

















~ (multiplied) by the coefficient of relatedness must exceed the
cost to the altruist. For our surfing brothers, rB= 05X 2 =1
and C = 0.1. This satisfies Hamilton’s rule; thus, natural selec-
tion would favor this altruistic act of one brother saving an-
other. Any particular gene in the altruist will, on average, be
passed on to more offspring if that brother risks the rescue
than if he does not. (And among those genes may be some that
actually contribute to the altruistic behavior, so these genes,
too, are propagated.) The natural selection that favors this
kind of altruistic behavior by enhancing reproductive success
of relatives is specifically called kin selection. =~

Kin selection weakens with hereditary distance. While sib-
lings have an r of 0.5, r = 0.25 (1/4) between an aunt and her
. niece, and r = 0.125 (1/8) between first cousins. Notice that as
the degree of relatedness decreases, the rB term in the Hamil-
ton inequality also decreases: Would natural selection favor our
strong-swimming surfer rescuing his cousin? For this altruistic
act, rB = 0.125 X 2 = 0.25, which, luckily for this drowning
cousin, is still much smaller than C = 0.1, the cost to the altru-
ist. Of course, the degree of risk the altruist takes comes into
play, too. If the potential rescuer is a poor swimmer, he may
have a 50% chance of drowning instead of the 5% chance for a
strong swimmer. In this case, the cost to the altruist would be
0.5 X 2 = 1. That’s greater than the rB of 0.25 we calculated for
. the drowning cousin, who better hope a lifeguard is near.

The British geneticist J. B. S. Haldane anticipated the con-
cepts of inclusive fitness and kin selection by jokingly saying
~ that he would lay down his life for two brothers or eight
cousins. In today’s terms, we would say that he would do this
because either two brothers or eight cousins would result in as
much representation of Haldane’s genes as would two of his
own offspring.

If kin selection explains altruism, then the examples of un-
~ selfish behavior we observe among diverse animal species
 should involve close relatives. This expectation is met, but of-
'~ ten in complex ways. Like most mammals, female Belding
ground squirrels (see FIGURE 51.28) settle close to their site of
birth, while males settle at distant sites. Thus, only females are
likely to live near close relatives, and nearly all alarm calls are
~ given by females (FIGURE 51.31). However, if all of a female’s
* close relatives are dead, she rarely gives alarm calls. In the case
- of worker bees, the individuals are sterile, and anything they
do to help the entire hive benefits the only permanent member
who is reproductively active—the queen, who is their mother.

In the case of naked mole rats, DNA analyses have shown
“that all the individuals in a colony are closely related. Geneti-
cally, the queen appears to be a sibling, daughter, or mother of
the kings, and the nonreproductive rats are the queen’s direct
descendants or her siblings (see FIGURE 51.29a). Hence, when a
Donreproductive individual enhances a queen’s or king’s
chances of reproducing, it increases the chances that some
.- 8enes identical to its own will be passed to the next generation.
The scenario for the common mole rat seems to be different

FIGURE 51.31 Kin selection and altruism in the Belding

ground squirrel. This graph helps explain the male-female difference
in altruistic behavior of ground squirrels. After they are weaned, males
disperse much farther from their birthplaces than do females. There-
fore, females are more likely to live near close relations, and alarm calls
that warn these relatives increase the inclusive fitness of the altruist.

(see FIGURE 51.29b). Some individuals may move from one
colony to another, making its colonial groups more genetically
diverse and decreasing the opportunities for kin selection.
Some researchers posit that only by living in cooperative
groups can mole rats obtain enough food to survive where re-
sources are in short supply. For both the common mole rat and
the naked mole rat, cooperative behavior enhances tunneling
and underground foraging for roots and tubers, factors that
may enable these two species to inhabit arid regions. Three
other species of mole rats, which are not colonial, are found
only where water and other resources are relatively plentiful.
Thus, resource limitation may underlie the evolution of colo-
nial life among these mammals and perhaps the evolution of
the kind of altruistic behavior seen in the naked mole rat.
Some animals occasionally behave altruistically toward oth-
ers who are not relatives. A baboon may help an unrelated com-
panion in a fight, or a wolf may offer food to another wolf even
though they share no kinship. Such behavior can be adaptive if
the aided individual returns the favor in the future. This sort of
exchange of aid is called reciprocal altruism and is commonly
invoked to explain altruism in humans. Reciprocal altruism is
rare in other animals; it is limited largely to species with social
groups stable enough that individuals have many chances to ex-
change aid. It is likely that all behavior that seems altruistic ac-
tually has at least the potential to increase fitness in some way.

Sociobiology connects evolutionary theory
to human culture

Recall that the main premise of sociobiology is that certain be-
havioral characteristics exist because they are expressions of
genes that have been perpetuated by natural selection. In the
last chapter of Sociobiology: The New Synthesis, E. O. Wilson
speculated about the evolutionary basis of certain kinds of
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social behavior, including culture, in humans. The debate
about the connection between biological evolution and hu-
man culture remains heated today. ‘

The spectrum of possible human social behaviors may be
circumscribed by our genetic potential, but this is very differ-
ent from saying that genes are rigid determinants of behavior.
This is at the core of the debate about sociobiology. Oppo-
nents fear that a sociobiological interpretation of human be-
havior can be used to justify the status quo in human society,
thus rationalizing current social injustices. Sociobiologists ar-
gue that this is a gross oversimplification and misunderstand-
ing of what the data tell us about human biology. Sociobiology
does not reduce us to robots stamped out of rigid genetic
molds. Individuals vary extensively in anatomical features,
and we should expect inherent variations in behavior as well.
Furthermore, though we are locked into our genotypes, our
nervous systems are not “hardwired.” Environment intervenes
in the pathway from genotype to phenotype for physical traits
and even more so for behavioral traits. And because of our ca-
pacity for learning and versatility, human behavior is probably
more plastic than that of any other animal. Over our recent
evolutionary history, we have built up a diversity of structured
societies with governments, laws, cultural values, and religions
that define what is acceptable behavior and what is not, even
when unacceptable behavior might enhance an individual’s
Darwinian fitness. Perhaps it is our social and cultural institu-
tions that make us truly unique and that provide the only fea-
ture in which there is no continuum between humans and
other animals (FIGURE 51.32).

In this chapter, we have examined the role of behavior in the re-
lationship between animals and their environment. We have
focused on the proximate mechanisms underlying behavior

FIGURE 51.32 Both genes and culture build human nature.
Teaching of the younger generation by the older is one of the basic
ways in which all cultures are transmitted. Sociobiologists see
mentoring as an innate tendency with adaptive value that has
evolved in the human species.

and on how particular behavior patterns contribute to an ani-
mal’s survival and reproductive success. In studying an animal’s
behavior, we are watching it perform on an ecological stage, a
setting where evolution by natural selection determines which
individuals contribute the greatest number of genes to a popu-
lation’s gene pool. In the next chapter, we take a closer look at
populations as ecological and evolutionary units.

Go to the Campbell Biology website (www.campbellbiology.com)
to explore an interactive version of the Chapter Review.
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INTRODUCTION TO BEHAVIOR AND

BEHAVIORAL ECOLOGY

®  What is behavior? (p. 1122) Behavior mainly consists of observable
muscle-powered movements.

& Behavior has both proximate and ultimate causes (p. 1122) Proxi-
mate mechanisms include the hormonal, nervous, and environmen-
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tal stimuli that elicit a particular behavior pattern during the life of
an animal. Ultimate causes are the reasons why the behavior pattern
evolved over evolutionary time.

# Behavior results from both genes and environmental factors
(p- 1122-1123, FIGURE 51.1) An individual’s behavior develops
under the influence of genes and environment.

® Innate behavior is developmentally fixed (pp. 1123-1124) Anin-
nate behavior is one that occurs in all individuals of a populatiom,
regardless of individual differences in experience. ’

B Classical ethology presaged an evolutionary approach to behavioral
biology (pp. 1124—1126, FIGURES 51.2—51.4) Early ethologists
focused on fixed action patterns (FAPs), essentially unchangeable
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series of acts usually carried to completion once triggered by an
external sensory stimulus (sign stimulus).

Behavioral ecology emphasizes evolutionary hypotheses (pp. 1126~
1128, F1GURES 51.5~51.7) Behavioral ecology is based on the theory
that animals behave in ways that increase their Darwinian fitness
{reproductive success).

Web/CD Case Study in the Process of Science: How Can Pillbug
Responses to Environments Be Tested?

LEARNING

Learning is experience-based modification of behavior (pp. 1128—
1129, F1GURE 51.8) Learning is modification of behavior resulting
from specific experiences, Some apparent learning is due mostly to
inherent maturation. Habituation is a simple kind of learning
involving loss of sensitivity to unimportant stimuli.

Imprinting is learning limited to a sensitive period (pp. 1129-1130,
FIGURE 51.9) Imprinting occurs in various animals and can mvolve
the identity of mating partners as well as of parents.

Bird song provides a model system for understanding the develop-
ment of behavior (pp. 1130—1132, FIGURE 51.10) Biologists have
described two forms of development of bird song: learning during a
sensitive period (as in the white-crowned sparrow); and open-ended
learning (as in the canary), in which the bird contmua]ly adds new
components to its song each year.

Many animals can learn to associate one stimulus with another

(p. 1132, F1GURE 51.11) Associative earning involves linking one
stimulus with another. In operant conditioning, or trial-and-error
learning, an animal learns to associate one of its own behaviors with
reward or punishment and modifies the behavior accordingly.

Practice and exercise may explain the ultimate bases of play

(pp- 1132-1133, FicURE 51.12) The benefits of play may include the
practice of survival behaviors, such as hunting, as well as fulfilling
the need for exercise.

ANIMAL COGNITION

The study of cognition connects nervous system function with be-
havior (pp. 1133-1134, mcure 51.13) Cognition is the ability of an
animal’s nervous system to perceive, store, process, and use informa-
tion gathered by sensory receptors.

Animals use various cognitive mechanisms during movement
through space (pp. 1134~ 1136, FIGURES 51.14—51.16) Many animals
find their way around in space by means of memorized landmarks. A
cognitive map, or internal representation of the spatial relationships
among objects in their surroundings, is a more powerful navigatory
mechanism. Some migrating birds and other animals navigate by cal-
ibrating several cues: Earth’s magnetic field, the sun, and the stars.
The study of consciousness poses a unique challenge for scientists
(pp. 1136—1137, IGURE 51.17) A debate centers on whether non-
human animals are conscious, thinking organisms.

SOCIAL BEHAVIOR AND SOCIOBIOLOGY

Sociobiology places social behavior in an evolutionary context
(p. 1137) Social behavior encompasses the spectrum of interactions
between two or more animals, usually of the same species.

Competitive social behaviors often represent contests for resources
{pp. 1137~1140, F1GUREs 51.18—51.22) Agonistic behavior involves a
contest in which one competitor gains an advantage in obtaining ac-
cess to a limited resource, such as food or a mate. Some animals

have dominance hierarchies, in which high-ranking individuals gain

preferential access to resources. Territoriality is a behavior in which

“an animal defends a specific, fixed portion of its home range against

intrusion by other animals of the same species.

Natural selection favors mating behavior that mazimizes the quan-
tity or quality of mating partners (pp. 1140—1142, FIGURES 51.23—
51.25) Courtship functions to identify that two individuals are of
the same species and are ready to breed. The full elaboration of
courtship is due to sexual selection, particularly female choice. Dur-
ing courtship, 2 male may display his genetic quality and (in species
with parental care) his readiness for parental care. The mating sys-
tem of a species consists of the way in which males and females
associate for breeding; mating systems may be promiscuous, -
monogamous, or polygamous, depending partly on the parental
investment made by males and females. :

Social interactions depend on diverse modes of communication
(pp- 1142~1144, FIGURES 51.26, 51.27) Anjmals communicate by
means of signals, in which the behavior of one individual leads to a
change in the behavior of another individual.

Web/CD Activity 51A: Honeybee Waggle Dance Video

The concept of inclusive fitness can account for most altruistic be-
havior (pp. 1144—1147, 11GURES 51.28~51,31) Altruism mainly takes
place between genetic relatives and can be explained in terms of
inclusive fitness, or kin selection: Genes enhance their proliferation
by directing organisms to care for others who share those genes.
Hamilton’s rule provides a quantitative tool for assessing whether
natural selection would favor a particular act of altruism.
Sociobiology connects evolutionary theory to human culture

(pp- 1147-1148, ¥IGURE 51.32) Sociobiology maintains that much
of human social behavior can be understood in evolutionary terms.

1. Bees can detect wavelengths of light that we cannot see and sense

minute amounts of chemicals we cannot smell. But unlike many
insects, bees cannot hear very well. Which of the following state-
ments best fits in the perspective of behavioral ecology?

2. Bees are too small to have functional ears.

b. Hearing must not contribute much to a bee’s fitness.

¢. If a bee could hear, its tiny brain would be swamped with infor-
mation.

d. This is an example of a proximate causation.
e

. If bees could hear, the noise of the hive would distract the bees
from their work.

. The nature-versus-nurture controversy centers on

a. the distinction between proximate and ultimate causes of
behavior.

b. the role of genes in Jearning,

c. whether animals have conscious feelings or thoughts.

d. the extent to which an animal’s behavior is innate or learned.
e. the importance of good parental care.

. According to the inequality known as Hamilton’s rule (+B > C),

a. natural selection could not favor altruism if the altrmst loses its
life.

b. natural selection would favor altruistic acts when the benefit to
the receiver, reduced by the coefficient of relatedness, exceeds
the cost to the altruist.

¢. natural selection is more likely to favor altruistic acts when the
beneficiary is an offspring than when it is a sibling.

d. kin selection is a stronger selection factor than the individual
reproductive success favored by natural selection.

e. Altruism must always be reciprocal.
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