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Animal Behavior

Thur March 24:

Reading: Ch. 52

Extra credit  quiz available at:

www.TheLifeWire.com

Animal Behavior: outline

• Animal Behavior Questions

• Behavior is partly shaped by Inheritance

• Behavior is partly shaped by Learning

• Hormones and Behavior

• The Genetics of Behavior

• Human Behavior

Questions: What, How, and Why
• In studying animal behavior, we can ask complimentary 

questions about what, how, and why.

• What questions focus on the stimuli that elicit a behavior; 
such stimuli are the most proximate causes of the behavior.

(What triggers the behavior?

• How questions focus on the development of a behavior and 
the neural and hormonal mechanisms that underlie a 
behavior.

(How is the behavior created and controlled?) 

• Why questions are concerned with the function and evolution 
of a behavior; the selective pressures that shape a behavior 
are considered ultimate causes.

Why does the animal have this behavior? what is its 
purpose? Why did it evolve?

Two early approaches to studying Animal Behavior:

• Early ethologists studied the behavior of animals 
in their natural environments. Ethologists were 
particularly interested in stereotyped, species-
specific patterns of behavior.

• The parallel field of comparative psychology
focused on learning by animals in laboratory 
environments.

• Early ethologists asked to what extent behaviors 
are determined by inheritance and to what extent 
they are modified by experience.

Behavior is shaped partly by inheritance

• Stereotypic behaviors are performed in the same 
way every time. If there is little difference in the 
way different individuals perform the behavior it is 
said to be species-specific.

• Web spinning by spiders is an example of a 
complex, species-specific behavior that requires 
no learning or prior experience. This behavior is 
also resistant to modification by learning.

Figure 52.1  Spider Web Designs Are Species-Specific
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Studying how Behavior is Shaped by Inheritance

• Early ethologists used deprivation and 
hybridization experiments to determine whether a 
behavior was inherited. 

• In deprivation experiments, animals were 
reared in conditions devoid of all experience 
relevant to the behavior being studied.

• If the behavior was displayed in its entirety, then it 
was described as inherited. 

• For example, a young tree squirrel reared in 
isolation displayed stereotypic burying behavior 
when given a nut; these observations suggested 
that burying behavior was inherited in squirrels.

What happens if you 
give a nut to a naïve 

squirrel?
• A young squirrel raised in isolation, without nuts or soil 

displays the burying behavior when given a nut: 
The behavior is shaped by inheritance.

• The squirrel engages in burying behavior.
Stereotypic behavior: always the same.
Triggered by a simple stimulus, called a releaser.

Studying how Behavior is Shaped by Inheritance

• In hybridization experiments, closely related 
species that differ in aspects of a behavior are bred 
to produce hybrid offspring.

• Konrad Lorenz did hybridization experiments with 
duck species that can interbreed, but rarely do so 
because of the specificity of their courtship displays.

• .

Figure 52.2  The Mallard Courtship Ballet: A series of moor patterns

Studying how Behavior is Shaped by Inheritance

• In hybrid ducks, elements of the displays of both 
parent species were expressed, in new 
combinations.

• These results showed that motor patterns of 
courtship displays are inherited.

Behavior Shaped by Inheritance

• Releasers are specific stimuli that trigger many 
inherited behaviors.

• Releasers are usually a small & simple subset of 
the sensory information available to an animal. 

• For example, a tuft of red feathers, and not the 
entire bird, is all that is required to elicit 
aggressive behavior in male European robins.
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How can we identify releasers?

• By doing experiments.

Behavior Shaped by Inheritance

• In herring gulls, chicks peck at the red dot at the 
end of their parent’s bill, and the parent 
regurgitates food. 

• Ethologists Niko Tinbergen and A. C. Perdeck 
hypothesized that the red dot was the releaser for 
begging in chicks. 

• They presented chicks with artificial models of gull 
heads that differed in color, shape, and presence 
of the red dot on the bill, and counted pecking 
responses of the chicks. 

• Color or shape of the head made no difference, 
and chicks also responded to models of bills as 
long as they had a red dot. 

Figure 52.3  Releasing the Begging Response (Part 1) Figure 52.3  Releasing the Begging Response (Part 2)

Is animal behavior shaped only by 
inheritance?

• No! Some birds have 
phenomenal capacity for 
spatial learning.

They cache food in 
thousands of locations 
and can remember 
them all! 
Even insects can learn.

Behavior Shaped by Inheritance and learning

• Early ethologists focused on inherited behavior 
but also made contributions to the study of 
learning. 

• Tinbergen studied spatial learning in digger 
wasps by placing pine cones around the entrance 
of a female’s nest, then moving the pine cones a 
short distance away once she had left the nest. 

• Upon returning, the female oriented to the moved 
pine cones and could not find her nest entrance. 

• The female wasp had learned to recognize and 
use objects in the environment as orientation cues 
to find her nest. 
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Figure 52.4  Spatial Learning (Part 1) Figure 52.4  Spatial Learning (Part 2)

Many Behaviors are  shaped by interactions between 
inheritance and learning

• Today, behavioral biologists believe that most 
behaviors develop through an interaction of both 
inheritance and learning. 

• For example, begging in herring gull chicks also 
has a learned component: Over time, gull chicks 
learn the characteristics of their parents, refine 
their parental image, and eventually beg only from 
their own parents.

Behavior Shaped by Inheritance and learning

• Imprinting is a type of learning in which animals 
learn, (only during a critical period), a complex 
set of stimuli that later act as a releaser. 

• Lorenz showed that newly hatched goslings 
imprint on the image of the first object they see 
(normally their parent, but under experimental 
conditions, Lorenz or his assistants), and that 
subsequent exposure to the object releases the 
goslings’ following behavior.

• A critical period is a time, determined by 
developmental or hormonal state, during which 
exposure to certain stimuli produce virtually 
irreversible effects on behavior. 

Figure 52.5  Imprinting Enables an Animal to Learn a Complex Releaser Example: Bird singing is shaped by both inheritance 
and learning

• The singing behavior of male songbirds is an 
example of how inheritance and learning interact 
to produce behavior. 

• Young male white-crowned sparrows reared in 
isolation do not produce their species-specific 
song when adults. 

• For males of this species to produce normal adult 
song, they must hear the song of their species as 
nestlings. 

• Males memorize this song during the nestling 
stage and imprint the memory in their nervous 
system. 
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Singing behavior is shaped by both inheritance and 
learning

• It is also important for young male white-crowned 
sparrows to hear themselves sing. 

• Experiment: Males that were deafened after 
exposure to their species’ song when they were 
nestlings, but before they began to sing, produced 
abnormal song.

Figure 52.6  Two Critical Periods for Song Learning (Part 1)

Figure 52.6  Two Critical Periods for Song Learning (Part 2) Figure 52.6  Two Critical Periods for Song Learning (Part 3)

Singing behavior is shaped by both inheritance and 
learning

Sparrows inherit:

• The ability to form a song memory 

• A critical period for forming a song memory 

• A strong tendency to shape their own song 
through practice by comparing it to their song 
memory

The result of these inherited traits and behaviors is:

• Song learning!

Why?: behaviors shaped by inheritance vs. learning

• The ability to learn and modify behavior based on 
experience is adaptive in many situations.

• In what situations would it be adaptive for 
behaviors to be strictly inherited rather than 
learned?
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When can we expect evolution to promote 
behavior inheritance vs. learning?

• Behavioral Ecologists use cost-benefit analysis to 
predict evolutionary outcomes.

A trait evolves only if benefits > costs.

• Behavior inheritance should evolve when the “cost”
of learning is too high!

What can make the cost of learning too high?

• Learning the wrong 
behavior has 
disastrous 
consequences.

• Trial and error is 
fatal.

•There is no one to 
learn from.

Behaviors Shaped by Inheritance vs. learning: Why?

• Inherited behaviors often occur when there are 
opportunities for learning the wrong behavior, or 
when mistakes would be costly or dangerous.

• In ducks, several closely related species may 
occur in the same pond, and it would be possible 
for young to learn the courtship behaviors of 
species other than their own. Thus, many 
courtship signals in ducks are inherited.

• Inherited behavior patterns for predator avoidance 
are also common. This behavior must be 
performed correctly the first time; there may be no 
second chance.

How is behavior controlled? 
Genetics, Hormones and Behavior.

• One example of genetic influence on behavior is 
the differences in behavior between males and 
females.

• The sexual behavior of rats differs between males 
and females.

• Genes determine which sex hormones are 
produced.

• The action of the sex hormones on the developing 
brain determine sex differences in behavior.

• Receptive female rats display lordosis, a posture 
in which the hindquarters are slightly raised. 

• Male rats, on the other hand, display mounting 
and copulatory behavior.

Hormones and Behavior (2)

• Sex hormones present early in life determine 
which pattern of sexual behavior an adult rat will 
display.

• For a male rat to display mounting and copulatory 
behavior as an adult, he must be exposed to 
testosterone around the time of birth. 

• When adult, such males will display male sexual 
behavior when levels of testosterone are high.

• Exposure to estradiol around birth is not 
necessary for a female rat to have the potential to 
display lordosis as an adult. 

• In adulthood, however, high levels of estradiol are 
necessary for females to display lordosis. 

Figure 52.7  Hormonal Control of Sexual Behavior (Part 1)
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Hormones and song

• In many songbirds, only males sing, as part of territorial 
displays and to attract females. 

• Although females do not typically sing, they know the song 
of their species.

• Nestling males hear the song of their fathers and memorize 
it, but don’t try singing until the following spring, when levels 
of testosterone rise in response to increasing day length.

• By matching their vocal output to the song memorized the 
previous spring, they gradually refine their song and 
eventually produce the correct species- specific song. 

• At this time, their song is said to be crystallized, and is 
resistant to change.

Hormones and song (2)

• In some species, females given testosterone 
implants in the spring produce their species-
specific song. This suggests that females learn 
the song of their species while nestlings and have 
the capacity to express it, but lack the hormonal 
stimulus under normal circumstances. 

• In canaries, rising levels of testosterone in the 
spring causes regions of the brains of the adult 
males to increase in size. This increase in size is 
due to increases in the numbers of neurons and 
to growth of individual neurons and their 
branches. 

Figure 52.8  Effects of Testosterone on Bird Brains

The Genetics of Behavior

• Behavior has genetic influences. Genes code for 
proteins; there are then many complex steps 
between this starting point and the expression of 
a behavior. 

• There are few if any behaviors for which we know 
the precise series of steps from gene to behavior. 

• Three methods for studying the genetic basis of 
behavior include 1) hybridization, 2) artificial 
selection and crossbreeding, and 3) molecular 
analysis of genes and their products.

The Genetics of Behavior: hybridization

• In crickets, males produce species-specific 
sounds by rubbing their wings together.

• Crossing two species produced hybrid offspring 
that expressed songs with elements of the songs 
of both species. 

• Backcrossing F1 (hybrid) individuals with the 
parental species produced songs closer to the 
parental species used in the backcross. 

• This demonstrates a genetic basis for song 
pattern in male crickets.

• Female crickets preferred the songs of their own 
species, and hybrid females preferred the songs 
of hybrid males. 

The Genetics of Behavior: selection

• Artificial selection has been used to produce 
breeds of domestic animals such as dogs with 
distinct behavioral, as well as anatomical 
characters.

• However, most research involving artificial 
selection has been conducted with organisms with 
short generation times and large numbers of 
offspring. 
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The Genetics of Behavior: hybridization

• Nest-cleaning behavior in honeybees is an 
example of a behavior that follows simple 
Mendelian segregation.

• The hygienic strain of honeybee uncaps the brood 
cell of a larva that has died and removes the 
carcass from the hive. 

• The nonhygienic strain leaves dead larvae in the 
brood cells. 

• When bees of hygienic and nonhygienic strains 
were crossed, all offspring were nonhygienic. 

• When the hybrid offspring were backcrossed to 
the hygienic strain, the typical 3:1 ratio expected 
for a two-gene trait emerged. 

Figure 52.9  Genes and Hygienic Behavior in Honeybees

The Genetics of Behavior: hybridization

• Of the nonhygienic offspring, one-third showed no 
hygienic behavior at all, one-third uncapped cells 
of dead larvae but did not remove the larvae, and 
one-third would remove dead larvae only if the 
cells were already uncapped.

• This suggests one gene for uncapping and one 
gene for removal, but these behavior patterns are 
complex and there is no gene that codes for the 
entire behavior.

The Genetics of Behavior: molecular analysis 

• Techniques of molecular genetics have been 
used to study courtship behavior in male fruit flies.

• The behavior is highly stereotyped and does not 
require learning.

• Most components of male courtship appear to be 
controlled by a single gene, fruitless, which is part 
of a hierarchy of genes involved in sexual 
differentiation and behavior. 

Figure 52.10  The fruitless Gene Controls Male Courtship Behavior in Fruit Flies (Part 1)

The Genetics of Behavior

• In flies with two X chromosomes (females), the 
gene sex-lethal is expressed. 

• The protein produced by sex-lethal causes the 
transformer gene to be expressed. 

• Fruit flies without the transformer gene develop 
into males anatomically and behaviorally. 

• Anatomical differentiation in males appears to be 
controlled by the doublesex gene, and the 
formation of the nervous system that directs male 
courtship behavior is controlled by the fruitless
gene.
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Figure 52.10  The fruitless Gene Controls Male Courtship Behavior in Fruit Flies (Part 2)

Cool stuff I had to skip:

• Communication

• The Timing of Behavior: Biological Rhythms

• How do animals find their way?: Orientation and 
Navigation

Culture and Human Behavior (1)

• Culture is the transmission of learned behavior 
from one generation to another and is characteristic 
of humans.

• Human behavior is also influenced by genetic 
factors. 

• Some motor patterns appear to be programmed 
into the human nervous system. 

• For example, similar facial expressions are 
displayed by human populations that have had little 
or no contact. Blind infants smile and frown 
although they have never seen these expressions 
in others.

Human Behavior (2)

• As we acknowledge that human behavior has 
both learned and genetic components, we also 
find examples of culture, once thought to be a 
uniquely human characteristic, in other animals.

• Japanese macaques, for example, developed 
new methods of food preparation, and these 
methods were transmitted to other individuals in 
the population via imitative learning. 

• Chimpanzees also display culturally transmitted 
behaviors including tool using and courtship. 
Populations have distinct behavioral repertoires or 
culture.

Learning and genetic inheritance  in humans

• Much of human behavior can be modified 
by learning.

But learning not unique to humans!

• Culture: set of behaviors that are 
transmitted by learning across generations.

• Our behavior also under genetic influence.
Similar facial expressions (smile…) 
displayed in populations that had little 
or no contact.
Blind infants smile and frown.

Is culture unique to humans?

• No! Culture is found in other animals too!
New methods of food preparation in Japanese 
macaques.
Fear of humans in elephant populations exposed 
to hunting generations ago.
Use of tools to obtain food in chimpanzees and 
dolphins . Tool-using behaviors differ between 
populations – each has its own cultural 
repertoire.

• Characteristics of humans and other animals –
behavioral and otherwise – lie on a continuum.
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