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Behaviour: Definition- Innate behaviour, learning, reasoning, motivation,
conflict and sexual behaviour

Animal Behaviour is a very popular subject, not just with biologists but
with the general public it occupesa lot of prine time on televisiorfAnimal
planet, National Geography, Discoveriuman beings have always been
fascinated by our fellow creatures. Apart from this intrinsic interest and the
fact, the subject presents us with questions as chaksmgs anyother
subjectsin science, the study of animal behaviour is also of great practical
importance.

Behaviour:Behaviour includes all those processes by which an animal
senses the external world and the internal state of its body and responds
accordingly. Many such peesses will take place inside the nervous system
and not be directly observable. What we see may involve violent activity or
complete inactivity, but all equally rank as behaviour. Behaviour continues
as long as life persists; anything and everything noayt

The task of understanding the behaviour fully would seem to be
impossible and in fact we can not ever study behaviour unless we abstract
and simplify. We have to make decisions about what it is important to record
and what can safely be ignored. Fexample, if we are studying the courtship
behavior of pheasants we will probably decide that there is no need to record
the number of times that the animals breathe. Breathing is part of that
continuous activity which constitutes behaviour but it will et judge
irrelevant for behavioural studies of courtship.



Behavior comes in orderly sequences, recognizable patterns of
behaviorthat can be called behavioral "units'he same animal will produce
the same pattern of movements again and again; differaeimbersof the
same species will also behave in recognizably similar ways. Bebaionly
be studied because of this fad. classic example of behavioral unit is the
"eggretrieval response" of the gylag goose.

Regarding the types of behaviour, tieesire two main approaches the
physiological behaviowand thewhole animal behaviour

Behavioural physiology is the study of how the body works, that is how
the nerves, muscles and sense organs are coordinated to produce complex
behaviour such as singimga cricket or a bird.

The whole animal approach investigates the behaviour of the intact
animal and the factors that affect it, for instance whatit is in the environment
of the cricket or bird that prompts them to sing at particular time or why they
sing at all. Whole animal questions of this latter type can be studied both by
looking at wild animals in their natural environments and also by observing
captive or domestic animals living under more controlled conditions: it
depends on the exact questionvolved.

Physiological investigations often require bringing animals into a
laboratory environment because they will involve probing beneath the skin,
for example to get at the mechanisms that give rise to the behaviour of
singing, etc. In practice theres considerable overlap between the
approaches.

Innate Behaviour:

Most animals must perform a large number of quite varied behagio
that they have no opportunity to learn. This may be because they never meet
their parents, or any members of the patahgeneration, to learn from, or
because their surviva'
depends upon them beincg
able to perform the
behavior very soon after

Egg retrieval by
greylag goose. The
gull in Figure 3.12 (p.
66) is carrying out a
similar task in an ex-
periment. (After

Lorenz and Tinbergen)



they hatch or are born, allowing no time for learning. Such behasiare
termedinnate.

The concept ofnstinct or instinctivebehaviouris still a familiar one.
Yawn is a behaviour of fixed action patterns (FAP). An FAP is an instinctive
behavior. It is performed perfectly first time, without practice and without
any tuition. A yawn lasts for about 6 seconds and involves adjpdigmouth
and in many cases the closing of the eyes. Once stértedlifficult to stop.

So FAPs can be descriksgialways running to completiofiherefore (FAP),
yawns, have one other important characteristicomething triggersheir
performance. Tl trigger or stimulus is usually referréd as a releasing
mechanism or a releaser. A yawn is a releaser for another yawn. In fact it is
often the case that hearing a yawn or just seeing a photograghyafwn is
enough to release the behavior.

Instinctis often described as patterns of inheritgateset behavioural
responses which develop along with the developing nervous system and can
evolve gradually over the generations, just like morphology, to match an
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of way, as that behaviour which does not require learning or practice.
However, they can learn how to behave appropriately and perhaps practice
or even copy from others to produce the best response.

Preset behaviour whichequires no learning or practice is obviously
going to be advantageous for animals wathort life spans and no parental
care Many insects lead almost totally solitary lives with no overlap between
the generations and precious little social contact oy &mnd.

Example 1Mason wasps (generdanobia) construct a series of cells
inside the hollow stems of plants. A female wasp emerges from her cell and
has a brief moment of interaction with another wasp when she mates with
a male. Thereafter, she istadly on her own. She selects a hollow stem and
builds a partition of mud mixed with her saliva at the inner end. She then lays
an egg attached to the roof of the stem, close to this partition. Next she hunts
for caterpillars which she lightly paralyseswher sting and after repeated
excursions, provisions the cell with85of them; these are the future food
supply for the larva when it hatches. This done, she builds another partition
sealing off the egg with its food supply and, laying a second eggbelis,



provisions a second cell, seals that off and so on. In this wl&yclls may

be constructed in line along the cavity of the stem until the female reaching
the outside end, plug this with mud. She then moves off to seek another stem
and construcs more cells.

The female wasp lives only a few weeks and carries out this elaborate
series of behaviour patterns in total isolation. She could not possible achieve
this tight schedule if she had to acquire everything from scratch by trial and
error and $ie has to rely on prset, unlearnt responses. This conclusion is
given further emphasis by the fascinating observations madeCbgper
(1957) on this wasp species. Examining a stem, in which the larvae have
pupated prior to their emergence as adults, eals that all the pupae are
oriented with their heads facing the open end. Making the correct choice of
end is a matter of life or death, for although sometimes the emerging adults
could turn round in the narrow stem, they 2 yd@ o but move on ahead
breaking through the partitions. Normally the outermost pupae (although
they derive from the later eggs of the series of cells) emerge first, leaving a
clear passage, as itag for their siblings from deeper in the stem. Adults
emerging from artificially rearsed pupae struggle on inwards through the
deeper cells and accumulate at the blind end.
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experiments showed clearly that there was no possibility that they detected,
or used gravity boxygen concentration as a cue. They rely on information
left behind by their mothers. As the female wasp retreats outwards building
the partitions between the cells, the inner side of each is, of necessity, left as
rough mud whilst the outer sides shmeothes into a concave form. Cooper
experimented with artificial grass stems in which he used glass paper to
make partitions, rough on one side and smooth on the other, and he could
show unequivocally that it is just these characteristics of concavity and
smoothness versus roughness which the larva uses: it pushes with its head
towards the latter. Information is thus passed from one generation of wasps
to its offspring and it must be encoded genetically in a way that allows the
larvae and the adult femaléo develop appropriate behaviour. Again we
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the larvae can rely on experience.



Example 2XYoung herring gullsLarus argentatus hatch from their
eggsable to do little more tharsit up. They are completely dependargdon
their parents for food and protection for some weeks. Adyltls feed their
young by regurgitating food directly into thdseaks and the regurgitation
reflex is initiated in response to r@leaser provided byhe chick when it
pecks at the tip of the adub A NRQa oSk {® .dzi oKFG &dGA
reflex in the chick ithe first place? Niko Tinbergen found that young gulls
do notneed to see the whole parent to begin pecking, in fact a mod#ief
head andbeak of the bird is a perfectly adequate stimulliaking advantage
of this fact he went on to carry out a number eXperimental studies that
enabled him to shed further light osome of the general properties of
releasing mechanisman adult herringgll Qa o6 SF{1 A& oNARIKG @&
spotclose to its tip. Tinbergen manipulated this very distincpaéern in his
models and found that the presence of tispot was very important. The
chicks were far more likely to peck beaks with spots than thosaithout.
They were also morkkely to peck at spots that contrasted strongly with the
beakcolor, and interestingly at red beaks rather than yellow ones.

Learning:

Some aspects of the behavior of an animal are performedrigidly
predictable way sut that each time a particular stimulus presented a
predictable response will be recorded. But all behavieenrot be
characterized in this way. Imany situations flexibility of response is a
definite advantageand so it should come as no surprisatimany behaviors
may bepermanently modified as a result of experience. This modification
can be attributed to learning.

Habituation: It is an extremely simple form of learning, in which an
animal, after a period of exposure to a stimulus, stops respandihe most
interesting thing about habituation is that it can occur at different levels in
the nervous system. Sensory systems may stop, after a while, sending signals
to the brain in response to a continuously present or oftepeated
stimulus. Lack afontinued response to strong odors is a common example
of sensory habitation.



Habituation is important idiltering the large amounts of information
received from the surrounding environment. By habituating to less
important signals, an animal can fodts attention on the most important
features of its environment.

A good example of this is species that rely on alarm calls to convey
information about predators. In this case animals stop giving alarm calls
when they become familiar with other speciegheir environment that turn
out not to be predators.

Birds learn not to waste energy by taking flight at the sight of every
leaf blowing in the wind. Squirrels learn not to respond to the alarm calls of
other animals if these calls are not followed by actual attack. This may
also help us understand why animals avoid predators, while ignoring
common, harmless species.

Example The process by which a stimulus detectey the sensory
hairs on the abdomen of a crayfish can result in #mmal performing a
powerful taiklip that projects it through thaevater at speedThe purpose of
this behavior isto enable the animal to escape from the source of the
stimulationthat could in many cases be a predator.

If a crayfish is tapped on the abdomen repeatedlyo{@ onetap per
minute) the probability that a taiflip will occur diminishesjuickly. In fact
after just 10 taps the response can dimintslzero¢ habituation has taken
place and recovery from it catake several hoursThe lateral giant
interneuron(LG) involves in regulating theail-flip.

Habituation and sensitizationare two of the main kinds of nen
associative learning-orexample the sea haréAplysiabreathes through its
gills, which are situated in a region called the mantle cavity; thés qill
enclosure opens to the outside through an opening called the siphon. If an
experimenter prods the siphon, th&plysiawithdraws siphon and gills and
folds them up within the mantle cavity. This is called the siphon (or gill)
withdrawal reflex, and is siply a protective reaction. After a while, if
undisturbed, theAplysiaputs its siphon out again, and if it is then prodded a
second time, it will show the same withdrawal reflex. However, it will not do
so an indefinite number of timedf it is repeatedy prodded, it comes to
ignore the stimulus, and leaves its siphon and gills out. This is the kind of
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behaviarral change callechabituation: the Aplysiahas learned not to
respond to an apparently harmless stimulus.

Sensitizationis the opposite kind of ange. Habituation means to
become less sensitive to a stimulus, sensitization more so. If an Aplysia
receives an alarming stimulus such as an electric shock on the tail, it then
responds more readily to other stimuli that it would otherwise have been
lessresponsive to. It has become more sensitive. The sensitization of siphon
withdrawal by a tail shock depends on a number of factors. One is whether
siphon withdrawal is already habituated (i.e., the animal does not withdraw
its siphon when prodded); if i, the tail shock immediately "dishabituates”
the reflex so that the siphon will now be withdrawn if prodded. The
dishabituation of the siphon withdrawal reflex appears within 90 seconds of
the tail shock.

HABITUATION

Motor Sensory .
" Slphon

SENSITIZATION

If siphon withdrawal is not already habituateaitail shock has little or
no effect on siphon withdrawal after 90 seconds. The habituation and
sensitization of the siphon withdrawal response in Aplysia are understood
neurophysiologically. The nervous control of the gill withdrawal reflex is a
simple unt of one sensory neuron and one motor neuron. The siphon
contains the sensitive end of the sensory neuron which, at its other end, is
directly connected at a synapse with a motor neuron that controls the
muscles of the mantle cavity. When the sensory eus stimulated, it fires
the motor neuron, and the siphon and gills are withdrawn.

How does the system habituate? There are two possible mechanisms
for regulation in so simple a system: either a change in the amount of
neurotransmitter released by theessory neuron, or achange in the
sensitivity of the motor neuron to constant doses oéurotransmitter. In the
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case ofAplysiathe former possibility is the reane. It is as if repeated
activity in the sensory neuron exhausts its supplynetirotransmiter,
making the system as a whole less responsive.

Two more kinds of neurons are needed for sensitizatidine
dangerous stimulus is sensed by another sensory neuron, wisohmected
by a synapse to one or more interneurons, which eventuadiynect wih
the synapseof the motor neuron that controls the mantle muscles. When
the sensory neuror{for instance, in the tail) becomes active, it fires the
interneuron,which in turn causes a series of chemical changes in the motor
neuronand theeffect of thosechemical changesensitize the system

Conditioning

There are two main kinds of conditioning, called classical conditioning
and operant conditioning. Classical camhing was first studied in dogs by
the Russian physiologist Ivan Pavlov (:8996).Pavlov's interest was in
digestion. In 1904 he won the Nobel Prize for his work on the physiology of
digestion, after which he turned to study the conditioning of digestion. In a
typical experiment Pavlov would sound a bell when bringing a dog its food.
Asthe dog learned the association between the sound of the bell and being
fed, it salivated on hearing the bell in expectation of its meal. Soon Pavlov
could make his dog salivate just by sounding the bell, even without bringing
its food. He claimed the sation of the dog had been conditioned. Classical
Pavlovian conditioning is advantageoustte animal, because it can respond
more rapidly or appropriately tamportant environmental stimuli, such as
those associated with food ather members of its spmes.



Operant conditioning It is goaldirected behaviar. We learn to perform a
particular response as a result of what we know will happen after we
respond. For example, a child may learn to beg for sweets if the begging is
usually successful. There m single stimulus that elicits the begging
behavior, but instead it occurs because the child knows that this action may
result in receiving treats. Every time the child receives sweets after begging,
the behavior is reinforced and the tendency of theldho beg will increase.

During the 1930s, American psychologist and behaisoBurrhus F.
Skinneperformed several important experiments into operant conditioning.
Using what is now termed &kinner Boxhe trained rats to press levers to
receive food A hungry rat would be placed in a box containing a special lever
attached to concealed food. At first the hungry rat would wander around the
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box, investigating its surroundings. Eventually it would accidentally press the
lever thereby releasing a food et into the box. At first the rat would not
show any signs of associating the two events, but over time its exploring
behaviaur becomes less random as it begins to press the lever more often.
The food pellet reinforced the rat's response of pressing liner, so
eventually the rat would spend most of its time just sitting and pressing the
lever. This type of learning is based on the idea that if a behavior is rewarded,
the behavior will occur more frequently. There are four main types of
operant learning

Positive ReinforcemenfThe more often the subject performs the
action, the more the stimulus is reinforced (for example, pressing a lever for
food)
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Negative Reinforcement Performing an action removes an
undesirable stimulus, i.e. wrong performance Iwprovide negative
reinforcement.

PunishmentPerforming an action elicits an undesirable stimulus (for
example, receiving a shock by pressing a lever)

Omission TrainingPerforming an action prevents the delivery of a
pleasant stimulus

Multiple-Responsel.earning When we learn skills, we must first learn a
sequence of simple movemepitterns. We combine these movement
patterns to form new, more complicated behavioral patterns with stimuli
guiding the process. For example, efficient typing requires psitéogether
many finger movements, which are guided by the letters or words that we
want to type. We must first learn to type each letter, and then learn to put
the movements together to type words and then phrases.

To investigate this type of learningsychologists have observed
animals learning to run through mazes. An animal first wanders aimlessly
through the maze, periodically coming to a chepmnt, where it must turn
either left or right. Only one choice is correct, but the correct direction
cannot be determined until the animal has reached the end of the maze. By
running through the maze numerous times, the animal can learn the correct
sequence of turns to reach the end. It has been found that the sequences of
turns near the two ends of the mazare learned more easily than the parts
near the middle. Similarly, when we try to learn a list of items, we usually
find the beginning and the end easier than the middle.

An extension of multipleesponse learning is latent learning, where
learning occts in the absence of an immediate reward. If rats are allowed to
repeatedly run a maze without a reward at the end, they will learn the maze
quite slowly. However if they have first been allowed to run the maze
without reward, and then food is placed atdlend, these rats will learn the
maze very quickly. This shows that learning had been occurring the entire
time, but did not become evident until it was activated by a reward.
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Insight learningand Reasoning

Insight learning is widely regarded as the sh@advanced form of
learning. Responses produced by insight are those resulting from a rapid
appreciation of relationships in which animals solve problems too quickly to
have gone through a trisdnd-error process. The animal seems to arrive at a
solutionby reasoning (defied as 'the ability to combine spontaneously two
or more separate or isolated experiences to form a new experience, which is
effective for obtaining a desired end).

A common experimental procedure used to test for reasoning involves
an animal's ability to make detours in a maZhepard found that once rats
had learned a maze, they quickly capitalised on newly created -shitst
(created by removing partitions, so that what was previously a blind alley
became a quicker route to the goabk). Tool use, e.g. chimpanzees reaching
bananas high up in their cage by piling boxes on top of each other or joining
lengths of stick togetheprovides another possible instance of reasoning.

Cognition(conscious mental process):

Solving a problem wolves using prior experience, observation, and
insight to find the solution. You should be able to add any two, randomly
chosen, numbers together to obtain the correct sum, even if you have never
encountered that particular pair of numbers before. We tetd judge
“intelligence” in animals by the animals' ability to solve problems at which
humans are proficient. Many animals have superior navigational abilities to
humans', and can solve complex navigational problems that would confuse
a human through a cobination of better sensory abilities and more
sophisticated use of simple navigational tools like path integration.

In recent decades it has become apparent that the cognitive skills of
many animals are greater than previously suspected. Part of the garobi
research on cognition in animals has been the intrinsic difficulty in
communicating with or testing animals, a difficulty that makes the outcome
of a cognitive experiment heavily dependent on the cleverness of the
experimental approach.
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Another probdem is that when investigating the ndruman primates,
the animals whose cognitive skills are closest to that of humans, one cannot
do experiments on large populations because such populations either do not
exist or are prohibitively expensive to maintairhe result is that in the area
of primate cognitive research reported experiments are often "anecdotal”,
l.e., experiments involving only a few or even a single animal subject.

But anecdotal evidence can often be of great significance and have
startling mplications In 1985, Matsuzawa reported experiments with a
female chimpanzee that had learned to use Arabic numerals to represent
numbers of items. This animal whose namas"Ai" can count from O to 9
items, which she demonstrates by touching the appraf@ number on a
touch-sensitive monitor. Ai can also order the numbers from 0 to 9 in
sequence.

The authors report that the chimpanzee Ai can remember the correct
sequence of any 5 numbers selected from the range 0 £'9 performance
shows that chimpnzees can remember the sequence of at least 5 numbers,
the same as (or even more than) preschool children.

Motivation:

It is a matter of common observation that an animal does not respond
to astimulus in the same way every time that stimulus is ent¢ered. We
only haveto think of the lion moving through the bush and coming upon a
herd of wildebeestOn some occasions such an encounter results in the lion
stalking andperhaps killing one of the wildebeest. On others, the lion walks
casually pasappatently ignoring the presence of potential food.

A male chafhch, duringwinter, vigorously defends his territory
against conspecific intruders of eithgex. In spring, however, he selectively
admits and courts females while continuirig drive off other males.
Something about the lion and the chaffinch timese two examples has
changed betweerone encounter with food or a femaland another. But
what has changed? Since there is no difference in the stinisleif, we are
left with the possibility of soménternal change in the animarhat internal
change we can conveniently lababtivation.
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Figure 2.1a: Lorenz's Hydraulic Model of Motivation,
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presence of a male or a female can tlearly identified as the external
stimuli that might elicit a behaviorgiven that sufficient testosterone is
present to allow for the underlyingnotivational state to be reached.

Testosteone is used by both of theexes to generate a heightened
state of sexual arousal, but in femalesadditional hormone is required for
receptivity, estrogen. Thus, hormonesay require synergistic interactions
to generate the motivational states.

Hormones do not necessarily have to be present for long periods to
ater 'y FYAYlFIEQa Y20AQl GA2y I f -ordightt § S
neurohormone, adrenalin, effectuates changes in motivational state of
animals within seconds.

Conflict and sexual behasur

Of course, it is conceivable that two or more motivational systems will
become equally aroused=xample,a female has just returned to a large
clutch when a predator appears on the horizon and is torn between
incubation and escape. What should she diopractice what she might do

is neither; instead she preens! It is one example of what ethologists dubbed
conflict behaviour.

Sexual Behavior

14
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The question ‘what is the difference between the sexes?' is not as easy
to answeras it seems. Certainly we haltle difficulty identifying males and
femalesamong mostanimals Males have may possesarious secondary
sexual characteristics like facial hair, manes and deep voiCksrly,
external morphology is an unreliable guide. What, then, is the basic
distinction between males and females? The answer is their gametes.

In generalthe role of hormones in the control of sexual behavior is
well known Beach (1976has emphasized that female behavioral patterns
are much more compleand the full range of fema behavioral patterns
ought to beconsidered. Beach divides female behavior into three phases: (1)
attractivity, the female's stimulus value in evoking sexual responses from the
male; (2)proceptivity, reactions by the female that constitute her initiative
in establishingand maintaining the sexual interaction (e.g.. soliciting); and
(3) receptivity, thefemale's postural responses that are necessary and
sufficient for the achievemertdf copulationby the male.

In a study of female rhesus monkeys, Johnaad Phoenix (1976)
found different effects of hormones on the differebehavioral patterns.
Female attractiveness was enhanced by estrogen, female proceptivity was
heightenedby both estrogen and androgen; and female receptivity was
stimulated byestrogenbut not androgen.

Hormones play a role in theontrol of sexual behavior. Pituitary
hormones, ACTH, and related peptidesve been reported to affect male
copulatory behavior (Bertolini, Gessa, & Ferrari, 1975). Even the
hypothalamic releasinfactors, sich as LFRF, appear to have direct effects
on copulatorybehavior (Moss & McCann, 1973).

In zebra finches, like in other vertebrates, male sexual behavior is
dependenton androgens. Castration of adult males, or pharmaceutical
blockingof testosterone prduction, leads to the loss of song, ke song
can be restored with testosteroneplacement treatment.

Testosterone mediates thiansition from plastic to fully crystallized
song and is implicated in maintainiaglult song stereotye. Experimental
manpulation2 ¥ | Rdzf & YIfSaQ (SaG42a0SNRyYyS (A
FNBIdzSyoe 2F YIHfSaQ az2y3 yR &S I 0S
a female. Song rate and androgen titers are positigelyelated.
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Migration and homing with special refrence to birds

Migration is the movement of animals in large numbers from place to
place.Migration is distinct from dispersal in that migratory animals typically
move from one geographic region to another without using ithtervening
habitat. Navigatio is a key to orientation and migrationMigrations are
associated with specific seasons, and tied to reproductiod endocrine
system. A key issue underlying migration is how animalsgate the huge
distances or orient to natal areas. Migration is slaally associated with
birds, however, manyther groups undertake long migratory movements

Many different types of animals migrate, and depending on the
animal,the trip may last as long as an entire lifetime or as short as a few
months. Some animals ftow a specific route during the course of a
migration, while others may follow a path less direct. Many stops may be
made along the way depending on the breeding or feeding preferences of
the migratory animals. Whether daily, seasonal, annual, or onlgetwi
migration remains a spectacular and mysterious event. Mainly the animals
migrateto find food, to escape seasonal changes, and to breed.

ExampleswWhales swim from the Arctic to give birth in warm Mexican
waters. Bats migrate each spring to specitweas. Wildebeests constantly
migrate to find food. Monarch butterflies take several generations to
complete a seasonal migration. In many cases, the primary reason for a
seasonal migration is to find suitable grounds for reproduction.

Dolphins have beemiown to migrate, although their migration routes
are usually not as well defined as whales. While many dolphins stay in the
same area throughout their lives, some populations have been known to
move over great distances. Orcas, the largest member of thghdofamily,
can be seen demonstrating this behavior. These marine mammals form
transient groups, which travel long distances, and resident groups, which
remain local and follow predictable migratory paths. Other dolphins that
have been seen migrating ilicle the bottlenose, common, pacific white
sided and risso's dolphins. Like whales, dolphins migrate in search of food
and better environmental conditions.
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The Pacific salma@ray their eggs and then die in the headwaters of
the streams of Oregon, Washirmgt, western Canada and Alaska. The eggs
hatch and the young fish live there two years before they go downstream
and out to sea. There they gorge themselves and grow rapidly for two more
years. Then each fish returns to the mouth of the river from whidaihe
and fights its way back upstream, jumping up over water falls and dams, until
it reaches the same tributary where it was hatched. There they mate, lay
their eggs, and die.

Many birds migrate every year from their winter feeding grounds to
their springand summer breeding grounds. Studies show that birds begin to
orient in the direction of their migration path some weeks before the start
of migration. Migratory birds follow certain general directions, most often
north-south movements, from winter habita to nesting areas and return
travel to theirposty SAUA Y 3 ljdzZ- NISNBA® ¢KSaS aNERdzi
exact course made by individual birds or a path followed by a species with
specific geoaphic or ecological boundarie¥he baitailed godwit Limasa
lapponicg is an example of a migratory species that crosses several flyways
during its annual cycle.

Types of migration:
Seasonal wandering

There are many examples of birds that show from banding returns a
remarkable degree of seasonal wanderinghaut much evidence that the
movements follow a consistent directional migration pattern. The returns
from Redhead Ducks banded at Bear River Refuge in northern Utah indicate
a widespread dispersal in almost every direction where suitable habitat
occurs. Wile such movements are seasonal in nature, there appears to be
no correlation with either a directed species movement or a consistently
better habitat at different seasons of the year.

Food migrations

The peculiar wanderings of the Red Crossbills lheeen coordinated
with food supplies. Being highly specialized for corsfsed extraction they
seem to be largely dependent upon the conifer s@edps for sustenance.
Theinconsidencyof seed production makes sedentary living in a given spot
almost imposible. Apparently then, they have developed a wandering or
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migratory habit not correlated with seasons but rather, with the occurrence
of seedcrops in various localities, which enables them to adjust their
movements to the vagaries of seed production. $hilneir movements do

not show regular migration rhythms, but do seem to indicate a definite
pattern of movements that take them to the areas where and at the time
when seeds are available. They are probably in the nature of food migrations
correlated withvery irregular cycles of food production which of course, are
mainly seasonal.

Altitudinal migration:

Altitudinal migration occurs in many mountainous regions. It is awell
known phenomenon in the mountains of the western United States and
occurs in theHimalayas in AsialThe significant thing about altitudinal
migration in temperate regions is that it gets temperature effects similar to
latitudinal migration in much shorter distance withombticeable change in
day length. Chickadees kinglets, rosy feehand juncos are believed to
illustrate this type of migration in the Wasatch Mountains of Utah and the
BlackRedstartand White Redstart in the Himalayas of Asia. In mountainous
regions of the tropics where day length as well as temperature are rehativel
more uniform, there would theoretically be less expectation of altitudinal
migration than in temperatezonemountains.

Vertical migrations

Seasonal effects seem much less pronounced upon aquatic animals,
but nevertheless, seasonal rhythms do existrt@e vertical migrations
seem to be correlated with changes in surface temperatures of water. In
temperate regions, some animals such as fishes, lobsters, crabs, prawns and
squids living along the shores when surface waters are warmer than
underlying wates, descend in to deeper waters when surface waters
become cooler than those underneath.

Anadromous migrations

Perhaps the most outstanding ocean migrations for purposes of this
work are the longdistance migrations of fishes that take them from ocean
to freshwater and vice versa across great osmotic barriers. Many freshwater
fishes migrate up small streams to spawn.
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In the case of anadromous fishes such as salmon, the young fishes
hatched in the small freshwater creeks or tributaries at the headsrgela
rivers make their way slowly downstream more or less independently of the
current despite the fact that they are going with it. Eventually, they reach the
mouth of the river and enter the ocean without any apparent difficulty with
the problem of osmosi After development in the ocean over a period
varying from one to several years, the sexually mature adult individuals make
their way back to the mouths of the rivers (may be the same rivarsiss
the osmotic gradient and make their way up the streagainst the force of
the current to the headwaters of the stream where spawning takes place.

Catadromous migrations

In the case of catadromous fishes, such as Atkantic eels the
process is reversed. The newly hatcltetiger eelsn the deep waters fthe
Atlantic Ocean between Bermuda and the West Indies make their way slowly
over a period of three years toward tiNorth American and European coasts
where they also cross the osmotic gradient into freshwater streams.
Ascending the rivers, the eels spk from five to twenty yearsin
development before they undertake a return migration. After reaching the
ocean, the adults must make a long journey before reaching the spawning
deeps between Bermuda and the West Indies.

Longitudinal migration

Eastwest mgrations are, of course known to occur in animétifhias
recently been established from the in Great Salt Lake that young California
Gulls reared in rookeries on islands in the lake migrate westward to the
Pacific coast in late summer and fall.

Latitudinal migrations

Most important of all are the seasonal migrations that are primarily
latitudinal movement. The seasonal response has had a much larger outlet
on land via latitudinal movement than by altitudinal, and longitudinal
responses.A number of soubhern-hemisphere nesting birds that move
northward for their winter with the numbers of northerhemispheres
nesters that move southward.

Arctic breeding ground migration
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An area occupied by birds in summer for nesting in the polar regions
north of the actic circle would have almost continuous daylight during the
early part of the summer, after which the day length would gradually
decrease to twelve hours by late September and finally to continuous
darkness by late December. This would be accompanied ggnarally
equable climate in summer, in which the fluctuations between day and night
temperatures would be much less than that expected in temperate climates.
The long daylight periods of summer would give the green fmading
plants opportunity for londghours of work, resulting in rapid growth of food,
part of which would be quickly transformed in to insect, rodent or other
animal life. Thus the arctic nesting ground furnishes to the bird nesters an
equable climate for rearing the young, long hours ofldgnt in which to tend
the young and a rapidly multiplying food supply at the time when the young
are growing vigorously and increasing tremendously the demand on the food
supply. After September, conditions rapidly chakdgke days grow shorter,
the nights get colder, the food supply diminishes, cbldoded animals
hibernate or perish, and much of the area becomes covered with snow. The
ideal conditions of summer are almost completely reversed thereafter.

The Hormonal trigger for the initiation of migitaon

Migratory behaviar is triggered by seasonal photoperiodic cues. Cues
are integrated by centers in the brain, which indusesretion of hormones
that triggers migratory movements. In amphibiathés movement is called
the water drive In experimentsvery similar tothe lobster studies,
demonstrated that newtqtailed amphibian)alsouse a magnetic field to
move to and from their breeding ponds.

A phylogenetic analysis of the evolution of endocrine regulation in
amphibians enriches our understandindg) wade-offs and the origins of
behavioral traits like migration and maternal care in other vertebrateallin
vertebrates, migration is controlled lprolactin In addition, ifparental care
Is present, this is likewise controlled by prolactin. Themsgration and
parental care are often coupled in a given life histéaygely because of the
regulatory effect of prolactin on both behaviors.

Many physiological functions of vertebrates are controlled by the
HypothalamiePituitary (HP) gland, which involvea series of endocrine
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cascades such as those governing reproduction. The HPGeohacgial
axes interact to achieve organismal homeostasis during reproduction.
Migration and parental care are also controlled by a system involving
prolactin.

In terrestrial adults, the Hiprolactingrowth hormone regulates a
behavior called water drive, which induces adults to migrate back to water
and to reproduce. Prolactin modulates migratory behaviors in all
vertebrates. Prolactin releasing hormone (PrRH) triggers rélease of
prolactin (Prl), which travels to targets throughout the body and triggers
migration. The same life history traadfs on migration apply to migratory
birds, and mammals. It should be noted that in birds and mammals prolactin
is the trigger foparental care as well as migratory behavior.

Avian migration and navigationZugenruheresponse

How do we assess the cues that bird use for orientation? Birds indicate the
direction that they wish to fly by a wellnown phenomenon called the
zugenruher nighttime restlessnesgugenruhaefers to N

the sharp jump in nighttime activity that occurs at tt
onset of the migratory response. Birds migrate at nig
but are not normallyactive at night during other times o Lugenruhe
the year Another aspect of zugenruhetisat birds orient
strongly in the direction in which they are to migrate.
clever apparatus consisting of a cone shaped cage wi \
mesh top, and an inkwell at the bottom has been

developed to record the directionality of the zugenruhe.

Average

The birds hop uand down trying to take flight, and end up leaving a
complete record of each hop, as well as the direction of the hopping relative
to magnetic north. In the example of black cap migration, the researchers
used the zugenruhe response and the Emlen funmeletermine genetically
predetermined migration directions of fledged young.
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Homing

Orientationis the use of external cues to mowethe environment.
Orientation can come about by fixing a position and then using cues to
determine the appropriate dirdon to move in.Navigationinvolves dittle
more sophistication in that a map sense (a sense of where youiare)
addition to a compass sense (a sense of the appropriate directiamich
to move) is a requirement for a complete navigational systelany studies
have demonstrated orientation, but few have demonstratdt animals
have a map sense

True navigation

An animal can be considst to have true navigation if, after
displacement to a location where they have never been, they can determine
their position without relying on familiar surroundings, cues thamefrom
the destination, or informatiorcollected during the outward journey

Navigation is simply put the movement of animals in their
environments. The fact that animals move in differepagal scales, from
the very local to the global, adds complexity to the topic. Animals "home"
when they return to a central place, such as their nest or their territory.

Homing is a frequent activity, occurring after foraging bouts or other
relatively lacal movements. This distinguishes homing from migration, which
is a long distance movement between two distinct habitats. The key element
to understand homing behavw is determining which cues provide the
directional information that allows animals to me between their home and
other locations. Also, animals may use environmental information
hierarchically, so that one type of homing information is important when
they are distant from their home, and others become more important as
they come closer to thir goal.

The major navigational clues used by homing animals seem to be the
same as those used in migration (sun angle, star patterns, etc.), but homing
may occur in any compass direction and at any season. Thekbesn
examples of strong homing abyliare among birds. Simple visual clues may
also be used for short distances or over familiar territory.
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Homing behavior in pigeongolumba liviais interesting because
pigeons find their way home from unfamiliar sites up to thousands of
kilometers from tleir nests Pigeon races may feature releases of birds from
France, for example, which then find their way home to sites in England or
the Netherlands. The extraordinary reliability of homing pigeons makes them
excellent subjects for studies of navigation.

The map sensdn familiar surroundings locations from which pigeons
have previously homed or landscapes through which they have flown
landmarks play a predominant role in homing. Pigeons learn visual features
of the landscape and use these visual featuiesletermine their current
position (map location) relative to their roost.

While pigeons clearly use visual landmarks, because pigeons orient
better in familiar landscapes when other sensory inputs, such as olfaction,
are eliminated, direct tests of lamark usage are difficult. Experiments
manipulating visual landmarks are generally not feasible. One can hardly
bulldoze mountains or cut forests as part of an experimental design, and
interference with the eyes, such as using contact lenses, may be do ohuc
a general disruption to the pigeon that it confounds tests of landmark
perception in orientation.

How do pigeons produce a map sense when they are released in a
completely unfamiliar location? The answer is that they aactory cues
In their rood, they associate odors with wind directions. When released,
they assess the odor of their new location and extrapolate the map location
from their roostgained knowledge of winds and aals. Pigeons in visually
unfamiliar territory whose sense of smell $idbeen disrupted (by cutting
olfactory nerves or treatment of the nasal passages with zinc sulfate
solution) have a great deal of difficulty homing. Similarly, if the roost is
blocked from winds and provided with filtered air, homing fails. Pigeons may
home better if they have some time to olfactory experience their new
surroundings prior to release.

The compass senseThe primary compass information of pigeons
comes from the position of the sun in the sky. By integrating their internal
clock with the sun'osition, they compensate for the apparent movement
of the sun across the sky. Pigeons whose time sense is shifted by keeping
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then under artificial lights display incorrect orientations when released. For
example, if "sunrise" comes for the pigeons 6 ®prior to actual sunrise,
then their orientation shifted counterclockwise. If their "sunrise" is later than
the actually sunrise, then their orientation shifts clockwise.

Consider the European starling that has a normal migration route that
Is in a SEickction. It is easy to shift the direction of zugenruhe by using
mirrors to alter the true direction of the sun at sunset by 90° clockwise or
counterclockwise. Starlings in aviaries that see such a fsimfeed sun end
up leaving tracks that are 90° frarshifted in the right direction.

Pigeons homingPigeons use several different cues to find their way
back to their home lofts after being released many miles away. There are
three important cues vijeomagnetismi.e. the earth magnetic field varies
place to placesun compassi.e. the height of sun varies with nordouth
latitude andstar compassi.e. the height of stars varies with norfouth
latitude. Pigeons also appear to have an intert@ographic_mapof
territory they fly over frequentlyand may use that information to navigate
closer to home. In some cases (and places) they may also use olfactory cues
provided by scents in the windhough this seems to be used only in areas
when the winds are fairly constant.

Note: Theordical, behavioral and physiological evidence supports two
magnetic sensing hypotheses: a magnetiediated magnetic sense and/or
a visioamediated magnetic compass. The magnetitediated mechanism
seems to act as part of a magnetic map

sense, which couldrovide the animal with N ’
information about its geographic positior
whereas the visionmediated magnetic
sense seems to be a pure compass ser Rgeal
Together the systems can confer trp Sunset
navigation.

Angle
hifted 90
degrees to Ne

) . Apparent Should
The lightdependent magnetic compas Sunset  migrate SE

hypothesis  suggests that magnetic
Y2Rdzf F GA2ya Ay LIK23G2NBEOS lejie® Nbvide2 £ S Odz
orientation by sensing magnetic field lines. Putative sensmiecules
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(cryptochromes), which possess the required biophysical properées,
expressed in the retina of migratobjirds. In garden warbler§ylvia borin

the retinal ganglion cells, which expresgptochrome, along with a neuronal

Of dzZa 0 SNJ OF f f SR &/ findpbdie®Mterdl eedionsrokbbtd K A &
forebrain hemispheres, show high neurorzatdtivity duringzugenruhe. The
expression of the gene ZENK turns on anddafing night versus day to

confer magnetic orientation.
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Communication in animals: Visual, olfactory, auditory and tactile.

Communication is something that all animals, includmgnans do.
Communication is said to occur when one animal responds to the signals sent
out by another animalCommunication is an adaptation that helps animals
to survive. An important aspect in sociobiology is to understand what
information animalgercave, process and transfgand how they coordinate
their behaviour with other group members.

Animals use communication tefine and maintain territoried=ood
and water sources must be shared; assembly sites annouhtiedarchies
within_a group may needo be establishedand activities synchronized.
Warnings are vital to alert others of dangpkftigration timetables and routes
must be coordinatedMates must be found and courted; bonds established;
rivals discouraged Signals ofsurrender or submissionmay control
aggressionParents and offspring need to recognize each otldeveniles
expresshunger, pain, or frustratioms they seek attention from adults, who
pass on essential skills. Animals communicate many messages in an amazing
number of waysvisual, auditory, tactile, olfactoryand even vibrations.

There are two types of communicationerbal and nonverbal A
g2t FQa K2gf YI & SAilKSNohef dggageQd G S |
the group. A migrating whale communicates with others to keepirch.
These are examples of verbal communicationsing sounds to give a
message to otherswvhether of the same species or with other animals. Non
verbal communication employlsody movements and gesture®ogs wag
GKSANI GFAfa ¢6KSYy Kdwlbedfallonowdries wiiekel vy OS ¢
flowers are located and peacocks spread their tail feathers to signal their
readiness to mate.

Visual communicationMuch visual communication is unintentional,
SALISOALf @& (KI bhdg€s2 yiorSisnecieb fedenjtion &nf &
individual identification Variations in pigmentation or pattern may indicate
gender, physical condition, or position within the gro@olorful features
and breeding plumage advertise mating availability and genetic pote#tial
characteristigpattern reminds a woulde predator of venom or a foul taste.
Color change can signal amotional state Spots or lighter colors may allow
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immature animals to act in a manner forbidden to adulffese structural
signals are delivered unconsciously. Butew displays highlight particular
attributes, visual communication becomes behavioral.

Behavioral communications are initiated by the sender in response to
certain circumstances or stimullight flashesare employed by some
invertebrates and fishEacialexpressionand body language, however, are
most important for vertebratesb Sa 1t Ay 3aQ 2LISY Y 2dzi K3
t NAYFG0SaQ FtSEAGES FI O0Sa Ol yaidiagky oS |
ears and baed teeth might indicate that feas holding agggssion in check,
while a stiffness in the legs and body of any animal can mean attack is
iImminent. Theposition of a tailcan be a signal to follow or retreat, atie
speed with which it wags can show the intensity of an emotMfithin a
group, attitudesmay indicate social standing.

There seems to be universality about some postures. A threatening
animal usuallyenlarges its bodypy whatever means possiblback arched,
hair_bristling, wings spread, throat sac inflated, collar or hood extended
Conversal, to indicate submission, animals attempt to appear smaller by
cowering orcringing low to the groundThese stances are understood across
species. Many animals adoghildish poses to appear neghreatening and
males may even masquerade as femalk®s animal feigning injury may well
confound a predator, whilpredatory insects often mimic another species to
lure its members to their death. Mostisual messages are transitory, but
some are longer lastinfpung piles can indicate the boundaries of a temyt
Scratches on a tree show the presence of an animal and also indicate its size
by the height at which they were mad&ome males present gifts or build
elaborate structures to advertise their worthineddating ritualsare often
elaborate, anctourtshp displays and dancesin be extremely complex. But
few routines are as impressive as te2 Y S & 6 S S th& coRmuyicate a
both the distance and direction to a nectar source, while visual
communication is generally effective

It has limitations and disdvantages. Unless it involves light, it is
inefficient in the dark, and its success depends on proximity, a clear line of
sight, and the attention of the intended recipient. Visual signals may also
attract unwanted attention.
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Olfactory communication Chemtal communication is generally
acknowledged to be the most widespread modecommunication among
insects but it is more prevalent among all animals than was formerly
thought. Characteristic odars identify individuals and speciddnpleasant
smells or tates discourage predatar8ut the most highly developed form
of chemical communication involvgsheromones chemicals that bring
about a specific response in others of the same species. First discovered in
1959, pheromones are liquids produced by reldveimple glands on or
near the body surface, or by more complicated glands deep inside. They may
0SS avYStfSR 2N (lFladSR: laaSaaSR o¢@
receptors on the skin or antennae. Some pheromones evaporate very
quickly, others hava wax or oil base that lasts longer. Pheromones can be
dispersed by air, often to attract a mate. On the ground, they leave trails for
others to follow. Added to wastes, pheromones gaark boundaries and
convey information about gender, age, ranking, exwal receptiveness
Pheromones can be extremely complex. Different combinations of chemicals
relate toaggregation, dispersal, alarm, trail marking, kinship recognition, and
sex For animals living in cooperative groups, pheromones are believed to
synchranize estrus cyclesResearch suggests that for some social animals,
pheromones produced by queen or alpha female not only suppress
reproduction by other colony members, but also induce subordinates to care
for infants not their owis. Pheromones are prolidy produced at all times,
but released only in response to certain stimuli, such as hormones,
emotional states, or environmental conditions.

Auditory communication Sound, on the other hand, offers multiple
advantages. Becausound fades quicklyit leavesno traceto give away
location. Some animals udesguencies that other species are unable to
hear. Sound carries in darkness, over distances, and under wAtetitory
communications can be initiated or discontinued instantaneously, allowing
for rapid exchanges that can be corrected quickly. Soundreaich many
individuals at once, and an animal can advertise ownership of a territory
without visitingits borders.

Auditory communication includes nerocal noiseschest beating, tail
slaps, foot thumpshoof beats, bill clacking, buzzing, stridulation (the shrill,
creaking noise produced by rubbing together special bodily structunest
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commonly created by male insects). But naycal messages usually lack the
potential for elaboration, whereas vocaditions can be varied by pitch,
clarity, volume, duration, and rate of repetition, making intricate codes
possible. Because water is very efficient for sound transmission, aquatic
animals rely on sound as their primary means of communication. The
complex sngs of whales and dolphins are well documented. Insects, too,
have alternative systems to detect vibrations, as do snakes. Although snakes
cannot hear, they can be heard, and may hiss or rattle to ward off threats.
Except for longange communication, lath mammals rarely use auditory
signals in isolation. At close range, sounds usually accompany postures or
displays. However, vocal communications alone can convey very specific
information. Vervet monkeys, for example, can tell whethara of alarm
indicaes the presence of a snake, leopard, or eagle.

Bird vocalizations are sometimes divided into calls or songs. Calls are
simple, almost monosyllabic, and their uses include begging, roosting, alarm,
and individual recognition. Even short calls can be qdiginctive. Bird
songs are more complicated and may transmit complex messages. Males are
the primary singers, and they gain attention by repeating a pattern of notes
over and over. The same song can attract females and repel other males, a
dual message lhose meaning depends on its receiver. Research suggests
that songs may accelerate ovarian growth in females and synchronize
reproduction in an entire colony. Some birds have extensive repertoires, up
to 150 songs. Those that mimic may include bizarre toina: car horns,
telephones, farm machinery. Although the reason for this is obscure, it may
be that females associate quantity with maturity and experience, making the
more accomplished bird the more desirable mate.
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Tactile communication As a modef communication, touch is used mostly

with kin, or among members of the same species that live in social groups.
Touch is important in courtship, bonding, and displacement of anger. With

some species, particularly insects and arachnids, it is a primaansnef
recognition. Ants recognize nest members by a sequen@nt@nna taps

andYl £ S ALJARSNEB (I LJ 2 vas h préfuevid maimga 6 So
Elephants use their sensitive trunks extensively for greeting and in child
rearing Other animals nudgeuf, or nip their young to keep them in line.
Grooming, neck rubbing, and tail twining maintain relationships and,
perhaps, reduce aggression.
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Camouflage and Mimicrg types of mimicry

Mimicry

Camouflage and mimicry are adaptations some animals use as
protection from predators. An animal that uses camouflage looks like things
in its environment. It might look like a leaf, a twig, or a rock. Animals that use
mimicry use colors and markings to look like another animal.

In ecology, mimicry (sometimes @dlmimetism) describes a situation
where one organism, the mimic, has evolved to share common outward
characteristics with another organism, the model, through the selective
action of a signaleceiver. The model is usually another species, or less
commonly, the mimic's own species, including automimicry, where one part
of the body bears superficial similarity to another. The sigaekiver is
typically another intermediate organism, e.g the common predator of two
species. As an interaction, mimicry is aj\@ advantageous to the mimic and
harmful to the receiver, but may either increase or reduce the fitness of the
model.

Though mimicry is most obvious to humans in visual mimics, they may
also use olfactory (smell) or auditory signals, and more than one ofp
signal may be employed. Mimicry may involve morphology, behavior, and
other properties. In any case, the signal always functions to deceive the
receiver by providing misleading information. Mimicry differs from
camouflage in which a species appeamilsir to its surroundings. In
evolutionary biology terms, this phenomenon is a form ofewolution
involving an evolutionary arms race, and should not be confused with
convergent evolution, which occurs when species come to resemble on
another independerly due to similar lifestyles.

Mimics may have multiple models during different stages of their life
cycle, or they may be polymorphic, with different individuals imitating
different models. Models themselves may have more than one mimic,
though frequency dpendent selection favors mimicry where models
outnumber mimic. Models tend to be relatively closely related organisms,
but mimicry of vastly different species is also known. Most known mimics are
insects, though other mimics including mammals are known.
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Batesian The mimic (palatable) resembles the model (unpalatable) and
only the mimic benefits. A drone fly exhibits Batesian mimiyryesembling a
honey bee. Batesian mimicry is named after Henry Walter Bates, an English
naturalist whose work on butterflies in the Amazon rainforest was pioneering in
this field of study. In this type of mimicry the mimic sends similar signals to
model species, but does not share the attribute that makes it unprofitable to
predators (e.g. unpalatability).

Examples: The Ash Borétodosesia syringgqea moth of the Clearwing
family (Sesiidae), is a Batesian mimic of the Common wasp because it resembles
the wasp, but is not capable of stinging. A predator that has learned to avoid the
wasp would similarly avoid the Ash Borer. Several palatable moths produce
ultrasonic click calls to mimic the unpalatable tiger moths.

The False Cobré@élpolon moilensisisa mildly venomous but harmless
snake which mimics the characteristic "hood" of an Indian cobra's threat display.
The Eastern Hognose Snakie{erodon platirhingssimilarly mimics the threat
display of poisonous snakes.

Octopuses of the genus Thaumoctap(the Mimic Octopus and the
"wunderpus") are able to intentionally alter their body shape and color so that
they resemble dangerous sea snakes or lionfish.

Mdallerian: Named after Fritz Muller, where the mimic resembles the
successful species and shardse tantipredation attribute (dangerous or
unpalatable.) This type of mimicry is unique in that both the mimic and the
model benefit from the interaction, which could thus be classified as mutualism
in this respect.

Examples: The Monarch Butterflpgdnaus pexippus is a member of a
Mdullerian complex with the Viceroy butterfiyLifmenitis archippysin shared
coloration patterns and display behavior.

The Viceroy has subspecies with somewhat different coloration, each one
very closely matching the locBlanats species. E.g., in Florida, the pairing is of
the Viceroy and the Queen Butterfly, and in Mexico, the Viceroy resembles the
Soldier Butterfly. Therefore, the Viceroy is a single species involved in three
different Mdullerian pairs. This example was longlidded to be a case of
Batesian mimicry, with the Viceroy being the mimic and the Monarch the model,
but it was more recently determined that the Viceroy is actually the more
unpalatable species, though there is considerable individual variabDanaus
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species tend to be toxic rather than just repugnant, due to their different food
plants.

The genudorphois palatable but they are very strong fliers; birgven
species which are specialized for catching butterflies on the wimgl it very
hard to cach them. The conspicuous blue coloration shared by nhtstpho
species seems to be a case of Mullerian mimicry. Many unpalatable tiger moths
make ultrasonic clicking calls to detract bats.

Mertensian: Mertensian mimicry is named after the late German
herpetologist Robert Mertens, and is often considered a subtype of Mullerian
mimicry. In this case harmless and deadly mimics resemble a dangerous but not
usually deadly species (if the predator dies, it cannot learn to recognize a trait,
e.g. a warning colation).

Examples: Some Milk Snakéagnpropeltis triangulum subspecies
(harmless), the moderately toxic False Coral Snakes (g@gtisolampru}, and
the deadly Coral Snakes all have a red background color with black and
white/yellow stripes. In this systn, both the milk snakes and the deadly coral
snakes are mimics, whereas the false coral snakes are the model.

Peckhamian/Aggressivellamed after Elizabeth Maria Gifford Peckham;
also called aggressive mimicry, where the mimic resembles a harmless species
in order to lure prey.

Examples: The Alligator Snapping Turtle uses its tongue to lure fish.
Female fireflies of the genuBhoturiscopy the light signals of other species,
thereby attracting male fireflies which are then captured and eaten. The
Alligator Snapping Turtle Macrochelys temmincRiiis a weHlcamouflaged
ambush predator. Its tongue bears a conspicuous pink extension that resembles
a worm and can be wriggled around; fish that try to eat the "worm" get in turn
eaten by the turtle.

Bakerian: Named after Herbert G. Baker, where the mimic resembles
members of its own or other species in order to lure pollinators or reap other
benefits, although the mimicry may not be readily apparent due to the fact that
the members of the same species may stiibx sexual dimorphism.

Examples: Common in many speciesCairicaceae Their flowers have
little or no nectar but resemble nectgroducing flowers. Pollinators will be
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fooled into visiting them and thus fertilization is ensured without having to
producea reward for the pollinator.

Vavilovian:Vavilovian mimicry is named after Nikolai Ivanovich Vavilov, a
prominent Russian botanist and geneticist who identified the centres of origin
of cultivated plants and later died in prison during the days of Lysenk In
this form of mimicry, the mimic comes to resemble a domesticated plant
through generations of artificial selection, and may eventually be domesticated
itself. This type of mimicry does not occur in ecosystems unaltered by humans.

ExamplesEchinobloa oryzoidess a species of grass which is found as a
weed in rice Qryza sativafields. The plant looks similar to rice and its seeds are
often mixed in rice and difficult to separate. This close similarity was enhanced
by the weeding process whichasselective force that increases the similarity of
the weed in each subsequent generation.

Automimicry: Where the mimic has some part of its body resembling
some other part. Examples include snakes in which the tail resembles the head
and show behaviorugeh as moving backwards to confuse predators and insects
and fishes with eyespots on their hind ends to resemble the head. The term is
also used when the mimic imitates other morphs within the same species such
as some males looking like females or vicesae

Examples: Many insects have filamentous "tails" at the ends of their wings
which are combined with patterns of markings on the wings themselves to
create a "false head" which misdirects predators (e.g., hairstreak butterflies).
Several pygmy owls be&alse eyes" on the back of their head to fool predators
into believing the owl is alert to their presence.
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Unit ¢l

a) Ecological Aspects of Behaviour: Habitat Selection, food selection and
optimal foraging theory, arpredator defenses, aggression, territoriality,
dispersal, hosparasite relations.

b) Social Behaviour: AggregatiogsSchooling in Fishes, Flaogiin Birds,
Herding in Mammals; Group Selection, kin selection, altruism, inclusive
fitness, and social organization in insects and primates.

Ecological Aspects of Behaviour: Habitat Selection, food selection, optimal

foraging theory, antipredator deferses, aggression, territoriality, dpersal,

host-parasite relations

Habitatselection studies have recently assumed a new urgency, partially

as a result of the importance of incorporating both habitat and demographic
information into conservation planninghe dictionary defines habitat aghe
native environment of an animal or pldnirhe thesaurus lists related words like

abode, dwelling, residence, domicile, estate, environment and ecosystem

Habitatis thecomplex of physical factors required to prdgifood, water, and
cover for a plant or animalThese factors must be sufficient quantity and

quality to provide a neveending supply of life's necessities

To study the habitats of animals, we often rely on naming the habitats to

help narrow the numbr of species included in each study. Habitats include:

1.

2.
3.

Alpine (typical high mountain)including tundrabetween ice cap and tree
line) and alpine transition;

Coniferous Forest, including fir and pine species;

Deciduous forest, including mountain ripari&iver bank) desert riparian,
and asper(a poplar with leaves that rustle and flutter in the breeZéygmy
or PinyonJuniper Woodland;

Shrub lands, including mountain sagebruén North American plang)
mountain shrub (oak, maple and associated sp&c¢idow elevation
sagebrush, cold desert shrub, and joshua fié®vering desert plant)
Grasslands, including mountain meadows, arid grasslands, pastures, and
lowland meadows;

Wetlands including mudflatsalt flats shoreline, marshes, rivers, streams
lakes and reservoirs;
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7. Barrens, including cliffs, bluffgroup of trees in a broathceof cliff), and dirt

banks;
8. Developed areas, including orchards, croplands, and building sites; urban

areas, residential areas, city parks, commercial areas, angtinal areas.

The distinctions between thetermg K 6 Ad Il i dzaSQ | YR WK

I NB 2F0Sy dzyOft SFNX®» WIloAGlFiQ NBFSNB {3
factors that a species uses for its survival and reproducoh. 6 A Gl G dza SQ
to the way in which an individual or species uses habitats to meet its life history
needs The study o K I 6dxa0S GLJF G 6 SNy A4Q RSaONAOSa
individuals across habitat types
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that may result in the disproportionate use of habitats to influence survival and
fitness of individualsHabitat selection carries an association of understanding
of complex behavioral and environmental processes that habitat use does n
habitat-use patterns are the end result of habisglection processedlestsite
selection is a subset of habitat selectifmtusing solely on nest sites.

There are two aspects of habitat selection that are crucial to understand
the adaptive signifience ofdisproportionate use of habitafslemonstration of
choiceand an assessment of thigness consequences associated with the
choice

Habitat selection is a decisiemaking process and researchers need to
make an attempt to describe how the observpditerns reflectan individuaR a
choice. That attempt can be improved by the recognition timalividuals are
faced with choices that differ not only in terms of habitat quality, but also in
terms of the costs and benefits of acquiring space.

Habitat preferences are assumed to be adaptive without demonstration
of increased fitness in preferred habitats. There is quarantee that the
presence of individuals in a given habitat is positively related to habitat quality.
In the absence of behavioral or lifestory information, there is no way to know
the habitat choice.

In addition, many no#habitat related phenomena influence habitat
selection in birds, includingest predation, competition, intraspecific attraction,
and food limitation There needs to bexglicit understandingof how those
phenomena affect both the choices made by individuals and the fitness
consequences of those choices.
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habitat. Here are some key points to consideraxyng habitat selection.
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the habitat has many variables suchfaed availability, predator occuence,
ease of defense, likelihood of offspring survival, microclimate changes, distance
to human settlements, and many others

Second, one should consider how habitat selection can relate to
conservation issues. Why do animals choose to live in an heg¢ahly appears
to have large benefits but in reality damages their fitness? Some theories include
the presence of a dominant individual in the source areas, conspecific attraction,
and the reception of false signals of habitat quality

Exampleof Habita Choice Charles Darwin visited the Falkland Islands in
the South Atlantic during his 1831836 globegirdling expedition in H.M.S.
Beagle. He reported: "Two kinds of geese frequent the Falklandsugiaed
speciegAnas magellanidais common, irpairsand in small flocks, throughout
the island Therock goose so called from living exclusively on teeabeach
(Anas antarcticy is common both here and on the west coast of America, as far
north as Chile.These two closely related species each liv&asvin described,
in a different range of habitats

Birds are nearly ideal subjects for studies of habitat selection, because
they are highly mobile, often migrating thousands of miles, and yet ordinarily
forage, breed, and winter in very specific halstaindeed, the lives of small
migrant songbirds are repletgully equipped)with habitat choices; where to
feed, where to seek a mate, where to build a nest, where to stop to replenish
depleted stores of fat when migrating, and so. on

Choices can be dmely tuned that often the two sexes of a species use
habitats differently. Irgrassland, male Henslow's Sparrows forage farther from
the nest than femalesin woodlands, female Reslyed Vireos seek their food
closer to the height of their nest (180 fed), and males forage closer to the
height of their song perches (D feet).

Many studies have demonstrated the special habitat requirements of
different speciesBelted Kingfishers choose nesting sites at those points along
streams where particular kirgdof riffles shelter fish.
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ExampleTo better understand the relationship between animal behavior and
habitatOK2 A OS> fSiQa ¢l ft]1 GKNRdAdAK I KeLRi
that livesnear a large marsh. Where should he spend his time duringaly@If

it is the mating seasomne question would be Where are the females? Females

may prefer the safetyn the reeds, so perhaps our male should go there. The

reed

area,

LRV

however may bdome to organisms that§par53|t|2e this bird speC|es so there
are both costs andbenefits to staying in the reed€lourting a mate is
energetically expensive, and it may be that grage not found in theeeds, but

over the marsh water, so there might be reason to spend time ovenihesh

first. However, predators magliso prefer the area over the marsh, so,vah

the reed area, there are costs as well as benefits to spending time over the
marsh.

v \
' ,4,’( Y

z

The decisiommaking process is complicated, as it now includes mates,
food, and predators. Other factors may also playke in determining where
our bird goes. Temperature will vary both across the day and across the marsh,
YR GKAA YI& FTFSOUGU 6KSNB GKS 06ANR &Ll
where to spend his time, our bird ends up flying between the reeds ard th
marsh water but does not spend that much time in any one area and does not
stop others from using any of the areas it frequents. In such a case, we might
speak of those areas being his home range.

Suppose that our bird flies between the reeds and thash area but that
he regularly returns to a particular area in the central part of the reeds and
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actively tries to keep intruders outside of this area. Now we can speak of this
bird as having a territory an area occupied and defended by the bird.

Habtat choice Imagine a redvinged blackbird deciding where to form a
territory. All sorts of factors mates, temperature, predators play a role in the
decision making. Another factor in habitat choice is the availability of prey, such
as the presence of dragflies shown flying above the marsh.
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Food Selection and Optimal Foraging Theory:

A central concern of ecology has traditionally been foraging behavior. In
its most basic formgptimal foraging theory states that organisms forage in such
a way as to maxime their energy intake per unit timén other words, they
behave in such a way asfiad, capture and consume food containing the most
calories _while expending least amount of tinpmssible in doing so. The
understanding of many ecological concepts sasladaptation, energy flow and
competition hinges on the ability to comprehend what, and why, animals select
certain food items.

MacArthur and Pianka (1966) developed a theoretical and empirical
construct, the optimal foraging theory (OFT), which lead &o better
understanding of foraging behavior. Emlen (1966) published a paper on foraging
behavior at the same approximate time. Optimal foraging theory uses predators
as the object of analysis. There are four functional classes of predators:

True predatorattack large numbers of their prey throughout their life.
Theykill their prey immediatelyor shortly after the attack. They may eat all or
only part of their prey. True predators include tigers, lions, plankton eating
whales, seed eating birds & antscehumans.

Grazersattack large numbers of their prey throughout their lifetime and
eat only a portion of their prey. They harm the prey, Ibately kill it Grazers
include cows, locusts, leeches and mosquitoes.

Parasites like grazers, eat only a part their prey (host) but rarely the
entire organism. This much more intimate relationship is typical of tapeworms,
and liver flukes.

Parasitoidsare mainly typical ofvasps(order Hymenoptera), and some
flies (order Diptera). Eggs are laid inside the larmBether arthropods which
hatch and consume the host from the inside, killing it. This intimate preeator
host relationship is typical of about 10% of all insects. Many viruses that attack
singlecelled organisms (such as bacteriophage) are also parasitnithat they
reproduce inside a single host that is inevitably killed by the association.

The OFT attempts to explain predator behavior since no predator eats
everything available. This is typically due to habitat and size constraints, but
even withinhabitats, predators eat only a proportion of what is available.
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E)s the amount of energy (calories) from a prey itéHfls the handling
time which includes capture, killing, eating and digestiH@tarts once the prey
has been spotted. E/h is thdigre the profitability of the prey item.

Optimal foraging and diet breadthThe predator attempts to maximize
E/(h+s), wheré&ls the search time involved. For a range of prey, the predators
average intake rate iSakragd(NaveragetSwveragd. Where Eeage IS the average
energy of all prey items in the dietakBrageis the average handling time and
SaveragelS the average search time.

2 KSYy GKS LINBRFG2NI KIFa F2dzyR Iy AGSY
choices. It can eat the new item, in which edkere isprofitability Eew/hnew Or
it can leave it and search for an item already in its diet, in which case we use
Eaveragd(Naveraget Sweragd. The predator should eat this new item whefwH new X
Eaveragd(NaveragetSveragd because the new item increases its energy intake per unit
time.

New insights:Predators with short handling times and long search times
should begeneralistsand include a wide range of items.

Specialisthave a longer hardohg times and short search times; they are
choosy. Lions, for example, have a very low search time but a high handling time,
which can be prohibitively large for some prey.

Predators should be generalists in unproductive environments and
specialists in mpductive environments. Predatgarey coevolution often makes
it non-profitable for a prey item to be included in the diet, since many -anti
predator defenses increase handling time. Examples include porcupine quills,
the palatability and digestibility ofhe poison dart frog, and other predator
avoidance behaviors.

Since there is a search time for each item, when predator density
increases the search time depends on the density of the prey. There is also a
handling time which is species specific. At lomeypdensities the predator is
searching most of the time and eating every prey item it finds. At high prey
densities, each new prey item is caught almost immediately. The predator
spends almost all of its time catching, eating or digesting the prey. kg
only those individuals with the highest E/h. As the prey density increases, they
become less limited by search time and more limited by handling time.
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Food ChoiceOne of the simplest issues in foraging decisions is picking the
food that leads to thénighest rate of energy acquisition. How large a prey item
should an organism attempt to eat.

Rule number oneNever eat anything bigger than your head.

Rule number two Eat items that lead to the highest gain in Energy/Time.
(Assuming that you are maximmgi energy) i.e. Profitability = Energy Gain/Unit
of Time.

Optimal Clam Size in the Foraging CrRichardson and Verbeek studied
Crows foraging on clams in the intertidal and noticed that they left quite a few
clams behind after digging them up. If theytgdhe trouble of digging them up
in the first place why not eat them? The answer lies in handling {inosv long
it would take them to open the clam.

Mussel Size Selection by Oyster Catch®&rsimilar problem is faced by
Oyster catchers trying to opemussels. Optimality model that only considers
Energy maximization predicts that Oyster Catchers should choose the largest
clams that they encounter. However, Oyster Catchers do not always choose the
largest mussels, often leaving them untouched. Why |g&eebiggest items?

The handling time for the largest mussels leads to a dramatic drop in profitability
and QOyster Catchers should avoid them from the start.

Foraging Distancd-oraging refers to the mammalian behavior associated
with searching for food. e optimal foraging theory assumes that animals feed
in a way that maximizes their net rate of energy intake per unit time. An animal
may either maximize its daily energy intake (energy maximizer) or minimize the
time spent feeding (time minimizer) in ordé meet minimum requirements.
Herbivores commonly behave as energy maximizers and accomplish this
maximizing behavior by choosing food that is of high quality and hasdanch
and low handling time.

Thecentral place theorys used to describe aningthat collect food and
store it in a fixed location in their home range, the central place. The factors
associated with the optimal foraging theory also apply to the central place
theory. The central place theory predicts that retrieval costs increasariy
with distance of the resource from the central place. Central place feeders are
very selective when choosing food that is far from the central place since they
have to spend time and energy hauling it to the storage site.
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Anti-predator Defense

Mimicry and warning coloareantipredatoradaptations. Colour patterns
In mimicry are often determined by relativefgw patternregulating loci A
strong purifying selection on these genes must explain accurate resemblance as
well asmonomorphic color pattens within speciesMimicry has diversified at
every taxonomic level; warning colour has evolved from cryptic patterns, and
there are mimetic polymorphisms within speciesultiple color patterns in
different geographic races of the same species, mimefferénces between
sister species, and multiple mimicry rings within local communities.

Flocking Predators may hunt lone individuals more successfully than
individuals in flocks because individuals in flocks can collectively assess their
surroundings moreeliably. Sharing of sentry duty means, the individual spend
less time for vigilance and more time for such tasks as foraging. An individual
may lower its probability of being captured simply by associating with other
equally attractive prey. Predatorsod € A { St & GGl O1 LINBe
that centrally located individuals should be relatively safe. Birds in large flocks
are less vigilant than birds in smaller flocks. Birds in large flocks devote more
time to activities other than vigilance.fdod is scarce and energy demand high,
birds in the center of large flocks devote more tifw foraging than do
peripheral birds. In large flocks high status birds occupy central positions.

Number dependent selection mimicry and warning colouvluller was
the first to formulate the benefits of mimicry explicitly, using mathematical
intuition from a natural history perspective. He assumed that, while learning to
avoid the color pattern of unpalatable species, a predator complex killed a fixed
number of indviduals per unit timer{). Mullerian mimicry is favored, therefore,
because the per capita mortality rate decreases when another unpalatable
aLISOASE aKIFNBa GKS alryYS LIGOSNyo L¥F
RSLISYRSY (¢ OASg ztladytd W ididtdsting gredi@iensl NS O (i
only the first of which Muller himself apparently appreciated. First, although
Mullerian mimicry of this kind should always be mutualistic, a rare species
ultimately gains far more from mimicry than a common onecddel, a novel
mimetic variant in the rarer species resembling the commoner is always favored
because the common species generates greater numerical protection.
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Aggression

Aggression is a mutiimensional concept, but it can be generally defined
as behaior that inflicts pain or harm on another. Psychopaths destoate high
levels of this behavior without any apparent goal or reason. At a basic level,
aggression in humans may be physical (e.g. hitting out) or verbal, while in
animals it may be manifest as threat or as an attack. There are therefore
various 'kinds' of aggressive behavior.

Aggression is a common occurrence in the world of marine mammals.
Aggressive displays or agonistic interactians often seen among members of
a group or between indiduals of different species. Sounds that declare a
readiness to fight may be produced during aggressive displays. Animals can
listen to these sounds to assess an opponent's willingness to fight or fighting
ability. Loud sounds may also be used to startldefend against a predator.

Various categories of animal aggression
1. Territorial defense- when animals attack intruders who enter their 'territory"

2. Predatory aggressionwhen an animal attacks prey. This form of aggression
iIs not believed tobe hungefinduced, but rather involves the lateral
hypothalamus and the specific ‘trigger' stimuli (the animals it typically feeds
on - the prey).

3. Inter-male aggression occurs when another (stranger) male is present.
Androgen (hormoneis believed b be important in this form of aggression.

4. Fearinduced aggressionalways preceded by attempts to escape. This form
of aggressive behavior is most evident when the animal is 'cornered’ and is
afraid. They will almost always react with aggression teefoey attempt to
escape. The lateral hypothalamus is believed to be important here.

5. Irritable aggression this will be evoked by any attackable object or other
animal. The ventromedial hypothalamus is believed to be the crucial brain
structures here

6. Maternal aggression when a female reacts with aggression in order to
protect her young from harm.
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7. Instrumental aggression when aggression was used successfully in a given
situation in the past the animal will use this behavior again (in #mesor
similar situation-therefore the behavior has been reinforced via learning).

Additional Note:

Aggression clearly plays a major role in success during a contesgdession
Is a tweedged sword in that there are clear benefits and costighting. In this
regard, mechanisms have evolved that modullateels of aggression.

Aggression is very often restricted to the adpltase and the breeding
season. Territorial aggression is often tighdlyverned by circulating levels of
hormones. Given tht there are winnersn contests and hormone levels might
predict winning, what hormonathanges alter the behavior of the loser in the
longterm? What causesretreat from contests in the shotterm? An
understanding of theneuroendocrine bases of behavios necessary to
understand these issued contest and conflict.

No hormone receives more attention as an aggressiolicerthan the
gonadal steroid testosterone. In males, testosteronsdsreted in the testes in
response to gonadotropin, a protein hmone, which is produced by the
anterior pituitary. The anterior pituitary is amportant control region of the
brain that produces a many behavioraliglevant hormones. Testosterone is
also involved in a classic negatifeedback loop in which higher lels of
testosterone produced by the testesill cause gonadotropin secretion lilye
brain to be suppressed. Given theeraction between gonadotropinontrol of
testosterone, and viceversa, it is not surprising that gonadatropins such as
LeutenizingHormone (LH) can alter male aggression.

Male elephants enter a behavioral state known as musth during the
breedingseason in which aggressive charges to rivals are common. Injection of
LH into sukadult male elephants appears to trigger this behavioral stastevell
as a concomitant rise in plasma testosterone (Lincoln Rathasooriya 1996).

In males, testosterone seems to increase ftileelihood that behaviors are
expressedput it is important to realize thatestosterone does not directly
control specificbehaviors. Testosterone and protdmormones such as LH that
modulate testosterone can be considered one of tmeany factors that

contribute to theheightened arousal that is associated waitgression.
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Testosterone influences a diverse sethehaviors inmales. However,
contrary toLJ2 Lddzf  NJ 0 St AST GKI G GKS WYFfS K3
WFSXKIZIN2ySQ Aa SadNR3ISYy:r (Sai2aG§SNRYS
though most female vertebrates appear to have far lower levetesibsterone
than males. In females, the low levels of testostergm@mote many female
behaviors and appear to be responsible for femsda drive. It is also not the
case thatestosterone is imariably related to aggression.

Groups of whitebrowed sparrow weavers breedicooperative groups
and participate indefending their communal territory from other groups.
Territory defensanvolves regular boundary patrols that are punctuated by a
characteristic chorus singing elicited by all group members in concert. Wingfield
andLewis (1993) simulated territorial intrusions by placing a caged gkathm
a territory and playing back tapecorded choruses through speaker placed
adjacent to the cage. The target group responded witliramatic increase in
territorial aggressiony all group members. Plasrnevels of testosterone were
not elevated during intrusions. Howevgilasma levels of LH were elevated in
breeding females after challeng&his suggests that aggressive behavior in
females may not result fronelevated testosteone, but from theupstream
effects of LH.

Despite these important exceptions tthe role of testosterone in
promoting aggression, testosterone has a broggectrum of effects that also
serve toenhance the physical abilities ofales in particular.

Testosteroneis in part responsible for triggering the development of
special soundproducing muscles in male fish, and amphibians (Kediay
Gorlick 1990).

Testosterone not only triggers the development of vocal structures, but it
Is also responsible for seitizing certain targets in the brain and thingreases
the likelihood of song. In frekving redwing blackbirdsAgelaius phoeniceus
naturalvariation in the rate of song production on their territories is correlated
with the level of testosterone aulating in their plasma.
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Territoriality:

It is a type ofintraspecific or interspecific competition that results from
the behavioral exclusion of others from a specific space that is defended as
territory. This weldefined behavior is exhibited throagsongs and calls,
intimidation behavior (to frighten), attack and chase, and marking with scents
This form of defense proves to be very costly for animals. So one is forced to ask,
why do animals take part in such interspecific competition?

In order to wderstand this question one must take a cbsnefit
approach to territoriality. The proximate reasons for such defense vary. For
some animals the reason for participating in such elaborate protective behavior
Is toacquire and protect food sources, neglisites, mating areas, or to simply
attract a mate The ultimate cause of this behaviour may be attributed to the
increased probability osurvival and reproductive successes defending a
territory an animal is ultimately securing that it will have @hat in which to
forage for food and to successfully reproduce, thosreasing the animal's
overall fitness This ultimate theory is strengthened when one considers the
instances in which territoriality increases; in times of depleted resources the
presence of territoriality increases. The presenceteiritoriality often forces
less fit animals to live in sub optimal habitats, thus reducing their reproductive
success

Though territoriality offers immense reproductive and nutritional
benefits, it also coms at a cost. Defending territory is not easy. Territoriality
cost time and energy and can often interfere with other fundamental activities
as parenting, feeding, courting, and mating. For these reasons territoriality may
not be seen as a benefit in ahianals. Animals must be able to reap the fruits of
territoriality, while expending the least amount of energy. For these reagons
resources are abundant and predictable it would be disadvantageous to defend
the territory. On the other handif resourcesare scarce and undependable it
would be advantageous to exhibit territoriality

An animal chooses its territory by deciding what part of its home range it
would like to defend. In selecting a territory the size and the quality play a crucial
roleindetermh Y AY 3 Yy FYAYlFIEQa KFEIOAGE G ¢ SNNJ
larger than theneed oforganism to survive, because with an increase in territory
comes an increased in energy expenditure. For some animals the territory size
Is not the most important gsect of territoriality, but rather the quality of
defended territory. The quality is considered to be fundamentally important due
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to amount of food availability and superior nesting sights. Animals depend on
these features to ensure their superior fitness.

Animals invest a lot of time and energy in defending their territories, and
for this reason they fight vigorously to defend their territory at all cost.
Researchers suggest for this reason that when a rival challenges a territory
holder, the owner almosalways wins the contest. This phenomenon could be
attributed to an evolutionary stable strategy which assets that rules for
behaviairr is controlled by an inherited proximate mechanism such that the
differences between individuals in their strategies akedi to differences in
their genes. Territory plays an important role as a mechanism of population
regulation, insuring the success of fit animals, and aiding in the eradication of
less fit animals. Territorially also plays a fundamental role as an indio&to
carrying capacity; it also serves as an indicator of how much habitat is necessary
to support viable populations.

Defending a territory

Some animals defend their territory by fighting with those who try to
invade it. Fighting, however, is not oftéme best option, since it uses up a large
amount of energy, and can result in injury or even death. Most animals rely on
various threats, either througlvocalizations, smells, or visual display$he
songs of birds, thdrumming of woodpeckerand theloud calls of monkeyare
all warnings that carry for long distances, advertising to potential intruders that
someone else's territory is being approached. Many animals relsnoglls to
mark their territories, spraying urine, leaving droppings or rubbinaisgk&ands
around the territories' borders Approaching animals will be warned off the
territory without ever encountering the territory's defender.

On occasion, these warnings may be ignored, and an intruder may stray
into a neighboring territory, or twor@mals may meet near the border of their
adjacent territories. When two individuals of a territorial species meet, they will
generallythreaten each other with visual display$hese displays often will
exaggerate an animal's size by thefing up of feahers or fur, or will show off
0 KS I VAYLl fTOaanimasimiai2gy through all the motions of fighting
without ever actually touching each other, a behavior knowmitasl fighting.

The displays are generally performed best near the center of an asim
territory, where it is more likely to attack an intruder, and become more
fragmented closer to the edges, where retreating becomes more of an option.
This spectrum of performances results in territorial boundaries, where displays
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of neighbors are abdwequal in intensity, or where the tendency to attack and
the tendency to retreat are balanced.

Actual fighting usually happens in overcrowded conditions, when
resources are scarc&erious injury can result, and old or sick animals may die,
leading to a mre balanced population size. Under most natural conditions,
territoriality is an effective way of maintaining a healthy populatidhe study
of social behaviors such as territoriality in animals may help us also to
understand human society, and to leanmow individual behavior affects human
populations.

Dispersal

Biological dispersal refers to those processes by which a species maintains
or expands the distribution of a population. Dispersal implies movement away
from an existing population (populatioexpansion) or away from the parent
organisms (population maintenance). In the latter case, dispersal may simply
involve replacement of the parent generation by the new generation, with only
minor changes in geographic area occupied. In either case, dapsimportant
because new life must replace old, and the two generations cannot easily occupy
the same physical space during the transition. More significantly, dispersal
enables the species population to occupy much of the available habitat, thereby
maximizing resources in its favor and awareness local adverse events. There are
five key causes of dispersabmpetitionavoidance inbreeding avoidance, kin
competition avoidance, breeding dispersal, and colonization dispersal

Key causes of dispersal:

1. Canpetition dispersal (habitat depletion). This is probably a key cause of
dispersal in plants, as resources such as light, root space, and nutrients are
depleted by the parental plant. In animals it also plays a key role in many
species and recurs as a themn this outline. Infanticide is a common
response to habitat depletion in rodents and can be thought of as the result
of resource competition. Infanticide is performed by females and males that
are unrelated to or are unfamiliar with the puple crowdedpopulations of
related mice and voles infanticide is much less likely.

2. Inbreeding avoidancét was observedth meadow voleghat theywere more
likely to disperse from plots occupied by siblings than from plots occupied by
non siblings.
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3. Kincompetition avoidance. This is really difficult to discriminate from
inbreeding avoidance because the result is essentially the same; close kin end
up not living near one another.

4. Breeding dispersal. Gravid females may leave social groups or natal areas to
find more appropriate places to give birth and feed their offspring. The
motivation for this overlaps with other causes of disperbalbitat depletion
could stimulate movement, colonization could be a goal of movement.

5. Colonization dispersal. Selection may favofonization of new habitats.
Individual fithess can be enhanced for plants or animals that find a vacant
habitat patch.

In most cases, organisms (plants and especially sedentary animals) have
evolved adaptations for dispersal that take advantage of varfiouss of kinetic
energy occurring naturally in the environment: water flow, wind, falling
(response to gravity). Animal species need to disperse themselves for similar
reasons as plant species. If there are too many individuals of a particular animal
spedes in the same area, they will be in competition with each other. Eventually,
either one or more of the following reasons will contribute to the death of many
individuals in the populationack of food, lack of oxygen, build up of waste,
which can causalisease Overcrowding, this would allow disease to spread
quickly through the population.

HostParasite Relations

A parasite is an organism that lives on or in the body of another organism,
deriving benefit at the expense of the latter. Here only origh® partners is
benefited and the other is harmed or injured. The organism which harbours the
parasite is called the host. The parasite is always benefited in this association
and the host is injured or harmed. Parasites are found in different groughe of
animal kingdom. When the parasite lives on the surface of the body of the host
it is called ectoparasites e.§ead louse, ticks, mites, bedbugs, leechais.
When the parasite lives inside the body of the host, it is called endoparasite e.g.
malarid parasite or plasmodiumin the red blood cells. Livdluke Faciola
hepaticais found in the bile ducts of sheep, causing the disease-fiotein
sheep. The life cycle of certain parasites may be completed in a single host e.g.
Entamoeba histolyticaButin many endoparasites likever-flukes, tapeworms
etc., the life history may be completed in two or more hosts.
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The host in which the parasites reaches sexual maturity is known as the
definitive host and the host in which the parasite undergoes early
developmental stages is known emermediate host As a result of the parasitic
mode of life, a number of parasitic adaptations are found in these parasites,
especially in endoparasites. These adaptations are indeed in the form
specializations associatedttv parasitism.

The specializations associated with parasitism especially in endoparasites
have altered many of the basic characters of the group to which these
endoparasites belong. For example, endoparasites like-fivke (Trematoda)
and tapeworm Cestoda) possspowerful cuticle capable of resisting the action
of digestive enzymes of the hosh liverfluke suckers are present addition to
the spines in the cuticle for the purpose of attachmemitapeworm hooks and
suckers are present.ocomdor organs are absent endoparasites, which do
not move about in search of food since they get plenty of digested food in the
digestive systems of their hostSense organs are also absent these
endoparasites Digestive glands are abseint liverfluke since these are not
required by the parasite. In tapeworm digestive system as a whole is absent.
Digested food materials are simply absorbed through the body surface. The
reproductive system is complicated in these endoparasites. They are
hermaphrodites The life history of these endoparasites is very complex
involving specific intermediate hosts and involves number of risks.
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Social Behaviour: AggregatiomsSchooling in Fishes, Flocking in Birds,
Herding in Mammals; Group Selection, kin selection, aiém, reciprocal
altruism, inclusive fitness, and social organization in insects and primates

Aggregatiors

Aggregation occurs in the smallest organispimcteria and the largest
whales.Territorial animals need to engage imformation transfer howeve no
need for group structure. At the other end are highly integrated, et
associations between individualpossible Honeybee hives and human
communities are examples of these highly integrated groups. In these systems,
established pathways of loAgrm communication between known individuals
(siblings, reciprocating group members), at predetermined locations (the hive,
the calving grounds, the dinner table), may supplement immediate sensory
contact.

Schooling(shoaling)in Fishes

Everyone has hedrof a school of fish or aggregation of fish. Schools of
fish may be either polarized (with all the fish facing the same direction) or non
polarized (all going every which way). There are some factors that can make it
advantageous to hang out with otheshi.

Antipredator by hanging out with other fish, each individual fish may gain
an advantage in not being eaten by other fish.

Confusion effectA large school of fish may be able to confuse a potential
predator into thinking that the school is actuadlynuch larger organism.

Dilution effect If a fish hangs out with a lot of other fish and a predator
does come around, the predator must usually select one prey item. With so
many choices, the chances are that it will not be you. This is known as fish'sel
herd'.

Predator detectionA bunch of fish has many times the eyes and other
senses than a solitary fish; so a school of fish may be better at detecting
predators. But a school may also attract predators due to its large size.

Spawning AggregatiarMany specie®f fishesform schools onhat the
time of mating.They will form a huge school and release their eggs and sperm
iIn mass quantities. Releasing a massive onslaught of fertilized eggs in the water
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may be advantages over a solitary egg, becausmssive onslaught may be
enough to overcome the egg predators. The predators will eat as many as they
can, but some eggs will inevitably survive.

Enhanced Foragings school of fish may have better abilities to acquire
food. With many more eyes to deteftiod, many more meals may be found; but
there would also be many more mouths to feed. By working as a team, the
school may be able to take larger food items than any one individual could
manage to capture.

Migration: The migration abilities of fish in sobls may possibly be
enhanced due to better navigation, etc.

Hydrodynamic efficiencipue to the complex hydrodynamic properties of
water, a fish may gain a swimming advantage by being in a school. The
slipstream(a current of air/water behind a quicklyaewing object such as a car
travelling extremely fast or an aircraft or fish) from the fish ahead of it may make
it easier to pass through the water. Good for all the fish except for the ones in
front.

Flocking in Birds

It's true that Wirds of a feathefflock togethef You've probably seen a
flock of birds flying in the sky, wheeling gracefully this way and landing elegantly
as a single unit, and wondered to yourself, "How do they do that?" Do they have
a leader, or if they don't, how do they all demotically decide to do the same
thing at the same time?

You and a friend can do a little experiment in flocking behaviour with
pigeons. All you need is a good supply of bread, and some pigeons. Try throwing
the bread to the pigeons every five seconds, bet gour friend to do it every
ten seconds. At the very beginning, half of the birds will go to you, and half to
your friend. But within two minutes, the pigeons will realise that you're the
better food supply, and twahirds of the birds will be clusteringround you.

And then, when you and your friend exchange your feeding rates, so your friend
gives them twice as much food, it'll take the flock of birds another two minutes
to readjust. Your friend will then have twthirds of the birds.

How do the bird«know how to flock from you, to your friend, and back
again- without a leader? Well, we do know that all sorts of creatures flock
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birds, bacteria, slime moulds, fish, whales, elephants and wildebeest, as well as
sheep. It turns out that there is a whdbeinch of advantages to being in a flock.

Another advantage is that if you are little, but there are many of you, you
can sometimes band together collectively against a larger common enanay
successfully repel it.

Another advantage of the flocktise "collective intelligencé People who
spend a lot of time looking at European starlings returning to their roost in
California have noticed tha small flock will get lost more frequently than a big
flock.

There are claims that birds ia _flock do get mproved aerodynamic
efficiency It's because of the vortices (a mass of air or water that spins around
very fast and pulls objects into its empty centre), of spinning air coming off the
tips of the wingsOne strange thing about most flocks of creaturethiat they
don't seem to have one single leader.

Herding in Mammals

A herd is a large group of animals. The term is usually applied to mammals,
particularly ungulates. Other terms are used for similar phenomena in other
types of animal. For example, a6 I NP dzLJ 2F O0ANRAa A& dzid
I £ NHS 3INRdzLJ 2 F O lpackOi auditl, peciakcolldetivdzl f f &
nouns may be used for particular taxa: for example a flock of geese, if not in
FEAIKGEZ Aa  aAY IEHo8Rer, inGhedbréti@Rdisdussiohs in
behavioural ecology, the generic term "herd" is used for all these kinds of
assemblage.

When an association of animals is described as a "herd", the implication
Is that the group tends to act together, but that trdees not occur as a result
of planning or ceprdination. Rather, each individual is choosing behaviour that
corresponds to that of the majority of other members, possibly through
imitation or possibly because all are responding to the same external
circunstances. A herd can be contrasted with a coordinated group where
individuals have distinct roles.

The question of why animals group together is one of the most
fundamental in sociobiology and behavioural ecology. As noted above, the term
"herd" is most conmonly used of grazing animals such as ungulates, and in these
cases it is believed that the strongest selective pressure leading to herding
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rather than a solitary existence [gotection against predatorsThere is clearly

a tradeoff involved, since on ¢hone hand a predator may hesitate to attack a
large group of animals, while on the other a large group offers an easily detected
target. It is generally believed that the most important protective factaisk
dilution - even if a predator attacks theelnd, the risk for any individual that it

will be the victim is greatly reduced. In the case of predators, it is often unclear
whether the term "herd" is appropriate, since there may be some degree-of co
ordination or role differentiation in group huntingPredator groups are
commonly smaller than grazing groups, since although a pack may be more
effective at pulling down prey than a single animal, the prey then has to be
shared between all members.

Aherd is by definition relatively unstructurgdowever, here may be one
or a few animals which tend to be imitated by the rest of the members of the
herd more than others. An animal taking this role is called a "control animal”,
since its behaviour will predict that of the herd as a whole. It cannot be assumed,
however, that the control animal is deliberately taking a leadership role.
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Altruism:

The word 'altruism' comes from the Italiaitrui, was coined in 1851 by
August Comtéo refer to benevolence (kindness). Although not everyone agrees
today on what pecisely altruism involves, the most basic definitiosegking
the welfare of othersThis definition is often extended, however, to include the
necessity of some personal sacrifice on the part of the altriidiyard O. Wilson
defined altruism as seltdestructive behavior performed for the benefit of
otherb® ' YRSNI / 2Y(0SQa RSTFAYAOGAZ2Y S | GNYzA
welfare of others. Altruism is helping others at our own expense. People are not
entirely selfinterested. If they were, the families would be nonexisterithere
is also an idea of reciprocal altruism, which is-saffrificing behavior with the
expectation that the favor will be returned eventuallif. this behavior is
motivated by the desire for future reward, it does notaily fit the generally
accepted definitions of altruism.

In nonhuman animals, altruism is mainly seen in the form of one animal
sacrificing or risking its life to save another. Studies of animals by researchers
like Hamilton who worked with bees who sdme themselves to allow the
gueen to produce offspring with their genetic makeup have led to an
evolutionary explanation of altruism. One explanation of altruism in the animal
kingdom ikin selectiorthat an animal will sacrifice its own life only ifaasesult,
its genes have a greater chance of being passed on.

The animal world also is filled with animals that appear to help other
creatures. Vampire bats are pretty altruistic, too, regurgitating blood for
YSY06SNA 27F (KS I NAauderous bird sp&clegdshyedding S | § ¢
LI ANJ NEOSAQPSAE KSEfLI AYy NIAaAy3d Ada @& 2dz
nest from predators and help to feed the fledglings. Vervet monkeys give alarm
calls to warn fellow monkeys of the presence of predatorsnetvmugh in so
doing, they attract attention to themselves, increasing their personal chance of
being attacked.

Of course, we are ignorant as to exactly what goes on inside the heads of
animals and humans. Animal altruism troubled Charles Darwin, who gaped
Sg2tdziAz2zy Ay (UKS mMynnad® 5 NBAY GNRGS |
in a being anything injurious to itself, for natural selection acts solely by and for
the good of each. No organ will be formed, as Paley has remarked, for the
purpose & Ol dzaAy3a LI AY 2N F2NJ R2Ay3A | ye
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selection leads us to expect animals to behave in ways that increase their own
chances of survival and reproduction, not those of others.

Why should wolves share their kill, or sparrows drattention to
themselves by issuing a warning call when they spot a hawk? If a bird helps a
breeding pair in building their nest and feeding their young, without breeding
itself, then it would seem to be a loser in the struggle for life. While this
individual is busy helping others, it is missing out on the opportunity to produce
heirs (offspring) of its own. How, then, do evolutionists account for altruism in
animals?

From the point of view of a sociological analysis, one of the puzzles of
social behaviohas beerthe existence of altruism sacrifices by one individual
that increase the survival and reproductive chancesof another individual
How could altruism have evolved, if it reduces the altruist's chances of
reproduction?

An evolutionary explanain for altruism was provided by Hamilton's
concept of inclusive fitness. The argument is that since related individuals share
genes with each other, a sacrifice of reproductive chances by one individual
might actually increase the overall chances of thalividual's genes being
passed on.

If the altruism benefits a relative carrying the same genes. Hamilton's
formula indicates that inclusive fitness increases if the altruist's cost is less than
the benefit to the beneficiary x the coefficient of relategbs between them.

¢ < b x r (higher inclusive fitness)
GKSNBE O I Oz2ai 2F FftdN¥zAadsz o I 06SyST¥
beneficiary

Reciprocal Altruism

Though much altruism in nature is kilirected, not all: there are also
many amples of animals behaving altruistically towards nelatives, and
indeed towards members of other species. Kin selection theory cannot help us
understand these behaviours. The theory of reciprocal altruism developed by
Trivers (1971) is one attempt &xplain the evolution of altruism among non
kin. The basic idea is straightforward: it may benefit an animal to behave
altruistically towards another, if there is an expectation of the favour being
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returned in the future. The cost to the animal of behavialyuistically is
compensating by the likelihood of this return benefit, permitting the behaviour
to evolve by natural selection. For obvious reasons, this evolutionary mechanism
Ad USNXYSR WNBOALINROFf FftaGNHAEAYQO®

For reciprocal altruism, there is no neear fthe two individuals to be
relatives, nor even to be members of the same species. However, it is necessary
that individuals should interact with each more than once, and have the ability
to recognize other individuals with whom they have interacted ia gast.If
individuals interact only once in their lifetimes and never meet again, there is
obviously no possibility of return benefit, so there is nothing to be gained by
behaving altruistically. However, if individuals encounter each other frequently,
anR FNBE OFLIo6ftS 2F ARSYUGATFE&AY3I I yR Lidzy
behave altruistically in the past, then reciprocal altruism can evoleon
altruistic cheater will have a lower fitness than an altruist because, although he
does not incur the cst of behaving altruistically himself, he forfeits the return
benefits too- others will not behave altruistically towards him in the future. The
concept of reciprocal altruism is closely related to thefditTat strategy This
evolutionary mechanism imost likely to work where animals live in relatively
small groups.

Trivers (1985) describes a remarkable case of reciprocal altruism between
2NBFyAaYa 2F RAFFSNBYyO &aLISOASasx | LJK
WABYSNHAAYQ® hy { NdpdcksOh YI O NFX a RBIST @ >
for large fish, removing parasites from their mouths and dillss is not pure
altruism on the part of the cleaners, for they feed on the parasites which they
remove. So the interaction is mutually beneficitde large fish gets cleaned and
the cleaner gets fed.

However, Trivers notes that tHarge fish sometimes behave altruistically
towards the cleaners. If a large fish is attacked by a predator while it has a
cleaner in its mouth, then it waits for the cleanto leave before fleeing the
predator. This is clearly altruisticsurely the large fish would be better off just
swallowing the cleaner and fleeing straight away. Trivers explains the larger
fish's behaviour in terms of reciprocal altruism. Since #ngé fish often returns
to the same cleaner many times over, it pays to look after the cleaner's welfare,
l.e. not to swallow it, even if this increases the chance of being wounded by a
predator. In short, the larger fish behaves altruistically towardsdleaner, by
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allowing him to escape before fleeing, because there is an expectation of return
benefit- getting cleaned again in the future.

Group Selection

Natural selectionProcess of adapting to environmenmte. according to
Darwin, the process by Wwich organisms best suited to survival in their
environment achieve greater reproductive success, thereby passing
advantageous genetic characteristics on to future generations

92t dziaz2zyArada KI@S adza3asSadasSR (KL G
selectPy ¢ HKSNBo6e& | YSYOSNI 2F | 3INRdzLI 2°
the biological benefit of its entire group. In this way, evolutionists argue, the
fittest group will survive.

Whl ddzNF f aStSOGA2YyQ A& RIFEAf & Iy
variations;rejecting those that are bad, preserving and adding up all
that are good,; it is silently and insensibly working, whenever and
wherever opportunity offers.

It is possible thagltruism may be advantageous at the group level. A
group containing lots of altiists, each ready to subordinate their own selfish
interests for thebetterment of the group, may well have a survival advantage
over a group composed mainly or exclusively of selfish organiBms,group
selection allowsthe altruistic behaviour to evae.

Within each group, altruists will be at a selective disadvantage relative to
their selfish colleagues, but the fitness of the group as a whole will be enhanced
by the presence of altruists. Groups composed only or mainly of selfish
organisms go extiricleaving behind groups containing altruists.

In the example of the Vervet monkeys, a group containing a high
proportion of alarmcalling monkeys will have a survival advantage over a group
containing a lower proportion. So conceivably, the alaalingbehaviour may
evolve by betweergroup selection

Kin Selection
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Kin Selection, the first proposed explanation for the existence of altruism,
explains how altruism may arise between close relatives. W4gkrit animals
risk their life to distract potentiepredators away from their offspring they are
exhibiting this form of altruismSuch behaviour is evolutionarily stable since
although it decreases an animal's chances of survival, it increases the chances
for its offspring.

Although most obvious in thease of direct offspringin selection can
operate between any animals that are relatives in proportion to their coefficient
of relatednesgthe proportion of genes that two individuals share by common
descent). Where the exact relationship is unknowrthie animals involved, is
seems likely that they attempt to estimate the degree of relatedness on the
basis of apparent similarity.

The basic idea of kin selection is simple. Imagine a gene which causes its
bearer to behave altruistically towards otherganisms, e.g. by sharing food
with them. Organisms without the gene are selfcstiney keep all their food for
themselves, and sometimes get handouts from the altruists.

Clearly the altruists will be at a fitness disadvantage, so we should expect
the altruistic gene to be eliminated from the population. However, suppose that
altruists are discriminating in who they share food with. They do not share with
just anybody, but only with their relatives. This immediately changes things. For
relatives are genetally similar and they share genes with one another. So when
an organism carrying the altruistic gene shares his food, there is a probability
that the recipients of the food will also carry copies of that gene (how probable
depends on how closely relatedeti are).

This means that the altruistic gene can in principle spread by natural
selection. The gene causes an organism to behave in a way which reduces its
own fitness but boosts the fitness of its relativesvho have a greater than
average chance of aanng the gene themselves. So the overall effect of the
behaviour may be to increase the number of copies of the altruistic gene found
in the next generation, and thus the incidence of the altruistic behaviour itself.

Though this argument was hinted at bialdanein the 1930s, it was first
made explicit bywilliam Hamilton(1964) in a pair of seminal papers. Hamilton
demonstrated rigorously that an altruistic gene will be favoured by natural
selection when a certain condition, known as Hamilton's rulegtisteed. In its
simplest version, the rule states that b > c/r, where c is the cost incurred by the
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altruist (the donor), b is the benefit received by the recipients of the altruism,
and r is the ceefficient of relationship between donor and recipienhéelcosts
and benefits are measured in terms of reproductive fitness.

The ceefficient of relationship depends on the genealogical relation
between donor and recipient it is defined as the probability that donor and
recipient share genes ata givenloéuk I & ' NB WARSYUGAOFf o8&

In a sexually reproducing diploid species, the valuefof full siblings is
Y (0.5), for parents and offspring ¥z (0.5), for grandparents and grand offspring
Y4 (0.25), for full cousins 1/8 (0.125), andoso

The highe the value of, the greater the probability that the recipient of
the altruistwill possess the gene for altruism. So what Hamilton's rule tells us is
that a gene for altruism can spread by natural selection, so long as the cost
incurred by the altruists counterbalance by a sufficient amount of benefit to
sufficiently closed related relatives.

Though Hamilton himself did not use the term, his idea quickly became
1Y 26 kinselectiol> FT2NJ 200A2dza NBlFaz2yad YAY
animals a more likely to behave altruistically towards their relatives than
towards unrelated members of their species. Moreover, it predicts that the
degree of altruism will be greater, the closer the relationship.

In the years since Hamilton's theory was dedisthese predictions have
been amply confirmed by empirical work. For example, in various bird species,
Al KlFa 0SSy F2dzyR O0KIF (G WKSELISND 0ANRA
their young, than they are to help unrelated breeding pairs.

Similaly, studies of Japanese macaques have shown that altruistic
actions, such as defending others from attack, tend to be preferentially directed
towards close kin.

In most social insect species, a peculiarity of the genetic system known as
WK I LI 2 R %dr thak iRrdales ori average share more genes with their
sisters than with their own offspring. So a female may well be able to get more
genes into the next generation by helping the queen reproduce, hence
increasing the number of sisters she will havéheathan by having offspring of
her own. Kin selection theory therefore provides a neat explanation of how
sterility in the social insects may have evolved by Darwinian means.
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of S @2 fwiith sekg/ofyanic evolution as the resultompetition among
genes for increased representation in the ggmeol, and individual organisms

| & Y SNFB thaggeried lade £énsructed to aid their propagation. The
gene's eyeview is cerainly the easiest way of understanding kin selection, and
was employed by Hamilton himself in his 1964 papers.

Altruism seems abnormal from the individual organism's point of view,
but from the gene's point of view it makes good sense. A gene wants to
maxmize the number of copies of itself that are found in the next generation;
one way of doing that is to cause its host organism to behave altruistically
towards other bearers of the gene, so long as the costs and benefits satisfy the
Hamilton inequality. Bt interestingly, Hamilton showed that kin selection can
also be understood from the organism's point of view. Though an altruistic
behaviour which spreads bkin selection reduces the organism's personal
fitness(by definition) jt increases what Hamiltocalled the organismisiclusive
fitness An organism's inclusive fitness is defined as its personal fithess, plus the
sum of its weighted effects on the fitness of every other organism in the
population, the weights determined by the coefficient of retaishipr.

Socialorganization ininsects

Many animals live together as a group, but they are not necessarily social
(e.g. a school of fish) because there is a very precise definition when it comes to
sociality. True sociality (eusociality) is defingdthree features: 1). There is
cooperative broodare so it is not each one caring fas own offspring, 2).
There is amverlapping of generationso that the group (the colony) will sustain
for a while, allowing offspring assist parents during thed, l#nd 3). That there
is areproductive division of labour.e. not every individual reproduces equally
in the group, in most cases of insects, this means there is one or a few
reproductive(s) ("queen”, or "king"), and workers are more or less sterile.

Degrees of sociality: Obviously not all insects are eusocial. Michener
(1969) provided some other classifications of various stages of social insects:

a) Solitary showing none of the three featured mentioned above (most
insects)
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b) Subsocialthe adults caredr their own young for some period of time

(cockroaches)

c) Communalinsects use the sammmposite neswithout cooperation in
brood care (digger bees)
d) Quasisocialuse thesame nestand also showcooperative brood care

(Euglossine bees)

e) Semisocialin adlition to the features in quasisocial, also hasvarker
caste(Halictid bees)

f) Eusocial in addition to the features of semisocial, thereasgerlap in
generationgdHoney bees)

Eusociality was considered extremely rare in the whole animal kingdom,
and ewen in insects it was only found kiymenopteraants, bees, and wasps)
and Isoptera(termites). However, recently this has expanded to a few more
groups: in gakhphids(Homoptera) there are sterile soldiers who would sacrifice
their lives to their cloneisters who can reproduce, so they are considered
eusocial because these soldiers do not reproduce while others do. This is also
the case for social thrips that are gidkrming (Thysanoptera). In neinsects,
eusociality only appeared twice: in a mammatianmarine animalNaked mole
rats live in complex underground tunnel systems in Africa and animals in the
same nest are closely related, only one female (the queen) reproduces, although
workers, normally sterile, can ovulate when removed from the nestspmably
due a lack of inhibition from the queen.

Snapping shrimp Synalpheus regal)islives inside sponges and each
wO2t 2y e 800 kdividuals, bat only one queen reproduces, again the
caster is probably not fixedthe workers remain totipotent ath can potentially
become a queen when the queen shrimp is removed.

Evolution of eusocialityHow could eusociality evolve? Darwin, in his
"Origin of Species" (1859) thought that sterile workers in a bee colony, being
unable to transmit their genes, represt a special challenge to his theory of
natural selection. This is because natural selection depends on the transmission
2F WINIXAG&aQ GKIFIG O2y@gSée aStSOGAOS | RO
have to be determined genetically (so they are redle). If workers are sterile,
how can they transmit the "helping traits" to the next generation?

Genetic explanationsThis problem continued to trouble biologists until
William Hamilton (1964) found an ingenious way to explain how a trait can be
inherited without direct reproduction.Hamilton introduced a brave new
02 vy O Htliisive fites® > HKAOK ol aAO0Fff& akea a2
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reproductive fitness, even if he/she has no direct offsprimgis is while the
Yaditional fitnessQ 2 y f ow @a@ngzfiildrerkone has, biriclusive fithess
takes account of all others who share genes with the perqon animal). For
example, | should share approximately 50% of gene with my full brother,
therefore if | decide not to marry and have kids, but Iphely brother to raise 4
children, it is equivalent to mself having two childrerlhis inclusion of anyone
SfaSaQ FAGYSaas K2 AKIFENKa O02YY2y 23Sy
of relatedness, is calle@hclusive fitness Therefore although worksrdo not
reproduce, if they share genes with their mother (the queen) to raise more
sisters (future queens) their genes would be transmitted too to the next
generation.

In fact in honey bees and other hymenoptera, the relatedness among
sisters is highehan among other animals. This is because ohidyglo-diploidy
sex determination: drone develop from unfertilized eggs and carry one copy of
chromosomes (haploid) from their mother only (no father), while females are
fertilized and carry two copies of chmmsomes (diploid). Haploid drones do not
have the complimentary copy of genes to do exchange, so all the sperms
produced by a single drone are identical. Assume the queen is mated to a drone,
then all her daughters will share 50% genes from the father, 2596 of their
genes from the mother. The coefficient of relatedness among the offspring is
therefore 0.75. This is much higher than the 0.5 for sistster in a diploid
organism (such as humangjhe workers who share the same father and
mother, are theS T2 NB | f dupersiQdrD f B OWdzaS 2F (K
relatedness This theory of one can pass genes through relatives and gain fithess
Ad OFffSR W{AYy aStSOuAz2yQo

Hamilton postulated that because supersisters share 75% of their genes,
it is actually a btter deal to be a worker, to whom a new queen would have 75%
2F 3ISySa oeé 02YY2y RSaOSyid 6A0K KSNE ¢
she only transmitted 50% of her genes to the new queen. In this sense, the
inclusive fitness is actually higher fdvet sterile worker sisters, than for the
fertile mother.

One difficulty with the above argument is that the honey bee queen
actually mates with more than one male (drone), in some cases as many as more
than 30 drones, because hdlisters (workers who sharthe same mother, but
fathered by different males) are only related to one another by 0.25 the average
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relatedness among the workers in such a colony is close to the average between
0.75 and 0.25, which is 0.5, not different from other diploid organisms.

It is easy to see though, that eusociality can evolve easier in groups within
which individuals are highly related, either due to haplodiploidy, or due to
mating systems. In both termites and the naked mole rats, animals within a
group are all highly retad, perhaps due to inbreeding, although it is known in

naked mole rats, some
males Mother Father would migrate
to other ~ ©nromesemes (\D D/\) /\ U ) nests to
accomplish T T periodic

f I 3 outcrossing,
which U“fe”“gsisL_ \‘->Lemuzamn might be
necessary N 1aleh to reduce the
cost of Mipﬁ;p{ o F;;;QOQ;;{W inbreeding. In
aphids, all colony
YSYOSNAR | NB  4e0the ynbSthef) card $eprbddrce asexually

(parthenogenesis). However, the marine shrimps do not show high degrees of
inbreeding.

Relatedness under haplodiploidy
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Relationsbip Relatedness (v)

+ Mother daughter %3
= Mother son 15
= Father daughter 1
* Father son 0O
« Daughter mother L5
+ Son mother 1
+* Brother sister L5
= Brother brother (@]
« Sister sister 34
= Sister brother 14
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Social Behavior in Primates

A group of individuals of the same species organired cooperative
manner beyond sexual and parental behavior is knowsagsety It composed
of mothers, daughters, sisters, aunts and niedelsle dispersion is more
common than female dispersion. Complex social organization exists in many
mammals. Socldehaviour in mammals is associated with large body size, large
brain size, open habitats, and diurnal behavi®ociality is often considered to
increase survival & fitness, cooperative predator avoidance, ready access to
mates, kin selection, and thermegulatory benefits. But, there are also
disadvantages, competition for food, mates and space, increase in
conspicuousness to predators, and spread of disease and parasites.

Social StructureMost primates, including humans, spend their lives in
large so@l groups.In the case ofemtterrestrial species, such as baboons,
being in a large community helps provide protection against predatory cats,
dogs, and hyenadt also helps protect scarce food resourc@dis is especially
true for nonthuman primates when the food is fruil_eateaters like langurs,
tend to form smaller social groupings since there is little competition for their
food. The very few nocturnal spexs of primates are mostly small, relatively
solitary hunters.

Most nonhuman primate communities are more or less closed to contact
with members of other communitiesMost often, they are tied to particular
surroundings and rarely migrate outside of thehome range. This
unfriendliness from other troops prevents high concentrations of individuals
which could result in rapid depletion of local resourc€mmunities usually
avoid each other and are aggressive towards outsidés.a result, social
interactions between members of different troops are usually very rare,
especially for females. Chimpanzees are a notable exceptidrhen
chimpanzees from different troops come together, there is often an exciting,
friendly encounter lasting several hourgllbwing which, some of thadult
females switch groupsApparently, they are seeking new mates.

Interactions within norFhuman primate communities are usually
unlimited. All members of a community have daily face to face, casual
communication. The mosicommon type of subgroup consists of a mother and
her young offspring.

70


http://anthro.palomar.edu/behavior/glossary.htm#semi-terrestrial

In some forest living primates, contact between groups of the same
species is in the form of a specialized territorial defense behawmtead of
avoiding each other, groups activetpnverge near their common territorial
border and make aggressive displai#owler monkeysndgibbonsall produce
exceptionally loud vocalizations for this purpogéhis is a ritualized, essentially
harmless form of aggression that is intended to intate members of the
neighboring community All these species live in home ranges that are usually
so small that the food resources of neighboring territories can be seen and
become attractive.

Non-human Primate Social Group Compositionhile there is
considerable variation in social group composition among the primates, there is
very little variability within each specids. fact, most norFhuman primate
species are limited to only one of the following basic patterns:

Single Female and Her Offspringhe single female and her offspring
group pattern isa rare for primates but common for other mammaldowever,
they come together with females occasionally for matifidne males of these
species generally have large territories that overlap those of sef@ralles.

Monogamous Family GroupMonogamous groups consist ah adult
male and female with their childrenWhen they are grown, the children leave
to create their ownnuclear families While this group pattern is the most
common one for humans, it is rare for ntwmman primates.It is found among
the small Asian apeas well as some of the New World monkegpecifically,
monogamous family groups are the common pattéor gibbons and monkeys

Polyandrous Family Grougd:he smallesiew World monkeysorm both
monogamous andpolyandrous family units. They generally start with a
monogamougsmating pair. Later, a second adult male may join the family and
assist in child rearingvhen this occurs, both adult males will potentially mate
with the adult female.This polyandrous mating pattern is extremely rare among
non-human primates.

One-Male-SeveralFemale GroupOnemale-severalfemale groups have
polygynousnating patterns That is to sayone male regularly mates with more
than one femalePolygyny is generally not a promiscuous mating
pattern. Rather, the male and his female mates formistinct mating and child
rearing groupThis pattern is found amonigaboons, langurs, howler monkeys,

andgorillas
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It would be a mistake to automatically assume that Ammman primate
one-male-severalfemale groups are dominated by maledmong themémales
largely control the social groufbhis is despite the fact that the males are larger,
stronger, and more aggressivdothers, sisters, and aunts act as a team in
chasing off other unrelated femaleshey also collectively select their mutual
mate anong a number of potential suitors roaming in and out of their
territory. The male that is chosen usually is one that does not act abusively
towards them and is willing to cooperate with them in defending their
territory. The relationship with any partitar male may be short termThe
stable core of the community is the group of related femal€his is a long way
from stereotypical male domination.

Onemaleseveral female groups may take a different form when
predator pressure is a problemn open gasslands, baboon communities are
much larger, often consisting of a number of polygynous familiessuch
multiple onemale-severalfemale group societies, males are the dominant,
controlling members. The adult males not only "herd" their own sexually
mature females, but also maintain order and protect the community from
predators.

In contrast, gorillas rarely have to be concerned about predator
dangers. Subsequently, their communities consist of a single dominant adult
male, his mates, and their dtiren. When males reach maturity, they usually
are driven off by the dominant silverback mal€hese exiled males ultimately
form their own onemale-severaifemale groups.

Multimale-Multifemale Group: Themost common social group pattern
among semtierrestrial primates is the multimalenultifemale group.With this
pattern, there are no stable heterosexual borglsoth males and females have
a number of different mates.This is characteristic of baboonmsacaques as
well as some monkeys.

Multimale-multifemale groups commonly have dominance hierarchy
among both males and female&ach individual is ranked relative to all other
community members of the same gendérrhis tends to reduce serious violence
within the community since everyone knows in adea who they must defer to
and who must be submissive to therAmong rhesus macaques, one's position
in the dominance hierarchy is determined by the rank of his or her mothke
top ranking individuals are referred to by primatologists asdlpha mak and
the alpha female All other community members defer to themA female's
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rank in the hierarchy stays with her throughout lifdowever, most young adult
male rhesus macaques leave their natal community and ultimately join others
to find mates.When they do so, they start at the bottom of the male dominance
hierarchy again Alpha males usually mate more often than othef$his makes

the social organization superficially look like emale-severalfemale
group. However, younger females often sneak to mate with males lower
down on the dominance hierarchyhe stable core of rhesus macaque
communities is the group of female relative3hey stay within their natal
community throughout life and work as a team to defend it against other
females.

FissionFusion SocietyA fissionfusion society is one in which tisecial
group size and composition changes throughout the year with different
activiies and situations. This is the social pattern typical of
chimpanzeesindividuals enter and leave comumities from time to time.Adult
males occasionally wander off and forage alone or join a few other males in a
hunting party. Females casually change membership from one group to the
other. This occurs especially when females arestiusand seeking matesAs
a result, foraging and sleeping groups reform frequenMale chimps are the
relatively stable core of the community since they rarely join other troops.
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Unit¢ Il

) Reproductive Behaviour: Evolution of sex, reproductive strategies,
mating systems, courtship, sperm competition, sexual selection and
parental care.

i) Hormones and behaviour, pheromones and behaviour.

Reproductive Behaviour: Evolution of sex angproductive strategies, Mating
systems, Courtship, Sperm competition, Sexual selection, parental care

In order for sex to be evolutionarily advantageous, it must be associated
with a significant increase in the fithess of offspring. One of the mostlyide
accepted explanations for the advantage of sex lies inctieation of genetic
variation There are three possible reasons this might happen.

First,sexual reproduction can bring together mutations that are beneficial
into the same individual (sex aidsthe spread of advantageous traits).

Second,sex acts to bring together currently deleterious mutations to
create severely unfit individuals that are then eliminated from the population
(sex aids in the removal of deleterious genes).

Last,sex createsiew gene combinations that may be fit than previously
existing onesor may simply lead toeduce competition among relatives

Yet, we never learn exactly when or how independent male and female
sexes originated. Somewhere along this evolutionary pathh boales and
females were required in order to ensure the procreation that was necessary to
further the existence of a particular species. But how do evolutionists explain
GKAAK 2KSY LINKBaAaaSR (2 IyasgSN ljdzSaidArz2ys
actuale O2YS TFTNRBYKES a2KFG Aa GKS S@2f dzi
become silent.

How could nature evolve a female member of a species that produces
eggs and is internally equipped to nourish a growing embryo, while at the same
time evolving a male ember that produces motile sperm cells? And, further,
K2g Aa AG GKFG GkKSasS 3IFrySisSa 6S33a |y
they each contain half the normal chromosome number of somatic (body) cells?
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(Somatic cells reproduce via the processaigia A 4~ ¢ KA OK YIFAydl
standard chromosome number; gametes are produced via the process of
meiosis, which halves that number
W{SE Aa (GKS 1[dzSSy 27F LINRBofSYya Ay S§¢
natural phenomenon has aroused so much res; certainly none has sowed
4 YdzOK O2y TdzaAzy o Wo g2t dziA2y I NB 07
FLraOayltdAzy 6A0GK ¢gKé& &aSE SEAa(lAD ¢KA
O2YAARSNY A2y Ay tA3IKOG 2F AGa GoARSaEL
Evolutionists freelyadmit that the origin of the sexual process remains
one of the most difficult problems in biology. Scientists have proposed a simple

solution by suggesting that séxa historical acciderthA S ® | ({1 AYyR 27F
f STG2OSNE TFTNRY -cdlie Srgafiddis. ThHew claitnAtlyad thés
YIAYGSylryO0S 2F a4aSE Aa (GKSNBTF2NB | ay

intellectual mischief and confusion. This implies, however, that sex is useless,
and that it has been retained through the years merely by accident

Evolutionists have practically been forced to admit that there must be
Gaz2yYS IRGFyGFr3sSeg (G2 I aeadsSy la LIKeaAa
sexas Mark Ridley admitted when he wrote: It is highly likely that sex has some
advantage, and that thadvantage is big. Sex would not have evolved, and been
retained, unless it had some advantage.

Sir John Maddox, who served for over twefiye years as the
distinguished editor of Nature, the prestigious journal published by the British
Association fothe Advancement of Science (and who was knighted by Queen
9t AT FoSUK LL AYy wmddpn F2N ayvydz GALI S C
' YFT Ay 3 ovwhat Remaiksiiofb&Mscove®d Ay ¢ KA OK KS | RI
topic of the'®rigin of se®

The overridingjuestion is when (and then how) sexual reproduction itself
evolved. Despite decades of speculation, we do not know. The difficulty is that
sexual reproduction creates complexity of the genome and the need for a
separate mechanism for producing gametd&sie metabolic cost of maintaining
this system is huge, as is that of providing the organs specialized for sexual
reproduction (the uterus of mammalian females). What are the compensating
benefits? The advantages of sexual reproduction are not obvioust M/teat
G LJdzN1J2 4 S € K l YR K2g Oly S@g2tdziAzy o0QAl
2dziz GKS O2YY2Yy GadaNBAGLHE 2F (GKS FAGG:
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high cost of first evolving, and then maintaining, the sexual apparatus. Sexual
reproduction requires organisms first to produce, and then maintain, gametes.

The Origin of Sex from Asexual to Sexual Reproductidviany single
celled organisms reproduce asexually. Asexual reproduction is the formation of
new individuals from cells of onlone parent, without gamete formation or
fertilization by another member of the species. Asexual reproduction thus does
not require one eggroducing parent and one sperproducing parent. A single
parent is all that is required. Sporulation (the forneait of spores) is one
method of asexual reproduction among protozoa and certain plants. A spore is
a reproductive cell that produces a new organism without fertilization. In
certain lower forms of animals (e.g., hydra), and in yeasts, budding is a common
form of asexual reproduction as a small protuberance on the surface of the
parent cell increases in size until a wall forms to separate the new individual (the
bud) from the parent. Regeneration is another form of asexual reproduction
that allows organisis (e.g. starfish and salamanders) to replace injured or lost
parts.

Evolutionists have suggested four different theories, known in the
literature as: (1) the Lottery Principle; (2) the Tangled Bank Hypothesis; (3) the
Red Queen Hypothesis; and (4) the DR&pair Hypothesis.

The Lottery Principlelt was first suggested by American biologist George
C. Williams in his monograp8ex and Evolutish 2 Af €t Al YA Q ARSI
reproduction introducedgenetic variety in order to enable genes to survive in
changing or novel environmentdle used the lottery analogy to get across the
concept that breeding asexually would be like buying a large number of tickets
for a national lottery but giving them all the same number. Sexual reproduction,
on the other handwould be like purchasing a small number of tickets, but giving
each of them a different number.

The essential idea behind the Lottery Principle is that ssezantroduces
variability, organisms would have a better chance of producing offspring that
will surviveif they reproduce a range of types rather than merely more of the
same The point being made by those who advocate the Lottery Principle is that,
in their view, asexual reproduction is poorly equipped to adapt to rapidly
changing environmentalonditionsdue to the fact that the offspring are exact
duplicates of their parents, and thus inherently possess less genetic variation.
Therefore, sex brought the variations that could allow organisms to survive.
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The Lottery Principle suggests that sex lgdobe favored by a variable
environment, yet a close inspection of the global distribution of sex reveals that
where environments are stable (such as in the tropics), sexual reproduction is
most common. In contrast, in areas where the environment is Unhst@such as
at high altitudes or invater bodies), asexual reproduction is widespread.

The Tangled Bank Hypothesik suggests thasex evolved in order to
prepare offspring for the complicated world around thém ¢ KS & G+ y3f SF
phraseology comes frothe f I 8 0 LJ NI INJF LK 2F 5ihNBAYC
which he referred t@a wide assortment of creatures all competing for light and
T22R 2V | GActosdilgitdtes cantept,lirfany environment where
there existsintense competition for spacefood, and other resourcesa
premium _is placed on diversification As Zimmer described it: In any
environment¢ atidal flat, a forest canopy, a deegea hydrothermal verntthe
space is divided into different niches where different skills are needed for
survival A clone specialized for one niche can give birth only to offspring that
can also handle the same niche. But sex shuffles the genetic deck and deals the
2FTFALINAY I RAFTFSNBYUO KIFYyRao LOQa ol aa
using diffeent resources.

The Red Queen Hypothesil was first suggested dyeigh Van Valem
'y T NIOAOES GAGESR da! bS¢g 9@2ftdziA2y | NE
suggestshatl v | YA Yl f O2 Yy a (gengtidstatns rdaiza & S NyzA G B
to chaseits prey, elude predators, and resist infection from diseasaising
organismsp ¢ KIF G A& G2 &l & SJruniokr$® imaraveE a o Wikt &
the development of sex would be one way of accomplishing)théet doing so
provides no automaticguaranfe 2 F ¢gAYYAYy3I GKS aldNHAaAIf
0KS FTAGGSAG REd QuedaNINIdiasis seeéms b WeSthe favorite of
SP2tdziA2yAdida 62NI RUARS Ay | GaSYLXWiAy3
sex

The DNA Repair Hypothesi$Ve argue that théack of ageing of the germ
line results mainly from repair of the genetic material by meiotic recombination
during the formation of germ cells. Thus our basic hypothesis ighbairimary
function of sex is to repair the genetic material of the gerne.lfisomatic cells
die, but the germ line seems to be practically immortal.]

DNA can be damaged in at least two ways. First, ionizing radiation or
mutagenic chemicals can alter the genetic code. Or, second, a mutation can
occur via errors during the repation process itself. Most mutations are
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deleterious. In an asexual organism, by definition, any mutation that occurs in
one generation will be passed on automatically to the next. rkvRaidley
compared it to what occurs when you photocopy a documentntpbotocopy

the photocopy, and then photocopy that photocopy, etc. Eventually, the quality
deteriorates severely. Asexual organisms, as they continue to accumulate
mutations, face the unpleasant prospect of eventually becoming both unable to
reproduce andunviableneither of which would be at all helpful to evolution.

But sexual reproduction allowsnost plants and animals to create
offspring with good copies of two genes via crossomed would thus, help
eliminate this downward ratchet since mutationstraugh they might still be
passed on from one generation to the next, would not necessarily be expressed
in the next generation.

Reproductive strategies

Although every organism struggles to survive, individual survival is not
enough to ensure continuatioof the species. Individuals must reproduce.
Reproduction takes extra energy, and so it would seem that those organisms
best suited to capture energy in the environment are those most likely to leave
numbers of descendants. Survival of the fittest helpkdep animals and plants
strong and adapted to their environments.

Scientists have identified two strategies for leaving living descendants.
These strategies are called thatrategy and the strateqy Some organisms,
animals and plants, use one strayegr the other: some seem to tend towards
one but are closer to a sort of mpbint. Let's compare these strategies.
Remember that R stands for Rapid so that you will remember which strategy is
which. RSelected parents rapidly produce many descendentg, do not
provide care for them.

We see that 1selected organisms have many babies, but most of these
youngsters never become adults. Frogs are a good exampleselected
organisms. Frogs lay many eggs and leave them in the water to hatch into
tadpoles.Some of the eggs get eaten, and many of the little tadpoles are eaten,
too, by dragorfly larvae and fishes and fishing birds. When the tadpoles become
frogs, many animals are waiting on shore to eat them: foxes, snakes, cats, and
many other small predatar. If one frog from a hundred eggs lives to be a parent,
his/her survival is really outstanding. But frogs go on because they lay so many

eggs.
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Elephants are examples ofskélected animals. Female elephants have
babies about three years apart, and theywkaonly one each time. The whole
group looks after the youngsters, and protects them through childhood and
adolescence. By reproducing at a rate that holds their numbers close to
constant, elephants are able to survive in stable ecosystems. Because they
ensure the survival of a good percentage of their young, elephants do not need
to produce many elephant babies.

Reproductive Strategies

r-selected K-selected
mature rapidly mature slowly
shortlived: most die before the¢tend to live long Wes: low juvenil
reproduce mortality rate
have many offspring - tend have few offspring at a time
overproduce
invest little in individual youngsters care for their young
most pest species arselected most endangered species arsdecte

population notregulated by densit population stabilizes near carry
boom and bust population figures capacity

opportunistic- invade new areas maintain numbers in stable ecosyste

Mating System

Monogamy male and female defend a territory against solitary
individuals both range together mate as a pair and often live as a pair, e.g. lemur,
monkeys, gibbonsmay have two females or two males and one doesn't breed.
Monogamous species of males and females pair for the breeding season. In
some cases, the individis may pair for life.

Polyandry Mate with more than one malethe smaller animals (females)
need more help raising offspring and thus get more paternal care (carrying the
infants and supplementing their food).

Polygyny One male matewith more than ore female- have pressure to
increase group size in order to defend resources, e.g. howler monkeys, leaf
monkeys, gorillas. In polygynous species, males have multiple female partners
in a single breeding season. In some cases a male may control a largeofjrou
females in other cases themay be sequential polygyny, in which a male visits
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with successive females. Multi male polygymyhen number of females start to
increase, one male cannot keep other males out, therefore multi male polygyny
occurs, e.g. bwler monkeys, capuchins, baboons, macaques, leaf monkeys.

There are also subcategories of polygynous and polyandrous mating
systems that are defined in terms of whether the mating systemseseurce
based or nosresource basedn a resource based pglynous mating system a
male defends some resource that might sustain several females. In a non
resource based mating system like a lek, females aggregate in regions with sole
purpose of choosing a mate. Males aggregate in these locations and display in
order to gain access to females.

Lek Paradaxn the evolution of a resource based mating system, females
end up settling on a male's territory or depositing eggs on a male's territory
because of the quality of his territory. Femat@sne around and pick frorthe
available males. The paradox of the lek is that they usually mate with one male.
However, many females line up and mate with one male. The real paradox is
why the other males bother to come to the lek at all if only a single male is going
to get copuhited. These males would do far better to go in search of females
because they would at least get one or two copulations and not up end as big
losers. Many species form lekfish, insects, birds. It is nearly a winner take all
form of mating. There are §iwinners and big losers.

Courtship

Courtship is a complex set of behaviors in animals that leads to mating.
Courtship behavior communicates to each of the potential mates that the other
IS not a threat. It also reveals information to each animal that $pecies,
gender, and physical conditisof the other are suitable for matind’remating
activities are for the most part ritualistic. They consist of a series of fixed action
patterns that are speciespecific Each fixed action triggers an appropriéiteed
reaction by the partner, with one action stimulating the neQburtship allows
one or both sexes to select a mate from several candidéissally, thdemales
do the choosingIn some species of birds, males display itela a small
communal areawhere females select a mate from the displaying males. Males,
generally, compete with each other for mates, and females pick the best quality
male available. Thdanger of courtship is that it can attract predators instead
of mates
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Several basic factomsfluence a female's choice of mate. Firsg female
provides parental care, she chooses as competent a male as podsdle
example, in birds such as tlemmmon tern, the female selects a good fish
catcher As part of courtship, the male birds displesh to the female, and may
even feed them to her. This demonstrates his ability to feed the young. In
addition, females tend to select males with resources sagtiood or shelter
which help a mating pair to produce more offspring that survive

In the longjawed long-horned beetle that lives in the Arizona desert,
males battle each other for saguaro cactus fruit. The females mate in exchange
for access to the fruit. A male endowed with large mandibles can defeat other
males, take over the fruit, and tisuattract females. Genetic fitness is another
important factor in mate selection.

In species that lack parental care, offspring rely for survival on qualities
that they inherit from their parents. During courtship, energetic displays and
striking appearace indicate good health. Vigorous, attractive parents generally
pass immunities to their offspring. Attractiveness may depend on the intensity
of secondary sex characteristics, which in birds, for example, include colorful
plumage and long tails. Anothed@antage is that inherited attractive features
make offspring desirable to mates.

Courtship and Mating of Birdé& bird without a mate is a bird without
offspring Because natural selection has placed the burden on each bird to leave
descendants, birds hawevolved into creatures that use a variety of methods to
meet the challenge of providing the next generation. Courtship and mating
rituals are among the most varied and fascinating of all bird behaviors. The
sequence and variety of courting behawis vay widely among species, but
they typically begin with territorial defense and song followed by mate
attraction displays, courtship feeding, and selection of a nest site.

The mating displays of North American songbirds are essential steps on
pair formationand can be extremely interesting to watch.ndale songbird,
establishes its nesting territory by singing repeatedly from different perches,
announcing its presence to competitors and potential female mates,adike
by vigorously chasing away intrudems.some species the male initially treats
the female as an intruder to be chased away. Eventually, the male establishes a
peaceful coexistence with neighboring male of its own species. In many species
females arrive on breeding grounds after males eacingpand to some extent
have the privilege of choice among prospective mates.féale may base its
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choice on the song or appearance of the male, on the size or guality of the
territory the male defendsor on aspects of compatibility not apparent to us.
Whatever the method the female uses, the goal is the samBnd a mate likely
to_provide the offspring with the best chance of survival and continued
reproduction

The potential pair may then engage in a series of displays by one or both
birds over tle next several hours, days, or weeks, to initiate and strengthen a
bond between them. The early displays may be slight, or they may be quite
noticeable. Mating displays can also be quite spectacular, as in the sky dance of
the Northern Harrier. Over fieldsr marshes across North America in April you
may see this usually loflying hawk climbing skyward on powerful wing strokes,
and then plunging toward the ground while uttering a faint chipping call. The
dive is usually repeated in a continuous seriesh®/male, who traces a deep
U-shaped pattern or cartwheels in the sky.

Bird Courtship NestSome species use other methods to attract mates or
develop paibonds. The male Marsh Wren builds several almost spherical
courting nests and each nest is sturdirpven of grasses and contains a small
side entrance. While the male sings and displays, the female enters its territory
and inspects the nests. If the female accepts the male, it adds a lining to one of
the courtship nests to prepare it for a clutch ofgsg The female may judge a
male's potential as a mate by the number and quality of his nests.

Courtship Variety Every species of bird performs a slightly different
courtship ritual. These differences help to ensure that only birds of the same
species wilmate. Males and females also perform different and complementary
roles, thus only attracting members of the opposite sex. Before mating season,
many male birds grow colorful plumage. They then show off to attract a mate.
Birds that are less colorful, du@as species of the warbler, show much less
variety of plumage between the sexes. Instead, they use extremely complicated
and individual songs to identify themselves and to attract a mate.

Male Dandiegqattractive display may be with fashion): Usuallysithe
male that plays the leading role in courtship by showing off his plumage to the
duller colored females. For plainer birds such as the house sparrow, the males
display may consist giuffing out his chest or tipping his head back to emphasize
his dak bib. Exotically feathered species such as the male peacock often put on
a stunning display. The male peacock will fan his tail to present a dazzling array
of blue, green, and golden feathers in one of the showier displays of any bird.
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Gift Giving Manybirds perform a ritual known as courtship feeding or gift
giving. Usually the female will spread her wings and open her beak, behaving
like a young bird begging for food. This ritual not only allows her to build up her
strength for the demanding job of lang and incubating the eggs, but it also
assures her that the male will be a good provider for the chicks. Instead of food,
some species of bird present their partners with nesting material. Herons give
their mates large twigs which are offered up with eeronial bowing. Gift giving
Is probably a symbolic show of the males nest building abilities.

Mutual Display Plumage of similar color across the sexes means that they
are more equal in their courtship displays. Albatross, for example, perform
complex jont rituals which look like a courtly dance. Tlheger the display lasts,
the closer the bond formed between thensome species perform courtship
displays in the air. Lapwings try to impress their mates by tumbling through the
air as if they were about tarash. Maleskylarks fly high into the air singing
loudly. Many birds of prey court each other by displaying their hunting skills in
mock aerial combat. The female peregrine falcon will often fly on its back as the
male swoops overhead; the pair brieflyuithes claw to claw. The male may even
pass food to the female during similar encounters.

Birds often begin their courtship awkwardly. They become more skillful as
they progress. Once the ritual is performed perfectly, the birds will often mate.
Mating isnot the only goal of the courtship ritual, however; many pairs remain
together to share the tasks of building nests, incubating eggs, and raising young.

Sperm Competition

Sperm competition is "competition between spesof two or more males
for the fertilization of an ovum”. Sperm competition is often compared to having
tickets in a lottery; a male has a better chance of winning (i.e. fathering
offspring) the more tickets he has (i.e. the more sperm he inseminates a female
with). However, sperm are costly toroduce and the energy may be spent
elsewhere such as defending a territory to the exclusion of other males; the
distribution of resourcess called strateg.

Sperm competition may lead to evolutionary adaptations for producing
more sperm, such as lamgéestes Such adaptations cost and so species with
low sperm competition invest in mate competition instead. Other means of
sperm competition could include improving the sperm itself or its packaging
materials (spermatophore).
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In primates relative sizefdestes compared to body mass against the
mating system and it reveals thptomiscuous chimpanzees have larger testes
compared to polygynous gorillas

A few researchers have even suggested that sperm competition per se
could lead to the "fittest" spermeaching the egg. The sperm is fre@imming
and must reach the egg before it dies. The sperm of highest quality might also
be carrying high quality genes to the egg. Thus a female that participates in
multiple mating might be setting up @&perm competition in which the sperm
from many males compete and the best sperm wins the rdd¢e female not
only gets offspring that might be of superior genetic quality, but she also gets
offspring that are quite variable.
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Sexual selection

Sexual selection is thedlry proposed by Charles Darwin that states that
the frequency of traits can increase or decrease depending on the attractiveness
of the bearer. Biologists today distinguish between "male to male combat" (it is
usually males who fight), "mate choice" (ulydemale choice of male mates)
and "mate compulsion” (forced mating).

Traits selected for by#hale comba®are called "weapons”, and traits
selected bythate choicé€are called "ornaments”. Much attention has recently
been given to cryptic female choica phenomenon in internallyertilizing
animals such as mammals and birds, where a female may simply dispose of a
male's sperm without his knowledge. The equivalent in ntalenale combat is
sperm competition.

The exact effect of sexual selection depemuisthe sex ratio, which is
usually slightly biased in favour of the "limiting" sex (typically females). Male to
male combat is also classified as intrasexual competition, while mate choice and
mate compulsionare also known as intersexual competition.

Fenales often prefer to mate with males with external ornaments
exaggerated features of morphology. These can plausibly arise because an
arbitrary female preference for some aspect of male morphology initially
increased by genetic drift, creating in due ceey selection for males with the
appropriate ornament. This is known as thexy son hypothesiAlternatively,
genes that enable males to develop great ornaments may simply show off
greater disease resistance or a more efficient metabolideatures thd also
benefit females. This idea is known as fwod genes hypothesis

The success of an organism is not only measured by the number of
offspring left behind, but by the quality or probable success of the offspring:
reproductive fitnessSexual selectiois the expansion on the ability of organisms
to differentiate each other at the species level, interspecies selection.

Males of almost all animals have stronger excitement than females, and
dThe female with the rarest of exceptions is less eager thamthie, she is coy
(shy / reserved). Darwin wrote these wordg40lyears ago, in his bodFhe
Descent of Man and Selection in Relation to Gebe theorized that these
male/female characteristics result from females choosing mates who are
"vigorous and weddarmed, just as man can improve the breed of his gaooeks
by the selection of those birds which are victorious in the gmtK

85



"Males, who can produce many offspring with only minimal investment,
spread their genes most effectively by mating promisalp. Female
reproductive output is far more constrained by the metabolic costs of producing
eggs or offspring, and thus a female's interests are served more by mate quality
than by mate quantity."

Females look for males with the best genes, whereas mabast to
fertilize as many females as possib{eenetically superior males distinguish
themselves as the winners of maieale contest, as having the most expensive
and beautiful ornaments, as among peacocks. These male and female profiles,
together with the cheap sperm/expensive eqqg justification, comprise what
biologists call S$exuaiselection theory

According to sexuaelection theory, more sex is always better for males.
Males who mate whenever the opportunity presents itself, and make their own
opportunities when possible, will sire more progeny. Mammals seem to follow
this pattern. About 90 percent of mammal species are polygynous, with one
male servicing many femalddowever, monogamy not only exists, but is quite
common.

Fully 90 percent of birdpecies are economically monogamous male
and female bird cooperates in raising the eggs together in their nest. Often some
of those eggs are sired by neighboring males, and females deposit some eggs in
adjacent nests, so that parental relationshipg alistributed in neighborhoods.
Thus, in birds economic monogamy often occurs without reproductive
monogamy. Turning to monogamous mammals, males contribute to parental
care by building a den, burrow, or lodge, defending the family's feeding territory,
feeding his mate, etc. Although not as common as in birds, mammalian
monogamy does happen. Most wild canines, as well as 15 percent of primates,
are faithful to a single mating partner. Monogamy too contradicts sexual
selection.

Sexual selection views matiag solely for conception. But the point of
mating is not usually to make babies; it usually serves a social function. Mating
occurs too often relative to number of offspring produced to be solely for
conception. The intimacy of sex strengthens relationshigetween adults,
defuses social tensions, and helps keep groups together, as in our closest living
relatives. Strong social bonds help ensure males and females will work well as a
team to protect and raise young.
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Parental Care

Parental Care carries ssal distinct benefits, and it is curious why it is
not pervasive in the animal kingdom. An organism that gives its offspring a boost
would be at a tremendous advantage over another that provided less parental
care. Parental care can even include extrarggeadded to eggs when they are
laid in organisms without parental care. This strictly material provisioning
benefits the offspring tremendously. Bigger is usually better. Thus, the
arguments described below are equally applicable to animals with and witho
parental care.

Lack's Hypotheses David Lack reasoned that parental care or
provisioning is a relatively expensive proposition. There is a cost of reproduction
that forms some sort of limit on how much an animal can do to provide care to
its offspring.Lackalso came up with an experimental paradigm for testing
whether such costs of reproduction exist in birds.

Lack manipulated clutch size and he reasoned that the parental bird
would work harder to fledge the extra young and the extra cost of parental ca
would lead to increased mortality to the next breeding seastince Lack's time,
researchers have documented such costs of reproduction. They have also found
that survival costs were not the only way energy limitation might manifest itself
as a drop irfitness. In experiments with some species, the researchers found
that they did not have a dramatic impact on the survival of the parents. Rather,
they found that the size of fledglings or the number of fledglings that survived
was reduced in nests that ceived extra eggs compared to control nests.
Fledgling size or perhaps fledging survival was enhanced in nests where eggs
were removed.

The second result suggests that there is a traffdoetween the number
and quality of offspring that a bird can produc&frican elephants exhibit
overlap promiscuity. This strategy is employed by over sixty percent of mammal
species Some of the reasons overlap promiscuity is so common are that it is the
ultimate strategy for malegpod resources on a home range are detendable,
predations threats are low, and males can randomly mate and without the
responsibility of future parental caré&or this strategy to develofemales must
be able to raise offspring without the help of a fathéremales benefit from
promiscuitybecause they can care for their young alon@éeduces the chance
of inbreeding, and they receive good genes from successful males as well as
resource gifts from competing males
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The minimum amount of parental care is none, beyond the nutritional
investnment in the egg. Investment beyond the minimum comes in the forms of
guarding the eggs and young, providing further nutrition, and the social
transmission of information.

The fundamental balance, which can be modeled as a game, if whether
more reproductionwill be gained through producing more offspring or through
caring for the offspring which are already present. For most animals, though,
this game is very much biassed by evolutionary history; species which produce
highly dependent offspring do not exesei a range of potentially successful
choices that includes abandonment of neonates.

Even if evolution has already resolved many of the issues, continued
conflict over the balance between present and future reproduction is well
known in birds and mammalshése conflicts center on issues like the timing of
weaning, the timing of dispersal of juveniles, and the balance between the
benefits of social foraging and the costs of feeding a larger social group.

In general, if there is substantial parental care tbmale is the caregiver.
Male mates may remain with the female to ensure paternity, particularly if other
opportunities to mate are not present, and the male presence sometimes
extends to helping with defending the young and collecting food. Most biokgist
view this asymmetry of involvement in parental as an extension off the
differences in gametic investment.

In many terrestrial and some aquatic animals the female carries the
developing zygote internally prior to laying an egg or giving birth. This thiees
male ample opportunity to leave the female, perhaps to search for other mates.
In a sense, the female is "stuck" with parental care after laying the eggs or giving
birth, because her mate has abandoned her.

In exceptional cases, such as seahorses aduife toads, males are the
primary caregivers. These are interesting examples of how evolution can be
driven to unusual solutions.

African elephant calves depend on their mothers for the first three to five
years of life. Researchers compared the intei@ctbehaviors of young male
elephants to those of young female elephants. Female elephants stay with their
birth family for life while males live with the group until reaching puberty,
between the age of nine and fifteen. Common calf activities includdifee
resting, and traveling. As calves mature, more time is required for feeding and
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thus traveling and resting time decrease for both males and females. Males
spend more time suckling and playing than females. During the first two years
of life milk is he primary means of nutrition for young calves, weaning takes up
to four years and often is completed after the birth of a new sibling. The major
interaction between immature elephants can be categorized as playing, which
includeschasing, mounting, rollop trunk wrestling, and sparring he rates of

play decrease significantly, especially among family members, after the first year
of life. Aggressive encounters are observed occasionally and incluulesk,
shoves, slaps, chases, and threatse number ofcompetitive interactions
increases with age, particularly among males.

As calves of both sexes get older, the mean distance between child and
mother increases consistently, though males tend to be more independent of
their mothers. Female calves interagith mothers at a constant rate, however,
the male rate of interaction declines with age. This research provides evidence
that the generation and maintenance of behavioral sex differences among
juvenile elephants develops as a consequence of, and to remfalivergent
adult social organization.

The strong genetic and social bonds within family groups provide the
opportunity for interactions between calves and older female siblings as well as
family members. Animals other than the mother often care forrygpealves by
providing protection, interaction, and assistance. Allomothering helps maintain
matriarchal societies and enhances calf survivorship.

During the first three months of live calves are completely dependent on
their mothers for survival. Clavesarn to feed independently after the age of
two, therefore the period between three and twenfgur months in age is most
significantly influenced by allomothering. Complete weaning occurs around the
age of five, until this time calves are rarely found mtran two meters from a
family member. Young elephants interacted tmuching, greeting, playing,
rubbing, comforting and suckling

Aggression rates between calves and young adult males were higher than
the rate of aggression between allomothers and ealvilf a calf vocalizes
distress, an immediate response by a family member is observed.

Nearly all interactions between calves and allomothers (including
occasional interactions from unrelated females) are helpful, affectionate, and
positive. Known siblgs cared for claves more often than distantly related
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females. Claves of young, inexperienced mothers needed more assistance from
allomothers than experienced mothers.

91



Hormones and behaviour, Pheromones and behaviour

Operating alongside the nervous s¥st is a specialised group of organs
called endocrine glands These glands provide another means of
communication within theanimal's body, vilormones

Hormones are secreted by the gland# the bloodstream in response to
specificstimuli. Because theyperate viathe circulatory system, hormonal
messages are much slower than the electrinaksages of the nervous system.
They also have longéasting effects on theitarget organs, some effects
persisting for months.

In vertebrates the mosimportant endocrine glands affecting behaviour
are the pituitary gland, the gonads and placenta and the adrenal gland.
Hormones of thehyroid andparathyroid glands pancreasandgastrointestinal
mucosa have no direct behaviouedfects.

The pituitary gland is siated under the hypothalamus on the floor of the
brain. It playsan important role as the central controller of the endocrine
system.The pituitary's anterior and posterior lobes secrdtermones which
indirectly affect blood pressure and water absorptiQrasopressi)) gamete
production and the secretion of sex hormones (follistenulatinghormones,
luteinising hormone).

In response to luteinising hormor{eH), testes secrete male hormones or
androgens (testosterone and androsterong. One of these,testosterone
influences the development and maintenance of the male reproductive tract,
the formation of secondary sexual characteristics and various aspects of
behaviour particularly aggression.

In females, LH stimulates the ovaries to secre&testrogensand
progesterones Between them they perform analogous functions the
androgens in males.

The paired adrenal glands are situated next to kineys and have two
anatamical components, thanedulla and the cortex. Themedulla secretes
adrenalinand noradrenalin which play important roles iproducing ‘fight or
flight' reactions in emergencies.

92






