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MAIN IDEA 11A

Internal and external stimuli usually interact to 
trigger specific behaviors.

Some behaviors can be triggered by a single stimulus, but most behaviors 
occur in response to a variety of internal and external stimuli. For example, 
an external signal, such as a change in day length, might cause an animal to 
secrete specific hormones. These hormones act as internal signals that cause 
other physiological changes. These changes, in turn, make the animal more 
likely to respond to another external stimulus, such as the mating display of 
an individual of the opposite sex. This kind of interaction can be seen in the 
reproductive behavior of green anoles.

 Green anoles are small lizards that live in the woodlands of the south-
eastern United States. During most of the year, female anoles ignore 

males. However, their behavior changes each spring, when males begin to 
aggressively guard territories and court females. Two external stimuli trigger 
the females’ change in behavior. First, females must be exposed to long days 
and short nights. Females must also see reproductively active males. 
 To court females, males that are ready to mate bob their bodies up and 
down while extending their dewlap. The dewlap, shown in FIGURE 1.3, is a flap 
of bright red skin under the lizard’s chin. Seeing the red dewlap during the 
spring makes females release sex hormones into their bloodstream. Sex 
hormones are an internal signal that make females reproductively receptive. 
 Experiments with female anoles have shown that their reproductive 
behavior depends on the presence of both external and internal signals. 
Females that do not have sex hormones do not respond to courtship. And 
hormones are not released unless females are exposed to both external stimuli.

Connect What might be internal and external stimuli that cause you to wake up 
in the morning? 11A

 MAIN IDEA 11A, 11B

Some behaviors occur in cycles.
Many environmental changes are predictable, especially those that occur on 
a daily, monthly, or yearly basis. Animals often use cues such as differences in 
day length to keep track of these changes, triggering adaptive changes in their 
behavior. For example, in order to be active during the day, your body requires 
a period of sleep every night. This daily pattern of activity and sleep is an 
example of a circadian rhythm. A circadian rhythm (suhr-KAY-dee-uhn) 
is the daily cycle of activity that occurs over a 24-hour period of time.
 These activity patterns are controlled by an internal mechanism called a 
biological clock. Evidence indicates that an organism’s biological clock is run 
by a combination of melatonin secretions by the pineal gland in the brain and 
proteins in the body that can detect changes in light.

FIGURE 1.3 The extended red 
dewlap of this male green anole 
announces to females that it is 
ready to mate. The dewlap is also 
used in territorial defense as a 
“keep out” signal to other males.

R E A D I N G  T O O L B OX

VOCABULARY
The term circadian comes from 
a combination of the Latin 
words circa, meaning “around,” 
and dies, meaning “day.”

HMDScience.com

GO ONLINE

Interpreting Bird Responses

likely to respond to another external stimulus, such as the mating display of 
an individual of the opposite sex. This kind of interaction can be seen in the 
reproductive behavior of green anoles.

 Green anoles are small lizards that live in the woodlands of the south-
eastern United States. During most of the year, female anoles ignore 

males. However, their behavior changes each spring, when males begin to 
aggressively guard territories and court females. Two external stimuli trigger 
the females’ change in behavior. First, females must be exposed to long days 
and short nights. Females must also see reproductively active males. 
 To court females, males that are ready to mate bob their bodies up and 
down while extending their dewlap. The dewlap, shown in
of bright red skin under the lizard’s chin. Seeing the red dewlap during the 
spring makes females release sex hormones into their bloodstream. Sex 
hormones are an internal signal that make females reproductively receptive. 

FIGURE 1.3 The extended red 
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SELF-CHECK Online
HMDScience.com

GO ONLINE

REVIEWING  MAIN IDEAS

1. Why are behavioral responses to 
stimuli considered to be adaptive?

2. What internal and external stimuli 
might signal to Alaskan caribou that it 
is time to migrate? 11A

3. What is the connection between a 
circadian rhythm and the 
biological clock? 11A

CRITICAL THINKING

4. Relate What is the relationship 
between an animal’s behavior and 
homeostasis? 11A

5. Analyze Why is it important for 
animals to respond to external 
factors? 11B

Formative Assessment
CONNECT TO

SEXUAL SELECTION
6. A peacock uses its colorful 

train of feathers to attract a 
mate. What factors might 
control how large a peacock’s 
train of feathers may grow 
to be?

Hibernation
Hibernation is a behavior in which an animal avoids cold 
winter temperatures by entering into a dormant state. 
During hibernation, an animal, such as the dormouse 
shown in FIGURE 1.4, has a lower body temperature, reduced 
heartbeat, and a slowed breathing rate. Hibernating animals 
prepare for the winter by eating large amounts of food and 
storing it as fat. This layer of fat not only provides a food 
source for the animal but also provides additional insula-
tion from the cold.
 External factors such as light intensity and temperature 
determine when an animal enters and leaves hibernation. 
Shorter days and cooler temperatures cause animals to 
enter hibernation in the fall. In the spring, increasing day 
length and warmer temperatures cause the secretion of 
hormones that awaken the animal out of its dormant state.

Migration
Many kinds of animals migrate, but you are probably most familiar with bird 
migration. If you’ve ever seen—or heard—a flock of geese flying southward 
during the fall, you’ve seen bird migration in action. Migratory Canada geese 
typically spend the spring and summer in Canada and the northern United 
States. They spend the winter in the southern United States and northern 
portions of Mexico. Like hibernation, migratory behavior allows animals to 
avoid harsh conditions in their home range for a part of the year.
 Migration is set in motion by a variety of internal and external stimuli. 
A change in day length during the spring and fall stimulates a change in 
the portion of the bird’s brain that controls hunger. This change causes 
birds to gain weight. An increase in fat storage is needed to fuel the bird’s 
long-distance migration.

Infer How might climate change affect animal migration patterns? 11B

FIGURE 1.4 During hibernation, 
the dormouse’s blood temperature 
drops from 36°C (97°F) to just 
above 0°C (32°F).
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Differentiated Instruction

TEaCh wITh TEChnOlOgy
Students can use various online resources to 
follow the migrations of several species, such 
as monarch butterflies, sandhill cranes, 
Canada geese, and right whales.

hanDs-On aCTIVITy
Ask students to monitor their own circadian 
rhythms for several days. Tell them to record 
the times they wake up and go to bed, and 
times when they are most energetic, least 
energetic, most hungry, and least hungry. 
Have students compile their observations  
to see if a particular pattern emerges. For 
example, is there a particular time of  
day when most people experience high  
energy levels?

ONLINE Biology
HMDScience.com

To determine how male song 
sparrows respond to other males, 
use the Virtual Lab for this chapter, 
available at hMDscience.com.

Take It Further
Cyclic behavior is often complex and 
may involve the coordination of 
circadian rhythms with annual cycles. 
White-crowned sparrows, for example, 
migrate annually to their breeding 
grounds in the northern United States 
and Canada from their wintering 
grounds in the southern United States 
and Mexico. This migratory pattern is 
determined by the birds’ sensitivity to 
day length.
The white-crowned sparrow’s internal 
clock responds to photosensitive 
receptors in the brain, not in the eyes. 
Scientists learned this when blindfolding 
the birds did not disturb their circadian 
rhythm. By altering the birds’ light and 
dark cycles, the scientists further 
discovered that the birds have a 
photosensitive period, during which the 
brain must receive light for hormones to 
be released and gonads to develop 
properly. 
In birds, the energy needed to carry the 
extra weight of reproductive structures 
year-round is too costly, so gonad 
development starts when day length 
starts to change. At the same time the 
gonads are developing, the birds 
become increasingly restless and gain as 
much as one-third of their body weight 
in fat. All of these events depend on the 
release of hormones, which is in turn 
mediated by the hypothalamus.

answers
A  Connect internal: biological clock, 
hunger; external: alarm clock, awakened 
by parent or sibling, sunlight

. Teach continued
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