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Recent advances in animal behaviour
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Abstract. Ethology, a fast developing field of animal sciences has considerable relevance in
animal husbandry, agriculture, control of animal populations, pest control, medicine, wildlife
biology, etc. It has made vast strides of progress during the past few decades and some of these
trends are reviewed.
Communication signals playa salient role in sociobiology of animal groups. Animals deploy
visual, acoustic, tactile and olfactory signals during their social interactions. Among these,
olfactory cues have certain specific advantages over the other modes concerned. Recently
considerable attention has been focussed on chemical signals in animals, especially those of
economically important forms such as insects, fishes and mammals.
Regarding insects, sex pheromones, aphrodisiacs, trail markers, aggregating and alerting
pheromones have been isolated in various insectan orders. The factors controlling sex
pheromone behaviour and impact of pheromones on control of insect population have been
elaborated.
Investigations on chemical cues of lower vertebrates indicate that fishes, amphibians and
reptiles deploy them in their social interactions. Pheromones modulate the schooling,
reproductive and alarm response behaviour in fishes.
Among mammals, urine, fecal pellets, saliva and secretions of specialised skin glands
function as sources of olfactory cues. Data on histophysiology, and ultrastructure of
specialisedskin glands, biochemistry oftheir secretions have been collected. Osmetrichia, scent
marking patterns and fiehmen responses and their hormonal control have been elucidated. The
neuroendocrinological basis of scent marking has been made explicit.
Relatively only very few of the mammalian pheromones have been isolated. The role of
Primer pheromones in modulation of reproductive processes in some of the rodents and
signalling pheromones in social interactions of some mammals have been elaborated.
Data on olfactory cues in human social interactions indicate the presence of social
pheromones.
Visualsignals of some insects and their role in reproductive activities have been investigated.
Social postures in some rodent pests and their behavioural relevance have been studied.
Acoustic signals in insects facilitate congregation, sexual attraction, aggregation and alarm
responses. Further various aspects of voealisations in birds and mammals have been
investigated. Reproductive investment patterns and sex ratios in insects and parental
investment in birds have been elucidated. Play behaviour and their role in behavioural
development has been investigated. Ethological analysis of drug action in aggressive
behaviour in certain mammals has been made.
Keywords. Ethology; applied zoo logy; communication signals; olfactory cues; pheromones;
aphrodisiacs; vertebrates; chemical signals; schooling and alarm responses; amphibians;
reptiles; secretions of specialised skin glands; histophysiology; osmetrichia; scent marking;
hormonal control; f1ehmen response; visual and vocal signals; social postures in mice;
vocalisation in birds and mammals; reproductive investment in insects;ethological analysis of
drug action.

1. Introduction
Ethology, the scientific study of animal behaviour is a relatively recent field of animal
sciences, integrating animal ecology, neurophysiology, endocrinology, sensory physiology, etc., and it has made considerable strides of progress during the past few decades.
The contributions of Lorenz (1971), Tinbergen (1951), Frisch (1967), Thorpe (1979),
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Hinde (1970), Muller-Schwarze (1969) to mention only a few, have widened our
concepts and opened up new frontiers in the ever expanding horizons of ethological
investigations.
Communication signals playa salient role in the sociobiology of various animal
groups. In fact a clear insight into the diverse modes of communication is absolutely
essential for having a better understanding of the biology of the animal group
concerned. Generally higher animals deploy diverse modes of communication such as
visual, acoustic, tactile and olfactory (chemical) during their social interactions. Among
these the olfactory signals exhibit certain specific advantages over others in as much as
that they are effective over longer distances, they can be deployed in darkness, their
fade-out time is longer and the presence of the signalling animal is not necessary at the
site of emanation of the signal. In the last mentioned trait, they are comparable to the
written language of human beings.
Considerable attention had been focussed on the communication systems ofanimals,
especially economically important forms such as insects, fishes and mammals during
the past few years. Due to the limitation oftime attention may be focussed only on some
aspects of chemical communication in some of these animal groups.
Ever since Butler (1967) introduced the term aphrodisiac pheromone, it has been
widely used and it pertains to a substance produced by one or the other sex, usually by a
male and often as a part of the complex pattern of courtship behaviour, preparing the
partner for copulation after being brought together by olfactory sex attractants or
other means. According to Shorey (1973)aphrodisiac should influence that part of the
nervous system (NS) of a female which controls her mating behaviour, thereby
increasing her chances of accepting a male in copulation.
Many insect species deploy sex pheromones acting as stimulants when two sexes
come together (Jacobson 1972;Shorey 1973). However only a few experimental studies
have been made on this aspect.
2.

Honey bee queen substances

One of the most versatile pheromone, the queen bee substance of the honey bee, Apis
mellifera is 9-oxydec-trans-2 enoic acid and is produced by the mandibular glands of the

queen and not the workers. Data suggest that it can function as an attractant for
workers in colony, cohesion, swarming, inhibition of queen cell construction and ovary
development in workers, sex attractant and mating stimulant for drones (Butler 1967;
Gary 1970). Experimental studies of Butler (1967) had revealed that both open sting
chamber and odour of the queen bee substance are necessary for the drones to mount a
queen in flight and the queen substance functions as an aphrodisiac.
Apart from the queen bee substance yet another substance released from the
abdominal tergites may induce mounting and copulation. In fact much more remains to
be investigated regarding the queen bee behaviour.
A hierarchy of behaviour in response to stimulation by female sex pheromones has
been demonstrated in a large number of insects belonging to diverse orders (Shorey
1973). For e.g. in Trichophusia ni a quantitative increase in concentration of female sex
pheromone alone is sufficient for the initiation of each successive step in response
sequence including the release ofmale copulatory behaviour (Shorey and Gaston 1970).
Such a pheromone is found in many other insects. However it would be much more
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logical to confine the term aphrodisiac to substances released after the sexes have been
brought together.

3.

Gustatory aphrodisiacs

Sex pheromones acting through the gustatory sense require that the male and female
make contact and hence may possibly have an aphrodisiac function. In many
Orthopteran species virgin females produce sex pheromone which attracts the male.
The courting males themselves produce a pheromone which stimulates the female to
mount and feed on secretion thus attaining the correct position for copulation. Such
male pheromones have been found in Blatta qermanica, Blatta orientalis and
Periplanata americana.
Roth and Dateo (1966) had isolated a pheromone from the males of N auphoeta
cinerea which elicits typical behaviour of a female attracted to a courting male's tergum.
This pheromone is a polar neutral lipid of low volatility, named seducin for its role in
releasing sexual behaviour.
Regarding Lepidopterans, main female response to male producing aphrodisiac
pheromone tends to be either inhibition of the female's natural tendency to fly or
cessation of flight.
In Noctuidae it has been shown that volatile secretions from the male scent brushes
of moths are used in courtship (Birch 1970). The noctuid males have scent brushes
either on the 8th abdominal segment of Plusia gamma or a pair of brush organs at the
anterior end of the abdomen e.g. Apamea. The male brushes have compounds, generally
simple terpenoids and aromatics-e-carboxylic acids (Birch 1972; Grant et al 1972).
Electrophysiological studies of Grant et al (1970,1972) reveal that male scent brushes
do not elicit antennal responses which are specific to species or sex.

4. Sex pheromones
The complexities of describing species specific pheromone blends have brought the
challenge of pheromone identification from the chemistry laboratory to the field.
Despite the fact that chemical characterisation should still be continued to unravel the
intriguing sex pheromones used by many other species, especially those in families for
which no identification has yet been made, the final duplicating of any natural
pheromone blend can only be accomplished by analysis of various ratios and release
rates under field conditions. Infact an exact reproduction of the pheromone input
should enable man to attract males very efficiently. On the contrary one should bear in
mind the long term use of fairly exact blends could merely serve as an artificial pressure
enabling the insect to further modify its chemical systems.
Reproductive isolation with one or multiple compound systems have been exemplified by many species changing the functional moieties, (acetate, aldehyde or alcohol) the
double bond position (7-11), configuration (cis or trans) or number (1 or 2 sites of
unsaturation) or carbon chain length (12-14 carbons). Apart from these different
release rates the specific circadian rhythms facilitate reproductive isolation.
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Aggregating pheromones

According to Shorey (1973)aggregating pheromones cause other members of the same
species to aggregate in a particular area. They occur ubiquitously in Coleoptera, family
Scolytidae (Borden and Stokkink 1971). The pheromone functions as a population
aggregation pheromone.
6.

Trail markers

Diverse types of odour trails are deployed by a wide variety of hymenopteran species as
an effective means of coordinating the movements of individuals. Seven glands have
been identified as the source of this pheromone and the chemistry and specificity of
these pheromones have been identified.
Ant trail pheromone, methyl-4-methyl pyrrole-2-carboxylate of myrmycine, AUa
texana is the only ant trail pheromone which has been identified (Tumlinson et aI1972).
The functional aspects of this pheromone especially its role in transmitting cues about
distance and direction have been identified.
7.

Alarm pheromones

Considerable amount ofdata had been collected on the alarm pheromones ofants. The
mandibular glands of meliponine bees are the sources of all alarm pheromones so far
characterised (Blum et aI1970). Many species of ants and bees signal alarm with a large
variety of ketones which function as chemical releasers.
8.

Environmental and physiological control of insect sex pheromone behaviour

It has been shown that certain environmental factors viz temperature, intensity oflight,
velocity of wind etc. control sex pheromone communication in insects by diverse means
(Bartell and Shorey 1969). Regarding physiological variables, circadian rhythms, age,
mating, previous exposure to pheromones, population density, hormones etc, are also
important.

9.

Pheromonal control of insectan population

The pheromones playa vital role in control of insectan population. However the true
potential of pheromones as a part of survey devices and as control agents cannot be
easily realised without input of commercial technology. This necessitates a combination of established and new techniques along with coordination of efforts of
industrial concerns and research centres concerned. Such an exchange is necessary
before educating the end users.
Along with transfer of information, the commercial pheromones developed should
update data, often requiring alterations in protection standards. If pheromones are to
be used directly or indirectly in insect control programmes a registration protocol has
to be established for permitting such use.
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In consumers, pheromones and related substances are used in a variety of problems
facing agriculture and forestry. As a survey and detection device, they have already
become an important tool in the overall management of certain pests such as cabbage
looper (Trichoplusia ni), pink boll worm, boll weevil, gypsy moth, spruce bud worm
and bark beetles.

10.

Vertebrates

Considerable amount of data have been collected on pheromones in fishes especially
those concerned with attraction and recognition of other sex, the offspring or the
parents, maintenance of schooling behaviour and during anadromous migration.
However the exact nature of most of these olfactory signals have not been established.
In fact the only fish pheromone which has been well established is the alarm
substance. The fright reaction was first discovered by Frisch (1938) in the minnow,
Phoxinus phoxinus. The epidermal cells (club cells) concerned with the production of
alarm substance have been localised (Pfeiffer 1960). The alarm substance of the minnow
is a pterin.
11.

Amphibians

The fright reaction has been described in amphibians too. Kulzer (1954)reported this in
tadpoles of Bufo bufo. The source of these olfactory cues have been traced to the giant
cells in the epidermis (Pfeiffer 1966).

12. Reptilia
It has been shown that chemical signals playa salient role in the sociobiology oflizards
and snakes. Snakes have many advantages for chemosensory research in as much as
they rely heavily on chemical senses and most of their responses are regulated by
chemical cues. However very little is known about their reproductive biology. The role
of chemical cues in orientation in chelonians, alarm reaction in snakes, territorial
marking, predation warning and nocturnal behaviour also could be shown.

13.

Mammals

Investigations on chemical communication in mammals have revealed that olfactory
cues are deployed by these forms quite frequently. The major sources of body odour are
the urine, fecal pellets, saliva and the secretions of the specialised skin glands. The
specialised integumentary glands have an ubiquitous distribution among various
mammalian orders with Over 16 of them exhibiting these glands which are mainly of
two types, holocrine sebaceous and apocrine sudoriferous.
It has been shown that monotremes like Platypus have femoral glands. Some of these
glands produce poisonous secretions which could even kill a dog. Marsupials have
cloacal (anal) glands, frontal and sternal glands.
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Studies conducted at the School of Mammalian Ethology, Department of Zoology,
University of Kerala have revealed the presence of specialised skin glands in a large
number of South Indian mammals such as the Indian Musk shrew, rodent pests such as
the wild house mouse, Indian field mouse, South Indian gerbil, common house rat,
palm squirrel and common Indian mongoose (Balakrishnan and Alexander 1984b).
Diverse aspects of histophysiology and hormonal control of these specialised skin
glands have been elaborated. Despite the fact that most of these glands are
hypotrophied by castration and reactivated by hormone administration some of these
glands such as the tarsal glands exhibit a converse effect.
Despite the reports by Stoddart (1976) regarding the absence of behaviourally
relevant specialised skin glands in Mus sp. our studies on the social interactions of these
wild house mouse and Indian field mouse indicate the presence of specific glands at
eyelid, oral angle, perineal and preputial regions in these forms (Alexander et al 1982).
Further the studies on social postures of these forms indicate specific behavioural
responses concerned with olfactory investigations of specific body regions of olfactory
relevance (Santhi and Alexander 1979). The role of gonadectomy in altering the
olfactory status of various interacting conspecifics had also been elaborated.

14. Scent marking

Scent marking in mammals have been reviewed by Ewer (1968), Johnson (1973),
Thiessen and Rice (1976) and Balakrishnan and Alexander (1984). Generally most of
the mammals disseminate their body odour with the aid of specific behavioural
responses known as scent marking, which could broadly be categorised into two,
passive and active.
The scent marking patterns of many of the above mentioned mammals have been
studied. The hormonal control of scent marking in musk shrew had been elaborated
(Balakrishnan and Alexander 1976; Alexander et al 1984). The role of dominance
hierarchy in scent marking of certain artiodactyles such as the spotted deer and the
black buck had also been elucidated (Pillai and Alexander 1984).
15.

Functions

It has been shown that chemical signals, similar to other sensory modalities tend to
influence physiology and behaviour and ultimately regulate spacing between
individuals and populations and thus contribute the adjustment of a species to its
resources and general environment.
It has been shown that these olfactory signals generally function in the following
functional contexts: maternal, agonistic, social, recognition, physiological state,
recognition of sex, species, sexual attraction and alarm.
Diverse pathways of dissemination of odour has also been studied: (i) Direct release
into air (ii) Secretions may be left on a substrate (iii) Odoriferous substance smeared on
to various parts of the body (iv) Secretions of the body rubbed on other conspecifics.
Scent marking has both individual and social uses for the donor. Regarding the
former, an animal scent marks a novel area for olfactory reassurance, orientation or self
advertisement. As for the latter, viz social uses, it could signal identity or presence of
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conspecifics and provide valuable data regarding sex, age, identity, reproductive status
etc. of the donor.
Investigations on the olfactory inhibition of scent marking has been conducted on
musk shrew (Balakrishnan and Alexander 1980). Further the effect of cage surface
odours especially urine and fecal pellets on behavioural responses of some rodents have
also been investigated (Nair and Alexander 1984).

16.

Ultrastructure and osmetrichia

The fine structure of the flank gland of the Indian musk shrew had been reported
(Balakrishnan et al 1984b) recently. Further the specialised scent hair had also been
investigated in certain N. American and Indian mammals. It has been shown that these
special tuft of hair, such as flank gland hair of the musk shrew exhibit specific structural
modifications on its scaly surface for holding the odourous molecules (Balakrishnan
and Alexander 1984a).These osmetrichia are used by the musk shrew as scent brushes
for painting the areas to be marked with the odourous secretions of the flank gland,
thereby facilitating olfactory communication.

17. Biochemical assay of glandular secretions and pheromones
Biochemical investigations on the glandular secretions of various mammals such as
wild rabbit, mongolian gerbil, black tailed deer, musk shrew, common Indian
mongoose etc. have been conducted.
However relatively very few mammalian pheromones have been isolated as yet.
In fact, only in seven species of mammals, specific pheromones have been identified.
These are as follows: domestic boar, Sus serofa (3 alpha hydroxy-5 alpha androst-l oene) which stimulates female's sexual behaviour, rhesus monkey (Macaca mulattos
vaginal secretion, 'copulin' (5 fatty acids, acetic, propionic, isobutyric, n-butyric,
isovaleric acid), prong horn, (Antilocapra americana) sub auricular gland (isovaleric
acid), Mongolian gerbil, (M eriones unguiculatus) ventral gland (phenyl acetic acid),
golden hamster (Mesocricetus auratus) vaginal secretion (dimethyl disulphide), dog
(Canis familiaris) vaginal secretion (paramethyl hydroxy benzoate), black tailed deer
(Odocoileus hemionus columbianuss) (urine in tarsal scent) (cis-4-hydroxy dodec-6-enoic
acid lactone).

18. Primer pheromones
Very interesting data have been collected on the primer pheromones of laboratory
rodents and their role in modulation of reproductive behaviour and processes. The
Bruce effect (pregnancy block), Whitten effect (oestrus suppression in all female
groups) and Vanderbergh effect (induces precocial puberty) are excellent examples of
the role of these priming cues. Vandenbergh (1983)has also demonstrated acceleration
of puberty in heifers by exposure to bull urine.

180

K M Alexander

19. Signalling pheromones
These are frequently used in evocation of many specific hormones modulated and
reproductively related social behaviour such as those occurring in sexual aggression
and maternal behaviour. Mouse signalling pheromones facilitate identification of
individual, species, age, sex, sexual state, presence of fear (alarm pheromone carried in
urine) etc.

20. Neural mechanisms of scent marking
It has been shown that in mongolian gerbil, M eriones unquiculatus, testosterone
implants in the preoptic area, reinstate ventral gland scent marking in castrated males,
whereas cholesterol implanted at the same site has no effect. Testosterone implants in
the cortex, caudate nucleus, amygdala, hippocampus, reticular formation and septum
have also no effect in scent marking. The anterior area of the median preoptic area is the
most androgen sensitive area for stimulating scent marking in the mongolian gerbil.
Recent studies on South Indian gerbil, Tatera indica also indicate similar pattern.
Regarding ovariectomised female mongolian gerbils, they exhibit scent marking
when oestrodiol benzoate is implanted in the anterior hypothalamus preoptic area,
septum but implants in hippocampus, amygdala, thalamus or olfactory nucleus are not
effective.

21. Role of chemical signals in human social behaviour
The probable occurrence of functional human pheromones has been both asserted
(Wilson 1963) and denied (Gleasoen and Reynierse 1969) both without experimental
evidences. However the observation of Michael and Keverne (1970) on 'copulin' in
monkeys and menstrual synchronisation among close friends (McClintock 1971;
Russel et al 1980)has opened up new vistas in this field. It is quite relevant as regards
primer control of human endocrine cycles and reproduction generally and simultaneously opens up new prospects in reproductive pharmacology.
Observations reveal that odour plays an important part in psychosexual development in infants (Kalogerakis 1963).
Since human male sexual behaviour is non-cyclical and not dependent on female
receptivity, the female-male influence may be a releaser only, except possibly in infancy.
Curtis et al (1971)noted that even a synthetic mixture ofacetic, propionic isobutyric,
n-butyric and isovaleric acid evoked a response in the male. The same set of substances
are found in the human vagina and contribute to its attractant odour. The sexually
excitant component of human genital odour is complex involving both musk like notes
and odour similar to trimethyl amine, and is enhanced by alkaline fixatives.An alkaline
component of male genital odour resembles another amine, 1,5, diamino pentane
(cadaverine).
The probable primer and releaser substance in man are all musk odours (steroid,
large ring cycloketones and lactones) (Sink 1967).
The most likely areas of olfactory relevance in man are skin, axillary and pubic
apocrine glands and their tufts. Axillary secretion is most likely the site of human social
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pheromone. Prostaglandins also may function as nonolfactory pheromones being
secreted in large amounts in the semen and cause uterine contractions and facilitate the
sperm transport.
It has been shown conclusively that infants can identify their own mothers after the
second week of birth (McFarlane 1975). Humans can also recognise other individuals
by smell. Porter and Moore (1981) have shown that infants are able to identify odours
of siblings and that parents can identify the odours of the T-shirts of their children.
It has also been observed that infants scent-mark blankets, clothes and toys with their
own odour and carry this marked object with them (Passman and Weisberg 1975).
These scent-marks reduce their anxiety.
Studies on menstrual synchrony (Russel et al 1980) of college women indicate the
existence of some types of pheromones in human beings. In fact detailed investigations
are warranted to replicate and extend this work, especially to evaluate the correlation
between menstrual synchrony and ovulation.

22.

Reproductive investment patterns and sex ratios in insects

Regarding insects, commitment of resources for reproduction can be dichotomised in
various ways, such as mating vs rearing, pre vs post birth but none of these are mutually
exclusive. The commitment of genetic material per se is trivial in terms of investment
but defines the interests of various individuals on each other in terms of relatedness.
The provision of resources is altruistic if it reduces the ability to produce future young;
parental care is thus altruistic. Relatedness can be assymmetric among individuals and
this together with the facts that parents need not be the main investors in the
production of new individuals leads to the particular complexities of insect societies
with reproductive division of labour. Such complexities can lead to markedly different
preferred sex ratios by workers and reproductives. The effort to determine the level at
which selection acts to set sex ratios of investment in hymenopteran societies in which
males are haploid and which thus have intrinsic assymmetries has run into technical
difficulties and competition for explaining female based sex ratios between the workercontrol and local mate competition hypothesis. Recent findings indicate that the local
mate competition can yield either female or male based ratios, depending on the
dispersal traits of the 2 sexes and that depending on the mode of inheritance, worker
control can yield a variety of sex ratios, not just 3: 1 in favour of females (Owen 1983).

23.

Visual communication in insects

Relatively ethologists have focussed more attention on visual communication. Many
insects emit light signals by virtue of their capacity for bioluminescence, described
mostly in beetles (Coleoptera) fireflies, adult lampyrid and elateid beetles. The
morphological and biochemical aspects of insect bioluminescence had been reviewed
by De Luca et al (1974). Lloyd (1977) has stated the diverse uses for which it is
employed, such as a lure for prey, pair formation, mate identification and location.
In fact in insect courtship the dynamic properties of visual signals are often critically
important in eliciting responses from the opposite sex. One of the excellent examples is
the reproductive behaviour of fireflies.
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Considerable work has been done on the sequence of courtship in N. American
fireflies, Photuris and Photinus. In the main sequence of courtship, the male initiates
flashes during flight at a species specificfrequency in welldefined habitat areas, with the
female remaining stationary but relies on the flashes of the male and later follows the
male after a brief species specific pause. It has been shown that repeated flashes bring
the two sexes together (Lloyd 1971). It has been shown that flash signals of sympatric
species differred significantly, but species which are not located in nearby areas exhibit
similar flash pattern. The mimicking of flash signals of Photinus females by Photuris
females result in the devouring of the former male, by the latter female. According to
Lloyd (1975) female Photuris is very versatile that it can simulate the flash pattern of at
least 4 different species.
It has been shown that dispersion of insects occur by visual signals. Insects direct'
signals at each other and these are important in territorial behaviour. Dragon flies are
good examples. They are selective about their breeding sites, with males arriving earlier
than the females and defend their territories by ritualised aggressive displays supported
by physical combat. During aggressive displays the bright silvery abdomen is directed
towards the opponent. Preying mantis also displays territorial behaviour.
24. Alarm signals
Although visual alarm signals are not well developed in insects, the butterflies
(lepidopterans) and paper wasp, Polistes annulans exhibit this reaction.
25. Sexual signals
Visual signals also play an important part in sexual behaviour. These visual signals
mediate a chain of stimuli interactions. It may be possible that in some of the
lepidopteran butterflies the well designed wings may be used as visual signals in
reproductive displays. In certain cases such as the queen butterfly both visual and
chemical signals are involved.
26. Acoustic communication in insects
Despite the fact that acoustic communication has evolved hundreds oftimes in insectan
species, hearing has been demonstrated only in 5 orders which produce sounds of
higher frequency e.g. Orthoptera, Homoptera, Lepidoptera, Coleoptera and Diptera.
The true nature of insect songs have not been fully understood by human beings,
although the advent of precision recording equipments and sophisticated sound
analysis instruments has facilitated the bridging of the gap between the occurrence of
the insect sounds and their significance.
It has been shown that most of the insects produce sound of communicative value at
some stages of their life cycle, displaying a wide variety with the frictional methods
predominating.
Generally most insect sounds have fewer dimensions than vertebrate sounds and the
insects cannot carry a tune. Their individual song components are called phonatomes
(all sounds produced during one cycle of movement).
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Insect sounds function as sexual signals facilitating attraction, courtship, copulation
and post courtship pair formation and also for chorusing and aggregation. Special
courtship signals have been reported for male orthopterans for cicadas and also for
males of many other arthropodan groups, from crabs to Drosophila, occasionally these
insect sounds function as social signals also e.g. winglesscockroaches and gromphadia
of Madagascar, hiss when their culture boxes are disturbed.

27. Vocalisation in birds
Recent studies on acoustic communication in birds had effected an acoustic analysis,
supplemented by x-ray cinematography which resulted in the formulation ofa coherent
theory of avian speech (Scanlan 1983). The warbling of the budgerigars (M eiospittacus
undulatus) is acoustically similar in many respects to human speech. In fact only slight
alterations are necessary to transform the warbling sound into a speech-like sound. The
nature and extent of this transformation differ among 'talking' species and can be
related to the vocal behaviour and ontogeny of each species. Such transformations are
possible because the birds can best produce just those acoustic cues necessary for
human perception of speech. Thus an important cue for human discrimination of
vowels is the relative formation frequencies and analysis ofavian vowels which showed
that the Indian hill Mynah (Gracula religiosa) and several species of Psittacidae can
reproduce these patterns. Temporal cues because of this bird's excellent capability for
time resolution are precisely produced. Some of these acoustic features may be related
to movements of suprasyringeal vocal tract during speech imitation. These movements
have been observed and analysed during x-ray cinematography.

28. Vocalisation in mammals
Very little is known about vocal imitation in mammals. An adult male harbour seal
kept in captivity in New England Aquarium, near Boston, USA has been reported to
reproduce severalenglishwords and phrases (Ralls and Gish 1983). This harbour seal was
originally brought in as an orphan pup in 1971.There were no adult male harbour seals
around for it to serve as acoustic models. It was observed that in 1978 it started
imitating its own name "Hoover" and later on a number of other words such as 'hello',
'how are you' etc.
Adult females rarely vocalise. The rate of male vocalisation increases during breeding
season. Although harbour seals are considered as non-vocal pinnipedes, it has been
shown that they produce a number of growls, groans, hums etc. The quality of their
vocalisation apparently seems to be more superior to that of parrots. A comparison
with human spectrogram showed that Hoover's imitation contained key acoustic
features that the humans use for discriminating lightest vowels sounds.

29. Ethological analysis of drug action on aggression and defence
It has been possible to develop an ethopharmacological analysis ofaggression. Specific
attention has been focussed on biologically relevant situations and events engendering
a broad repertoire of species specific agonistic behaviour (Miczek 1983).
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The sequential and multicomponent nature of aggressive interactions standardised
means to detect potentially pathological forms of aggression. It also affords the
opportunity to characterize neural and behavioural processes relevant to an organism's
social and environmental adaptations.
In one of the experiments, catecholamine antagonists such as amphetamines
enhanced threat behaviour under certain conditions in rodents but mainly disrupted
integrated aggressive and social behaviour patterns. In attacked animals amphetamines
disengages defensive and flight reactions from their prompting social stimuli.
Amphetamine as well as hallucinogen treated animals are more frequently targets of
attacks than control animals. It appears that engaging in aggressive or defensive
behaviour in the past and at the time of pharmacological intervention alters the
functional state and dynamics of brain catecholamine systems which in turn determines
the nature of drug action. The significance of the profound neurochemical changes
owing to specific behavioural events is further illustrated with experiments on the role
ofendorphins in defeat. Mice which are frequently attacked will ultimately emerge in a
typical physiological and behavioural pattern of defeat. Defeated animals become
immune to pain concurrent with significant changes in brain beta endorphins. This
analgesia is reversed by centrally acting opiate antagonists. Complete cross tolerant to
morphine analgesia further suggests that defeat experience readily activates brain
endorphins.
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