure for solid sample gas 

chromatography as described above, was followed. 

jJUL. .Alarm secretion: When heavily disturbed near the 

nest, some ants adopted the characteristic position 

described in the following chapter aad secreted a droplet 

of liquid. Again 2^0 such droplets were collected on a 

piece of filter paper and gas chromatographed with the 

aid of a solid sample injection apparatus. 

4.3*2. Results. 

i. Trail 

The trail of M. pharaonis contains several compounds 

from the poison gland and several others from Dufour's 

gland (fig. 4=6). Compounds 1 (monomorine l) and 12 

(monomorine III) from the poison gland were present in 

the highest quantities comprising about 40?^ anii 2C9Z of the 

secretions respectively, and compounds 14 and 17 from 

Dufour's gland comprised approximately 8^ of the total 

amount of volatiles. When these results are compared with 

the results from the poison and Dufour's glands, it is 

noted that monomorine I and compound 17 are present in 

relatively higherquantity in the trail. Also, compound l6 

of Dufour's gland, monomorene, which represents 80^ of 

the volatiles in the gland, is relatively lower in the 

trail. 

Taking into account the volatility of these substances 

it is calculated that the ratio of Duf our's gland secre-

tion over poison gland secretion in the trail is in the 
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range of 15:1 . The least volatile oompounds seem to be 

monomorine I and oompound 17. They possibly adt as long-term 

trail pheromones, lAiile the other compounds such as 

monomorine III and monomorene function as short-term trail 

pheromoneso 

ii» Defensive secretion 

The components of the defensive secretion of 

M. pharaonis are very similar to the components of the 

poison gland (fig. 4.7). Present are 12 of the 17 

compounds of the abdomen, the same as those in the poison 

gland. Their relative quantities are also similar. 

Monomorine III comprises approximately 80^ of the vola-

tiles lAiile monomorine I is 10^. Compound 10 is approx-

imately 9^ of the total volatiles. 

iiio Alarm secretion 

The components of the alarm secretion are exactly 

the same as those of the defensive secretion and the 

poison gland (fig. 4.8). There are again 12 peaks in the 

chromatogram and the relative quantities are similar. 

The difference between the alarm and the defensive 

secretion is the total amount of volatiles. Two hundred 

and fifty droplets of the alarm secretion contain five 

times the amount of volatile confounds that the defensive 

secretion contains. 

4.3.3. Conclusions 

The results suggest that the defensive and the alarm 

secretions originate from the poison gland but larger amounts of 

the poison glands are emitted in the latter case. It seems that 

the same mixture of confounds in lower quantities will elicit 

only a slight recruitment and a low level of excitement, Wiile 

at higher quantities it will elicit alarmo 
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The trail appears to consist mainly of the Dufour's 

gland aeoretion *ith some synergistic effect from the poison 

gland, secretion. Some of the compounds in these two glands, 

especially those with higher volatilities, may act as attrac-

tants to the trail in the short term, iihile another group of 

compounds may act as trail substances in cases where the trail 

is used for longer periods of time. When the food source or 

whatever else elicits trail laying is quickly depleted, then 

the trail must be destroyed very soon* 

In this case the most volatile compounds will act as 

attractants but the less volatile compounds will not have 

enough time to accumulate, and the trail will soon disappear» 

However, when the source is permanent or at least long lasting, 

less volatile compounds will accumulate and make a trail which 

will be much more stable. 

Chemical analysis of the monomorine I isomers. 

The four geometric isomers of monomorine I are 1a: 3(S) 

5(R)9(E) -^-butyl-5-methyl octahydroindolizine, 1b: 3(R)-5(E)-

9(R)-3 butyl-5-methyl octahydroindolizine, 1o: 3(8)-5(E)-9(S)-

3-butyl-5-niethyl octahydroindolizine and Id: 5(R)-5(R)-9(S)-

^-butyl-5-methyl octahydroindolizine. The isomers were 

injected separately in an ^ 5^ OV-lOl/CLQ column at 120°C and 

their retention times were calculated. The results are 

summarized in table * 

Isomers Abdomen 1 a lb 1 c 1d 

Ret. time(min) 1 j.O 13.0 14.2 15.6 14.3 

The results suggest that isomer 1a, the all-cis isomer,, 

is the naturally occuring isomero This confirms other results 

obtained by Edwards and Pinninger (1978) who reported similar 

behavioural responses elicited by the naturally occuring 

monomorine I and the synthetic 1 a isomer* 
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Pig Chromatograms of A: Isomer 1a of monomorine I, j(S), 5(R), 

^(g)-j-butyl-5-methyl-ootahydroindolizine and B: Isomer 

1b of monomorine I, 5(R), 5(R), 9(R) -3-butyl-5-methyl-

ootahyd-rolndolizine. 59̂  OV—lOl/ClQ at 120 C« 
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Pig 4«10« Chromatogramg of A: isomer 1c of monomorine I, 

3(S), 5(R), 9(S)-3-butyl-5-methyl-octahydrolndolizine and. 

B: isomer 1& of monomorine I, 3(R), 5(R), 9(s)-3-butyl-

g-methyl-octahyclroindolizineo 5^ OV-lOl/CLQ at 120 C. 
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The ohromatograms also show that the 1 o isomer is un-

stable since it produces more than aoe (fig. 4^10). 

Finally, as was previously reported. (Oliver and. Sonnet, 1974) 

it is not possible to distinguish isomers 1b aad 1d by gaa 

chromatography. 
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CHAPTER 5 

BEHAVIOUR PATTERNS OF PHARAOH'S ANT 

5«1« Introduction 

Social insects such as ant^have evolved a complex variety of 

behavioural patterns that enable them to communicate and to carry 

out a numoer of activities inside and outside their nest. The descrip-

tion of these behavioural units is essential in the of the more 

subtle quantitative and causative factors that were immediately 

apparent to the descriptive naturalist of the last century. Chemi— 

c&l studies of one ant, pharaoh's ant, Monomorium pharaonim (L)$ h^^^ 

recently appeared (Ritter et al, 1975, 1977) but the underlying 

Behaviour associated with the functionality of the chemicals so far 

identified has not been clarified. The description of these 

behavioural patterns is the first step towards an integrated under-

standing of both the behaviour and the factors causing it. 

5.2. Materials and methods 

One large colony of ̂ 1. pharaonis was used in the obser-

vations. The materials and the methods of observation of the 

behaviour patterns are elaborated in Ch.10. 

Results 

Individual behaviour 

Inactive position. Most of the ants spend some of the 

time standing motionless either inside or outside the nest. The 

body is near the ground, the legs outstretched. The antennae 

are pulled backwards, the scape and funiculus forming a V, the 

angle of which varies up to a maximum of 90° (fig. 5.1A). 

In another more alert position, the body is held higher 

and the legs are less outstretched. The emtennae are held 

forward forming more or less a right angle between scape and 
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Pign S d o Inactive (A) and. active (B) postures of M. pharaonis 
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funiculus (fig. 5.1B). Intermediate postures can also be 

oDserved. 

b) CleaninK. Self-cleaning or self-grooming is a 

behaviour often observed in ants. The cleaning movements are 

very stereotyped and can be easily divided into the following 

eight categories. 

i) The ant brings one front leg over the antennae of the 

same side and the whole of the antenna is pulled through 

the groove between the tarsus and tarsal spur. This is 

repeated two or three times, (fig. 5.2A). 

ii) Following or preceding the previous pattern, the ant 

brings the leg to the mouth from the spur distally and 

passes its labial mouthparts over it two or three times. 

The whole operation of (i) and (ii) is repeated again. 

These two patterns were frequently observed when the 

lamp used for lighting was placed over the nest with 

only the transparent cover on. They could serve to 

cover the antennae with saliva in order to replace the 

moisture lost due to the high temperature. 

iii) The two front tarsi are Drought together and each one is 

brushed on the other from the spur distally. Pattern (ii) 

then follows. 

iv) The ant leans slightly on tne side opposite to that which 

is cleaned and rests on the abdomen and the middle and 

hind legs. The front tarsus of this side is passed over 

the three legs of the other side which have been raised 

from the surface and brought together. The three legs are 

bi-ushed against each other at the same time as the front 

tarsus of the other side passes over them. Then the 

front leg is licked with the mouthparts. This sequence is 

then repeated two or three times. Then the ant changes 

position and cleans the three legs of the opposite side in 

the same manner, (fig. 5.2B). 
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Fig 5o2* Cleaning postures of M« gharaon^ A: foreleg and antenna 

B: Hind and middle leg, C: abdomen. 
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?) The front and the oiiddle legs are brushed against each 

other in the same fashion as when cleaning occurs 

between the fore legs. 

vi) The ant rests on the four hindmost legs. t*m front 

legs are brought backwards on the side of th^ thorax and 

over the other legs rubbing over the whole length. Then 

they are rubbed together and brought to t&e mouth. 

vii) The abdomen is slightly lowered and the hind leg^ sweep 

its sides. 

viii) The abdomen is drawn under the thorax between the legs 

which are straightened. The head is bent downwards and 

the mouthparts touch and move over the posterior of the 

abdomen and the sting. The abdomen is also cleaned by 

the fore tarsi sweeping its sides at the same time 

(fig. 5.2C). 

c) Feeding. The mouthparts are extended over the food. 

The antennae are drawn back touching the food and move very 

slowly over its surface. The mandibles are half open. 

d) ^zploring substrate. The ant moves over the surface with out-

stretched antennae palpating the substrate. Bot^ he#d emd 

the body are turned alternately left and right. The abdomen is 

raised slightly above the ground. 

s) Trail following. The ants move relatively much 

faster, rarely deviating from their course. The antennae pal-

pate more rapidly and are held closer to the substrate. The head 

is turned alternately to the left and right but the body remains 

more or less on the same line. 

Examining objects. When encountering an object, the 

ant keeps the head and thorax very low, the legs are bent and the 

antennae are extended forward, without touching object. 
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keeping the head as far as poGsible away from it. In a posi-

tive reaction, the ant draws nearer very slowly, moving the 

antennae over the object. In withdrawal, it 

antennae back rapidly forming a V between scafe amd funiculus. 

Carrying objects and brood. !5ie objects or the brood 

are grasped between the mandibles. The head is keft level with 

the ground, unless the object carried, is large. 

Carrying cor^ises. The ant grasps t±^ head, thorax 

or legs of the corpse between the mandibles smd carries it above 

its head. The ant moves in a straight line towards the entrance 

of the nest if the corpse is in the nest, or towards the 

periphery of the foraging arena if it is outside. Its linear 

speed is 1,5-2 times greater than when transporting other mat-

erials. Some ants stop the porter on its way try to exam-

ine or grasp the corpse. The porter resists aad pulls back the 

corpse while at the same time it moves its antennae over the 

antennae of the other workers. Outside the nest, it heads 

towards the periphery and appears to search for a suitable place 

to drop its load. It is not left at the imearest spot but is 

usually taken to places where other corpses ha^re besM deposited. 

Aggression and defence 

a) Threat. The aat moves twice as fast as normal. It 

opens its mandibles wide, stops and moves the h(Mid forward 

towards the object. The antennae are stretched wide (fig. 5.3A). 

b) Seizing. The ant is seized between the mandibles and 

held tightly. When the ant seized belongs to the same colony, it 

remains passive holding back its antennae. An inactive posture 

is also adopted by the seizing ant (and they both remain in this 

position for a considerable time, f.e. 5 min. Wlitm em emt of a 

different species is seized, seizing is followed by rapid side to 

side movements of the head. Areas which are commonly seized in 

this manner are the neck, the petioles, the antennae and the legs. 
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Fig Threatening (A) and. focxi sharing (B) in M. pharaonis 
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c) Dragging. Dragging is sometimes obserred after 

seizing. The ant stretches the legs and moves backwards. The 

antennae are also pulled backwards. 

d) Restraint of the queen, the artificial nest is 

shaken or seriously disturbed, the queens are Idie first to 

leave it. If the disturbance does not continue, the vK^ters 

run out of the nest and stroke the antennae of the cpieems 

rapidly standing in front of them or running besides them. 

Sometimes they grasp the legs and pull them backwards. The 

queens then usually stop and turn back to the nest. 

e) Defence. Two or three ants stand in the entrance of 

the nest. One of them puts the abdomen under tfie legs, lifting 

its body high and a droplet is seen coming ou± of th^ sting, 

(fig. 5.4A). The ant remains motionless. After sometime, it 

retracts the abdomen and another ant takes its place. Some-

times there are two ants in this position. This behaviour is 

observed when an intruder attempts to invade t±Le nest, for 

example when a pin is inserted two or three times in the en-

trance hole. If the disturbance is continuous 

behaviour ensues. 

f) Flight. This consists of a sudden cessation of move-

ment, a rapid turn through 135 — 180^ and swift running. 

Usually, the antennae are also pulled back upo# encounter. 

5*3*3* Group activities 

a) Alarm. The ant palpates its antennae rapidly above its 

head. The head and thorax are lifted higher thaa the abdomen 

and the aat runs very fast, often in circles. It does not stop 

to examine anything on its way. Sometimes it f^J.l6 CMrer as a 

result of the rapid running. 

When this behaviour occurs, some ants are seen standing 

and lifting the abdomen at a 4$ angle and a droplet of secretion 

is seen coming out of the sting. The antennae ar^ outstretched 
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45° apart (fig. 5.4b). 

b) Examining individuals, jkn <&nt meeting another ant, 

raises and stretches its antennae towards it land palpates them 

over the antennae and the head of the other ant. other ant 

usually responds in the same way. The aatennae or may not 

touch the funiculus of the other's antennae. Examination is 

brief, usually lasting about one second and is not often 

followed by other behaviour patterns. lExamination may some-

times occur before other patterns such as licking or food 

exchange. 

c) Trail laying. The aodomen is placed close to the 

ground and the sting touches it periodically, fc^ relatively 

long perioda. The head moves alternately lef^ su^ right. The 

antennae do not palpate very rapidly. 

d) Recruitment. Ants entering the nest usually examine 

those ants that they meet and also exchange food. Ants return-

ing from a food source exhibit different behaviour. They move 

very fast and do not stop to examine others but palpate their 

antennae very rapidly while running. They {also do not exchange 

food. Soon after, they leave the nest again returning to the 

food source. 

e) Licking. Licking of one ant by i&nother often occurs 

inside the nest. The mouthparts are applied to the bod^ surface. 

The antennae are held close to the head and they OKwe slowly over 

the surface in a manner similar to that observed when feeding. 

Areas more frequently licked are the mouth, the legs, the anten-

nae and the abdomen, especially the posterior part. Apart from 

live ants, freshly killed corpses present inside the nest are 

also vigorously licked. 

Licking seems to serve more than the function of cleaning, 

since most of the areas licked are areas that can be reached by 

the ant itself. One possible function is the removal of odours, 

foreign to the colony odour of the lants. (The licking of ants 
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Fig Defence (A) and. alarm (s) postures of M. 
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that have been away from the nest for some time and therefore may 

have acquired new odours and the licking of fresh corpseG which may 

start releasing large amounts of pheromones or decomposition 

products, tend to support the argument. Similarly, licking can be 

seen as coating the ant with saliva or other secretions for possibly 

the same reasons. 

Apart from the adults, all stages of the brood ar^ also licked, 

possibly in order to keep them moist. 

f) Food exchange. Food exchange or trophallajo^ is a fre-

quently observed sequence of behaviour inside the nest. Various 

patterns can be distinguished (fig 5.3B): 

i) Antennal palpation. A soliciting ant meeting a possible 

donor, palpates its antennae rapidly over the front part of 

the head and on the mouthparts and at the same time turns the 

head slightly on its horizontal axis. The i^&nor may respond by 

the behaviour described below or by palpating its antennae over 

the antennae of the soliciting ant in the same manner as in 

examining, whereupon no food exchange follows azid tk^ solicit-

ing ant proceeds to solicit from another ant. 

ii) Donor behaviour. The donor opens its mandibles wide and 

extends the lateral mouthparts. The antennae sa-e hed-d wide, 

forming a W shape over but not directly towards the head of the 

acceptor. Sometimes they are palpated slightly. The head is 

parallel with the surface and the rest of the body, but the 

whole anterior part of the body is slightly raised so that the 

head of the donor is slightly higher than the head of the 

acceptor. 

iii) Acceptor behaviour. The body in general is held low and 

the legs are outstretched. The head is pointing upwards at an 

angle to the body and is also turned at an angle from the hori-

zontal plane. The mandibles are closed and the antennae are 

directed towards the mouthparts or the head of the donor always 

inside its antennae. The antennae are palpated slightly but 

p&lpation increases when the donor begins to move Ibe 

forelegs are off the ground, usually touching the genae or the 
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mandioles of the donor. Sometimes, the abdomen of the accep-

tor is seen moving up and down. 

iv) Offering. Upon encountering another aait, i&n euit 

sometimes open its mandibles and extrude its mouthparts with-

out any soliciting behaviour occurring. This behaviour may 

or may not be followed by food exchange. 

v) Gaping. After being fed, aa aat is sometimes seen stand-

ing motionless with its mandibles wide open and the mouthpeurts 

slightly extruded. The head is bent downwarcLs (uxi 

antennae are held at the resting position. 

vi) Brood feeding. When feeding liquids to the larvae, the 

ant extnides its mouthparts and sets them 05 the mouth of the 

lai'va. The mandibles are kept closed and the antennae remain 

motionless over the head of the larva. When feeding solid 

food, a small piece is deposited in the mouth of the larva. 

Food exchange is not only observed among ants returning from a 

liquid food source but is equally distributed among all ants, castes 

and stages. Workers with inflated abdomens are often seen soliciting 

food and larvae also regurgitate droplets of liquid. The signifi-

cance of trophallaxis in communication, physiology and caste 

differentiation is yet to be fully explained. 

5.4. Discussion 

. This list of behaviour patterns is certainly a selective list. It 

only includes those patterns that were observed under the specific 

circumstances. Also, no effort was made to quantify all of tta^ because 

this chapter has served as a checklist of behaviour patterns and some 

uhat are closely related to chemical communication will be discussed 

in more detail in later chapters. 
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CHAPTER 6 

NECROPHORIC BEHAVIOnR 

6.1. Introduction 

One of the most important aotivities of fudis is 

ing hygiene in the nest and foraging area. Included in this, is 

necrophorio behaviour in which dead members of the colony are 

removed, often to localized cemeteries. 

.Although there have been many descriptions of necrophoric 

behaviour in social insects (Wilson, 1971)» there been fe* ob-

jective experimental studies dealing with the underljdj% causes. 

Apart from the harvester ant, PoKonomyrmex badius (Wilson, Durlach 

and Roth, 1958) and the fire ant, Solenopsis invicta (Howard & 

Tschinkel, 1976), very few species have been studied in detail. In 

Pogonomyrmez. pieces of paper treated with acetone extracts of 

corpses were treated like intact corpses. Separaticwi behaviour-

al assays of the principal components of the extract implicated 

long-chain fatty acids and their esters as releasers necrophorio 

behaviour. Oleic acid, a common decomposition product of insect 

corpses, was effective for both POKonomyrmex badius and Solenopsis 

saevissima (Wilson, Durlach and Roth, 1958). In Solenopsis 

invicta, contact chemical cues were found to release necrophorio 

behaviour, but they were not identified (Howard & Tschinkel, 1976). 

In pharaoh's ant, Monomorium pharaonis. there has been only one study 

of the reaction of workers towards corpses (Sudd, 1957)« Here, it 

was mentioned that workers meeting fresh corpses of their own 

species on food trails were repelled by them. 

In the present study, am attempt has been made to establish 

the conq)onents of necrophoric behaviour and their sequential 

organization in Monomorium pharaonis and to elucidate the stimuli 

involved. 

6.2. Materials and methods 

One large colony of Monomorium pharaonis was used in the 
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ezperimenta. The materials and. the methods of observation are elab-

orated. in Ch.10 o 

Two bioassays for necrophoric behaviour were investigated., 

1) Corpses were placed, on the arena. Initially, they were placed 

at a mm-irimiim distance of 5oni from the nest entrance. This pi-oved 

ineffective because of the small number of ants moving on the arena. 

Subsequently, corpses were placed, on a trail leading to a food 

source where more attention was given to them by the ants. 2) Corpses 

were placed inside the nest through a gap between the glass cover 

nn<i the walls of the nest without disturbing the ants inside. This 

was more effective as there were always workers near the spot where 

the corpses fell and observation under the microscope was easier 

in this limited space. Other objects such as pieces of food, wood 

and corpses of other species could also be easily introduced into 

the nest. Observations were carried out until the objects were 

removed from the nest by the ants (fig. 6.1), 

6.3. Results 

6.3.1. General description of necrophoric behaviour 

Observation of ants carrying their dead nestmates 

led to the following categorisation of components of necrophoric 

behaviour in M. pharaonis which could be used in subsequent bio-

assays. An ant grasps the head, thorax or legs of the ooiTpse 

between its mandibles and carries it above its head. The ant moves 

in a straight line rarely deviating from its course, towards the 

entrance of the nest if the corpse is in the nest, or towards the 

periphery of the foraging arena if it is outside. Its linear speed 

is 1 .5 - 2 times greater than i^ien transporting other materials such 

as pieces of rubbish. Some ants stop the porter on its way and try 

to examine or grasp the corpse. The porter resists and pulls back 

the corpse while at the same time it moves its antennae rapidly over 

the antennae of the other workers. Outside the nest it heads to-

wards the periphery and appeeirs to seeirch for a suitable place to 

drop its load. It is not left at the nearest spot but is usually 

taken to places where other corpses have been depositedo 
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Obserrations in the nest revealed, the presence of refuse piles 

in the four comers. These piles contained pieces of wood, uneaten 

food, queens' wings and faecal material, but no dea^ or brood. 

These mere observed in the periphery of the foragicg easim, scattered 

below it, or on the paraffin wax layer. (There were iw distinct 

refuse piles. A count of the number of corpses in tl# periphery was 

carried out which showed two areas of high o<H%x&ntration, in the 

upper left corner and the lower right corner (fig 6.2). These areas 

are at the maximum distance from the two other corners, ewe cf 

which the nest is located and at the other the nest 1%^ been posi-

tioned two months previously. Another observation tends to support 

the hypothesis that there are specific areas for the deposition of 

coi^ses. A very large number of corpses was observed under a food 

tray on the arena. The tray was at a distance from the iiBst equal 

to the distance between the nest and the upper left corner of the 

arena. 

It is not clear whether the workers and sexuals are carried or 

wander to the periphery by themselves before death. It is more 

likely that both events occur since workers carrying dead, brood and. 

corpses placed in the nest were seen depositing their load at the 

periphery, and old queens were seen wandering on the paraffin wax 

layer and remaining there. This supposition'is also reinforced by 

the finding that iiAien the nest is disturbed and queens move out 

immediately, the workers force them to return by surrounding them, 

beating their antennae intensely and even pulling them, #iile 

queens about to die are left completely unattended. It seems, in 

laboratory colonies at least, that most injured and dying ants 

leave the nest, but when death or injury occurs inside the nest, the 

ant is carried out by its sister workers. A worker whose abdomen 

had been crushed but was still alive was carried outside the nest by 

another worker. 

6*3.2. Responses to objects on a trail 

a) Whole corpses 

Preliminary observations showed that corpses of 
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ph&raonis wsrs carried, away only if tli@y wer8 placed, in the nest 

or on a foraging trail. 

A piece of filter paper, 11cm diameter, with concentric circles 

au 0«$om intervals, was placed near the nest on the foraging arena. 

Two Tenebrio larvae were placei 2cm from the centre cm tde side 

of the filter paper and soon afterwards a trail of AU phmraonis 

workers was established between the nest and the fcxxi. tiMUil 

passed almost through the centre of the filter paper. VOwMi iWe 

trail following reached its maximum, a pharaonis corpse was 

placed on the trail as near as possible to the centre cf iwfer. 

The corpse was placed at a moment when the nearest - cw outgoing 

ant was at least 2cm from the centre to prevent alarming the ants. 

The reaction of the ants towards corpses of differ%r# ;%̂ )s ims 

observed and notedo 

CoiTses which had been left in the open for various periods 

elicited different types of behaviour. We can distinguish two 

categories of behaviour according to corpse â :e. 

i) Corpses up to 2^h old. The main dT behaviour is with-

drawal. The ants that came near the corpse stopped immediately 

when approximately 1cm away, turned through 180°, and ran back 

to the nest without necessarily following the trail. After 

approximately 10 min., and after about jO ants had encountered 

the corpse, a deviation from the trail was established about 

1 cm from the corpse in either direction. The repellency was 

very persistent, lasting up to 5h. Sometimes the workers that 

first encountered the corpse were slightly alarmed and ran 

around very rapidly in circles lifting the front part of the 

body and moving the antennae rapidly. As the age of the corpse 

increased, the repellency decreased (Pig. 6.3). The a&d;s (Hwe 

closer to 1 2-24 h old corpses and did not run away immediately 

upon encounter, but stayed away for a few seconds. The number 

of ants encountering the corpse before it was picked up 

decireased (Fig. GoA-). The picking up and transport of the 

corpse always followed the typical necrophorio pattern of 

behaviour described above. 
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Table 6o1 » Average minimum distance between object on a trail anil 

ant encountering it. (in mm), 

* = significant difference from whole corpse at 5% level. 

Corpse 
agefhrs) 

0 

2 

4 

6 

9 

12 

18 

24 

36 

48 

72 

96 

120 

Acetone 
extracted 

Whole corpse 

mean Bad. 

10.0 

6*5 

4.5 

3.2 

1.7 

1.1 

0.7 

0.5 

0.0 

O'O 

0.0 

0 0 

0 0 

0 0 

2J^ 

1 .8 
1 .2 
1 .0 
0.8 
0.8 
0.6 

OJ*. 

0 0 

0,0 

0.0 

0.0 

0 G 

0.0 

Head and 
thorax 

mean 

10.0 
7.1 

6.0 
4.0 

2.0 
1 .1 
0.8 
0.6 
0 0 

0.0 

00 

00 

0 .0 

0 0 

s.d. ± 

2.0 
1.7 

1.4 

1.3 

0.9 

0.6 
0.4 

0.4 

00 

a o 

00 

0 0 

00 

00 

Abdomen 

mean B.d 

9.0 

6.5 

4.2 

3.1 

1.5 

1.1 
0.9 

0.4 

0,0 

0.0 

0,0 

0,0 

0 0 

0.0 

1 .8 
1.5 

1 .2 

0.9 

0.8 
0.4 

0.5 

0.3 

0 0 

04) 

0;:0 

00 

0 0 

O A 

PlagiolQpiB Bp 

mean B.d 

0 0 * 

0^)* 

OLD* 

OLD* 

O ^ t 

0 .0 K 

(10 * 

0 .0 its 

00 

00 

0.0 

00 

Oj} 

0̂ 0 

00 

0.0 

0,0 

0.0 

0.0 

0,0 

0 0 

0 , .C 

0.0 

0,0 

00 

0.0 

0.0 

OD 

(mean= mean of 5 replicates each consisting of the of observed distances, 

s.d.= standard deviation of the sample of 5 replicates) 
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2 4 6 24 36 4 8 

corpse age ( h ) 

Fig 6.3. Repellency of corpses. Mean distance (in mm) from corpse 

on a trail, at which ants stop and turn back. ( • = whole 

corpse. A" = head. and. thorax, O = abdomen). 

(Full data from table 6.l) 
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Table 6.2. Average duration of examination of object on trail by 

each ant (in seo) 

Corpse 
age(hr8) 

0 

2 

4 

6 

9 

12 

18 

24 

36 

48 

72 

96 

120 

Aoet. 
extracted 

Whole corpse 

mean 

0.8 
0.9 

1 .0 
1 .0 
1 .0 
1 .2 
1.4 

1 »6 

1.7 

2.0 
3.0 

5.0 

8.0 

1.0 

s.d 
± 

OJ^ 

0.5 

0.4 

0.6 
0.5 

0.7 

0.6 
0.9 

0.6 
0.9 

1.7 

2.7 

3.4 

0.6 

Head and 
thorax 

mean 

0.8 
0.8 
0.9 

1 .0 
1 .2 
1 .4 

1.6 
2.0 
2.0 
2.0 
3.0 

4.0 

7.0 

2.0 

s.d 

0.5 

0.4 

0.4 

0.6 
0.6 
0.5 

0.7 

0.8 
1.3 

1.2 
1.9 

2.3 

3.2 

1.1 

Abdomen 

mean 

0.4 

0.5 

0.6 
0.6 
0.8 
0.9 

1 .0 
1 .2 
1.6 
2.0 

2.5 

3.0 

3.0 

0.2 

3»d 

0.2 
0.3 

0.3 

0.2 
0.3 

0 

0.3 

0.7 

0.9 

1 .2 
0.9 

1 .9 

1 .5 

0.2 

PlagioleWs so 

mean 

0.2 

0.3 

0.2 
0.1 
0.2 
0.2 
0.3 

0.3 

0.5 

0.3 

0.1 
0.2 
0.1 

0.3 

s.d 

O.t 

0.2 
0.1 
0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
0.2 
0.1 
0.1 
0o1 

0.1 

(mean= mean of 5 replicates each consisting of the m=an of observed 

time periods. 

8.d.= standard deviation of the sample of 5 replicates). 
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Table 6.3. Number of ants enoountering object on trail before 

pick-up. 

* = significant difference from whole corpse at 5fo level. 

Corpse 
age(hrs) 

Whole oorpse 
Head, and 
thorax Abdomen Plagib Igpissp Corpse 

age(hrs) mean Sod. 
4 

mean 8 .d 
± 

mean 8od mean Sod 

0 36 11 40 13 56 15 2 * 2 

2 26 8 30 12 44 4. 13 2 4K 1 

4 18 4 20 8 36 12 1 0.8 

6 14 4 16 6 28 * 12 2 -k 1 .0 

9 10 3 13 3 20 9 1 4R 0.7 

12 9 3 8 4 13 8 1 * 0.8 

18 6 3 6 3 9 6 1 4k 1 .0 

24 4 2 5 4 6 4 1 * 0.7 

36 4 3 4 3 6 4 2 +C 1 .2 

48 5 3 4 2 5 3 1 0.8 

72 5 2 4 3 4 3 2 4̂  1 .0 

96 4 3 6 3 4 3 2 ^ 1 .3 

120 6 2 6 4 4 2 1 * 0.8 

Acetone 
eztraoted 18 5 12 7 8 5 1 y 0.6 

(mean= mean of 5 replicates each consisting of observed number. 

s.d.= standard deviation of the sample of 5 replicates). 
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Pig 6.4. Mean number of ants examining corpses on a trail before 

piok—upo C # = whole corpse, A = head, and, thorax, 

o = abdomeno) 

(Full data from table 5.3.) 
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Table 6.4.. Presence of alaim, aggression, high speed and. orientation 

towards the periphery and depositing of load on the 

periphery towards objects on a trail (WC=Whole corpse, 

HTcHead and thorax, Af=abdomen, P=PlaKioleDis sp) 

l+= presence, -= absence). 

Coi^se 
age(hrs) 

0 

2 

4 

6 

9 

12 

18 

24 

36 

48 

72 

96 

120 

Acetone 
extracted 

Alani 

WC HP A P 

+ 
+ 
+ 

+ 
+ 

+ -

+ 
+ 

Aggression 
High speed 
and orient. /Depositing 

VC HT A P 

* 

+ 

41-
+ 

+ 

* 
+ 
+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

f 
+ 

+ 

WC HP A P 

4̂  
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

-M-
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

WC HT A P 

4̂  

"4* 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4̂  
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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The high level of repellenoy and its subsequent decline sugg-

ests the presence of volatile chemicals in the coi^se which can 

last up to 2^h. 

ii) Corpses older than 2Lh. At approximately 24h after death, 

the corpses elicited two kinds of behaviour. eu#8 return-

ing from the food to the nest were repelled by tlwm 6^ em 

average distance of 1 ± They turned bac± (H* remained 

there for a mean time of 1.6 + sec waving their antennae* 

The ants going from the nest to the food were nat repelled. 

They eiamiaed the corpse and after a number had ckire so (mean=5+4) 

one picked it up and proceeded to carry it to the periphery. Ife 

observe here a difference in motivation that inight te eke to 

hunger. Corpses older than 2Ẑ h did not elicit this ambivalent 

behaviour. The ants examined the corpses for 3 - 8 sec and 

after only a small number had examined them were the bodies 

transported in the typical neorophoric pattern. The chemicals 

that may have caused the repellency seem to be absent here and 

other stimuli may have taken their place. 

b) Heads and thoraces. To investigate the possibility of 

chemicals eliciting necrophoric behaviour and at the same time 

identify a possible source, the same observations were carried out 

using the head and thorax only of M. pharaonis under the same experi-

mental conditions. 

Again, we can distinguish two categories of behaviour, one 

towards corpses up to 24h old and the other towards older corpses* 

In both categories, the behaviour was similar to that towards the 

lAole corpses: repellency with traces of alarm at first, and then 

gradual examination and removal of the head and thorax towards 

the periphery (figs. 6.3, 6j^). Again, the ants left a new trail 

around the position where the heads and thoraces had lain. There 

was slightly more aggression towards corpses up to 2̂ h old (higher 

number of ants threatening with open mandibles). These results again 

suggest the involvement of chemical stimuli, but the increased 

aggression may be due to the different shape of the corpse as well 

as the presence of different quantities of the same chemicals or 

different chemicals. 



104. 

c) Abdomens. The same observations nere oarried. out using 

abdomens of dead M. pharaonis workers. Two categories of behaviour 

oan be distinguished again. In the first category with abdomens of 

up to 24J1 old, there was an appreciable difference from the previous 

two bioassays. A larger number of ants was repelled by the abdomen 

(table 6.3, Fig. 6 . 4 ) . However, in the second oategoiy, with 

abdomens older than 24h, this difference was eradJloated and when 

the abdomens were 4 - 5 days old, they were more readily picked up 

than the other two (table 6.3, fig. 6 . 4 ) . Deviation of the trail 

from centre was again observed. These results suggest that the 

source of the chemicals that may cause repellenoy are in the abdo-

men but the stimuli that elicit necrophoric behaviour towards 

corpses 4 - 5 days old are present in smaller amounts than in the 

rest of the body. 

d) Removal of the chemical signal. To test the effect that 

absence of chemicals has on necrophoric behaviour, a number of fresh nestmates' 

corpses was left in acetone for one month and then left to dry in 

open air for another month. The acetone extract was kept for fuirther 

bioassays. The reaction towards acetone-treated oorpses was not 

markedly different from that towards 5 d.ay old oorpses. However, 

there was an increase in the number of workers examining the coi^ses 

before one of them finally picked them up (table 6.3). Also there 

was a decrease in the time for idiich each ant examined the corpse 

(table 6 . 2 ) . The corpses were not transported in the typical 

necrophoric pattern. The walking speed of the porters was not 

higher than their usual speed and they did not head directly towards 

the periphery. The ants did not make deviations in their trail. 

Acetone-treated heads and thoraces elicited slight aggression 

initially, which was manifested by open mandibles and a fast forward 

movement of the head towards the objects. They were examined for 

a slightly longer period by each ant (average 2 + 0.4- sec) and were 

carried out after a smaller number of ants had examined them (table 

6 . 3 ) . Again, they were not transported as in normal necrophoric 

behaviour. 

Acetone-treated abdomens elicited a distinctly different 
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behaviour pattem. They were not examined, at all apart from a 

simple tapping of the antennae «hioh lasted on average 0.2 + 0.1 sec, 

Very soon they were lifted, by an ant and. d.epo8itecl 2 - 5om from the 

trail and never taken to the periphery. This suggests complete 

absence of both neorophoric and. recognition stimulio 

Another attempt was made to remove the chemical signal. 

Freshly killed corpses were covered with a thin gold-palladium 

film as in preparation for scanning electron mioroscopy. It was 

thus hoped that the film would not permit any chemicals to come out 

of the coi^pse. 

The corpses were again placed on the filter paper and reaction 

of workers towards them was noted. Ants encountering these covered 

corpses stopped at an approximate distance of 2mm, extended their 

antennae towards the coi^se and turned back. This lasted for an 

average 1 .2 + 0.^ sec. After about 10 ants had responded in this 

way, one lifted the corpse and proceeded to carry it towards the 

periphery in the typical necrophoric pattern. 

Tte reaction towards covered heads and thoraces and covered 

abdomens was not different from that towards covered whole corpses. 

The results of these bioassays with covered coi-pses show similarity 

with results from corpses 9 - 12h old. The covering of the corpses 

cannot inhibit completely the volatilization of all chemicals, but 

the resuî -ts presumably rule out any effects of contact pheromones 

on the cuticle in freshly killed corpses. 

These results show that all acetone-treated corpses do not 

elicit the typical necrophoric pattern of behaviour. 

e) Objects treated with acetone corpse extract. The acetone 

extract of the previous bioassay was concentrated up to lOOĵ t , and 

1 of this,was placed on a small piece of filter paper which was 

then placed on a trail. The filter paper elicited significant 

repellency in the ants that were following the trail in either direc-

tion. The workers stopped at an average distance of 6 m:ai from the 

filter paper. 
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A control filter paper of the same size mhioli iRas treated only 

with acetone did. not elicit any repellency and was ignored by the 

workers following the trail. 

1 1̂ 1 of the aoetone extract was also put on acetone-treated 

corpses that had been left for one month to desicoateo These 

corpses also elicited repellency in the workers following the trail 

in either direction at an average distance of 7 mm from the coi^se. 

Thie workers remained at this distance for an average of 1 sec and 

then turned around and left. 

These results show that the aoetone extract of the corpses is 

active in repelling workers. This repellenoy is a characteristic 

component of necrophoric behaviour of workers encountering corpses 

on a trail. (Table 6 .10) « 

f) Objects treated with oleic acido Oleic acid has been 

reported to elicit neorophorio behaviour in various species of ants 

including Pogonomyrmex badius (Wilson et al, 1958), Solenopsis 

invicta (Blum, 1970) and Myrmecia vindex (Haskins, 1970). One ^1 

of various concentrations of oleic acid in diethyl ether was bio-

assayed for necrophoric behaviour, both on filter paper and on 

ooiTpses. The concentrations used were 1|*g/ml, I0:^jg/ml, I00j(g/ml, 

1mg/ml, lOmg/^ml, l00mg/ml and 1g/ml<, The controls were pieces of 

filter paper and corpses treated with diethyl ether only. 

Only the filter papers that contained concentrations 10 mg/ml, 

100 mg/^ml and 1g/ml elicited repellency in workers that encountered 

them on a trail. The other concentrations and the controls did not 

elicit any recognisable changes in behaviour. Also, no filter paper 

treated with oleic acid was picked up and transported to the peri-

phery of the arena. The same was observed with the controls. 

The corpses that were treated with concentrations 100 ̂ .g/ml, 

1mg/ml, lOmg/ml, lOOmg/ml and Ig/ml of oleic acid, did repel the 

workers that encountered them. Neither concentrations of 1 ̂ g/ml and 

10|/g/ml nor the controls elicited any change in behaviour. Again, 

no corpses were transported to the periphery of the arena. 
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A drop of oleic acid, was depoaited. on a number of live ants 

moving on the trail. These ants repelled all the other workers that 

encountered them. 

These results suggest that oleic acid does have one of the 

oharacteristlos that corpses placed on a trail have, that is, 

repellency, but they are not transpoi-ted in the typical necrophoric 

pattern of behaviour and therefore the acid cannot be classified 

strictly as a necrophoric behaviour releaser. (Table 6.11). 

g) Behaviour towards other objects. Various objects were 

placed on tte trail in order to observe the behaviour of workers 

towards them and compare it with behaviour towards corpses. 

i) Plagiolepis. The corpses of a Plagioleois species of the 

brunni group, a small ant 1 .5 - 2 mm long, were placed on the 

trail. They were immediately seized by the first ants that 

met them and soon they were out in pieces and transported 

towards the nest. The behaviour was similar towards corpses 

of various ages, even towards acetone-tr-eated corpses of 

Plagiolepis, 

ii) Pieces of wood, leaves, 2 - 3mm long. The behaviour was 

similar to that towards acetone-treated abdomens. They were 

not examined and very soon they were moved to the side of the 

trail. 

Responses to objects inside the nesto 

a) Whole corpses 

Corpses which had been left in the open for various periods 

were placed inside the nest one at a time. The behaviour of the 

workers towards them was observed and noted. 

Corpses which had been left in the open for different periods 

elicited different kinds of behaviour. We can distinguish three 

categories of behaviour according to corpse age. 
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Examination of the ooi^sG startsd 

inuuGiiiatGly. During th8 first minute tha workers d.icl not go near 

the body but stayed, away palpating their antennae 1 - 2mm from 

the corpse, in a similar fashion shown towards fresh-killed 

corpses on a trail. From the second, minute onwards, examina-

tion was more thorough. The workers surrounded, the corpse anil 

examined it with their antennae, giving more attention to the 

mouth, antennae and sting of the corpse. Antennal examination 

continued at various intensities until the coirpse was removed 

from the nest« Five to ten minutes after introduction of the 

corpse, a new activity, licking, began. It was directed to 

all parts of the body, but again especially towards the mouth, 

antennae and sting. Licking was so intense that at times there 

were five to six workers licking the corpse at the seime time. 

It lasted for a long time, sometimes until the corpse was 

removed. Eventually, one hour or more after the initial intro-

duction one of the workers which had been licking the corpse, 

picked it up and carried it outside in the typical necrophoric 

pattern, 

ii) Corpses 1 - 2 days old. The major differences in the behav-

iour towards these corpses were the absence or low intensity of 

licking (fig. 6.5) and the decrease in the time that elapsed 

between the introduction of the corpse in the nest and its 

removal (fig. 6.7) <, With fresh coz^ses it was always over one 

hour. With 1 - 2 day corpses it exceeded 15 min only once. 

There were other differences which will be described below. 

As in the first group, the first minute after the introduc-

tion passed with the workers surrounding the corpse. The 

antennal examination started immediately afterwards. It was not 

directed at the head and abdomen only, but was spread over the 

whole body. Antennal examination continued until the corpse 

was carried outside. While examination of the corpse was going 

on, one worker would open its mandibles, grasp the corpse and 

cariy it outside or to a corner of the nest. If the corpse was 

not carried outside within the first five or ten minutes, some 

sporadic licking of the mouthparts, the body and the sting was 

observed. Another kind of behaviour was observed which was more 
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Table 6.5, Number of ants examining object inside the nest at 30s \ 

intervals. Measurements were taken until the end of the 

examination. (Por time period of examination, see 

relative columns in table 6.8.) 

Corpse 
Whole corpse 

Head. and. 
thorax Abdomen PlaKiolepis 

age(hrs) mean Sod. 

dr 

mean s.d mean 8 .d 
± 

mean s.d 
+ 

0 4.9 0.5 4.6 0.9 4.0 0.6 6.6 0.9 

2 5,0 0.6 6.4 1.0 4.0 0.5 5.8 0.7 

4 4»7 0.5 4*4 0.5 3.0 1 .0 4.2 0.6 

6 0.8 4*4 0.6 3.5 0.9 5.0 0.5 

9 4*6 0.6 4.8 0.8 4.5 0.7 5.2 0.7 

12 5 ^ 0.9 5.6 0.5 5.2 0.7 4.0 0.8 

j8 4.0 0.6 4.8 0.6 5.7 0.8 5.6 0.9 

24 4o8 0.8 3.6 1.0 5.0 0.6 4.6 0.5 

30 4.3 0.6 5.0 0.7 4.2 1.0 3.8 0.8 

36 5.1 1 .0 4.6 0.8 5.2 0.8 4.8 0.7 

48 4.7 1.0 4.0 0.9 5.1 0.7 5.4 0.6 

72 5.2 0.8 5.6 1.0 4.5 0.5 4.6 0.7 

96 4.2 0.7 4.0 0.7 4.0 0.6 5.2 0.8 

120 4.9 0.8 4.6 0.5 4.5 0.7 6.0 0.6 

Aoetone 
Bxtraoted. 4.5 0.9 7.0 1.0 6.2 0.9 6.6 0.8 

mean= ^ean of 5 r eplicates each consisting of the mean of observed num 

s.d.= standard de viation of the sample o: f 5 repli cates. ) 
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Table 6.6. Number of ants observed, licking object tnpide the nest 

during each time interval of observation ( ̂ Os) 

(For total duration of observation, see relevant columns 

in table 6.8.) 

* = significant difference from whole corpse at 5^ level, 

Corpse 
Whole corpse Head and 

thorax 
Abdomen 

age(hr8) mean s.d. 
± 

me em s.d mean s.d mean 8,d 
— * 

0 0.86 0.09 0.30 * 0.15 0.55 0.09 0 0 * 0.0 

2 0.70 0.09 0.50 4 0.18 1.20 * 0.21 0 ^ * 0.0 

4 0.53 0.10 OJtO 0.21 0.70 f 0.08 0,%) * 0.0 

6 0.22 0.04 0.50 t 0.17 0.15 0.04 04) * 0.0 

9 0.09 0.01 0.65 * 0.29 0.10 0.03 OLO* 0.0 

12 0.04 0.01 0.65 0.24 0.10 0.02 0 0 * 0.0 

18 0.03 0.01 0.^0 k 0.05 0.05 0.02 OX)* 0.0 

24 0.02 0.01 O d t 0.0 0.0 t OrO OCMr 0 0 

30 0.03 0.01 0 ^ * 0.0 0 0 * OcO 0 0 * 0.0 

36 0.01 0.01 0 ^ % 0.0 0.0 * 0,0 O ^ f 0,0 

48 0.02 0.01 00 * 0<0 0.0 * 0 0 0 0 * 0.0 

72 0.03 0.01 OX) * 0.^ OcO * 0=0 OfO^ 0 0 

96 0.02 0.01 00 f 0.0 OX) * 0 0 OjO t 0,0 

120 0.02 0.01 &0 * 0.0 OX) * 0,0 O D * 0.0 

Extracted 0.0 0 0 00 0 0 0.0 0,0 0 0 0 0 

(mean= mean of 5 replicates each consisting of the mean of observed number. 

s.d.= standard deviation of the sample of 5 replicates.) 
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<u I'O 

corpse age ( h ) 

Pig 6o5o Mean number of ants observed licking during each time 

interval of observation (̂ iOs)« ( # = whole corpse, 

A = head and thorax, o = abdomen). 

(Full data from table 6.6.) 
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apparent towardls older corpses. An ant approached, the corpse 

with open maniiibles, sometimes remaining in this posture for a 

few seconds and then leaving, or at other times grasping the 

corpse by parts of the body and then leaving it. This last type 

of behaviour was rarely observed. 

iii) Corpses older than two days. As before, one minute 

elapsed before the ants started examining the ooiTpse. The 

examination was carried out over the whole body. Licking of 

the body was rarely observed, and the aggressive type of 

behaviour observed towards group (ii) was also seen. In this 

third group, this behaviour was much more evident frequent 

^fig. 6.6). The workers grasped parts of the body with their 

mandibles or ran towards the corpse with open mandibles. 

Eventually, one of the workers grasping the corpse lifted it 

and attempted to carry it out. It did not go out directly 

because other ants tried to take the corpse from it. Pulling 

of the corpse by two opposing workers was frequently observed. 

The time between introduction and removal never exceeded 1$ min. 

It must be noted that the limits of these categories were 

not strict and behaviour changed gradually from one kind to 

another, 

b) Heads and thoraces. The head and attached thorax of corpses 

of various ages were placed inside the nest behaviour of workers 

towards them was noted. 

Again, three different phases ware observed. The first, as 

before, was characterized by licking, the majority of which however, 

was not towards fresh corpses but to corpses 9 - I2h old (fig. 6.5). 

This indicates that the stimulus for licking appears later mnrl since 

no other change occurs in the corpse, it must be of olfactoiy nature. 

The duration of examination and licking decreased as older corpses 

were used. However, the duration increased vAien heads and thoraces 

12 - l8h old were placed inside the nest. This duration reached a 

maximum for l8h corpses and then decreased again (fig. 6.7). In the 

second phase in which behaviour towards heads and thoraces of one to 
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Table 6»7' 

Corpse 
age(hr8) 

0 

2 

4 

6 

9 

12 

18 

24. 

30 

36 

48 

72 

96 

120 

Eztraoted. 

Number of ants observed threatening object inside the 

nest and/or grasping it during eaoh time interval of 

observation (308). 

(For total duration of observation, see relevant columns 

in table 6.8.) 

* = significant difference from whole corpse at 5^ level. 

Whole corpse 

mean s.d 

Head and 
thorax 

mean s.d 

0.07 

0.08 
0.08 
0.08 
0.07 

0.07 

0.08 
0.07 

0.08 
0.09 
0.10 
0.20 
0.26 
0.25 
0Jt5 

0.02 

0.02 

0.02 

0.02 

0.01 
0.01 
0.01 

0.02 

0.01 
0.02 

0.02 

0.03 

0.04 

0.04 

0.21 

0.20 
0.24 

0.15 
0.i6 
0.15 

0.15 

0.12 
0.10 
0.12 
0.15 

0.20 & 
0.20 
0.50 * 
0.90 4 
0 .80* 

0.05 

0.08 

0.07 

0.09 

0.07 

0.09 

0.06 

0.07 

0.05 

0.06 

0.08 

0.07 

0.15 

0.25 

0.22 

Abdomen 

mean s.d 

0.14 

0.21 
0.14 

0.15 

0.12 
0.05 

0.05 

0.05 

OLO 

0.0 * 

0U2 * 

0.07* 

0.20 

0.20 

0.20 4k 

0.08 
0.07 

0.06 

0.06 

0.07 

0.03 

0.02 

0.02 
o.o 

0.0 

0 . 0 

0.04 
0.09 

0.11 
0.07 

Plaglolepis sp 

mean 

0.50 t 

0 .80* 

0 . % ^ 

0.89* 

0 . 8 5 * 

0 .90* 

0 . % * 

1.00% 

1.05 * 

1.10* 
1.20 4* 

1.20* 
1.30 ̂  

1.30 * 

1.20* 

s.d 

0.22 

0.27 

0.20 

0.17 

0 . 2 4 

0.27 

0.25 

0.28 

0.27 

0.26 

0.31 

0.29 

0.33 

0.30 

0.27 

(Qean= mean of 5 replicates each consisting of the nean of observed numbers. 

8.d.= standard deviation of the sample of 5 replicates.) 
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Fig 6o6e Mean number of ants observed, threatening the corpse with 

open mandibles and/or grasping it during each time inter-

val of observation (^Os)* ( # = whole corpse, A = head, 

and. thorax, a = abd.omen, A = Plagiolepis sp.) 

(Full data from table 6,7.) 
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Table 608. Time period, betwaen the introduction of the object inside 

the nest and. the final piok-up (in mln*) 

* = significant difference from whole corpse at level. 

Corpse 
Whole corpse 

Head and 
thorax 

Abdomen PlaRiolepis so 

agefhra) mean s.d mean Bod * mean 8«d mean s.d 

0 120 29 120 33 120 26 8.0 * 3.0 

2 57 15 45 * 15 60 13 4.0 * 2.0 

4 51 12 32 14 50 15 2.5 * 2.0 

6 38 15 30 12 45 17 2oO * 0.8 

9 29 7 8 ^ 6 20 12 1.5 * 0.7 

12 25 5 45 12 60 K: 19 1 .5 * 0.6 

18 18 4 60 15 45 4̂  12 1.5 % 0.5 

24 16 3 13 10 18 7 1.0* 0.4 

30 12 4 16 9 2 1 1.0 * 0.7 

36 10 3 14 7 3 1 1.0 T& 0.8 

48 7.5 2 7 4 6 3 1.5 t 0.8 

72 9 3 13 2 18 1 1.0 t 0.9 

# 12 4 1 1 1 1 0 ^ 5 * 0.4 

120 7.5 2 8 3 3 2 1.0 t 0.7 

Sxtracted 5 2 3 1 2 1 1.5 # 0.9 

(mean= mean of 5 replicates each consisting of the observed tine periods. 

s,d.= standard deviation of the sample of 5 replicates.) 
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2 6912 18 :v36 48 72 90 120 

corpse age ( h ) 

Pig 6e7o Mean time period, betimen the introduction of the corpse 

and the final pick—up. ( # = whole corpse, A = head and 

thorax, a = abdomen). 

(Full data from table 6.8.) 
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three days old. was observed., licking was non-ezlatent, again, but 

&66^^s8ion towafds theia was higher than towards whole ooi^ses 

the ants took less time to pick them up and. carry them outside. 

The third phase was characterized by a much higher level of 

aggression. There was frequent opening of mandibles and fast for-

ward movements of the head and also grasping the body without lift-

ing it or attempting to bite it. The duration of examination 

before pick-up remained at short levels (fig 6.7). In all three 

phases, the increase of the duration of examination and the higher 

levels of aggression may be due to differences in tactile stimula-

tion* 

0) Abdomens. Abdomens of corpses of various ages were placed 

inside the nest for observation. As before, three phases of 

behaviour could be observed. 

The first was very similar to the behaviour towards heads and 

thoraces with a slight longer period of examination, but the same 

sudden increase occurred with ooi^ses 12 - l8h old. This again can 

be explained by the difference in shape. Licking was again very 

frequent with a peak at 2h, earlier than with the head and thorax 

and at almost double the intensity (iPig. 6.5). This suggests that 

the stimulus for licking must originate from the abdomen and if it 

is olfactory in nature it must reach its highest concentration 2h 

after death. After 2l̂ h there was no licking at alio 

The second phase showed lower levels of aggiression on the one 

hand and faster pick-up on the other. The ants seemed to be less 

interested in abdomens of this age. 

This pattern of behaviour remained in the third phase, with 

abdomens older than three days. The aggression did not increase 

substantially and the abdomens were picked up and transported within 

one minute after they were placed inside tl:̂  nesto 

d) Removal of the chemical signal. As in the first bioassay, 

corpses that had been left in acetone for one month and dried for a 

further month, were placed inside the nest. 
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Ants responded immediately to a corpse by running towards it and 

grasping it by the bead. One worker remained in this position for 

22 min. while others remained approximately 2-3 min. Grasping of the 

parts of the body was violent and aggressive. In general, aggression 

towards whole corpses increased but not to the point where corpses 

were dismemberedo 

Aggression remained at the same levels towards heads mnil thora-

ces treated with acetone but was still higher than that towards whole 

corpses, while it remained low towards abdomens idiioh were completely 

ignored (table 6.7). All three objects were carried, outside the 

nest quite soon after being placed inside, the most attention being 

given to whole corpses (table 6.8). The objects were frequently 

deposited not outside but inside the nest in one of the comers 

where other debris had accumulated. Also, the manner in which the 

corpses were carried did not exactly fit the description of necro-

phoric behaviour. The porters did not move very fast and did not 

go directly towards the entrance. When stopped by other workers, 

they usually remained in their position for several minutes, allow-

ing the others to examine or even grasp the corpses or parts of them. 

These results suggest that, apart from the loss of the typical 

necrophoric behaviour, the absence of chemical signals is also 

followed by increased levels of aggression if the object towards 

which it is directed has a shape like that of another ant. 

Corpses were used vAiioh ware covered with a gold-palladium film 

used in electron scanning microscopy, as in section 6.3.2dc 

Covered corpses which were introduced in the nest were met with 

slight aggression at first, lAiich consisted of ppen mandibles and 

temporary grasping of the corpses. Soon afterwards, that is after 

two minutes, licking was observed. It was relatively high and lasted 

until 30 min. after the introduction. At that point, a worker lifted 

the corpse and carried it outside the nest and towards the peri-

phery in the typical necrophoric pattern. Covered heads and thoraces 

were treated in a similar way. Licking increased slightly but the 

duration of examination was almost the same. Abdomens were also 

treated in approximately the same way. There was a longer period of 
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examination but they were carried, outside similarly. 

The results of both bioasaays with oovered. corpses showed, a 

marked, similarity with results from coi^ses of 9-12h old.. It seems 

that covering a corpse with a metal film cannot completely inhibit 

the volatilization of all the chemicals, A small proportion d.oe8 

escape and. that amount is equal to the amount of chemicals coming 

from a corpse 9-12h old.. It also suggests that these chemicals 

are not contact pheromones of the cuticle. 

e) Objects treated, with acetone corpse extract. The concen-

trated. acetone extract of the previous bioassay was put on pieces 

of filter paper which were then introduced, into the nest and. the 

behaviour of workers toward.8 them was noted.. The pieces, after being 

examined, by a small number of workers, nere lifted, and. taken out 

of the nest toward.s the peripheiy. No licking or aggression was 

observed. The same behaviour was observed, with control pieces of 

filter paper that were treated with acetone only. The only differ-

ence was the duration of examination. The filter papers that con-

tained the corpse extract were examined for an average of 2 min« 

while the controls were examined for an average of 7 min. 

1 pi of the acetone extract was also put on acetone-treated 

corpses that had been left to desiccate for one month. The corpses 

were examined, licked and transported outside after an average of 

33 min. Controls that had been treated with acetone only were not 

licked at all, elicited aggression and were transported outside after 

only 5 min. of examination. A comparison of the results with corpses 

treated with the corpse extract with the results obtained from 6h 

old corpses showed very significant similarities (Table 6.10). This 

leads to the conclusion that the acetone extract contains those 

factors that are present in 6h old corpses and cause necrophoric 

behaviour when inside the nest. 

f) Objects treated with oleic acid. One ^1 of various concen-

trations of oleic acid in diethyl ether was bioassayed on filter paper 

and on corpses, for necrophoric behaviour inside the nest. Neither 

concentrations of 1|4g/ml, lO^)g/ml, I00(\g/ml and Img/ml en filter 
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paper nor the controls elicited any licking or aggression and were 

transported to a oorrer of the nest after an average of 2=5 min. 

Concentrations of I0m&/ml, I00mg/ml and 1g/ml on filter paper 

G^ioited a significant ainount of licking and also some aggression 

from the workers that examined them. They were examined for an 

average of 7.5 mln. before being taken to a corner of the nest. No 

^^Iter paper was seen to be taken outside the nest or transported in 

the typical necrophoric pattern of behaviour. 

Corpses treated with concentrations of i j'g/ml and lO}̂ <g/ml and 

the control coi^ses treated with diethyl ether elicited no licking 

or aggression and were transported an average 5 min. after introduc-

tion. Corpses treated with concentrations of lOO[*gyml, 1mg/ml, 

I0mg/ml, I00mg/ml and 1g/ml were heavily licked but elicited no 

aggressive behaviour and were transported to a c o m e r of the nest 

after an average 28 min. 

A droplet of oleic acid was deposited on a number of live ants 

that weire standing in the entrance of the nest. Most of the workers 

that encountered them iresponded in the same way as towards any other 

worker. A few licked the ant at the point where the droplet had been 

deposited. 

It seems farom these results that oleic acid elicits only one 

of the characteristic components of necrophoric behaviour, licking, 

when inside the nest. All the other components, including the 

typical necrophoric pattern are absent (Table 6.11). 

g) Behaviour towards other objects. Various objects were 

introduced into the nest and the behaviour of workers observed. 

Pieces of wood and leaves evoked no aggressive responses. Some 

workers which were near them examined them with their antennae and 

left in less than ten minutes. The pieces were eventually lifted 

and deposited in a comer. 

A piece of Musca puparium attracted more attention. The first 

two workers that met it started licking it after a brief examination 
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Table 6.9, Responses to various objects on the trail "̂<1 inside 

the n88t*(— = absence) 

Response 

Pleoes of 
wood 

Outside 
nest 

Eepellenoy on trail 
(in mm) 

Duration of examin-
ation on trail(seo) 

No encountering on 
trail before pick-
up 

Alarm on trail 

Aggression on trail 

High speed and 
orientation 

Depositing on 
periphery 

Inside 
nest 

No examining 
inside nest 

No licking 

No showing 
aggression 

Duration of examin-
ation in n8st(min) 

mean 

0.0 

0o1 

1 .2 
0.0 

O O 

Sod 

0.0 

0.1 

0.8 
0.0 

o.o 

3 

Pieces of 
leaves 

mean 

0.0 

0.1 

1 .2 
0.0 

0.0 

8 

s.d 

0,0 

0.1 

0.8 
0.0 

fly 
puparium 
mean s.d 

± 

Dr«^ophila 

8.P 
mean s.d 

Tj 
a) 
fn 
0 
m 
0 
a 

2.5 

0.20 
1 .2 
0.10 

0.0 0.0 OuO 

4 .2 

0 .0 

tu 

q) 

§ 
4-) 
O 

2.3 

0.0 

1.40 0.32 

1,5 1o1 
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Table 6»10 Responses to oorpse acetone extract. (+= presence, - = absence) 

(For explanations see: Licking-- table 6.6., Aggression — 

table 6.7., Duration - table 6.8.) 

On trail Inside the nest 
Eepellenqy licking 

(no.of ants) 

mean (n=5) 

Aggression 
(no. of ants) 

mean (n=5) 

Duration of 
ezaniination 

(pdn) 

mean (n=5) 

On filter paper + 0 D o c 2 

Control — C C c c 7 

On corpse + 0.25 4K C O * 33 IK 

Control — C O 0.45 5 

6h old oorpse + 0.2] * D O * 38 * 

* _ = algniflcance at the level. 



123. 

Table 6»11. Eesponaes to objeots tireated. with TariouB quantities 

of oleic acid. (FP=filter paper, C=aoetone-eitraoted. 

oorp&e)(+ = presence, - = absence) 

(ior explanauions see : Licking — table 6.6., Aggression 

table 6.7., Duration - table 6.8.) 

Quantity 

Repellenqy Licking 
(no. of ants) 

Aggression 
(no. of aats) 

Duration of 
examination 

(min) Quantity 
FP G FP C FP c FP C 

1 ng 0.0 0.10* 0.0 0.0* 6 4 

10 ng — — 0,0 0.12* 0.0 0*0$ 1 6 

100 ng — * 0.0 0.62* 0.0 0 0 * 1 22 t 

1 pg — + 0 0 0.68* o.o O.D * 2 24 

10 yg + + 0*424 0.75* 0.0 O.G* 6 * 28 ik 

100 yg + + 0.70* 0.8)t O.D o.o* 74^ 31 ^ 

1 mg + + 1.35* 0.95% O^C o o * 9 * 35 

Control — — 0 .0 0 0 0.0 0.36 2 6 

* — = significance at the 5^ level. 
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After this, they carried it to a corner and. left it there. 

Much more attention was given to a dying Drosochila lAioh was 

attacked from all sides after a brief ezamination. The behaviour 

was more aggressive than that shown towards acetone-treated corpses 

pharaonis. The Drosophila was eventually dragged towards the 

inside of the nest. 

The same aggressive behaviour was shown towards corpses of the 

ant Plagiolepis. They were grasped by many ants and. pulled towards 

the interior. Comparing behaviour towards acetone-treated Plagiolepis 

and acetone-treated M. pharaonis. it was found that Plagiolenis 

elicited much higher levels of aggression and was examined for a 

shorter period of time before being picked up (Fig. 6.6). This can 

partly be due to differences in shape and size. 

^ E s t i m a t i o n of thireshold concentrations 

Tne emission of volatile substances by a fresh corpse can 

be represented by a model of a point source of continuous emission 

of chemicals in still air. This model is of course theoretical 

because we cannot be absolutely certain that the emission is contin-

uous and that the air is still and without turbulence. However, 

for a limited period of 10 min. and for the small space where the 

observations take place, it can offer a good approximation of the 

actual sequence of events. 

The theoretical model has been fully expanded by Bossert 

Wil8on(l 96;;) and Wilson, B^ssert and Regnier (1 969) and it is this 

model that will be used here. 

We consider the corpse to be at x=y=z=o with a non-absorbent 

plane at 2=0. The emission rate of chemicals is Q mol/sec 

the threshold concentration below which there is no response by the 

workers is E mol/cm^, the diffusion coefficient of the volatile s is 

D cm /sec and the radius of the sphere that contains the concentra-

tion of volatiles above the threshold after a time period t that 

tends towards infinity, is R max cm. Using the equation ^ = 2nDRmax, 
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we can calculate the ratio ^ and. also estimate K in terms of Q, 

2 
Using also the equation t(0,5) = ( ^ ) we can calculate 

(4% ED 3/2' 

the time it takes the threshold, sphere to reach half the maxiniuin radius. 

In the case of a fresh corpse, deposited outside the nest on a 

food, trail, the above variables for repellency were oalculated 
2 

assuming that D = 0.05 cm /sec (the D for monomorine III is O.O482 

cm^sec,) and having observed Emax = 1cm: 

g = 0.05 X 1 =0,314 cm^/sec. 

and E = 3 »1 83 Q mol/cm^ 

2 

t(0.5) = ( 7 ) = 5»12 seco 
4 X 3.14 z 0.05 y 2 ) 

The observations show that Rmax decreases with time reaching 0 

at approximately 20h after death. Since E and D are constant, Q 

decreases proportionally according to the equation Q = 2EnD Rmax(l). 

From the results with corpses on a trail, the repellency Rmax 

follows approximately the equation Rmax = 9-71ogT where T is measured, 

in hrs. Therefore: 

Q = 2EoD (9-7 log T) and as E = 3*183Q max where Q max is the 

maximum emission rate in the beginning of the experiment, then: 

Q(f) = 6 . 4 Qmax ni) (9-7 log T). 

If this equation is substituted in the density function equa-

tion, then we obtain the equation: 

2 
n(r.t) = 1 .6 Qmax 9-7log T — dt 

) t^/2 ° 
o 

which is the density function equation for corpses of M. pharaonis 
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aged 0-24. hr. After approximately 24h, other ohemioal volatiles 

Tvith difierent diffusion coefficients and rates of emission appear, 

^Ging e(2uation(l) ne can also calculate the threshold concentra-

tion for licking in terms of Q max: 

_ _ Qmaz Qmax . _ _ , 3 
^ ^ = 45.5 Qmai mol/cm^ 

2nD Rmaz 2n z O.O5 x 0.0? cm 

and ^ = O0O2 om^/sec. 

6*5 Conclusions. 

The results show a pattern of behaviour that consists of a 

skeleton of rigid and clearly definable behavioural units, including 

grasping of the corpse, increased linear volocity of locomotion and 

orientation towards the periphery of the foraging arena. These 

components are observed in all situations in which ants encounter 

corpses which can be assumed to have an odour diffez-ent from that of 

tne surroundingso However, the basic sequence is pireceded by other 

changing sequences of behavioural units such as licking the corpse, 

intense antennal examination, repellency and a ranging latency for 

pick-up. These components change either in intensity or in their 

relative position in the sequence according to both age of cozTpse 

and location of the corpse. Table 6#12 summarizes some of the vairia— 

bles associated with these behavioural units. 

In order to identify the stimuli involved, we shall discuss 

first lAat changes occur in corpses from the momient of death up to 

almost complete desiccation. A live ant contains in its poison sac 

and the Dufour's gland a considerable quantity of pheromones lAiich 

it uses for trail following (Ritter et al, 1973 ; Ritter et al, 1977), 

alarm, recruitment and defence against intruders (Blum, 1966). Some 

of tlwse have been identified, such as 5"iD8thyl—3—butyl octahydro— 

indolizine or monomorine I and 2—(5-heienyl)-5—pentyl pyrrolidine 

or monomorine III (Ritter et al, 1973; Talman, Ritter & Verwiel, 

1974). These pheromones are discharged in small quantities whenever 

necessary. However, when large quantities are present, as in the case 
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of a crushed ant presented, to foraging workers, we have found that 

repellency and alarm are elicited. The emission of the contents of 

the poison sao in the Myrmioinae is controlled by two muscles, one 

of Tihich hennetically closes the poison duct and. one which opens it. 

At M s t , the walls of the duct are in contact, thus preventing the 

contents from leaking out (Janet, 1898). When the ant dies, it can 

be assumed that the muscles slacken and a much larger amount of the 

pheromones is discharged. Since the pheromones are volatile sub-

stances, they eventually volatilize completely and leave the ant 

with other odours which are less volatile. These substances can be 

either natural odours i.e. contact pheromones or other non-volatile 

odours, or they can be internal fluids and products of decomposition. 

After a further period, the decomposition products and the fluids 

piredomlnate in the external volatile odours. Finally, as the piroducts 

of decomposition and the fluids have volatilized, the corpse may 

absorb the odour of its surroundings. 

These postulated changes in the odour of the ooi^se could explain 

changes in behaviour. Presh coi^ses emitting large amounts of phero-

mones should elicit behaviour similar to the behaviour elicited by 

crushed ants. The behaviour is indeed similar, although not so 

intense. Repellency occurs but the alarm is not so high. This may 

be due to the fact that a crushed ant emits a far greater quantity 

of pheromones in a brief space of time than a fresh corpse. 

Inside the nest, the motivation of ants that protect and feed 

the brood and the queens, and control conditions within the nest 

differ from that of hungry foragers. On meeting an ant strongly 

emitting repellent pheromones, ants in the nest will not flee but 

may act to stop the emission. Licking oP the corpse may serve either 

for the removal of exudates from the body surface or for appeasement 

of the emitter by offering it saliva or other secretions. Such 

licking behaviour towards returning nestmates has ali-eady been 

observed in the ant Formica fusca (Wallis, 1962). The ants prefer 

to lick the abdomen and also give more attention to it when it is 

placed on the trail. If licking of the abdomen and licking of the 

head and thorax are compared, it can be observed that licking the 

abdomen is twice as intense and reaches a maximum much earlier than 

licking the head aîid thorax. This may be because the abdomen con-
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tains the ptaromones idiioh are far more volatile than other sub-

stanoes on the bo^y* 

As the pheromone emission is presumed, to be decreasing, licking, 

repellency and the number of ants licking the before it is 

picked up also decrease simultaneously (Fig. 6.8) in parallel. 

The regression coefficients of the curves in fig. 6«8 do not differ 

significantly at the 5^ level and correlation coefficients are close to 1, 

When the coi^ses aire about l2h old, they probably have an odour 

which conuains traces of pheromones, decomposition products, internal 

fluids and natural short range external volatiles. This mixture 

may be unfamiliar to the ants inside the nest. It is at this stage 

that the characteristic shape and size of the coi^se may be impor-

tant in the recognition as a familiar object. When an object with 

a familiar shape and an unfamiliar odour — a lAiole coi^se — was 

introduced the ants soon carried it outside, but when an object with 

an unfamiliar shape and unfamiliar odour — head and thorax or 

abdomen - was introduced, they took much longer time examining it 

before they carried it outside. 

This could have been due to the fact that some internal fluids 

came out at this point from the cut suiface between thorax and 

abdomen, but when whole corpses with partially severed abdomens were 

introduced into the nest, they ware tireated in the same way as the 

whole corpses. 

As the pheromones disappear and more decomposition products 

appear, the odour of the corpse becomes more unfamiliar to the ants 

inducing them to pick the corpse up and remove it from the nest or 

the ti%il in the typical necrophoric pattern. Whole corpses, heads 

and thoraces and abdomens are treated in the same way. 

When the corpses have dried and lost all familiar odours, there 

appears to be differential treatment. Whole corpses are recognized 

by their shape alone and do not elicit aggression, Plagiolepis 

with somewhat similar shape and similar odour, the odour of the 

environment, are taken apart, while heads and thoraces with half— 
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familiar shape and same odour provoke an intermediate level of 

aggression. The abdomens are detected as simple ixxuui objects. 

They do not receive any aggression, they are not removed to the 

periphery but simply set aside and are readily picked without 

much examination. The greatest interest is shown towards the whole 

corpses, probably because they are the ones with most familiar 

shape. The hypothesis that the typical necrophoric behaviour is 

elicited by chemicals is supported by the fact that the acetone-

treated corpses which are believed to have the odou^ of the surround* 

ings are not transported in the typical necrophoric pattern. 
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CHAPTER 7 

EXPERIMENTAL INDUCTION 0? PERPQMSES 

7 ^ Introduotion 

Tii8 bGh&Tioui'&.L i?8Sjpo%i8@8 of M# worksrs wsrs 

studied in various experimentally induoed situations, first in 

order to observe and describe particular behaviour patterns in mor% 

detail and secondly, in order to elucidate the factors involved. 

7*2 Recruitment to a food source 

The first series of experiments dealt with observations of 

the behaviour of the scouts as they search for food and as they 

i^turn to the nest after finding it<, For these observations, a 

large piece of wood covered with filter paper was used as a foraging 

area. A paper bridge connected it with the nest arena (fig lo.1 , 

ch.ic). 

The first scouts that found and passed the bridge, moved 

cautiously and slowly, turning their antennae right and left. In the 

beginning, they moved in their immediate environment near the bridge, 

but after they covered a part of it, they moved further. The first 

ants that found the food that was placed 2.5 cm from the end of ths 

bridge, stayed near it for a lAiile and then started iretuming to the 

nest. This time, the behaviour was totally different. They moved 

faster in a straight line and their abdomen was touching the 

ground. When they met ants coming from the nest, they exchanged 

some antennal beatings and then moved on. After a idiile, the food 

was surrounded by a group of ants, and the circulation on the 

bridge had increased in both directions. 

In order to find during which part of their journey, the ants 

deposit the odour trail, the following experiments were made; 

a) The ants were allowed to pass the bridge and find the food 

but they were not allowed to return to the nest. As soon 
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as they reached the end of the paper strip they were 

picked, up with a brush and thrown away. 

b) The ants wei% allowed to pass the bridge and return but 

there was no food. 

o) The ants wei-e allowed to pass the bridge, find the food 

and then return to the nest. 

The number of ants that passed the bridge in the direction of 

the food per minute, was counted (Table 7.1). 

From fig 7.1 we can see that when the ants do not return, the 

number that pass the bridge per minute is constant. Therefore, 

there is no factor causing recruitment. So we can conclude that 

either the scouts searching for food do not leave any trguLls or 

that the trail they leave is not perceptible because it has not 

been preceded by a certain behavioural pattern inside the nest. 

In the second case, in which there is no food, the number of 

ants per min. increases slowly. This suggests the presence of both 

alerting and orientational signals since those ants that are 

alerted move towards the bridge and not towards other directions 

outside the nest. Therefore, there must be an odour trail from 

the nest to the new unexplored area. The behaviour of the first 

scouts is similar to that of the scouts in the third case, namely 

fast running, rapid movements of the antennae eto. 

In the third case, where ants are allowed to forage anil return 

to their nest, the number of ants per min. rises steeply. 

Obviously, we have here both trail laying and excitement in the 

nest. However, the level of one or both must be different from that 

in the previous case. There seems to be a transfer of qualitative 

differences. The behaviour of the scouts and the foraging ants is 

similar to that described for the normal situation in foraging. 

Mass recruitment has been described as recruitment where the 

workers at the food increase gradually to an asymptote, contraiy to 
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Table 7*1 » Number of antB/min crossing bridge from nest to foraging 

arena (n = 5) 

(A = No food on arena, anta do not return 

B = No food on arena, ants return 

C = Pood on arena, ante return) 

Minutes 

E^qwr. 1 2 3 4 5 6 7 8 9 10 

A 7.3 4 .6 3.3 4 .5 3 .7 3.1 3 .9 3 . 4 3 .7 2.9 
B 7 .8 6.7 7.9 6*5 8.2 1 0 . 7 11.2 1 5 . 4 16 . 4 17.0 
C 8.5 6 .8 9.7 13.5 13.8 19.5 2 4 . 2 2 6 . 3 2 9 . 2 44.5 
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group recruitment where a pulse of workers arrives and. there is 

likely to be little later reoruitment (Carroll AnH Janzen, 197^). 

The results suggest mass reoruitment in M. pharaonla. They also 

suggest that at least in the phase of the cLevelopment of recruit-

ment, the presence of returning scouts is necessary. There is 

also the possibility of variation of information transmitted by the 

returning workers. Workers in the nest are able to distinguish 

between a new food, source and. a new unexplored ajrea without food 

only from the messages transmitted to them by the scouts, 

whether they are tactile or chemical* 

The results are not, however, helpful in distinguishing 

whether each ant secretes the same amount of pheromone, regardless 

of the amount present on the trail, or whether it regulates emission. 
Also, they are not helpful to distinguish, in the third case, recruitment 

for food and exploration of territory which may be occurring together. 
7«3» Responses to possible sources of pheromones 

In this set of observations, the responses of workers 

towards various glands and parts of the body were studied. The 

parts of the body that were used, were the head, containing the 

mandibular glands, the thorax, containing the metapleural glands, 

and the nAiole abdomen with the Dufour's and poison glands. Also 

tested, were live ants and monomorine I, one of the pi-incipal 

pheromones of M. pharaonis. 

# Materials and methods 

2 

Pieces of filter paper (Whatman No.1 , area 1cm ) 

were placed on the ants' foraging arena, carrying for each 

experiment one of the following items: 

1 . A live ant fixed on the paper with soft paraffin 

wax. 

2. 5 crushed heads. 

3. 5 crushed thoraces 

5 crushed abdomens 

5. 5 poison glands 

6. 5 Dufour's glands 
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All came from the same colony, the one being tested and. *ere 

G'll placed on the filter paper immeiiiately after dissection except 

for the glands which were placed two minutes after their excision. 

The controls used were blank pieces of filter paper. The 

control filter Paper was placed and tested before the test filter 

paper. 

The filter paper with the item being tested, was placed in the 

middle of a circle with radius of 4om. (fig 7.2) 

In every experiment, the number a^ of ants present inside the 

circle at time 0 and at every minute up to the twelvth, was counted 

(t from 0 to 12). Every experiment was repeated 10 times. A series 

of measurements a^^ was thus obtained (n from 1 to 10). 

.For every minute (t), the results of the ten experiments were 

added. So, for each of the 13 values of t, the was cal-

^tn 
n=1 

oulated. 

The average number of ants present at every t was then calcula-

- 1 10 

^t 10 ^tn 

The total number of ants for every experiment (n) was also 

calculated ^ ̂  

I 
t=0 

Finally, for eveiy item tested, the average number of ants for 

the total period of observation is calculated ^ ̂  

t=0 

Because the e33)eriment8 were carried out with a varying number 

of ants due to different levels of activity and in order to be able 



137. 

Bioassay 
area Test material 

Filter paper 

1 cm 

Pig 7.2c Diagram of bioassay area for the observation of responses 

to possible sources of pheromone secrstion. 
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to compare the results, the measurements were ohanged. by a factor 

that each quantity was replaced, by aocor&ing to the 

formula: 

Z 
tn 

Where Eh = 

12 z 
*tn 

t=0 *t 

. All results that appear, ara 

expressed as I 
tn' 

7.3*2. Results 

aj Live ants. Live ants fixed on the filter paper were 

the most attractive to the workers on the foraging arena. The number 

of ants arriving on the filter paper per minute reached a maximum, 

4 or 5 min. after the introduction of the ant, and throughout the 

observation period remained at these levels (fig 7.3.). The 

workers that approached the fixed ant were only slightly alarmed but 

were repelled at short range. They usually stopped at a minimnm 

distance of 1om from the centre of the filter paper, Here, there 

is therefore, evidence of long-range attractancy and short range 

repellency. 

During the period of observation, the fixed ant, apart from 

trying to disentangle itself from the parrafin, was also lifting its 

abdomen slightly upwards in a way similar to that observed when ants 

are emitting an alarm secretion. 

b) Heads. Crushed heads were not as attractive as the 

live ant and their attractancy was not significantly different from 

that of the controls (fig 7.3«) The workers that gathered around them 

were slightly alarmed and were not repelled, but examined the heads 

with their antennae. In some cases grasping the head between the 

mandibles and dragging it towards the nest was observed. However, 
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C 

#1 
.o 
E 

Head* 

Thorax 

Time mm 

Wholeant 
Abdomen 

Poison and 
Dutours gland 

Control* 

F ig 7«3« Number of ants present i n observat ion area eaoh min. 
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a f t e r a few cent imetres, the head was abanionea. 

o) Thoraoes. The crushed thoraoes were rK^ a t t r a c t i v e 

t o the workers and t h e i r " a t t r ac tancy " again was n o t s i g n i f i c a n t l y 

d i f f e r e n t from tha t of the con t ro l s ( f i g 7 . 3 ) . However, repel lenoy 

was observed among the workers t h a t approached, d i d rw t tcnicb the 

thoraces a t a l l w i t h t h e i r antennae and stayed a t a ml nimnm distance 

of 0.5 cm away. 

d) Abdomens. Crushed abdomens were s t r o n g l y a t t r a c t a n t 

t o the workers t h a t encountered them. The number c f ardzs 

at the f i l t e r paper per min. was s l i g h t l y less t h a n vAwm a l i v e 

ant was present ( f i & 7 . 3 ) . However, con t ra ry t o the l i v e an t , they 

e l i c i t e d very strong alarm behaviour. Ants were runn ing i n c i r c l e s 

around the f i l t e r paper, standing on t h e i r h ind l e g s ewd o s c i l l a t -

i ng t h e i r antennae, or keeping t h e i r abdomens i n t ouch w i t h the 

ground. The i r running was so f a s t and uncoordinated t h a t they some-

t imes f e l l over . I n a d d i t i o n to the alarm behav iour , repe l lency was 

also obsei-ved among those workers approaching the f i l t e r paper. 

e) Dufour 's g land. The reac t i on of workers towards 

crushed Dufour ' s glands was s i g n i f i c a n t l y d i f f e r e n t f rom the reac-

t i o n s towards the crushed abdomens. No alarm behaviour was observed 

and the ants approached the f i l t e r paper wi thout be ing r e p e l l e d . 

The a t t r ac tancy of the glands was h igh , almost as h i g h as t ha t of the 

abdomen al though the maximum number of ants per minute was reached 

approximately 7 min. a f t e r the i n t r o d u c t i o n of the f i l t e r paper whi le 

abdomens reached a maximum a t t rac tancy a t about 4 m in . a f t e r the 

i n t r o d u c t i o n ( f i g . 7 . 3 ) . 

f ) Poison g land. The crushed poison glands e l i c i t e d a 

d i f f e r e n t behaviour from t h a t of the Dufour 's g land , a behaviour 

t h a t i s very s i m i l a r to t h a t e l i c i t e d by the abdomens. The glands 

produced st rong alarm behaviour as descr ibed p r e v i o u s l y and were 

a lso r e p e l l e n t t o the workers t h a t encountered them. The long range 

a t t r a c t a n t y was a lso present a t l e v e l s s i m i l a r t o those of the 

crushed abdomens ( f i g 7 . 3 ) . The h ind gut which was a l so t e s t e d , 

e l i c i t e d behaviour s i m i l a r t o t h i s . I t i s poss ib le t h a t the h ind gut 
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was oontaminated. f rom the contents of the po ison g l a n d , 

g) Monomorine 1= Some experiments t h a t vere carried, out 

w i t h the pheromone monomorine I , i n t h i s b ioassay, sIxMKia stixiBg 

a t t rao tancy wi thout alarm behaviour . 

Conolusions 

Table 7.3 summarizes some of t h e genera l r esu l t s 

obtained by the bioassay. From these r e s u l t s i t i s evident tha t the 

chemicals t h a t cause a t t rac tanoy are i n the abdomen, but i t i s not 

ev ident i n which gland since both the Dufour 's and the poison gland 

are a t t r a c t a n t . On the con t ra ry , strong alarm behaviour i s e l i c i t e d 

on ly by the poison g land, wh i le substances i n t he head may p lay 

some r o l e i n the i nduc t i on of a larm, 

Repellency i s observed i n the same cases as alaam, 

the thorax which e i t h e r i s genuinely r epe l l en t o r ymis oontaminated 

by the secret ions of the poison g land. 

F i n a l l y dragging, a pu re l y aggressive p a t t e r n o f behaviour, i s 

e l i c i t e d on ly by the heads. That may be because o f two reasons: 

a) the head does not have s p e c i f i c v o l a t i l e s and i s not recognized 

as being pa r t of an ant of the same species, but as a poss ib le food 

source, b) the head has spec i f i c v o l a t i l e s t h a t e l i o i t aggression 

and s l i g h t a larm. 
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Table 7»3o Summary of responses towaras var ious ob jeo ts .p lacea 

i n the fo rag ing arena. 

Object 

L ive ant 

Heads 

Thoraces 

Abdomens 

Dufour 's g lo 

Poison g l . 

Monomorine I 

+ 
+ 
+ 

Eepellenoy 

+ 
+ 

Alarm 

+ 

+ 

++ 

++ 

Dragging 
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CHAPTER 8 

EESP0N8E8 TO THE PHBR0M0NE8 

8/1 I n t r o d u c t i o n 

Al though the chemioal s t ruc tu re of the major and. some 

minor components of the v o l a t i l e s i n the M. pharaon is abdomen has 

been f u l l y e luc ida ted , t h e i r exact b i o l o g i c a l r o l e i s s t i l l a matter 

of cont roversy . Blum (1 $66) repor ted the po ison g land as being the 

source of the t r a i l pheromone whi le Ho l l dob le r (1973) reported tha t 

the Dufour 's gland contained the t r a i l pheromone wh i l e the poison 

glands were used f o r defensive puz^oses. B i t t e r e t a l (1975) 

repor ted t r a i l f o l l o w i n g a c t i v i t y i n monomorine I and I H and 

monomorene, vAiile R i t t e r e t a l (1977) concluded t h a t f a rana l from 

the Dufour 's gland i s the main t r a i l pheromone. A more d e t a i l e d 

study of the b i o l o g i c a l e f f e c t s of var ious amounts o f a l l the 

components of the glands both i s o l a t e d and i n v a r i o u s mixtures was 

considered necessary having i n mind, the multicomponent nature of 

maqy pheromones i n other ant species (Bradshaw e t a l , 1975)o 

8o2 Mate r ia l s and methods 

The bioasaay apparatus i s descr ibed i n Ch.16o F i f t e e n 

ants were placed i n the bioassay arena and a l l o i e d t o s e t t l e f o r one 

hour . The amount of pheromone to be tes ted was depos i ted w i th a 

microsyr inge on a piece of f i l t e r paper (Whatman No .1 , r=2mm) which 

was placed i n the middle of the arena. The number o f ants en te r ing 

a c i r c l e of 2.5cm diameter , the number of ants t h a t touched the 

f i l t e r paper w i t h t h e i r antennae and the t ime each ant remained i n 

the c i r c l e were recorded f o r a pe r i od of 10 min. A f t e r t h i s pe r i od 

of observat ion, the ants were al lowed t o s e t t l e f o r 30 min. before 

another observat ion took p l ace . The bioassay of each amount of 

pheromones was repeated f i v e t imes . I n each se r ies of observat ions 

of d i f f e r e n t amounts of the seime pheromone, the sequence of observa-

t i o n s was changed each t ime , because i t was observed t h a t i n the 

f i r s t bioassay w i t h a new set of an ts , there was always increased 

a c t i v i t y because of exp lo ra to ry behaviour . 
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The synthet io pheromones ware obtained, f rom va r i ous souroeso 

The monomorine I precursor and. trana-monomorine I were synthesised. 

by D r . C. Broomfield. and D r . G. Jackson of the Wo l f son Un i t of 

Chemical Entomology. The monomorine I isomers were synthesised. by 

D r . P . Sonnet and. obtained through Mr. J . P . Edwards (PICL, Slough). 

The a l l - o i s monomorine I , the trans-monomorine I I I the c i s / 

trans-monomorine I H were obtained, from Dr . F . J . R i t t e r (TNO, D d l f t 

Hol land,). A l l the pheromones mere raoemio mixtures<» 

T]% syn the t i c pheromones were d i l u t e d i n so l ven t s t o obta in the 

des i red concent ra t ion . The monomorine I p recursor was d i l u t e d i n 

d i e t h y l e t he r , trans-monomorine I I I was d i l u t e d i n bo th d i e t h y l 

e ther and heiane and monomorine I , o is/ t rans-monomorine I I I and 

monomorine I + I I I were d i l u t e d i n hexane. One o f each d i l u t i o n 

was used i n the bioassays. 

8.3o Resul ts 

a) Monomorine I precursor 2 - (^-hydroxy h e p t y l ) , 6 - m e t h y l p i p e r i d l n e . 

Var ious amounts of t h i s syn the t ic p recu rso r of monomorine 

I , (precursor 3 , O l i v e r & Sonnet, 1974) ranging f r om 1 ng t o 10 pig 

were bioassayed. None had any a t t r a c t a n t e f f e c t on the an ts . The 

r e s u l t s are summarised i n Table 8«1« 10 pg e l i c i t e d repe l lency a t 

approximately Icm from the source and the ants remained i n the c i r c l e 

f o r a s i g n i f i c a n t l y shor ter pe r i od of t ime . 

b) Monomorine I f a l l - c i s ) 

Amounts ranging from l i i g to lO^ig were bioassayedo 

Amounts of 1»-ig, 10*^ and lOOng e l i c i t e d a s i g n i f i c a n t a t t r a c t i o n t o 

the source. Both the number of ants i n the c i r c l e and the percentage 

of the ants touching the f i l t e r paper were h i g h e r . The t ime spent 

i ns ide the c i r c l e was also s i g n i f i c a n t l y h i ghe r . 1 0 % of the phero-

mone repe l l ed the ants a t a d is tance of lcm f rom the source and 

a lso had the e f f e c t of reducing the t ime spent i n the c i r c l e . No 

alarm behaviour was observed. 
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Table 8.1 . Responses of ants t o the monomorine I p recursor 

( * : s ign i f ioanoe a t the 10^ leve ls * * : a i g n i f i 

the 5^ l e v e l ) e 

No. of ants 
i n c i r c l e 

^ of ants 
touching f . p . 

T iae spent i n 
o i r c l e f s e c . ) 

mean S ed. . mean s^d. mean s ^ . 

Contro ls 2 7 3 8 . 1 . 74.0 11.0 12 .8 2.3 

1 -*g 19.8 9.1 72.0 10.9 14 .2 1.3 

10 ng 22.6 8.5 77.0 6.3 14 .8 3.6 

00 * g 25.0 9.4 70.0 8.1 11.1 1 .7 

1 Mg 29.4 9.0 69.0 9.4 9.6* 1.3 

10 pg 26.2 2.2 30.0** 14.7 5 .2 * * 0 .7 
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Table 8 . 2 . Responses of ants t o a l l - c i s monomorlne I , 

l e v e l ) 

No. of ants ^ of ants Time spent i n 
i n c i r c l e touching f . p . o i r c l e ( seo.) 

mean 8 .& .± mean 8 . a . ± mean s .d . .± 

Contro ls 23.2 5 .7 73.7 9 . 6 14.9 1 .6 

1 ng 34.3** 4.1 79.7* 5 . 3 17.1* 3 .8 

10 * g g6.6#* 3.1 80.6* 4 . 7 17.7* 3 .9 

100 ng 35.0** 5.0 81.5* 7 . 2 16 .9* 2 . 6 

1 yg 2 9 . 0 6 . 0 65=1 8 . 9 15.4 3.1 

10 fg 31.0 7.1 1 7 . : * * 17.6 9 . ( * * 3 . 6 
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o) Monomorine lb, o and dl 

Only one amount of these three geometric isomers of 

monomorine I, 100 wg, was bioassayed.. None had. any attraotant or 

arrestant properties and none elicited any significant amount of 

alarm* These results are not in exact aocordanoe with previous 

results (Edwards & Pinninger, 1978) where it was reported that 

isomers 1b and 1o had some arrestant effects. However,it was men-

tioned there, that the arrestant activity was due to one or two ants 

remaining over the target area. 

d) Trans-monomorine III 

Amounts of this pheromone ranging from 1 ng to 10 pg 

were bioassayed. Only 10 Hg had a low but statistically significant 

attraotancy in the circle, but they also repelled the workers 

encountering the source at approximately 1 cm and reduced the time 

spent within the circle. 1 |̂ g of the pheromone repelled the workers 

that encountered the filter paper and also reduced the time spent in 

the circle. 100 -ng did not repel but reduced the time spent in the 

circle, while 10 ng and 1 ng had no significant effect. 100 ng, 

1 Hg and 10 Hg also elicited alarm responses. The ants that 

encountered the source, turned at an angle of 90°-135°; moved with an 

increased speed and also raised the front part of the body and the 

head and oscillated both antennae at the same time. 

There was no significant difference between monomorine III 

diluted in diethyl ether and diluted in hezane. 

e) Cls/trans-monomorine III 

Amounts ranging from 10 ̂ ĝ to lOMg of this mixture of the 

two geometric isomers of monomorine III, were bicaasayed. None had 

any attractant effect. 10 {-"g repelled the ants at a distance of more 

than 1 .5om, while 1 f̂ g and 10 ^̂ g repelled the workers that entered 

the circle, caused a reduction in the time spent irithin it, and also 

elicited alarm behaviour as mentioned before. 
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Table 8.3« Responses of ants to the monomorine I s tereo- isomers 

No. of ants 
i n c i r o l e 

^ of ants 
touching f . p . 

TJuma spent i n 
o i r c l e ( 8 e o . ) 

Isomers Mean 8 . & . - mean 8 mean s . & . t 

Contro ls 19.4 5.3 72.2 7o1 13 .6 1.5 

1 b 24.0 7.2 70.9 8.3 15 .3 1 .8 

1 0 19.5 4 .6 67.3 6.2 13.1 2.0 

1d 17.3 5.1 65.2 6.9 1 0 . 9 1 .9 
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Table 8 .4* Responses of ants t o trans-monomorinB I I I 

( * : s i gn i f i cance a t the 10^ l e v e l , * * : s ign i f i cance at 

the 5^ l e v e l ) . 

No. of ants 
i n c i r c l e 

% of ants 
touching f . p . 

Time spent i n 
o i r c l e f s e o ) 

mean mean 8 .d .± mean 8.d. :& 

Contro ls 
( d i e t h . e t h e r ) 21.6 3.5 71.3 8.9 12 .8 1 .9 
Cont ro ls 
(Hezane) 23.5 6.5 73.7 11.1 15 .3 1.5 

1 T'g 26.0 5 .6 61.9 9.7 10 .9 1 .2 
10 ng 25.5 6.3 67.2 5 .0 11 .5 1 .7 

100 «ig 23.7 8 .8 65.2 14.1 10 .3* 1 .8 

1 kg 30.2 6 .9 55.5* 11.3 8.9#* 2.3 

10 yg 32 . ( * 4 .2 9Jt** 3 .8 4 . 9 * * 0.5 
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Table 8 . 5 . Responses of ants t o c i s / t r a n s monomorine TTT 

( * : s ign l f i canoe a t the 10̂ 2 l e v e l , * * : s ign i f i cance at 

the 5^ l e v e l ) 

NOo of ants 
i n c i r c l e 

^ of ants 
touching f . p . 

Time spent i n 
o i r c l e f s e c ) 

mean mean s .a .± mean s .d 0 ̂  

Contro ls 33.5 6o4 71.8 5.7 12.8 2.7 
10 ng 31.0 9.9 81 .1 7.2 13.6 1 .2 

100 33.0 15.6 79.5 7.3 12.0 1 .2 
1 Hg 28.0 6«i 3.3 8.2** 0.7 

10 Mg 14.5* 6 J*. 0 ** 0 0 * * 0 
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f ) Monomorine I and i l l 

A mixture conta in ing 10 Tig of monomorine I ( a l l - c i s ) and. 

100 ng of monomorine I I I ( t rans) was bioassayea, The ndature e l i c i t e d 

s i g n i f i c a n t a t t r ac tanoy , increas ing the number o f an ts enter ing the 

c i r c l e o This number was a lso s i g n i f i c a n t l y h igher a± the l e v e l 

than tha t e l i c i t e d by 10 ng of monomorine I a lone . The mixture also 

repe l l ed the ants t h a t had reached a distaace o f 0 .5 cm from the 

source and a lso reduced the t ime spent w i t h i n the c i r c l e . I t a lso 

e l i c i t e d alarm behaviour as descr ibed be fo re . 

g) Alarm and defence secret ions 

One d rop le t of each of the alarm and defence secret ions 

mentioned i n Ch.4 was co l l ec ted w i th a piece of ^ f i l t e r paper which 

was then placed on the bioassay arena. 

The defence sec re t ion e l i c i t e d the same responses as the mono-

morine I + I I I mixture i . e . a t t rac tancy up to O.^cm, repel lenoy 

at t h a t p o i n t , reduced time spent i n the c i r c l e and aJLso alarm 

behaviour. S t a t i s t i c a l ana lys is showed no s i g n i f i c a n t d i f f e rences 

between the sec re t ion and the mixture a t the 9^ l e v e l * 

The alarm sec re t ion had s i m i l a r e f f e c t s . However, the percent -

age of workers touching the f i l t e r paper was &^g ]z i f ioan t l y much 

lower than t h a t obtained by the defence s e c r e t i o n , t t # monomorine 

I + I I I mixture and a lso 100 ^ g and 1 jkg of monomorine I l l f t r a n s ) . 

I t was s i m i l a r on ly t o the r e s u l t s obtained by 10 cf mono-

morine I I I ( t r a n s ) . 

8 .4 Conclusions 

The pheromones tes ted are present i n l a r g e q u a n t i t i e s i n 

the poison sac of the worker of pharaonis and are emi t ted under 

vary ing circumstances i n each of which there i s a d i f f e r e n t chemical 

message t ransmi t ted by one ant t o the o the rs . So f a r , i ± i s koawm 

t h a t the poison gland contents are emi t ted i n th ree d i f f e r e n t oases 

which are accompanied by c e r t a i n behaviour pa t t e rns : i n t r a i l f o l l o w ^ 
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Table 8.60 Responses of ants to the monomorine I + TTT mix ture , 

the na tu ra l secret ions and. trans-monomorine I I I . 

Contro ls (1) 

M o n . I + I I I (2) 

Defence 
seor . (3) 

Alarm seor (4) 

Mon. I l l 
100 ng (5) 

1 (6) 

10 rg (7) 

No. o f ants 
i n c i r c l e 

mean 

25.3 

45.0 

41 .0 

28.7 

23.7 

30.2 

3 2 . 0 

3. d. o 

7.4 

1 1 . 5 

1 0 . 4 

5.0 

8.8 
6.9 

4 . 2 

# o f ants 
touching f . p . 

meaa s .d . 

Time spent i n 
c i r c l e (sec. ) 

mean 

71.8 

53.1 

41 .4 

9.1 

6 5 . 2 

55.5 

9.4 

5.7 

20.7 

9.8 

10.1 

14.1 

1 1 . 3 

3.8 

12.8 
7.3 

8.3 

7.8 

1 0 . 3 

8 . 9 

4 . 9 

s . d . i t 

2.7 

1 .0 

1 . 4 

1.5 

1.8 
2 . 3 

0 . 5 

Levels of s i gn i f i cance ( * : 10^ l e v e l , * * : 5^ l e v e l ) 

(1 - ( 2 ) * * * * * * 

(1 - ( 3 ) * * * * * * 

(1 - ( 4 ) NS * * * * 

C2 - ( 3 ) NS N8 NS 

(2 - ( 4 ) * * * * N8 

(3 - ( 4 ) * * * * NS 

(4 - ( 5 ) MS * * * 

(4 - ( 6 ) N8 * * NS 

(4 - ( 7 ) NS * * 
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i n g ; i n dsfsnco and i n alanu* Each of tbssc thirsQ bQhaviour pa t t oms 

i s oomposed of Beveral responses and i t i s not imposs ib le tha t eaoh 

component of the poison gland, emission e l i c i t s one o r more responseso 

The defence sec re t ion vAiich i s associated, w i t h the spec i f i c 

response mentio%d. i n Cha5 has the ro l e of r e c r u i t i n g a smal l number 

of workers a t the entrance of the nest lAiei-e the d is turbance occurs, 

which then repe ls the i n t r u d e r , causing other workers i ns ide the 

nest t o p i c k up the brood which l i e s near the en t rance t r ans fe r 

i t t o deeper pa r t s as w e l l as alarming and r e p e l l i n g the workers 

t h a t are ou ts ide , away from the source of d i s t u rbanoe . The alarm 

sec re t i on , which i s associated w i t h a d i f f e r e n t behaviour p a t t e r n , 

causes h igher repe l lency and alarm among those workers tha t are 

outs ide the nes t , where i t i s main ly used. 

The mizture of monomorine I and I I I does p rov ide a good 

approximat ion t o these responses. Monomorine I e l i c i t s l i m i t e d 

recru i tment even i n smal l amounts of 1 -ng. Monomorine I I I e l i c i t s 

alarm but the thresho ld amount i s much h ighe r . The r a t i o of 

monomorine I to monomorine I I I i n the poison sac i s about 1 :$ and 

i t was a lso ca lcu la ted t h a t the emi t ted d rop le t may con ta in from 5 

t o 150 ng , there fo re one d rop le t of emission t h a t conta ins 5 ng of 

monomorine I and 25 -ng of monomorine I I I would a t t r a c t and also 

cause a l i m i t e d amount of a larm, something much s i m i l a r to tha t des-

c r ibed above f o r the defence secret iono I t was a l s o ca l cu la ted t ha t 

the alarm secre t ion contains 5 t imes the amount o f v o l a t i l e compon-

e n t s . A d rop le t conta in ing 5 t imes more (25 Tig o f monomorine I and 

125 ng of monomorine I I I ) would s t i l l a t t r a c t but i t would cause 

much h igher l e v e l of a larm. The p o s s i b i l i t y t h a t monomorine I H may 

be a component of an alarm pheromone i s supported by the f a c t t h a t 

i t i s more v o l a t i l e than monomorine I (see Ch.4) . Monomorine I I I 

i s supposed here t o be on ly one component of the a larm pheromone 

because a t the amounts u s u a l l y used by the ants i n t t a s i t u a t i o n s 

mentioned above, i t d i d not reduce the t ime spent w i t h i n the c i r c l e 

by as much as the na tu ra l m i x tu re . Therefore, t he re i s a p o s s i b i l i t y 

t h a t the minor components of the poison sac have v e r y important r o l e s . 

I n the t r a i l , the amounts deposi ted by the an ts are very low. 
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usua l l y less than 10 ng/cmo At these l e v e l s , monomorine I i s s t i l l 

a c t i v e , poss ib l y o r i e n t i n g or a t t r a c t i n g the ants t o the t r a i l , but 

monomonne H I i s below i t s th resho ld amount* However, very nesir 

the t r a i l , the concent ra t ion may be above threshold, and i t may 

f u n c t i o n t o keep the workers exc i t ed id i i l e f o l l o w i n g the t r a i l , a 

hypothesis which i s supported by the f a c t t h a t amounts of lOng/cm 

are ac t i ve i n induc ing t r a i l f o l l o w i n g ( R i t t e r e t a l , 1975). 

Without underest imat ing the r o l e t h a t monomorines I guf) H I may p lay 

i n t r a i l s , i t seems f rom other reseeirchers' r e s u l t s ( R i t t e r e t a l , 

1977) t h a t f a r a n a l has a much more important r o l e i n t r a i l f o l l o w i n g , 

than the other components of the t r a i l m ix tu re . The importance of 

monomorine I may a lso l i e i n i t s h igher p e r s i s t e n c y . Traces are 

s t i l l ac t i ve a f t e r 24h ( R i t t e r e t a l , 1975) i t h i l e f a r a n a l evap-

orates w i t h i n 1h ( R i t t e r , unpublished d a t a ) . D i s t a n t or long-

l a s t i n g food sources may s t i l l be reached a f t e r 24.h and i t i s 

known t h a t scout ants use w e l l def ined routes whose p o s i t i o n changes 

only s l ow ly , over per iods of some weeks (Sudd, 1 9^0) . This can only 

be achieved by a pe r s i s t en t pheromone such as monomorine 
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SUMMARY OF FINDINGS AND CONCLnSIONB 

Chsniloal ooDununication betwsGn two or inor@ organising^ involvGS 

var ious phases ami var ious f a c t o r s , eaoh one of mtdLc& i s i n t i m a t e l y 

connected w i th the o the rs . F i r s t , i t invo lves aa organism tha t 

emits the message or messages. Each message may c l ose l y associa-

ted w i t h a behaviour p a t t e r n of the e m i t t e r . Siaoe t t e nessGy^ 

cons is ts of one or more chemical substances, t hey must be produced 

by a group of c e l l s , e i t h e r a spec i f i c gland or another non-spec i f i c 

t i s sue and they must be stored some p lace , e i t h e r i n the c e l l s 

themselves or i n spec ia l con ta iners . The i r emiss ion zmst be con^ 

t r o l l e d i f the message i s not a continuous one. They must be able 

t o t r a v e l short or long distances and they muat be q u a l i t a t i v e l y 

and q u a n t i t a t i v e l y mod i f iab le i n order to cope w i t h the complexi ty 

of the soc ia l l i f e of the organism. The organism t h a t receives the 

message or messages must posess organs of chemical recep t ion and a 

system f o r the i n t e r p r e t a t i o n of the messages. F i n a l l y , i t must 

respond i n a s p e c i f i c way t o a s p e c i f i c message uader s p e c i f i c c i rcum-

stances and cond i t i ons . 

I n the present work, there was an attempt t o e l u c i d a t e some 

aspects of a l l these f a c t o r s of chemical communication i n ML pharaonis , 

and t h e i r synthesis can lead t o the i d e n t i f i c a t i o n o f the unanswered 

questions and t o f u r t h e r d e t a i l e d s tud ies . 

V o l a t i l e compounds t h a t p lay a r o l e i n chemical communication 

are s i t ua ted i n two glands i n the worker of M. pha raon is , the po ison 

and the Dufour 's g land. This does not exclude the p o s s i b i l i t y o f 

o ther glands such as the mandibular and metapleura l g lands, produc-

i n g ac t i ve pheromones (Chs. 4 * 7 ) , but the bu lk o f v o l a t i l e chemicals, 

a t l e a s t 95^, i s present i n these two glands (Ch.4) . They are both 

s i t u a t e d i n the p o s t e r i o r pa r t of the abdomen and bo th lead i n t o 

the s t i n g bulb of the s t i ng apparatus and through the s t i n g i t s e l f , 

t o the ezteid.or (Ch.3) « The s t i ng i n M. pharaon is , i s not used as 

an i n j e c t i o n apparatus but on ly to emit pheromones and defensive 

secret ions i n t o the a i r . The apparatus f o r c o n t r o l l i n g i t s movement 
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is significantly reiuoed, and. this can be correlated with a) the 

presence of only one abdominal ganglion in the gaster (Ch.2), b) the 

small size and complexity of the furcula nhioh is connected iiith 

muscles important for the movement of the sting apparatus, o) 

the almost complete absence of barbs in the lancets (Ch.^). 

The secretions of the poison gland are stored in the poison sac 

and consist of two major components, all-cis ^-butyl-5-methyl-

octahydroindolizine (monomorine l) and trans 2-(5-hexenyl)-5-pentyl-

pyrrolidine (monomorine III) as well as some minor components, three 

of which have been identified (Ritter et al, 1 9 7 5 ) . The secretion 

of the Dufour's gland, which does not have a differentiated reservoir, 

consists mainly of an unsaturated hydrocarbon with the fomula 

C^gH^Q (monomorene) (Bitter et al, 1975 ) . One of the minor compon-

ents that has also been identified is (6E, 10Z) 3,4,7,11-tetramethyl-

1-6,lO-trideoa trienal-l(faranal) (Ritter et al, 1 9 7 7 ) . 

The emitting ant utilizes these secretions in various circum-

stances, each of which is related to a specific behaviour pattern 

e.g. lowering the abdomen, extruding the sting and periodically 

touching the substrate with it, as in the case of trail laying, 

lifting the front part of the body and placing the abdomen between 

the legs in response to a disturbance at the entrance of the nest, 

or lifting the abdomen and extruding the sting in response to intense 

disturbance (Ch.5)a In each of these circumstances a different 

message is emitted as witnessed by the different responses of other 

workers that encounter the signal <, 

The signal can be modified to suit each case in many ways. One 

w&y is by controlling the source of the chemicals. In the sting 

bulb, where both glands lead, there are two muscles that can close 

or open one or both glands. In this way, the ant can control which 

gland it will use and it can also control the quantity of the contents 

of each gland that it will use (Ch«3). In the three cases mentioned 

above, both procedures are used. The trail pheromone contains 

secretions from both the Dufour's and the poison gland in a ratio of 

15:1, while in the other two cases only the poison gland secretions 

are emitted but in different quantities (5-30 ing in the first case, 

30-150 "Mg in the second) (Cho4) <» 



The phys ica l p rope r t i es of the chemicalB themselves can p lay 

a r o l e i n the k ind of response tha t they may e l i c i t . Faranal and 

monomorine I I I are much more v o l a t i l e than monomorine I (Ch.4) . 

When placed on a t r a i l , f a r a n a l w i l l evaporate i i f i t h i n one hour and 

there fore must be cons tan t ly r e i n fo rced t o p rov ide continuous strong 

a t t r a c t i o n ( R i t t e r , u n p u b l . ) . Monomorine I on t he o ther hand, l a s t s 

up to 24. h r s . and can be used by the ants t o i d e n t i f y mmi f o l l o w 

l o n g - l a s t i n g t r a i l s , such as t runk routes from t h e nest to f o rag -

ing areas. The h igh v o l a t i l i t y of monomorine I I I makes i t a good 

candidate f o r alarm pheromone since alarm pheromones must disperse 

and fade out q u i c k l y . 

The use of a mixture of compounds w i th d i f f e r e n t propei- t ies 

ensures the coord ina t ion of more con^ l i ca ted behav ioura l pa t te rns 

than a s ing le compound could e l i c i t , thus i nc reas i ng the in forma-

t i o n content of the pheromone o The presence of an i n t r u d e r near the 

entrance of a nest c a l l s f o r a l i m i t e d rec ru i tment o f some workers 

f o r the defence of the entrance but a lso necess i ta tes the removal 

of brood from the v i c i n i t y o f the disturbance and the d ispersa l of 

younger, more vu lnerable workers (Cho5)o A multicom^ponent mixture 

of pheromones conta in ing one component t h a t a t t r a c t s and one t h a t 

aleurms ensures the coord ina t ion of these f u n c t i o n s . Monomorines I 

and I I I are two poss ib le candidates f o r these two r o l e s . Monomorine 

I e l i c i t s l i m i t e d a t t rac tancy and arrestancy lA i i l e monomorine I H 

produces a larm. (Chc8)» 

The m o d i f i c a t i o n of a s igna l cons is t i ng of a mix ture of 

var ious compounds produces an e f f e c t i v e multlcomponent pheromone 

system e s p e c i a l l y i f the components have d i f f e i - en t t h resho ld concen-

t r a t i o n s . A smal l amount of secre t ion may c o n t a i n one conqponent 

over i t s th resho ld and another below the t h r e s h o l d . I n t h i s case, 

on ly one k ind of response would r e s u l t , and i n t h e s p e c i f i c case of 

a monomorine I and I I I m ix tu re , there would be a t t r a c t i o n and a r res -

tanoy. When the quan t i t y of the mixture which i s emi t ted increases, 

the second component exceeds i t s th resho ld and i s a c t i v a t e d as w e l l 

(Ch.8) . 

The i n fo rma t i on content of one compound can increase i f i t 
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e l i o i t s d i f f e r e n t responses or d i f f e r e n t l eve l s o f responses 

depending on i t s concent ra t ion . For ezample, znonomorine I I I , when 

present i n very smal l q u a n t i t i e s ( less than 10 ng/cm im tdm t r a i l ) 

does not alarm the workers but may keep them s u f f i c i e n t l y ac t i va ted 

t o cont inue f o l l o w i n g the t r a i l . When emi t ted by a rmtin-nlng 

scout , i t may a lso serve t o ac t i va te the workers i n s i d e the nest so 

t ha t they leave i t and f o l l o w the t r a i l i t has l a i d . I t i s loKMm 

i n other Monomorium species t h a t scouts exc i t e iworkers by spec i f i c 

antennal o s c i l l a t o r y d isp lays (Szlep & Jacob i , 1967 ) , but i t i s not 

impossible t h a t i n pharaonis . e i t h e r the d i s p l a y has been 

replaced by a chemical message, or i t i s used i n con junc t i on wi th 

i t . A t much h igher q u a n t i t i e s , lOpg, monomorine TTT i s aOLso a 

atrong r e p e l l e n t , but i t i s doub t f u l i f such l a r g e amcwM^s eae used 

by the a n t s . The chemoreceptors o f pharaonis are s i t ua ted on 

the l a s t segments of the antennae. The chemoreoeptcw-s aev^ 

e r a l types i n c l u d i n g s e n s i l l a t r i ohodea , bas icon ica and placodea 

(Ch.2) . The nervous impulses t r a v e l f rom the reoep to r s i t e s t o the 

antennal lobes o f the i nsec t which i n the case o f NU phmraonjg, 

r e l a t i v e l y l a r g e r than i n other ant species (Ch .2 ) . Prom the anten-

n a l lobes , i n whioh pr imary i n t e g r a t i o n takes ip lace, t&e s igna ls 

t r a v e l t o other pa r t s of the b r a i n where they are f u r t h e r i n t e -

grated w i th s igna ls from other recep to rs . Espec iaU j r important f o r 

o l f a c t o r y s i gna l s , are the corpora pedunculata t h a t the 

p o s t e r i o r p a r t of the head and are known to rece ive neurons from the 

antennal lobes and also p l ay a r o l e i n o l f a c t o r y memory (Howse, 1975)« 

I n NU pharaonis , the pa r t of the corpora pedunculata which i s 

supposed t o be r e l a t e d t o o l f a c t i o n , the l i p of the CEOjpc, i s nRxih 

r e l a t i v e l y l a r g e r than i n o ther ant speoies, i n d i c a t i n g the increased 

r o l e of chemical communication i n t h i s species ( C h . 2 ) . i s loMnm 

tha t M. pharaonis uses v i s i o n only f o r general i z rLenta t ion purposes 

when scouts r e t u r n to the nest f rom fo rag ing (Sudd^ 196O). 

The i n teg ra ted s ignals become s p e c i f i c motor p a t t e m a aad the 

rece iv ing ant responds i n a p a r t i c u l a r way. There are many behaviour 

pa t te rns of M. pharaonis t h a t can poss ib l y be mediated by phertM 

mones. For example, t r a i l f o l l o w i n g cons is ts o f a complex ser ies 

of behavioura l responses i n c l u d i n g a c t i v a t i o n of workers , o r i e n t a -

t i o n , a t t r a c t i o n and other responses. There fo re , i t i s not s u r p r i s -
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i ng t ha t many compoundls are involved.. From the r e s u l t s so f a r 

obtained., i t seems t h a t f a r a n a l i s the main t i r a l l pheromone as i t i s 

the most ac t i ve i n e l i c i t i n g a t t r a c t i o n and t r a i l f o l l o w i n g ( E i t t e r 

e t a l , 1977). I n quan t i t i es o f 1 n g , monomorine I e l i c i t s a t t r a c -

t i o n and. ar restancy eind. i s an important and p e r s i s t e n t component of 

the t r a i l . As mentioned above, monomorine I I I may induce workers 

t o f o l i o * the t r a i l and monomorene has also been repor ted to be 

ac t i ve i n t r a i l f o l l o w i n g t e s t s . The r e t u r n i n g f o rage rs seem to be 

able to communicate q u a l i t a t i v e d i f f e rences between food, and new 

t e r r i t o r y t o those i ns ide the n e s t . I t i s not known, however, 

whether t h i s i s achieved, by the antennal d i s p l a y , the amount of 

v o l a t i l e s secreted i n the nest or the amount o r q u a l i t y of chemicals 

on the t r a i l . I f the l a t t e r , i t i s poss ib le t h a t f a r a n a l i s the most 

important compound being both ac t i ve and v o l a t i l e . A l so , i t i s not 

known whether each ant secretes the same amount o f pheromone on the 

t r a i l or whether i t con t ro l s i t s emission accord ing to the quan t i t y 

a l ready present (Ch.7) . 

Alarm behaviour i s e l i c i t e d by monomorine I I I but the na tu ra l 

poison gland sec re t i on i s more r e p e l l e n t to works i^ (Ch.8) . Some 

alarm behaviour i s a lso e l i c i t e d by crushed heads (Cho7) but the 

exact r o l e of cephal ic compounds of M. pharaonis has never been 

s tud ied i n d e t a i l . 

Another behaviour p a t t e r n t h a t may be mediated by chemicals 

i s coi^se c a r r y i n g , or necrophoric behaviour, wh ich invo lves grasp-

i ng and l i f t i n g the corpse, moving d i r e c t l y towards the entrance of 

the nest and towards the per iphery of the f o r a g i n g arena w i th a 

l i n e a r speed g rea te r than when t r anspo r t i ng o the r ma te r ia l s Ana 

depos i t ing the coi^se on the per iphery of the a rena . Fresh ly k i l l e d 

an ts , severed heads and thoraces and abdomens e l i c i t l i c k i n g when 

i ns ide the nest but are r e p e l l e n t when outside on a t r a i l . O le ic 

ac id , which has been repor ted t o e l i c i t necrophor io behaviour i n 

other ant ^ e c i e s , a lso e l i c i t s l i c k i n g and r e p e l l e n o y . Older 

corpses are immediately t r anspo r ted . Acetone-ex t rac ted corpses and 

heads and thoraces e l i c i t aggressive behaviour w h i l e acetone-

ex t rac ted abdomens are ignored . The acetone e x t r a c t e l i c i t s r e s -

ponses s i m i l a r to those e l i c i t e d by 6h o l d corpses. The evapora-

t i o n of pheromones i n corpses up to 24h o ld and the presence of 
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deoompositlon products or o ther n o n - v o l a t i l e ohemioals i n o lder 

corpses, may ezp la i n these changes i n behaviour ( C h . 6 ) . I t i s not 

c e r t a i n i f #9 can use the term necrophoric pheromones to describe 

these ohemicalSo Can wa accept a decomposing corpse as an i n d i v i -

dual? A f t e r a l l , i t i s not the corpse but the b a c t e r i a tha t piroduoe 

decompositione And can we speak of communication between a corpse 

and a l i v e animal? We can only use t h i s term i f t h e emission of 

such chemicals i s adapt ive ly advantageous t o the a n t s . I f *e take 

i n t o account the decomposing organisms, i t i s d i f f i c u l t t o d i s t i n g -

u i sh ?Aio i s communicating w i t h idiom and who acqu i res an adaptive 

advantage, the bac te r ia or the ants? 

There are s t i l l many unknown aspects of chemica l communication 

i n Mo pharaonis . The exact irole of the ninor components of the phero-

mones must be e luc ida ted as w a l l as the neura l mechanisms lAiich 

c o n t r o l t h e i r emission. A l s o , the chemicals t h a t p l a y important 

r o l es i n caste and colony r e c o g n i t i o n , i n t r o p h a l l a z i s , c leaning and 

other behaviour pa t te rns must be i d e n t i f i e d . More genera l research 

i n t o sensory and nervous p ^ s i o l o g y of ants must be c a r r i e d out 

before we can t r y to e luc ida te those f a c t o r s i n such a smal l i nsec t 

as M. pharaonis . The d i f f e rences between castes, as f a r as communi-

ca t i on i s concerned, must a lso be s tud ied , as w e l l as the evo lu-

t i o n of the s igna ls i n r e l a t i o n t o other species. % must also 

not f o r g e t t h a t the chemical s igna ls are not the o iHy s ignals t h a t 

p lay a r o l e i n communication. Other possib le means of communication 

such as o p t i c a l , acoust ic e t c . must a lso be studiedo 

The c o n t r o l of t h i s pest us ing pheromones i s not an inqpossi-

b i l i t y . Strong na tu ra l a t t r a c t a n t s such as f a r a n a l can be used t o 

increase the a t t rac tancy of b a i t s conta in ing i n s e c t i c i d e s . I f a sez 

pheromone, the presence of which has been p o s t u l a t e d , i s i d e n t i f i e d , 

i t may be used to a t t r a c t se iua ls to b a i t s or to confuse mat ing. 

Even a substance e l i c i t i n g necrophoric behaviour cou ld be u s e f u l . 

Spraying f o rag ing ants w i th i t could induce wo i te rs i n s i d e the nest 

t o r e j e c t them as "corpses" . However, the use of pheromones wi thout 

p r i o r complete knowledge of the b io logy and ecology of t h i s : ^ec ies 

as w e l l as any pest species, can be a f r u i t l e s s a c t i v i t y * 
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CHAPTEE 1c, 

EXPERIMENTAL 

1@Vl Cul ture of ants 

a) 

The o r i g i n a l co lon ies came from the Pes t I n f e s t a t i o n 

Con t ro l Laboratory of the M i n i s t r y of A g r i c u l t u r e , F i she r i es and. 

Food i n Slough, Be rksh i re . They were housed i n wooden boxes without 

t ops , w i t h dimensions 1^ x 8.5 z 1 .5cm. The boxes were covered w i th 

g lass so t ha t i t would be poss ib le to observe the i n s i d e of the nest 

w i thout d i s t u r b i n g the an ts . The glass i t s e l f was oorered by a 

piece of wood t o p ro tec t the nest from intense l i g h t . 

Care was taken dur ing t ramspor ta t ion t o p reven t the ants from 

escaping from the nes t . The whole nest was p laced i n a p l a s t i c bag 

which was then sealed h e r m e t i c a l l y . 

The nests were placed on la rge t rays (51 x 38 cm). These t rays 

contained a d i sh w i t h watered co t ton t o keep the appropr ia te humidi ty 

and another d i sh w i th a s o l u t i o n of honey i n water as a source of 

carbohydrates ( p i 10 .4-)« The food used was out p ieces of l i v e r , 

l o c u s t s , c r i c k e t s and Tenebrio l a r v a e . I t was changed every three or 

f o u r days because moulds would appear a f t e r a w h i l e . The water i n 

the co t ton d i s h was a lso changed every week. L a t e r , an i nve r ted 

50 ml beaker conta in ing water was placed on the c o t t o n d ish i n order 

t o prov ide a l a r g e r supply. The edges of the t r a y were covered w i t h 

s o f t p a r a f f i n wax t o prevent the ants from escap ing. The whole t r a y 

was placed over a s o l u t i o n of soap i n water so t h a t the ants t h a t 

escaped would drown. The temperature of the c u l t u r e room was 27°-30°C 

and the r e l a t i v e humidi ty around 7(9^* Temperature was kept constant 

w i t h a heater f i t t e d w i th a thermosta t . Humid i ty was provided by a 

'Defensor ' h u m i d i f i e r and l a t e r by a water bath f i t t e d w i th a heat ing 

element, both con t ro l l ed by a hyg ros ta t . L igh t was maintained on a 

12 hours l i g h t , 1 2 hours dark oyc le . 
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p i . Cu l ture box o f M. pharaonis 

(n : a r t i f i c i a l nes t , f : food, h: honey, w: water) 

p i . 10^2. Cul ture boxes of F. r u f a . 

(n : nest m a t e r i a l , g: g lucose, w: water) 
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When, due to t echn i ca l i l f f i o u l t i e s , the h u m i d i t y of the cu l ture 

room f e l l t o 50^ the nests were covered, w i th a t ransparen t perspez 

cover w i t h holes f o r v e n t i l a t i o n which increased the humidi ty up to 

70^« L a t e r , the t r a y was placed ins ide a large aluminium box ($6 % 

40 z 40 om) w i th holes f o r v e n t i l a t i o n and a p o r t h o l e f o r p u t t i n g new 

food and water . The f r o n t side of the box was covered w i t h perspex 

t o enable observat ion and a l l the other holes were sealed. The box 

was placed on a t r a y f u l l w i t h water . Humidity i n s i d e the box was 

79^ ( p i 1 . 1 ) . 

A f t e r a r r i v a l i n the l a b o r a t o r y , the co lon ies were l e f t t o 

adapt t o t h e i r new environment f o r approximately 1 0 days before any 

experiments were ca r r i ed o u t . The colonies showed v e i y good growth 

and m u l t i p l i e d s u f f i c i e n t l y so t h a t more co lonies cou ld be estab-

l i shed* 

The new colonies were placed i n nests b u i l t f rom p l a s t e r of 

Par i s and having the same s p e c i f i c a t i o n s as the wooden nes ts . They 

too #9re placed on t rays and kept i n the same c u l t u r e room. Despite 

t h e i r good perfonnance, the f i r s t new colonies d i e d a f t e r 5 months 

because of a breakdown of the thermostat t h a t r a i s e d the temperature 

t o very h igh l e v e l s . 

I n genera l , the humid i ty i n the room showed h i g h f l u c t u a t i o n s 

a t t imes , ranging from 45^ t o 80^. For t h i s reason, the number of 

ants ava i l ab le f o r bioassays and e s p e c i a l l y f o r chemical ana lys is 

never reached i d e a l l e v e l s . 

The ants of t h i s species nested i n a glasshouse s i t u a t e d 

next to the b u i l d i n g where the l abo ra to r i es of t he Chemical 

Entomology Un i t were. The glasshouse contained t r o p i c a l p l an ts such 

as banana p l a n t s , and i t i s be l ieved tha t the ants were in t roduced 

w i t h them since they are not na t i ve to the U.K. They formed ve ry 

long (25m) and pe rs i s t en t (6 months a t l e a s t i f und is turbed) t r a i l s . 

They f e d on dead moths, Musca. cockroaches, sugar and honey s o l u t i o n s . 

One banana p lan t con ta in ing a la rge nest of P l a g i o l e p i s sp . was 
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out and. transferred to the culture rooms nhere it was kept on a tray. 

The ants were provided with water, honey and dead locusts. The 

room was k( 

dark cycle. 

c) Formica rufa 

room was kept at 24-29°C and EH 65-85^ on a 12 houw-s light, 12 hours 

The o r i g i n a l co lony of r u f a was a l a r g e nest c o l l e c t e d 

i n the New F o r e s t , Hampshire, c o n s i s t i n g main ly o f pdae l e a f l i t t e r . 

The nest was mound shaped w i t h a diameter a t the base of 60cm and a 

he igh t of jOcm. I t was p laced i n a l a rge d u s t b i n and prov ided w i t h 

honey, water and. foodo 

The subcolonies that were formed from the original colony, were 

placed in rectangular boxes (^0 z 28 z 2$ cm) with removable perspex 

covers on one side and a fine mesh on the other. The boxes contained 

1000 cm^ of pine leaf litter, water, glucose and Tenebrio larvae 

(pi 19.2). They were kept in 25°C temperature and relative 

humidity. The subcolonies containing 2$ workers each, lasted an 

average of 8 days. 

1fu2 Observat ions 

Observat ions of the i n s i d e of t h e n e s t , of the 

f o r a g i n g arena and the t r a i l s , were made w i t h t h e he lp c f a t r a v e l l -

i n g microscope. I t cons is ted of a 'Watson* microscope f i t t e d on a 

long h o r i z o n t a l arm ( p i . 1 0 . 3 ) . 

Observations of the bioassays involving a standard number of 

aats were made with a 'Nikon* zoom binocular dissecting microscope. 

Observat ions of whole mounts and exc ised p a r t s were made w i t h a 

' "d ickers Ins t ruments ' b i nocu la r d i s s e c t i n g microscope w i t h a max-

imum m a g n i f i c a t i o n of 140zo 

Observat ions o f sec t ions were made w i t h a ' i R i l d ' h igh power 

o p t i c a l microscope f i t t e d w i t h a camera l u c i d a and a 'N ikon ' h i g h 

power o p t i c a l photo-microscope* 
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p i . 10 . ^ . Experimental set-up f o r observa t ion of M. pharaonis 

(n : nes t , f : food, h: honey, w: water) 

p i . 1G.4. A r t i f i c i a l nest and fo rag ing arena ofWL pharaonis 

(n : nes t , f : food, h: honey, w: water , f a : forag ing 

arena) 
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Boanning e l ec t r on photographs were taken id . th a ' J e a l ' scanning 

e l e c t r o n microscope. The specimens were f i r s t covered, w i t h a go ld-

pal lad ium f i l m . 

19.3 y%ole mounts of s t i n g apparatus, d i s s e c t i o n of glands. 

The ants were placed on p e t r i dishes con ta in ing dry ice 

and l e f t f o r 15 min. to d i e . They were then placed, on a waz t r a y 

under the d i ssec t ing microscope. For the e x c i s i o n and the study of 

the poison and Dufour 's glands and the other p a r t s of the abdomen, 

very f i n e entomological p ins were used, i nse r ted i n t o matchst icks. 

The abdominal segments were removed and the glands exc ised . The 

r e s u l t s were not successful because i t was very d i f f i c u l t t o d i s t i n -

guish the glands a f t e r the c u t i c l e was removed. A l s o , the h igh temp-

era ture caused by the st rong l i g h t s evaporated a s i g n i f i c a n t amount 

of the substances present i n the g land. For t h i s reason, ins tead of 

the o rd inary tungsten lamp, an o p t i c a l f i b r e was used, connected to 

the l a n ^ . The o p t i c a l f i b r e d i d not produce any heat and the evapora-

t i o n of the v o l a t i l e s was aver ted . I n order t o overcome the d i f f i -

c u l t y of d i s t i n g u i s h i n g the g lands, the wax t r a y was replaced by a 

p e t r i d ish conta in ing water . This method proved more successfu l 

because the glands could be c l e a r l y d i s t i ngu ished once they were i n 

the water . 

For the study of the s k e l e t a l components o f the s t i n g , the 

abdomen was placed on a wax t r a y and the abdominal segments were 

c a r e f u l l y removed one by one w i th the help of f i n e watchmakers 

forceps and entomological p i n s . The remaining s t i n g apparatus t o -

gether w i th the h ind gu t , was l e f t i n a 5^ s o l u t i o n o f EOH f o r one 

day t o d isso lve a l l the non-ch i t inous p a r t s . The remaining s c l e r i t e s 

were then placed i n ethylene g l y c o l and observed under both the 

d i ssec t i ng and the high power microscopes. Care was taken t o use 

d i f f u s e d l i g h t i n the d i ssec t i ng microscope by p l a c i n g a t rans lucen t 

p l a t e between the l i g h t source and the m i r r o r of the microscope. 

16.4 F i x i n g , sect ion ing and s ta in ing s e c t i o n s . 

Specimens were f i x e d i n (Earn<y's s o l u t i o n , washed i n 80^ 



a looho l f o r 2^ h r s , dshydrated. v i a 90^ a lcoho l (2 olianges), egu&l 

pairts of absolute a looho l and. e ther 21̂  hrs* Specimens were trans™ 

ferred. t o ^ low v i s c o s i t y n i t r o c e l l u l o s e (LVN) f o r three days and 

l e f t f o r a f u r t h e r three days i n LVN« Specimens were then placed 

i n f r e s h Dim i n a su i t ab le mould and the ee l l o i d - i n hardened i n 

ch loroform vapour. A f t e r hardening, the blocks were trimmed and 

c leared i n a mixture of chloroform 30 mis , origanum o i l 30 mis, 

ced.arwood o i l 30 mis, absolute a lcoho l 75 mis, pheno l 7.5 gms. The 

c leared blocks were placed, i n benzene f o r 24 h r s , t r a n s f e r r e d t o 

molten p a r a f f i n wai (MP 58°C), i n f i l t r a t e d . , embedded and sectioned 

a t 7p * Sect ions weire s ta ined i n E h r l i c h ' s haematozy l in and 

countersta ined i n eos in , i n 90^ a l coho l , dehydrated, c leared i n 

x y l o l and mounted i n Canada balsaum. The technique i s described i n 

d e t a i l i n Corr ington ( 1 % 1 ) . 

10.5 Chemical ana lys is 

a) Columns 

A l l chemical analyses of samples were c a r r i e d out on a 

Pye-Unicam 104 gas chrometograph w i th dual f lame i o n i s a t i o n detectors 

(F ID) , i n j e c t i o n p o r t heaters and a detec tor oven. The chromatograph 

was coupled to a po ten t iomet r i c recorder . A l l - g l a s s columns were 

used, f i t t e d w i t h 6 mm o .d . ground glass ends. The columns were 

connected t o the de tec to r , w i t h a Pye-Unicam column connector w i t h 

a v i t o n 0 - r i n g . 

The columns used were the f o l l o w i n g : 

4 mm(i .d.) z 1.5 m Carbowax 20M/Diat C/HMDS t r e a t e d . 

4 mm(i .d.) x 1 .5 m 5^ OV-1 on 85-100 mesh D i a t C/HNDS. 

2 mm(i.d.) x 3™ 5^ 07-101 on 100-120 mesh CLQ* 

The columns were pacbsd by connecting the d e t e c t o r end to a 

pump and apply ing reduced pressure. A f u n n e l was f i t t e d on the other 

end and the packing was s lowly dropped i n the f u n n e l . The column was 

tapped u n t i l a l l the packing was w e l l pressed. The ends were sealed 

w i t h g lass wool . The columns were cond i t ioned overn igh t at tempera-

tu res h igher than those used and the f l o w ra tes o f the c a r r i e r gas 
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were reduced to h a l f the normal., 

N i t rogen (BOG high p u r i t y ) was used, as c a r r i e r gas w i t h f l o w 

ra tes 2$ m]/min f o r the 2mm i . d . oolumn and 50 m] /min f o r the 4 mm 

i . d , oolumnso The f lame f o r the i o n i s a t i o n d e t e c t o r was provided by 

a i r (BOC) and hydrogen (BOG high p u r i t y ) « 

I n order t o ob ta in ezperienoe using g a s - l i q u i d chromatography, 

a p ine o i l ex t r ac t was analysed using f i r s t a s i l i c a ge l chromato-

graphic oolumn which separated i t i n t o two f r a c t i o n s , one conta in ing 

on ly hydrocarbons and the o ther on ly oxygenated compounds, and then 

us ing the ^ 20 M Carbowa]i;A)iat C/HMDS column a t 70°G f o r the hydro-

carbon f r a c t i o n and 130°- l80°C, 4°G/min, f o r the oxygenated f r a c t i o n . 

Mass spectra were a lso obtained on an AEI MS 1 2 spectrometer 

coupled to a Pye-Unioam 104 system v i a a Watson-Biemann g l a s s - f r i t 

separator . The spectre were analysed by a V.&. D ig ispec 16 data 

system, 

b) S o l i d sample gas chromatography 

The s o l i d sample i n j e c t o r of Morgan and Wadham8(l972) 

was used f o r the gas chixamatographic ana lys is of lAiole an ts , heads, 

thoraces, abdomens, i n d i v i d u a l g l a M s and f i l t e r papers conta in ing 

e x t r a c t s . The ants were k i l l e d w i th d ry i ce and the pa r t s t o be 

examiiKd were placed ins ide glass c a p i l l a r y tubes , 1mm(i .d.) x 5cm, 

made from Pasteur c a p i l l a r y p i p e t t e s , sealed a t the bottom. The 

ma te r i a l was pushed to the sealed bottom of the tube and the o ther 

end was q u i c k l y sealed. The tubes mere i n s e r t e d i n t o the s o l i d 

sample i n j e c t o r and were heated up t o 150°C. A f t e r 5 min. they were 

crushed and a l l v o l a t i l e s were taken up by the c a r r i e r gas i n t o the 

column. When the temperature of the oven reached 100°G, the I n j e c t o r 

heater was turned o f f to avoid burning the m a t e r i a l . A f t e r the run 

was f i n i s h e d , the i n j e c t o r was disconnected and the g lass fragments 

and the pieces of m a t e r i a l l e f t , were removed. 

10.6 Bioassays 

a) Recruitment t o a food source 

The observat ions of recru i tment t o a food source were 
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ca r r i ed out on a large fo rag ing arena placed 10 om away from a nest 

t r a y . The nest t r a y was s i m i l a r to tha t described, i n sect ion 11.1 a . 

The fo rag ing arena consis ted of a t a b l e , the sur face of vAiich was at 

the same l e v e l w i t h the l e v e l of the nest t r a y . The dimensions of the 

top of the tab le were 75cm x 50cm. A la rge sheet o f white f i l t e r 

paper w i th the same dimensions, was placed on the top and i t s edges 

were covered w i th p a r a f f i n s o f t whi te to prevent the ants from 

escaping. The fo rag i i% arena and the nest t r a y were connected 

w i th a s t r i p of f i l t e r paper, 1 x 15 cm. A f t e r each observat ion, 

the la rge sheet of f i l t e r paper and the br idge were replaced by new 

ones t o prevent contaminat ion. Temperature and humid i t y were the 

same as f o r the o u l t u r e s ( f i g 1 0 . 1 ) . 

b) Phei-omone s 

The bioassays f o r the eva lua t ion of the a c t i v i t y of 

pheromones were c a r r i e d on a p e t r i d i sh under a d i s s e c t i n g microscope. 

A round f i l t e r paper (9om d iam. ) , marked w i t h concen t r i c c i r c l e s at 

5mm i n t e r v a l s , was placed under the p e t r i d i sh . The edges of the 

p e t r i d i sh were covered w i th F luon to prevent the an ts from escaping. 

15 ants ware placed i n the d ish and l e f t f o r I h r t o adapt to the 

environment. The smal l p iece of f i l t e r paper con ta i n i ng the substance 

t o be tes ted was placed i n the middle of the p e t r i d i s h . L i g h t i n g 

was prov ided by a 40w lamp s i t ua ted l e f t and above the microscope. 

Temperature and r e l a t i v e humid i ty were the same as f o r the cu l tu res 

( f i g 10.2) o 

10.7 S t a t i s t i c s 

S t a t i s t i c a l ana lys is was c a r r i e d out on t he r e s u l t s 

obtained from the study of necrophoric behaviour, the recru i tment t o 

a food source, the responses t o poss ib le sources o f pheromones and 

the responses to the pheromones. The basic methods used were t - t e s t s 

and ana lys i s of var iance between the means of the v a r i o u s t rea tments . 

Whenever a s i g n i f i c a n t d i f f e rence between the means appeared, the 

mu l t ip le - range t e s t of Newmann was used i n order t o arrange the t r e a t -

ments i n t o groups w i t h no s i g n i f i c a n t d i f f e rences i n s i d e them and 
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also t o compare them w i th the o o n t r o l s . The method i s i esc r ibed i n 

d e t a i l i n Snedecor (1967) . 

For the comparison of regress ion l i n e s , t h e i r regress ion c o e f f i -

c i en ts were compared i n pa i rse 
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