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ABSTRACT 

Ethology is the science of the study of animal behaviour. Begun as a 
passion and passtime of just a few individuals, ethology has grown into 
an elaborate scientific discipline with ever widening horizons. A brief 
discussion of the history of ethology, is followed by a few examples of 
excellent ethological research which could easily have been done any 
where in India but was not! The paper discusses the reasons for the 
minimal work done in India, even though ethology is an obvious choice 
for Indian biologists embarking on a research career. 

INTRODUCTION 

Ethology is the science of the study of animal behaviour. But to quote 
Medawar and Medawar, it "is not merely an alternative designation of 
the science of behaviour: it is a term that stands for a genuine revolution 
in biological thought. Ethology is rooted in the observation of animal 
behaviour, an activity that only simpletons think simple .... observation 
is a difficult and sophisticated process calling upon all the intellectual 
virtues: attention, patience, heightened awareness, caution in coming to 
conclusions, courage in framing expectations"[!). It will be one of my 
endeavours to demonstrate that ethology has lived up to Medawars' 
expectations! 

A· rapid history of ethology 

A definitive history of ethology has not been written although it 
eminently deserves to be. The following is then my own ad hoc history. 
I think it is reasonable to recognize five phases in the development of 
ethology. The first may be called pre-ethology and happened prior to the 
1940s. During this phase, animal behaviour was the passion and passtime 
of a few eccentric people and was far from being an organised academic 
activity. Notable players of the game during this period were Charles 
Darwin, who wrote the Expression of emotion in man and animals, the 
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Russian physiologist Ivan Pavlov who discovered classical conditioning 
(2), the inimitable German Jakob von Uexkiill who used the lowly tick 
to show that each animal lives in its own sensory world or Umwelt (3) 
and Douglas Spalding, a family tutor to the Bertrand Russell household 
for whom it appears that the bright Russell children left enough time, 
to experiment with newly hatched chicks and prove that they are born 
with an innate ability to peck accurately at grain on the ground [4}. 

The second phase may be called Classical ethology and lasted from 
about 1940 to about 1960. This period was characterized by two bitterly 
opposed schools of activity - the Ethologists in Europe and the Be
haviourists in North America. Niko Tinbergen and Konrad Lorenz being 
prominent amongst the ethologists, formulated the systematic observa
tional study of animal behaviour under natural conditions [5, 6). The 
behaviourists such as J.B. Watson and B.F. Skinner, on the other hand, 
sought to treat virtually any available animal as a black box and use it in 
extremely well-controlled artificial laboratory conditions with the hope 
of eventually understanding human behaviour [7). Not much came out 
of this hope, but the experimental and statistical techniques that they 
and their followers developed are coming in handy as the Ethologists are 
maturing, and doing more and more experiments. 

The third phase is that of Modem ethology, which I will argue, lasted 
for just about ten years in the 1960s but had a profound influence on 
the future of ethology. Two activities of great significance can be traced 
to this period. One is the integration of ethology and neurobiology to 
give rise to neuroethology in the hands of such people as Eckhard 
Hess, Jack Hailman, Donald Griffin and others (8, 9, 10]. The second 
is the shedding of the naive interpretation of natural selection as acting 
for the good of the group or species and the realization that, except 
under very special circumstances, the good of the individual (selfishness) 
overrides the good of the group (altruism). This idea, championed by 
people like G.C. Williams and formalized by W. D. Hamilton was directly 
responsible for the subsequent growth, the present widespread practice 
and the glorious future expected of ethology [11, 12, 13]. 

The fourth and present phase is often labelled as Behavioural Ecology 
and Sociobiology (14, 15, 16]. I reckon its beginning to be about the year 
1970, and predict that it will lose its identity in the process of giving rise 
tC' an extremely multidisciplinary, and as yet unnamed field of activity, 
at about the turn of the century. The central theme of the present 
phase of the ethology is to understand every aspect of animal behaviour 
as an efficient adaptation engineered by natural selection. One can get 
a glimpse of the nature of behavioural ecology and sociobiology by 
glancing at its favourite topics of research - "The economics of animal 
behaviour", "prey-predator co-evolution", "When to live in groups'', "The 
battle of the se'xes", "Selfishness and altruism", and so on. 
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The fifth phase is that of the future which will hardly be recognizable as 
the progenitor of the previous phases. There is no doubt that it will draw 
together such apparently diverse fields as population biology, physiology, 
ecology, genetics, evolution, molecular biology, ethology, anthropology, 
psychology, sociology, economics and political science. One only has to 
look at the following titles of recent research to see that this is no 
exaggeration. Consider for example, "Seed abortion in plants", "Parent 
offspring conflict or Sibling rivalry'', "The wave of advance model for the 
spread of agriculture", "Evolution times of languages", "The dynamics 
of a heroin addiction epidemic'', "Co-operation amongst nations as a 
prisoner's dilemma game", "B chromosome in a parasitic wasp ~ the 
most selfish DNA known"! 

Some fine examples of ethological research 

I will give below four of the many possible examples of the finest 
pieces of modern ethological studies. The examples are chosen not only 
to justify Medawars' description of ethology but to show how each one 
of them could so easily have been done by any biologist employed in 
the remotest of Indian universities. 

Competition for resources 

Competition for limited resources is a nearly universal fact of life for 
most animals. Indeed, natural selection, based as it is on the struggle for 
existence, is the direct consequence of such competition. When there are 
habitats of differing qualities but none can be defended or monopolized, 
animals should be expected to adjust their distribution between habitats 
such that each individual enjoys the same success. This has been called 
the ideal free distribution (17]. But are animals capable of distributing 
themselves in this fashion? Milinski did a simple experiment with six fish 
in a tank and provided them with a certain quantity of food at side A and 
twice the quantity of food at side B of the tank [ 18]. Within minutes there 
were two fish at side A and four at side B. When the quantities of food 
between the sides were reversed, the fish quickly adjusted themselves so 
that there were four fish at side A and two at side B. Clearly the fish 
must have kept sampling-the rate of food yield on both sides from time 
to time and stayed at the most profitable location at any given time. 
Notice that the profitability at any side would depend not only on the 
rate of food given by Milinski at that side but also on how many fish 
are present at that side. 

Even when the resources can be defended there may be an ideal free 
distribution. Whitham studied a gall making aphid in which stem mothers 
settle down on leaves of the narrowleaf cotton wood Popuius angustifolia 
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to make galls and reproduce parthenogenetically [ 19]. More offspring are 
produced on larger leaves but the number of offspring decreases as more 
and more stem mothers make their galls on a given leaf. One should 
expect that settling down on a smaller leaf must sometimes be as good 
as settling down on a large but crowded leaf. Whitham's measurements 
produced the remarkable result that the average success of stem mothers 
at different levels of crowding were the same. This is because if the aphids 
wanted to be alone they had to settle for a smaller leaf and if they went 
for a large leaf they had to live with neighbours. In addition however, 
the stem mothers arriving on a leaf, engaged in sparring matches to 
occupy positions close to the· mid rib which has the highest amount of 
sap and thus leads to the largest number of offspring. What this means 
of course is that biological systems have endless richness and that the 
deeper one probes the more one understands. 

Sex change in fishes 

Many species of fish are known to change their sex midway through 
life. It is true that this is possible because of their labile system of sex 
determination but what might be the evolutionary advantage of doing 
so? Even more puzzling is the fact that some species first become males 
and then females (protoandry) while others choose to start as females 
and then become males (protogyny). Should one treat this as a quirk or 
look for an adaptive explanation for protoandry and protogyny too? The 
philosophy of the ethologist is to keep looking for adaptive significance 
at every possible place for, to assume that something is neutral and 
immune to natural selection, is to give up and cease to unravel the 
mysteries of nature. 

Warner and others have developed a theory of the evolution of such 
sex change [20]. Like most other animals, fish grow in size as they grow 
older. If the advantage of being large is greater for one sex than it is 
for the other, then a winning strategy would be to be of that sex when 
young and small (for which small size is not as much of a disadvantage) 
and change over to that sex when old and large (for which large size is 
particularly advantageous). In many species larger females produce more 
eggs than smaller ones and so it is advantageous for females to be large. 
In those species where there is intense male-male competition however, 
small males fare so poorly compared to large males that being a small 
male is much worse than being a small female. The prediction then is 
that in those species where male-male competition is intense, one should 
see protogyny and in those species where male-male competition is not 
so intense, one should see protoandry. Indeed, this does seem to be 
the pattern observed in nature. Species such as the blue headed wrasse 
show intense male-male competition and protogyny. On the other hand, 
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anemonefish such as Amphiprion show less male-male competition and 
protoandry. 

Nepotistic bee eaters 

In many species of birds such as the Florida scrub jay, the Galapa
gos mocking bird, the jungle babbler, the acorn woodpecker, the pied 
kingfisher, the splendid wren and the white-fronted bee eater, some indi
viduals postpone breeding and help other breeding pairs of their species 
in the often difficult task of rearing chicks (21 ]. Typically, helpers con
tribute to feeding the chicks, feeding the parents and guarding the nest. 
The obvious question is why should helpers help? To answer this ques
tion, Emlen and Wrege sexed (by laprotomy, because the sexes cannot
be identified externally) [22], individually marked and intensively ob
served a large population of the white-fronted bee eater in lake Nakuru 
in Kenya. They found that this species which incidentally, is a close 
relative of our very common small green bee eater (one more reason 
why similar research could have easily been done in India!), lives in 
extended family units or clans. In each breeding season numerous clans 
aggregate to form large colonies of about 200 birds each. About 50% of 
all nests have at least one non-breeding helper. Every year Emlen and 
Wrege painstakingly recorded, for every nest, the number of helpers, the 
identity of the breeders and that of the helpers, the clutch size, hatching 
success and fledgling success. In addition, they were able to determine 
the genetic relatedness between the helpers and the helped. 

With such data Emlen and Wrege tested different hypotheses for 
how hf!lpers might benefit from helping. They found no evidence that 
an individual increased the chances of its survival by being a helper 
nor did they find that helpers were more likely to become breeders in 
the future. Those that did become breeders were not significantly more 
successful than those without prior experience as helpers. However, 
helpers significantly increased survival of the nestlings and helped only 
when they were rather closely related to the nestlings. In other words, 
Emlen and Wrege found clear evidence against hypotheses based on 
direct benefit to helpers and strong evidence in favour of indirect benefit 
to helpers postulated by the inclusive fitness or kin selection theory of 
W.D. Hamilton [12, 13]. For more details of this study see Emlen and 
Wrege [22] and Gadagkar and Venkataraman [23]. 

Kin recognition 

Hamilton's inclusive fitness theory or the theory of kin selection, as it 
is often called, predicts that animals should be more altruistic towards 
their close genetic relatives and relatively less so to non-, or distant 
relatives [12, 13]. An obvious question then is whether animals can 
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distinguish their close relatives from non-, or distant relatives. For some 
15 years after the publication of Hamilton's seminal papers, ethologists 
did not investigate this question; they assumed that by indirect factors 
such as familiarity or physical proximity, animals would automatically· 
differentiate close from distant relatives. 

In 1979 Greenberg set out to investigate whether animals have a direct 
way of discriminating their genetic relatives from non-relatives [24). He 
used the sweat bee Lasioglossum zephyrum that lives in colonies of several 
female bees in nests in underground tunnels. Within the nest, only one 
bee is the fertile queen while the others work to rear the queen's brood. 
The queen is usually the sister or mother of the workers. If the workers 
are to direct their altruistic labours to close genetic relatives only, they 
should ensure that no unrelated bee enters their nest. This task appears 
to be performed by one of the workers who takes on the role of a guard, 
positions herself at the entrance of the nest, and inspects each incoming 
bee by smelling her. 

Greenberg used laboratory colonies and presented guards with their 
sisters, aunts, nieces, cousins as well as some unrelated bees and recorded 
the probability of each of these bees being allowed to enter the nest 
by the guard. With this simple experiment, he obtained the remarkable 
result that there was a statistically significant positive correlation between 
the probability of acceptance of an intruder bee by the guard bee and the 
genetic relatedness between the guard and intruder showing that sweat 
bees have ways of assessing their kinship with other members of their 
species [24). Stimulated in part by this result, ethologists have begun to 
investigate the kin recognition abilities of a large number of different 
animal species ranging from marine invertebrates to humans. For reviews 
see [25, 26, 271. 

Some examples of ethological research in India 

Although I lament the great paucity of good ethological research 
carried out in India, I do not wish to leave the reader with the impression 
that nothing is being done here. I will therefore, first give three examples 
of ethological research from India which rank among the finest pieces 
of ethological research done anywhere in the world, and then also give 
one example from my own research. 

(i) Mother mouse sets the clock of her pup: In a variety of animals and 
plants, many features such as body temperature, rest/activity levels, 

.hormone levels, etc. vary in a rhythmic fashion with a periodicity of 
24 hours. In many cases it is known that these periodic variations are 
controlled by an endogenous biological clock with a periodicity of 
about 24 hours. The endogenous clock is reset everyday based on the 
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day/night cycles in the environment so that the small difference in 
the period of the endogenous clock goes unnoticed. By maintaining 
the animals or plants in continuous light or continuous darkness 
however, this difference can easily be uncovered because the differ
ence accumulates over time. Thus an endogenous rhythm is said to 
free-run when denied external cues and it is said to entrain when 
provided with external cues. Such endogenously controlled rhythms 
are called circadian rhythms. For example, nocturnal mammals show 
a circadian rhythm in their rest/activity cycles such that they will 
be active at nights and will rest during the day. Their endogenous 
rhythm is normally entrained by the light/dark cycles in the envi
ronment caused by "ay and night. The newly born pups however, 
stay in underground burrows for several days after birth. Moreover, 
they do not even open their eyes for many days after birth. How 
then do the circadian rhythms of these pups work? How does their 
clocks reset themselves? Viswanathan and Chandrashekaran tested 
the hypothesis that since the mother is with the pups during the 
day, which is her time of resting, and away from them during the 
night which is her time of active foraging, the pups may use the 
presence/absence cycles of the mother to entrain their clocks [28]. 
First they showed that pups free-run in the absence of the mother 
and then by introducing the mother in a cyclic fashion they demon
strated that cycles of presence and absence of mother mouse entrain 
the circadian clocks of pups. 

(ii) Foraging trails of ants: Leptogenys processiona/is is a common an-r 
whose long and branched foraging trails are inevitable companions 
of those of us who are in the habit of walking or jogging in the 
early hours of the day in parks or other areas in Bangalore and 
its surroundings. This ant preys on termites and occasionally on 
other arthropods. The function of the trails is to sample as wide an 
area as possible in search of prey. Ganeshaiah and Veena asked if 
the branching pattern of these foraging trails is so designed as to 
efficiently maximize the ratio of the area sampled to the distance 
travelled by the foragers [29]. They traced the branching patterns of 
a number of trails and quantified them by using a method originally 
developed for studying the branching patterns of rivers. This method 
yields branching co-efficients such that the smaller the value of the 
co-efficient, the more efficient the trail system is. The values obtained 
for Leptogenys processiona/is ranged from 2.46 to 3.75 indicating that 
the trails of this ant are somewhat less efficient than the branching 
pattern of bronchioles in the human lung but more efficient than 
the branching pattern of trees or river systems. It is reasonable to 
expect that· natural selection would have favoured those genotypes 
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of the ant that were capable of sampling a large area with Jess effort. 
These authors went on to show that the branching process is a result 
of independent decisions by different ants rather than a collective 
decision by the whole colony and also that the branch angles are a 
trade-off between the cost of increased travel necessitated by small 
angles and resistance to the flow of ants by angles close to 90°. 

(iii) How do bats locate frogs ?: · The Indian false vampire bat Megaderma 
/yra belongs to a group of echolocating bats that prey on larger 
arthropods such as moths, beetles, grasshoppers and cockroaches and 
smaller vertebrates such as frogs, geckos, lizards, fish, mice, birds 
and other bat species. A question of obvious interest is how these 
bats locate their prey because they are perfectly capable of doing 
so even in the dark. Since these are echolocating bats, the obvious 
answer might be that they do so by echolocation. Marimuthu and 
Neuveiler did a series of simple experiments especially with regard 
to how M. lyra locates frogs [30). Their first observation was that 
the bats detected and caught the frogs only when the latter moved. 
This automatically precluded dead frogs from being caught. Their 
next observation was that even dead frogs were located and caught 
if moved by the experimenter. The clinching evidence however came 
from an experiment which showed that when dead frogs were pulled 
over the water surface of a glass plate to elimimt.te any noise, the bats 
were no longer successful in catching the frogs. Thus, even though 
these bats are capable of echolocation, they do not use it to catch 
moving prey off the ground. Additional simple experiments showed 
that the bats differentiated between palatable and unpalatable prey 
only after catching them. For example, noisily moved· dead toads and 
dead frogs covered with toad skins were located and caught but soon 
discarded. These results pave the way for ecological investigations 
to understand why this bat does not use echolocation to locate prey 
on the ground. 

(iv) The mechanism of nestmate discrimination in a primitively eusocial 
wasp: Ropalidia marginata is a primitively eusocial wasp in which 
new colonies are initiated by one or a group of female wasps. 
Female wasps eclosing on these colonies may either leave to initiate 
their own new colony or may stay back in their natal colonies. In 
all multifemale colonies only one individual is the queen and the 
others work to rear the queen's offspring. Because female wasps are 
capable of starting their own single foundress colonies and yet so 
many of them prefer to remain as workers in multifemale colonies, 
we are using this species to try and understand how such altruist 
behaviour evolves (31 ). A widely accepted hypothesis is that worker 
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behaviour is favoured by natural selection because of the high genetic 
relatedness between workers and the brood they rear, created by the 
haplodiploid genetics of the Hymenoptera (12, 13). To test the validity 
of this so called haplodiploidy hypothesis, we measured intracolony 
genetic relatedness. To our surprise we found that it was very much 
lower than expected. This is because Polyandry (multiple mating by 
the queen) and Serial Polygyny (frequent replacement of the queen), 
result in the simultaneous production of different matrilines and 
patrilines within a colony [32, 33, 34, 35). 

Before concluding that the haplodiploidy hypothesis for the evolution 
of worker behaviour is therefore not valid, we had to rule out the 
possibility that workers discriminate between different levels of genetic 
relatedness within their colony and direct their altruism preferentially 
towards their close geneiic relatives only. To test this possibility, we 
undertook a study of the mechanism of nestmate discrimination in this 
species. Based on behavioural interactions shown by the wasps towards 
their nestmates and non-nestmates outside the context of their nes,ts, 
we developed an assay of discrimination (25). Using this assay we were 
able to show that the fem ale wasps can discriminate between their 
nestmates and non-nestmates provided both the discriminating individuals 
and the discriminated individuals were exposed to a fragment of their 
natal nest and a subset of their nestmates. We concluded from these 
results that the labels on the bodies of the wasps used as cues in the 
discrimination process and the templates in their brains with which the 
labels are compared, are both acquired from the nest or nestmates. This 
means that all the individuals in the colony will have identical or similar 
labels and templates, making it unlikely that the wasps will be able to 
discriminate close and distant relatives within a colony and direct their 
altruism preferentially to close relatives. Now we concluded that the 
haplodiploidy hypothesis for the evolution of worker behaviour based 
on workers rearing brood very closely related to them, is unsatisfactory 
(36). Our conclusion that intracolony variations in genetic relatedness are 
not discriminated was nevertheless a speculative one. It is gratifying that 
subsequent more direct experiments have since supported this conclusion 
[37). 

Complex and intelligent behaviour 

Do animals behave inte11igently? Do they think about what they are 
doing? Are animals conscious of their actions? Such questions are seldom 
discussed by ethologists. I would like to submit that this should be a 
special area of focus for Indian ethologists because I think that we have 
a unique opportunity of taking the lead [38). 
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Why is ethology just the right choice for us ? 

It appears obvious that ethology is just the right choice for young 
biologists embarking on a research career in India, because of the easy 
access we have to an incredibly rich fauna and flora to use as model 
syste~. An equally important consideration is that ethological research 
seldom requires very expensive and/or imported equipment or chemicals. 
As we have seen above, the boundaries of traditional ethology are being 
rapidly expanded so as to include many other related disciplines. Clearly 
ethology in this broad sense is likely to flourish and be one of the main 
activities of biologists in the foreseeable future. For all these reasons 
ethology provides realistic opportunities for Indian biologists to provide 
international leadership. 

Why is so little ethology done in India ? 

Woefully little ethology is actually done in India. I would argue that 
the single most important reason for this is that zoology and to some 
extent botany are taught in Indian schools and universities as sciences of 
dead animals and plants. So much attention is paid to morphology and 
anatomy that there is no time for students to cope with the realities of the 
living world of animals and plants. Another factor, also very important 
is that little attention is paid in our curricula to local faunal and floral 
biodiversity. For instance, it has been my experience that students who 
obtain an M.Sc. in zoology from most Indian universities are usually 
incapable of identifying even a dozen common birds or insects in our 
surroundings. If they do know of some examples, these will usually be 
textbook examples from the western hemisphere. Yet another factor is 
that our education system still seems to believe in the dichotomy between 
mathematics and biology. It is no exaggeration to say that those students 
who are comfortable with elementary mathematics are advised to go 
on to study physics and chemistry while those who are uncomfortable 
with even the most elementary mathematical concepts are advised to 
major in biology. It is high time that mathematics is considered as a 
tool with potential applications in all branches of science and made 
compulsory for all science students at least upto and including the B.Sc. 
level. It is sometimes said that the onslaught of molecular biology takes 
away the best biology students. This is paradoxical because, if molecular 
biologists, with all the difficulty of doing internationally competitive 
research in molecular biology under Indian conditions of technology 
and economy, can entice students to their field, ethologists, with the 
advantages for doing internationally competitive research, should be 
even more successful in enticing students. If the onslaught of molecular 
biology is indeed taking away our best biology students then surely, the 
ethologist is to be blamed! It must be said however that a large number 
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of our molecular biologists struggle with laboratory problems of limited 
interest, borrowed from western labs and if they can be persuaded to 
collaborate with local ethologists to tackle problems relevant to our fauna 
and flora, the result would be most gratifying. 
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Note: I do not see any difficulty in applying the principles and methods tradition
ally used in the study of animal behaviour to plants Of" in including plant behaviour 
within the scope of ethology (refer Uma Shaanker and Ganeshaiah, this publica
tion). The only reason why I have not expanded the scope of this assay to include 
plants is because I knew that plants would be covered expertly by Ganeshaiah 
who was also a participant in the symposium - Raghavendra Gadagkar 
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