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PUBLISHER'’S NOTE

Animals have always been a source of fascina-
tion for humans. We have sought to explain the or-
igin and evolution of life, to classify the planet’s
many organisms in a logical manner, and to study
the forms and behavior of creatures as diverse as
jellyfish and elephants. Magill’s Encyclopedia of Sci-
ence: Animal Life offers accessible, easy-to-under-
stand scientific information for high-school, un-
dergraduate, and general readers on a subject of
significant popular and academic interest. This il-
lustrated, four-volume encyclopedia refocuses and
expands on Magill’s Survey of Science: Life Science.
Animal Life revises and updates 108 articles from
that 1991 set and its 1998 Supplement and then
adds 277 new main entries, as well as more than
three hundred textual sidebars, fact boxes, and bi-
ographies. Photographs, tables, and maps com-
plement the text.

Animal Life concentrates on science in its dis-
cussion of nonhumans from the kingdom Ani-
malia: invertebrates, insects, arthropods, amphib-
ians, reptiles, fish, birds, and mammals. The 385
entries, ranging from 1,000 to 3,000 words each,
survey a wide range of topics: anatomy (Antennae,
Feathers, and Tails); behavior (Defense mechanisms,
Hibernation, and Nesting); classification (Bears,
Crustaceans, and Mammoths); ecology (Herbivores,
Poisonous animals, and Symbiosis); evolution (Fos-
sils, Mutations, and Natural selection); fields of
study (Biogeography, Paleontology, and Zoology);
geography and habitats (Fauna: Australia, Fauna:
Galdpagos Islands, Deserts, and Rain forests); physi-
ology (Cold-blooded animals, Reflexes, and Smell);
reproduction and development (Asexual reproduic-
tion, Life spans, and Metamorphosis); and scientific
methods (Breeding programs and Population analy-
sis). The emphasis of this encyclopedia is on ani-
mals in nature; the entries on domestic animals
also cover their wild kin (Chickens, turkeys, pheas-

ant, and quail; Pigs and hogs; and Dogs, wolves, and
coyotes), and while there are entries on Domestica-
tion and Zoos, pets and farm animals are not dis-
cussed as such. Early humans are addressed in an
evolutionary context, and modern humans are in-
cluded only for interspecies comparison or for
their efforts to coexist with other species.

All entries begin with ready-reference infor-
mation about type of animal science and fields of
study. Next is a list of principal terms, with brief
definitions. Numerous creative subheads guide
the reader through the main text of the entry. Ev-
ery essay ends with an annotated bibliography;
those reused from Magill’s Survey of Science have
been updated with recent sources. Species over-
views, at 1,000 or 2,000 words, discuss notable
anatomy and physiology, habitat, behavior (food
sources, social groups), and reproduction and in-
clude an “Animal Facts” sidebar listing classifica-
tion, geographical location, habitat, gestational
period, life span, and special anatomy. Numerous
biographical entries—on such prominent figures
in the study of the natural world as John James
Audubon, Charles Darwin, and Jane Goodall—
appear as 500-word sidebars within main entries,
as do some issue-oriented discussions such as
habitat destruction and poaching. In addition,
most longer entries provide one or more brief
sidebars highlighting interesting subjects relating
to the text.

A complete Alphabetical List of contents ap-
pears in the back of all four volumes, as does a
Category List using the following headings: am-
phibians, anatomy, arthropods, behavior, birds,
carnivores, cell biology, classification, ecology,
evolution, fields of study, fish, genetics, geogra-
phy, habitats, herbivores, human origins, insects,
invertebrates, mammals, marine biology, marsu-
pials, omnivores, physiology, population biology,
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prehistoric animals, primates, reproduction and
development, reptiles, and scientific methods.
Volume 4 offers many useful appendices. The
Glossary provides important terms with succinct
definitions. A table of Animal Terminology gives
the names applied to the males, females, young,
and groups of various animals. The Time Line is a
graphic depiction of the evolutionary tree across
geological periods. The Classification Table lists
all phyla, subphyla, superclasses, classes, sub-
classes, superorders, orders, infraclasses, subor-
ders, superfamilies, and families in the kingdom
Animalia. A Geographical List of Animals breaks
species down into various areas: All continents
(except Antarctica), all oceans, Africa, Antarctica,
the Arctic, Asia, the Atlantic Ocean, Australia,
the Caribbean, Central America, Europe, the
Galédpagos Islands, Madagascar, the Middle East,

vi

North America, the Pacific Islands, the Pacific
Ocean, and South America. The Biographical List
of Scientists consists of brief profiles of fifty-one
important figures in animal science, past and
present. A General Bibliography offers annotated
sources, and both the Journals and the Organiza-
tions appendices provide contact and general in-
formation. The encyclopedia concludes with a
comprehensive subject Index.

The contributors to this work are academicians
from a variety of disciplines in the life sciences. We
thank them for generously sharing their expertise;
their names and affiliations are listed in the front
matter to volume 1. Special acknowledgment is
extended to the Editor, Carl W. Hoagstrom, Ph.D.,
from Ohio Northern University, for his invaluable
guidance.
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AARDVARKS

Type of animal science: Classification
Fields of study: Anatomy, zoology

The aardvark is the only member of the order Tubulidentata and is found only on the continent of Africa.

Principal Terms

NOCTURNAL: active at night
TUBULE: filled with cavities of pulp

he aardvark differs from the anteater, sloth,

armadillo, and all other mammals. It is the
only member of the order Tubulidentata (tubule
toothed), so named because of a permanent set of
twenty teeth that have tubular pulp cavities ex-
tending through them from top to bottom. The
teeth are rootless. Dutch farmers who first en-
countered the animal in South Africa called it an
aardvark, which means “earth pig” in the Dutch
language. It is also sometimes called the African
ant bear. It looks like a giant, hump-backed rat
with the head of an anteater, the nose of a pig, and
the ears of arabbit. Itis unrelated, however, to any
other mammal.

Physical Characteristics of Aardvarks

The typical aardvark is about 7.5 feet long and
weighs between 110 and 150 pounds, though the
largest may weigh up to 180 pounds. It has a long,
ratlike tail and a foot-long, sticky tongue that usu-
ally hangs out of its mouth. The tongue is curled
like a coiled spring and is unleashed quickly as the
aardvark sucks in its meal of ants or termites. It is
perfectly suited for inserting into nests, and the
termites adhere to the sticky surface. Adult aard-
varks have one- to two-inch-long whitish hairs
growing from each nostril, and twenty teeth along
the sides of the mouth, that are always growing.
The nose hairs protect aardvarks from dust and
dirt while they are digging. Young aardvarks have

front teeth that fall out as the animals reach matu-
rity. Aardvark teeth are unique in the animal king-
dom, as they are rootless, lack dentine, and have
hollow tubes running through them.

Thick brown hair covers aardvarks’ pinkish-
gray skin. The hair serves to protect members of
the species from insect bites. They have short,
stocky legs and small feet with long, straight, very
strong, blunt claws. Their front feet have four toes,
while rear feet have five toes. The rear toes are
webbed at the bottom. An aardvark looks like no
other animal on earth.

The Life Cycle of Aardvarks

During most of the day, aardvarks live in burrows
in the ground. They live singly or in small groups.
They usually come out only at night, when they
begin searching for termites and ants, which are
the major part of their diets. They can rip open ant
and termite nests and quickly lap up the insects
with their sticky tongues. Aardvarks have tre-
mendous ability to dig burrows in the ground
very quickly. One aardvark can dig much faster
than several human beings armed with shovels.
Their powerful front claws can tear through hard
ground and mud-covered termite nests with very
little difficulty. They dig like dogs, pushing dirt
and mud backward under their bodies.

They have a very good sense of hearing but
very poor eyesight. When frightened, they usu-
ally run as quickly as possible for their burrows,
but as they run, they frequently crash into trees
and bushes. Sometimes they fight by using their
powerful tails to hit their attackers, or by standing
up on their back legs and slashing an opponent—
usually a lion or a leopard—with their claws.
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Aardvark Facts

Classification:

Kingdom: Animalia

Subkingdom: Eumetazoa

Phylum: Craniata

Subphylum: Vertebrate

Class: Mammalia

Subclass: Theria

Order: Tubulidentata (tubule-toothed)

Family: Orycteropodidae (ant bear)

Genus and species: Orycteropus afer

Geographical location: Africa, from Egypt to the
Cape of Good Hope

Habitat: Open woodland, scrub, brushland

Gestational period: Seven months

Life span: Eight to ten years

Special anatomy: Chisel-shaped claws to break
open hard clay of termite nests; a sticky
tongue; twenty teeth that grow continually
throughout its lifetime

Aardvark mothers usually give birth to only
one or two offspring a year, usually in May, June,
or July. They nurse their young in their burrows
and spend most of the day with them, curled up in
a tight circle. Aardvarks are able to dig their own
burrows by time they are six months of age.

Aardvarks were formerly classified with ant-
eaters, sloths, and armadillos in the order Eden-
tata, but thisisno longer the case. The order under
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which they are now classified, Tubulidentata, is at
least sixty million years old, though its origins are
unknown. Evidence of fossil remains indicates
that the aardvark ranged over Europe and Asia
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remarkably, only one species (afer), and it is ex-
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peoples believe that a bracelet of aardvark teeth
can protect an individual against evil forces.
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ADAPTATIONS AND THEIR MECHANISMS

Type of animal science: Ecology

Fields of study: Evolutionary science, genetics, invertebrate biology, zoology

Adaptations are structures, physiological mechanisms, or behaviors that are shaped by the environment and enable
organisms to cope with specific environmental conditions. Studying adaptations helps scientists understand how or-
ganisms live with environmental constraints and allows them to examine the mechanisms of evolution.

Principal Terms

COEVOLUTION: joint evolutionary change
caused by the close interaction of two or
more species; each species serves as the
natural selection agent for the other(s)

COMPETITION: striving for a limited resource

EVOLUTION: a process, guided by natural se-
lection, that changes a population’s ge-
netic composition and results in adapta-
tions

FITNESS: the ability of an organism to pro-
duce offspring that, in turn, can repro-
duce successfully; the fitness of organ-
isms increases as a result of natural
selection

NATURAL SELECTION: the elimination of in-
dividuals with hereditary characteristics
that hinder the organism’s ability to sur-
vive and reproduce, and the preserva-
tion of those with traits beneficial to sur-
vival

POPULATION: a group of individuals of the
same species in a particular location

SPECIES: a group of organisms that can suc-
cessfully interbreed to produce living,
successfully reproducing offspring

Many of the features that are most interesting
and beautiful in biology are adaptations.
Adaptations are the result of long evolutionary
processes in which succeeding generations of or-
ganisms become better able to live in their envi-

ronments. Specialized structures, physiological
processes, and behaviors are all adaptations when
they allow organisms to cope successfully with
the special features of their environments. Adap-
tations ensure that individuals in populations will
reproduce and leave well-adapted offspring, thus
ensuring the survival of the species.

Mutation and Natural Selection

Adaptations arise through mutations—inherit-
able changes in an organism’s genetic material.
These rare events are usually harmful, but occa-
sionally they give specific survival advantages to
the mutated organism and its offspring. When
certain individuals in a population possess ad-
vantageous mutations, they are better able to cope
with their specific environmental conditions and,
as aresult, will contribute more offspring to future
generations compared with those individuals in
the population that lack the mutation. Over time,
the number of individuals that have the advanta-
geous mutation will increase in the population at
the expense of those that do not have it. Individ-
uals with an advantageous mutation are said to
have a higher “fitness” than those without it, be-
cause they tend to have comparatively higher sur-
vival and reproductive rates. This is natural selec-
tion.

Over very long periods of time, evolution by
natural selection results in increasingly better ad-
aptations to environmental circumstances. Natu-
ral selection is the primary mechanism of evolu-
tionary change, and it is the force that either favors
or selects against mutations. Although natural se-
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lection acts on individuals, a population gradu-
ally changes as those with adaptations become
better represented in the total population. Preda-
ceous fish, for example, which rely on speed to pur-
sue and overtake prey, would benefit from specific
adaptations that would increase their swimming
speed. Therefore, mutations causing a more sleek
and hydrodynamically efficient form would be
beneficial to the fish predator. Such changes would
be adaptationsif they resulted in improved preda-
tion success, improved diet, and subsequently
greater reproductive success, compared with
slower members of the population. Natural selec-
tion would favor the mutations because they con-
fer specific survival advantages to those that carry
the mutations and impose limitations on those
lacking these advantages. Thus, those indi-
viduals with special adaptations for speed
would have a competitive advantage over
individuals that can only swim more slowly.
These attributes would be passed to their
more numerous offspring and, in evolution-

ary time, speed and hydrodynamic effi-
ciency would increase in the population.

Environment and Survival

Although natural selection serves as the in-
strument of change in shaping organisms to
very specific environmental features, highly
specific adaptations may ultimately be a dis-
advantage. Adaptations that are specialized
may not allow sufficient flexibility (general-
ization) for survival in changing environ-
mental conditions. The degree of adaptative
specialization is ultimately controlled by the
nature of the environment. Environments,
such as the tropics, that have predictable,
uniform climates and have had long, un-
interrupted periods of climatic stability are
biologically complex and have high species
diversity. Scientists generally believe that
this diversity results, in part, from complex
competition for resources and from intense
predator-prey interactions. Because of these
factors, many narrowly specialized adapta-
tions have evolved when environmental

stability and predictability prevail. By contrast,
harsh physical environments with unpredictable
or erratic climates seem to favor organisms with
general adaptations, or adaptations that allow
flexibility. Regardless of the environment type,
organisms with both general and specificadapta-
tions exist because both types of adaptation en-
hance survivorship under different environmen-
tal circumstances.

Structural adaptations are parts of organisms
that enhance their survival ability. Camouflage,
which enables organisms to hide from predators
or prey; specialized mouth parts that allow organ-
isms to feed on specific food sources; forms of ap-
pendages, such as legs, fins, or webbed toes, that
allow efficient movement; protective spines that
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make it difficult for the organism to be eaten—
these are all structural adaptations. These adapta-
tions enhance survival because they assist indi-
viduals in dealing with the rigors of the physical
environment, obtaining nourishment, competing
with others, hiding, or confusing predators.

Physiological Versus Behavioral Adaptation
Metabolism is the sum of all chemical reactions
taking place in an organism, whereas physiology
consists of the processes involved in an organism
carrying out its function. Physiological adapta-
tions are changes in the metabolism or physiology
of organisms, giving them specific advantages for
a given set of environmental circumstances. Be-
cause organisms must cope with the rigors of their
physical environments, physiological adapta-
tions for temperature regulation, water conserva-
tion, varying metabolic rate, and dormancy or
hibernation allow organisms to adjust to the phys-
ical environment or respond to changing environ-
mental conditions.

Desert environments, for example, pose a spe-
cial set of problems for organisms. Hot, dry envi-
ronments require physiological mechanisms that
enable organisms to conserve water and resist
prolonged periods of high temperature. Highly
efficient kidneys and other excretory organs that
assist organisms in retaining water are physiolog-
ical adaptations related to the metabolisms of
desert organisms. The kangaroo rat is a desert ro-
dent extremely well adapted to its habitat. Kanga-
roo rats do not drink, but rather can obtain all of
their water from the seeds they eat. They produce
highly concentrated urine and feces with very low
water content.

Adaptation to a specific temperature range is
also an important physiological adaptation. Or-
ganisms cannot live in environments with tem-
peratures beyond their range of thermal toler-
ance, but some organisms are adapted to warmer
and others to colder environments. Metabolic
response to temperature is quite variable among
animals, but most animals are either homeo-
thermic (warm-blooded) or poikilothermic (cold-
blooded). Homeotherms maintain constant body
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temperatures at specific temperature ranges. Al-
though a homeotherm’s metabolic heat produc-
tion is constant when the organism is at rest and
when environmental temperature is constant,
strenuous exercise produces excess heat that must
be dissipated into the environment, or overheat-
ing and death will result. Physiological adapta-
tions that enable homeotherms to rid their bodies
of heat are the ability to increase blood flow to the
skin’s surface, sweating, and panting, all of which
promote heat loss to the atmosphere.

Behavioral adaptations allow organisms to re-
spond appropriately to various environmental
stimuli. Actions taken in response to various stim-
uli are adaptive if they enhance survival. Migra-
tions are behavioral adaptations because they en-
sure adequate food supplies or the avoidance of
adverse environmental conditions. Courtship rit-
uals that help in species recognition prior to mat-
ing, reflex and startle reactions allowing for quick
retreats from danger, and social behavior that fos-
ters specialization and cooperation for group sur-
vival are behavioral adaptations.

Because organisms must also respond and
adapt to an environment filled with other organ-
isms—including potential predators and compet-
itors—adaptations that minimize the negative ef-
fects of biological interactions are favored by
natural selection. Many times the interaction be-
tween species is so close that each species strongly
influences the others in the interaction and serves
as the selective force causing change. Under these
circumstances, species evolve together in a pro-
cess called coevolution. The adaptations resulting
from coevolution have a common survival value
to all the species involved in the interaction. The
coevolution of flowers and their pollinators is a
classic example of these tight associations and
their resulting adaptations.

Adaptation in Theory and Practice

Charles Darwin and Alfred Russel Wallace, the
mid-nineteenth century biologists who formu-
lated the theory of evolution by natural selection,
found much of the evidence for their theory in the
adaptations they observed in nature. They rea-
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soned that organisms with similar body forms
and structures were closely related evolutionarily
and had common ancestors which are now ex-
tinct. The modern study of relatedness among
species and the evolutionary history of organisms
is called systematics, and this discipline aids in
understanding evolution and adaptations.

The methods used to study adaptations are
largely the same as those used to examine the the-
ory of evolution. Evolution, however, is a slow
process, and, as a result, it is extremely difficult to
test the theory. Instead, evidence must be collected
from the past, and closely related organisms must
be examined carefully to reconstruct how adapta-
tions may have come into being. Scientists can
then speculate on how adaptations occurred and
how they helped organisms to survive.

Fossils, because they are a historical record of
evolutionary change, are used by scientists to re-
construct evolutionary histories. Similar struc-
tures in different living organisms with essen-
tially the same function are used by comparative
anatomists to show how adaptations for a specific
mode of life arose. The fins of some ancient fish
and the limbs of mammals, for example, have
strikingly similar bones that have a common ori-
gin, but the appendages have been modified for
locomotion in very different environments. Ad-
aptations are also studied in relation to biogeog-
raphy, the geographical distribution of organisms.
On the Galapagos Islands, fourteen species of
finches now known as Darwin’s finches are dis-
tributed geographically on the basis of their adap-
tations. Although the species that gave rise to
these fourteen species is extinct, the existing spe-
cies and their distributions suggest how evolution
proceeded and how the adaptations came about.

A classic example of recent evolutionary
change and adaptation comes from England. The
peppered moth, with a mottled gray color, is well
adapted to resting quietly on pale tree bark, with
which it blends nicely. This adaptive coloration
(camouflage) enhanced the moth’s survival be-
cause the moths could remain largely undetected
by predators during daylight hours. Between
1850 and 1950, however, industrialization near ur-

ban centers blackened tree trunks with soot, mak-
ing the gray form disadvantageous, as it stood out
on the contrasting background. During this pe-
riod, the gray moths began to disappear from in-
dustrial areas, but a black-colored variant, previ-
ously rare, became increasingly common in the
population. These circumstances made it possible
for scientists to test whether the peppered moth’s
camouflage was adaptive.

In a simple experiment, moths were raised in
the laboratory, and equal numbers of gray and
black moths were released in both industrial and
unpolluted rural areas. Sometime later, only half
of the gray-colored moths could be recovered from
the industrial sites, while only half of the black
forms could be recovered from the rural sites,
compared with the total number released. These
results enabled the scientists to conclude that in-
creased predation on the gray moths in industrial
areas led to a greater fitness of the black moths, so
the frequency of black moths increased in the pop-
ulation. The reverse was true at the rural sites.
This is the first well-documented case of natural
selection causing evolutionary change, and it il-
lustrates the adaptive significance of camouflage.

The various ways of examining adaptations
(by evolutionary history, comparative anatomy,
and biogeography) demonstrate how adaptations
are structurally and functionally important. These
approaches also give scientists insight into the
survival benefits of various adaptations.

The Function of Adaptation

Adaptations can be general or highly specific.
General adaptations define broad groups of or-
ganisms whose general lifestyle is similar. For ex-
ample, mammals are homeothermic, provide care
for their young, and have many other adaptations
in common. At the species level, however, adapta-
tions are more specific and give narrow definition
to those organisms that are more closely related to
one another. Slight variations in a single charac-
teristic, such as bill size in the seed-eating Gala-
pagos finches, are adaptive in that they enhance
the survival of several closely related species. An
understanding of how adaptations function to



make species distinct also furthers the knowledge
of how species are related to one another.

Why so many species exist is one of the most in-
triguing questions of biology. The study of adap-
tations offers biologists an explanation. Because
there are many ways to cope with the environ-
ment, and because natural selection has guided
the course of evolutionary change for billions of
years, the vast variety of species existing on the
earth today is simply an extremely complicated
variation on the theme of survival.

—Robert W. Paul
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ADAPTIVE RADIATION

Type of animal science: Evolution
Fields of study: Ecology, genetics, invertebrate biology, zoology

Adaptive radiation is a process by which new species can emerge from a common ancestor. If members of one popula-
tion travel (or radiate) to new environments and are sufficiently isolated from other populations of their species, they
may gradually adapt to their new environments and evolve into new species.

Principal Terms

ALLELE: an alternative form of a gene that is
located at the same position on a chro-
mosome

FOSSIL: any recognizable remains of an or-
ganism preserved in the earth’s crust; it
may be a footprint, bones, or even feces

GENE: the biological unit of heredity, which
is composed of DNA and is located on a
chromosome

GENOTYPE: the total genetic composition of
an organism

HABITAT: the place where an organism nor-
mally lives or where individuals of a
population live

NATURAL SELECTION: the process of evolu-
tion whereby organisms that are the best
adapted are the most successful in repro-
ducing and therefore in passing along
their genotypes to successive genera-
tions

NICHE: the role of an organism in an ecologi-
cal community—its unique way of life
and its relationship to other biotic and
abiotic factors

PHENOTYPE: the visible expression of the ge-
netic makeup of an individual

SPECIES: a taxonomic subdivision of a ge-
nus, containing populations of similar
organisms that interbreed and that usu-
ally donotinterbreed with other species

In 1898, Henry E. Osborn developed the concept
of adaptive radiation. According to Osborn,
many different forms of evolutionary adaptations
may occur among animals that started with a
common ancestor. In this way evolutionary diver-
gences can take place, and the occupation of a va-
riety of ecological niches is made possible accord-
ing to the adaptive nature of the invading species.
As may be seen with certain forms of animal life,
however, the ability to adapt is not shared by all
species. Therefore, in many instances, either evo-
lutionary divergence has been modest or the spe-
cies involved has become extinct.

The Principles of Natural Selection

In order to understand how adaptive radiation
operates, it is necessary to become familiar with
the principles of natural selection. The concept of
natural selection, frequently expressed as “sur-
vival of the fittest,” is at the core of Charles Dar-
win’s theory of evolution. Darwin did not mean to
suggest that there was a physical struggle among
organisms in order to survive. Instead, he meant
that organisms compete for food, space, shelter,
water, and other things necessary for existence.
Only those organisms best adapted for a particu-
lar habitat will survive. According to the concept
of natural selection, all organisms of a given spe-
cies will show variation in color, size, physiology,
and many other characteristics; in nature, all or-
ganisms produce more offspring than can sur-
vive, so the offspring must therefore compete for
the limited environmental resources. Organisms
that are the best adapted (most fit) to compete will



live to reproduce and pass their successful traits
on to their offspring. The others, which are less fit,
will die without reproducing. When different
parts of an animal population are faced with
slightly different environments, they will diverge
from one another and in time will become differ-
ent enough to form new species. Natural selection
also has the effect of producing different patterns
of evolution. It may bring about widely different
phenotypes (variable characteristics) in closely re-
lated animals, for example, or similar phenotypes
in distantly related organisms. The organisms
themselves may also become forces of selection
through their interrelationships with other spe-
cies.

The process of adaptive radiation illustrates
how natural selection operates. The most fre-
quently cited example is the evolution of Dar-
win’s finches on the Galapagos Islands, off the
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west coast of South America. The islands were
formed from volcanic lava about one million
years ago. At first they were devoid of life, but bit
by bit, several species of plants and animals mi-
grated to them from the South American main-
land. Since the nearest island is about 950 kilome-
ters from the coast of Ecuador, it is anybody’s
guess how the different species arrived. It has
been suggested that the birds may have been car-
ried to the islands by strong winds, since finches
are not known for their lengthy flights. Other or-
ganisms may have been carried by floating debris.
In any event, the islands became populated. The
mainland ancestor of the finches is not known, but
it was no doubt a nonspecialized finch (a finch is
about the size of a sparrow). Since there were no
other birds with which to compete on the islands,
the original population of finches began to adapt
to the various unoccupied niches. The early off-

The evolution of white, arctic-dwelling, almost completely carnivorous polar bears from the largely vegetarian, for-
est-dwelling brown bear is a classic example of adaptive radiation. (PhotoDisc)
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shoots of the original population were modified
again and again as adaptations continued. This
process resulted in the evolution of fourteen spe-
cies of finches. The main feature that makes each
species different is the size of their beaks, which
have adapted for the various types of available
foods. Today the finches live on fifteen different is-
lands. Some of the species are found in the same
area (sympatric), while others occur in different
areas (allopatric). The most noteworthy example
of an adaptation to a particular niche is the wood-
pecker finch. A true woodpecker has an extremely
long tongue that it uses to probe for insects. Since
the woodpecker finch does not have a long
tongue, it has learned to use a cactus spine for in-
sect probing, and it can therefore occupy a niche
normally filled by true woodpeckers.

Amore recent example of adaptive radiation in
its early stages has taken place in an original pop-
ulation of brown bears. The brown bear can be
found throughout the Northern Hemisphere,
ranging from the deciduous forests up into the
tundra. During one of the glacier periods, a small
population of the brown bear was separated from
the main group; according to fossil evidence, this
small population, under selection pressure from
the Arctic environment, evolved into the polar
bear. Although brown bears are classified as carni-
vores, their diets are mostly vegetarian, with occa-
sional fish and small animals eaten as supple-
ments. On the other hand, the polar bear is mostly
carnivorous. Besides its white coat, the polar bear
is different from the brown bear in many ways, in-
cluding its streamlined head and shoulders and
the stiff bristles that cover the soles of its feet,
which provide traction and insulation, enabling it
to walk on ice.

Evolution

All the genes of any population of living organ-
isms at any given time make up its gene pool, and
the ratio of alternative characteristics (alleles) in
the gene pool can change because of selection
pressures during the passage of time. As the ratio
of alleles changes, evolution occurs. Evolution
may be a random change, or it may occur because

of the directive influences of natural selection. In
the former case, occasional and unpredictable
permanent random changes called mutations
take place in the DN A molecules that compose the
genes. These mutations also may be selected for
by the environment or selected against by the en-
vironment. It is simply an accident if the newly
mutated genes help the organism to become better
adapted to its particular habitat niche. Genes may
not change or become mutated through several
generations (the Hardy-Weinberg law), but may
change in terms of survival value if the environ-
ment changes or the species population is sub-
jected to new mutations or natural selection. The
relative numbers of one form of allele decrease in
a divergent population, while the relative num-
bers of a different gene increase. This progressive
change is all-important in the evolutionary pro-
cess that takes place between the origin of a new
gene by random mutation and the replacement of
the original form of the gene by descendants hav-
ing the newer, better-adapted form of the gene.
The result in the long term is that enough of the
DNA changes, either slowly or rapidly, through
divergent populations or organisms, that the new
generations have become so different from the
original population that they are considered new
species. Many times in earth’s history, a single pa-
rental population has given rise not to one or two
new species but to an entire family of species. The
rapid multiplication of related species, each with
its unique specializations that fit it for a particular
ecological niche, is called adaptive radiation, or
divergent evolution.

Studying Adaptive Radiation

Not all scientific information is gained by experi-
mentation: A considerable portion of science is de-
scriptive and is based upon observation. In deter-
mining that adaptive radiation has occurred and
isindeed taking place among living species, much
supporting evidence has come from the study of
fossils and from observations of the structural,
physiological, and behavioral adaptations of cur-
rent animals. Clearly, wide-scale experimentation
would be out of the question. No matter how well



an experiment may be designed to test the concept
of adaptive radiation, the scientist could not be
around thousands or millions of years from now
to gather the data. Therefore, scientific observa-
tion of animal remains is the best method.

Based upon scientific observations, it has been
well established that the phenomenon known as
adaptive radiation is a general feature of the evo-
lution of most organisms. Studies of the morpho-
logical features of fossilized remains help deter-
mine relationships among prehistoric animals
and enable the scientist to trace adaptive radia-
tions from a more primitive ancestral stock. In or-
der to establish time intervals, techniques such as
radioactive carbon dating, potassium-argon dat-
ing, and fluorine dating have been used.

Zoologists have also made use of the uneven
distribution of blood groups (A, B, AB, and O)
among different groups of animals. As more blood
subgroups were discovered, they became useful
in helping chart migrations and indicating rela-
tionships between species.

The Evidence and Its Implications

Adaptive radiation as an important aspect of evo-
lution means that modern organisms have attained
their diversity in form and behavior through he-
reditary modifications after having been sepa-
rated from ancestral populations. Adaptive ra-
diation, therefore, is attributable to the genetic
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changes in isolated groups of organisms or, more
specifically, to a change in the relative frequency
of their genes from one generation to the next that
eventually results in the formation of new species.
Evidence in several areas supports the concept
of adaptive radiation as an important aspect of
evolution: the fossil record (the most direct evi-
dence), biogeographic distribution of organisms,
comparative anatomy and embryology, homolo-
gous and analogous structures, vestigial organs,
and comparative biochemistry. Regarding com-
parative biochemistry, scientists agree that blood
group similarities confirm evolutionary relation-
ships among the nonhuman primates. It has been
shown that the blood of higher primates, such as
orangutans and chimpanzees, is closer to human
blood than to that of the more primitive monkeys.
—jJon P. Shoemaker
See also: Adaptations and their mechanisms;
Convergent and divergent evolution; Develop-
ment: Evolutionary perspective; Ecological
niches; Ecosystems; Evolution: Animal life; Evo-
lution: Historical perspective; Extinction; Extinc-
tions and evolutionary explosions; Gene flow;
Genetics; Hardy-Weinberg law of genetic equilib-
rium; Mutations; Natural selection; Nonrandom
mating, genetic drift, and mutation; Population
genetics; Punctuated equilibrium and continuous
evolution.
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AGING

Types of animal science: Development, physiology
Fields of study: Anatomy, cell biology, developmental biology, genetics, neurobiology, pathology,

physiology

Aging is the process of progressive and irreversible change common to all living organisms. There are striking simi-
larities in the physical process of aging among all animal species.

Principal Terms

AGING: a process common to all living or-
ganisms, eventually resulting in death or
conclusion of the life cycle

COGNITION: ability to perceive or understand

DEATH: the cessation of all body and brain
functions

FUNCTION: ability, capacity, performance

LIFE SPAN: length of life from birth to death

LONGEVITY: length of life

Progressive and irreversible change has been
called the single common property of all aging
systems. When change is reversible or self-main-
taining, such as one would see in a forest, for ex-
ample, the effects of aging are often not observ-
able. Growth of the forest is evident, but with the
right conditions, trees within the forest may grow
for hundreds of years in the absence of disease.
Certain conditions of the forest system help to re-
generate, renew, and reverse changes that happen
within that system.

However, in animals some change is not re-
versible. The changes in the cells of the body accu-
mulate over time and result in a steady down-
ward trend. The end point of this trend is the
death of the organism. Aging is a normal part of
the life cycle. This is known to be true because ag-
ing changes within populations are rather pre-
dictable. The changes associated with aging that
are seen in all animal species may occur for similar
reasons. These may include chemical aging,
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extracellular aging, intracellular aging, and aging
of cells.

Aging occurs within body systems as a re-
sult of unseen changes at the molecular and cel-
lular levels. Although the mechanisms through
which aging occurs may be understood, the causes
are less clear. The fact remains that due to changes
in chemical balances such as those of hormones,
and to the dying of cells within the body, each
of the bodily systems shows deterioration over
time.

Changes that occur in domestic animals over
the life span can be similar to those that occur in
humans. Dogs experience the graying of their
hair, a decrease in vision, and a slowing of move-
ment with age. They also experience cataract for-
mation, arthritis, skin problems, cancer, and dia-
betes. Certain breeds of animals may demonstrate
a tendency toward specific illnesses or diseases.
For example, German shepherds often develop
hip problems, and collies commonly develop pro-
gressive arthritis that may seriously inhibit mobil-
ity by around ten years of age.

Common Effects of Aging

There are many variations in the effects of aging
among the species of animals. The life span of ani-
mals may range from a few days (among insects)
to thirty years or more, with great variation de-
pending upon many factors. Animals that live in
captivity, as pets or in zoos where they are shel-
tered from the effects of predation, disease, and
adverse climate, also tend to live significantly lon-
ger than animals in the wild.
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Graying hair is a sign of aging in most mammals. The pattern of
graying varies with species; in dogs, it usually begins around the

muzzle. (Corbis)

Very little research has been done on the aging
of most animal species. The reasons for this in-
clude the difficulty of observing animals over a
long period of time in their natural habitat. Aging
in monkeys has been studied more than that in
other animals because of the notion that aging pat-
terns may closely reflect those of humans.

Aging monkeys show changes in their circula-
tory systems similar to those found in humans:
There is notable atherosclerosis and arteriosclero-
sis, or hardening of the arteries. The heart pumps
less effectively, and vessels show buildup of
plaque. These changes often result in cardiac
problems, including heart attacks. The respiratory
system also shows a decrease in elasticity. Senile
emphysema has been noted. The kidneys show
signs of atrophy and sclerosis in aged monkeys.
The kidneys of humans may lose up to half of the
functioning nephrons with advanced age and
thus become less effective in filtering waste prod-
ucts from the body.

Physical function or capacity tends
to decline with age. This is largely due
to the atrophy of muscles, which is
more common as the body gets older.
The joints tend to become stiffer and
less mobile. Range of motion may be
restricted. Changes in bone density
may lead to loss of teeth, osteoporosis,
and subsequent fractures. Tooth loss
and osteoporosis have been docu-
mented in monkeys over the age of
twenty years. Pictures of such older
monkeys reveal a stooped posture,
with shoulders hunched forward,
similar to the kyphosis observed in
many older human women.

Physical function among animals
has been less studied than that in hu-
mans, but certain physiological char-
acteristics are similar. For example,
survival times after severe physical
injury with blood loss and trauma de-
creases in both humans and animals
as age increases. Male monkeys do
not lose reproductive capabilities un-
til toward the end of the life span, while females
have a more restricted period of time to bear off-
spring. Fertility among all females tends to de-
cline with age after its peak.

The immune system functions less effectively
as age increases. This leaves the body more sus-
ceptible to a range of illnesses and diseases. Neo-
plasms, or tumors, are most common among
mammals as they age. An impaired immune sys-
tem allows various types of tumors or cancers to
spread more rapidly in the older body. Response
to stress and ability to adapt to stressors also de-
cline with age. For example, older mice become
less able to adapt to cold temperatures.

Social roles and behaviors among animals may
also change with age. Longitudinal studies on ani-
mals in the wild are scarce, so only generalities
may be speculated upon. Even studies done
within controlled laboratory settings yield only
broad suggestions, since numbers of animals
available for study are limited. Males generally



tend to dominate the females in both physical
strength and social ranks. Some nonhuman pri-
mates show different characteristics with ad-
vanced age. That is, some monkeys and baboons
allow older males to remain part of the social
group, while other species support the male
leader in the group only as long as the female
harem supports him, whether younger or older.
Individual monkeys in stable groups have been
observed to resort less frequently to aggressive
behavior to maintain their status within the

group.

Causes of Death

Among nonhuman primates, the leading cause of
spontaneous death is digestive problems. Older
animals that die do not always show advanced
signs of tissue aging. Since much less research has
been done on aging among animals than among
humans, data about causes of death are rare.
However, it appears that there is an increased
probability of dying from trivial illnesses, perhaps
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due to decreased resistance factors, as animals
age.

Predator-prey relationships among animals
are particularly significant as causes of death.
Thus, the effect of the environment on animal ag-
ing and death requires more investigation. Do ani-
mals age more quickly if they are objects of prey?
Do animals relate to stress in ways similar to those
of people, thus showing signs of wear and tear
that are seen with premature aging under stress?
Are there risk factors among animals that affect
their life span? These are some of the questions
that remain to be answered on the topic of aging
among animals.

—Kristen L. Mauk
See also: Birth; Competition; Death and dying;
Demographics; Diseases; Growth; Life spans;
Natural selection; Physiology; Population analy-
sis; Population fluctuations; Population genetics;
Population growth; Predation; Wildlife manage-
ment; Z0oos.
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ALLOSAURUS

Type of animal science: Classification

Fields of study: Evolutionary science, paleontology, physiology

Allosaurus is the archetypal allosaurid, and was the dominant carnosaur of the Late Jurassic. Allosaurus is best
known from the remains of at least sixty specimens collected at the Cleveland-Lloyd dinosaur quarry in Utah.

Principal Terms

CARNOSAURS: the largest meat-eating ani-
mals to have lived on land

MEsozoic ERA: the middle era of the Phan-
erozoic eon, 250 million to 65 million
years ago

SAUROPODA: large, quadrupedal herbivo-
rous dinosaurs that lived from the Early
Jurassic to the end of the Cretaceous

THEROPODA: “beast foot”; dinosaurs that
lived from the Late Triassic to the termi-
nal Cretaceous extinction event; most
predatory and carnivorous dinosaurs
belong to this group

Carnosaur theropods are divided into two
principal families, the Allosauridae and
Tyrannosauridae. The allosaurids include all
carnosaurs of the Early Jurassic to Early Creta-
ceous age that have been studied thoroughly
enough to be assigned a family lineage. All ma-
ture allosaurids were five meters or more in
length, had large skulls, short, powerful necks,
very short forelimbs, massive hind limbs, and
long tails. Allosaurus is the best-known carnosaur
genus and the archetypal allosaurid.

Remains of Allosaurus (“different reptile”)
were first recovered in Grand County, Colorado,
in 1869, but a full skeleton was not discovered un-
til 1883, in the Garden Park Quarry, Fremont
County, Colorado. Since these initial discoveries,
numerous allosaur remains have been recovered
in North America, most notably from the Morri-
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son Formation in the western United States. The
most spectacular discovery occurred in Utah in
1927 at the Cleveland-Lloyd Quarry, where some
ten thousand bones, representing at least sixty in-
dividual allosaurs, were identified. The quarry
has provided examples of individual allosaurs
ranging in size from twelve-meter-long adults to
three-meter-long juveniles. It is speculated that
the quarry may have been a predator trap, similar
to the Pleistocene-age Rancho La Brea Tar Pits
in Los Angeles, California. One unfortunate fea-
ture of the Cleveland-Lloyd Quarry’s collection of
bones is that no articulated skeleton has been re-
covered there. The stratigraphic range and large
numbers of allosaur fossils recovered in North
America suggest that packs of allosaurs pursued
prey animals all across the Jurassic topography,
and that allosaurs were the dominant predator for
nearly twenty-five million years.

A unique feature of Allosaurus was its lightly
constructed skull, which had distinctive sham-
rimmed ridges above and along the nasals and a
tall, triangular hornlet in front of and above the
eye orbits. The skull in an adult was about ninety
centimeters long, relatively long in comparison
to both its body size and to the skulls of other
carnosaurs. Allosaur skulls have loose joints be-
tween some of the lower skull bones and also
between several bones of the lower jaw. These
flexible jaw joints probably allowed for expansion
of the gullet so that large chunks of food could be
swallowed. Above the jaws, the skull was lightly
constructed, with several large, lateral spaces in
front of and behind the eye. These spaces may
have helped to lighten the skull, making it easier
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for Allosaurus to move its head. Allosaur eyes
were twice as large as those of any other carno-
saur, suggesting the animal hunted in both dim
light and bright sunshine. Allosaurs had back and
front serrated, recurved teeth, positioned far for-
ward in the jaws and in front of the eye sockets,
that could be used for stabbing, killing, and dis-
membering prey. Like tyrannosaurs, allosaurs
had an enlarged transverse crest at the back of the
skull, atop the braincase, supporting powerful
cervical muscles. These muscles allowed the head
to be held almost above the shoulders rather than
extended forward. Allosaur forelimbs were large
and powerfully muscled, having three large,
sharply pointed, curving claws, the inner being
the largest. These claw-tipped arms were proba-
bly used for mating, slashing, holding prey, and
dismembering carcasses. Allosaur hind limbs
were massive, with five-toed feet, of which only
three toes supported weight. The allosaur body
was rather squat and was balanced over the hip
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structure by a massive, muscular tail. Allosaurs
were well-adapted predators, but their physiol-
ogy suggests to many paleontologists that, indi-
vidually, they may not have had the power or
speed to overtake and kill large Late Jurassic
sauropods. It has been suggested that allosaurs
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ALTRUISM

Type of animal science: Behavior

Fields of study: Evolutionary science, genetics, zoology

Altruistic behavior involves an individual’s sacrifice of self in order to help others. In some animals, altruism appears

to be genetically determined.

Principal Terms

ALTRUISM: sacrifice of self to aid another;
subjugation of the needs of the individ-
ual to the needs of another or to the
needs of the group

EGOISM: self-interest

HYMENOPTERA: an order of highly special-
ized insects (including bees, ants, flies,
and wasps) that often associate in large
colonies and have a complex social orga-
nization

KIN SELECTION: a phenomenon by which
acts of altruism can help pass on genes
for altruism by improving the survival of
kin and their offspring

RECIPROCAL SACRIFICE: one explanation for
acts of altruism among unrelated ani-
mals; an individual sacrifice is made un-
der the assumption that a similar sacri-
fice may in turn aid the individual in the
future

SELECTION: a process that prevents some in-
dividuals from surviving and propagat-
ing while allowing others to do so

TRAIT: a genetically inherited characteristic

hose who study behavior have observed that

on occasion individuals act altruistically. In
other words, they appear voluntarily to put the
needs of their group or of another individual
ahead of their own needs. According to some sci-
entists, there have been examples in nature where
a particular species might not have survived had
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there not been sacrifice by some on behalf of the
many. One important question is whether this so-
called altruism has been a matter of voluntary
choice or whether it has occurred as a part of the
selection process, making it, therefore, an invol-
untary response.

Group Dynamics

Of interest to a wide group, including psycholo-
gists, sociologists, philosophers, and political sci-
entists, are the questions of whether altruism is
desirable behavior—perhaps even to the exclu-
sion of egoism—and whether altruism may be
necessary for human survival. Some wonder
whether such behavior is necessary, whether it
can be learned, and whether humans will volun-
tarily choose to learn it. Biologists and geneticists
have been left the problem of determining, if pos-
sible, whether the tendency for altruism is inher-
ited, that is, instinctual, or learned. Unfortunately
for scientists, the study of human beings in social
groups in the wild is virtually impossible. How-
ever, the study of animal behavior, primarily in
native habitats, has provided some insight, al-
though it must be recognized that different spe-
cies have solved problems of survival in different
ways.

Animals of the same species are bound to con-
sort, if only for mating purposes. Most species are,
in fact, found to live in groups, not only for pur-
poses of reproduction but also because sources of
food attract individuals to the same places and be-
cause congregation provides better protection
from predators. It is common in nature for groups
to form because their individuals have the same
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physical needs, and such groups may stay to-
gether as long as the needs of those individuals
can be met. This does not necessarily mean that
there exists in the group any loyalty or even any
recognition of individuals as members of the
group. In more highly developed societies, how-
ever, groups such as families or tribes develop. In
animal life, two or more adults and their offspring
often form close bonds and tend to exclude those
who are not related. Each recognizes the others as
being members, and membership is restricted to
those who are among the founders or who are
born into the smaller group and who conform in
recognizable ways to the norms of the group. Hi-
erarchy or rank is recognized, and often there is a
division of labor within the group.

It has been demonstrated that those species
which spend a large amount of time providing for
their young tend to have developed higher social
orders. Humans, for example, must care for their
young much longer, before these young are able
to become independent, than must many of the
lower forms of animal life. Humans are aware of a
bond that almost always exists between parent
and child and of the spirit of mutual supportand a
cooperation that may exist even in the extended
family. Cooperative behavior within such a famil-
ial group may be considered to benefit all mem-
bers. Because such behavior is not consistent,
however—there are times when such bonds do
not exist and when families are not cooperative—
such behavior cannot necessarily be attributed to
predisposition. Some have argued that in primi-
tive animal societies, so-called altruism may have
evolved of necessity in order to achieve reproduc-
tive success, but that in human society there may
be no evolutionary explanation for the phenome-
non. Indeed, it could be argued that pure altruism,
for humans, might be self-defeating and therefore
unlikely to have developed as an inherited trait.

Kin Selection and Reciprocal Sacrifice

Evidence has been gathered in the study of
Hymenoptera, which provide food for their
young, that certain members of the population
forage for the group while others lay eggs and re-

main at the nest to guard them. Where such be-
havior has evolved, through the necessity of feed-
ing and protecting those who will propagate their
kind, the foragers may be labeled altruistic: They
have sacrificed their own reproductive possibilities
for survival of the group. Some have questioned
whether this phenomenon can truly be labeled al-
truism, however, because the donor appears to
haveno choice (conscious purpose is very difficult
to assess in animals). Moreover, some researchers
wonder how the traits that favor altruistic behav-
ior can survive and become dominant in a group if
those having the traits deemed desirable are not
allowed to reproduce. With the use of mathemati-
cal models, it has been demonstrated that such
traits can be preserved only within the family
unit. Among close relatives, the traits appear with
enough strength that they will be reproduced in a
greater concentration, thereby compensating for
the loss suffered by the sacrifice of the donors.
This phenomenon has been referred to as kin selec-
tion, because it occurs in groups that have strong
recognition of membership—to the extent that
there exists aggressive defense against intruders,
even of the same species. Discrimination against
outsiders is an important facet of altruism of this
type. The willingness of an individual to provide
for others at the expense of its own interests di-
minishes as the degree of relatedness decreases.
Most parental behavior would not be labeled
altruistic, since it is in the interests of the parent to
care for the offspring in order to ensure the sur-
vival of the parent’s genes. Of perhaps more in-
terest than what happens among closely related
members of a group and even between parent and
offspring is the question of what motivates sacri-
fice on the part of an individual when no close re-
lationship with the recipient exists—for example,
a male animal coming to the rescue of an unre-
lated male animal who is being attacked by a third
male of the same species. One theory maintains
that these acts of personal sacrifice are performed
on the chance that reciprocal sacrifice may occur
at some future time. Whether this type of altruism
can occur through natural selection, which acts
through individuals, is an interesting question.



Models have shown thatin a population where in-
dividuals are likely to encounter and recognize
one another on a frequent basis, it is possible that
reciprocal exchanges can take place. Individual A
might be the donor on the first encounter, individ-
ual B on the second. This theory requires that the
two must have a high probability of subsequent
encounters and that the tendency for altruism
must already have been established through kin
selection. Because animals are usually suspicious
of strangers on first encounter, it is necessary to
speculate that in its beginning, altruism was a
selected-for trait in very small groups where
strangers were not only nonhostile but also likely
tobe relatives and likely to be met again. This type
of behavior, in which individuals act in a manner
not to their own advantage and not in order that
their own genes or the genes of relatives will sur-
vive, is done, in theory, with some expectation of
imagined reciprocal gain. How this type of behav-
ior has come about, however, is a matter requiring
further study.

Another question concerns how much culture
is an influence on the development of a hereditary
tendency toward altruism. Some have suggested
that after generations and generations of cultural
emphasis on the need for altruism, it might come
to have a genetic basis. There is little hard evidence
that this would occur. On the other hand, humans
have had a very rapid cultural evolution, and it is
possible that they may have had strong genetic
propensities for altruism, which have been cultur-
ally overlaid. Some argue thatbiology and culture
evolve simultaneously—that the culture is formed
as a result of the imposition of genetic factors
while, at the same time, genetic traits are evolving
in response to cultural change. In order to under-
stand the source of altruism in humankind, one
must study such behavior in the context of many
factors in human development—biological as well
as social, cultural, economic, and ecologic.

Studying Altruistic Behavior

Those investigating the sources of altruism usu-
ally begin with a thorough understanding of
whatever organism is the subject of the study.
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When the insect or animal cannot be studied in the
wild, the ethologist tries to simulate the important
features of the natural habitatin a captive environ-
ment, at least in the beginning. Models are de-
vised, based on observable data; formulas are em-
ployed; and projections are made which provide a
basis for speculative argument when absolutes
cannot be assured.

By observing, it is possible to determine
whether various bits of evidence of altruism exist
within a population. Altruism may be manifested
in as simple a way as the sharing of food when
there is a scarcity. In some populations, one might
observe a division of labor in which some forfeit
their reproductive possibilities in order to care for
the offspring of others. This phenomenon intro-
duces the question of how altruism can survive in
a population in which the genetic traits favoring
the behavior are most evident in the individuals
that do not reproduce themselves. It has been
shown that the tendency for altruism can be per-
petuated only within the family unit, where the
same genetic tendency exists to some degree in
members that engage in reproductive activity;
this can be demonstrated by a mathematical for-
mula.

Each individual bears the inheritance coeffi-
cient or relatedness coefficient r. Offspring share
with each parent an average of half of the genetic
traits of each (r = J%). Offspring share with each
grandparent one-fourth of the genetic traits of
each of the older generation (r = 4); the same coef-
ficient exists with cousins. Were the altruists not to
reproduce, it would be required, in order for the
trait to be passed on, that the reproductive
chances of their siblings more than double or that
the reproductive chances of their cousins more
than quadruple. For the sacrifice to be of value, the
genetic relationship must be close, according to
the demonstration. The case hasbeen made thatin
societies having evolved according to this princi-
ple, there is a diminishing willingness to put the
interests of others ahead of one’s own as the de-
gree of kinship decreases.

In societies where males are produced from un-
fertilized eggs and females from fertilized ones,
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female offspring of a mated pair have a high relat-
edness coefficient (r = %). The altruists among the
female siblings will benefit more, regarding their
genetic potential, by caring for their sisters than
for their own offspring, and it can again be ob-
served that sacrifice is more likely to be made on
behalf of the member that is more closely related.

The Value of Altruism

If altruism exists in nature, and if it has come
about through natural selection, then one can ar-
gue that it must be a behavior with value. When
applying the human connotation to the term al-
truism, however, one must consider the role of
choice in the manifestation of the behavior. Hu-
mans claim to admire acts of unselfishness that are
seemingly done with no expectation of reward.
The admiration would diminish or become non-
existent, however, if there were to be proof that the
act was performed because of some primitive bio-
logical predisposition rather than because of a de-
cision on the part of the donor. Therefore, it is nec-
essary to make the distinction, when discussing
the importance of altruism, as to whether one is
referring to the acts of human beings that are per-
formed in the face of emergency or tragedy, where
a sacrifice is made as a matter of choice, or whether
the intent is to consider altruism as it occurs in
other creatures and seems to be involuntary.
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In the case of nonhuman forms, altruism as an
act of voluntary sacrifice is infrequent—if indeed
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tion is when and under what circumstances certain
types of human behavior should be acceptable or
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cide what type of behavior is appropriate.
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AMERICAN PRONGHORNS

Types of animal science: Anatomy;, classification, reproduction

Fields of study: Anatomy, zoology

Pronghorns live in grasslands of plains and deserts. Almost driven to extinction, protection and good wildlife man-
agement have allowed these herbivores to become more numerous.

Principal Terms

BUCK: a male pronghorn

DOE: a female pronghorn

FAWN: a newborn pronghorn

GESTATION: pregnancy or its length

HERBIVORE: an animal that eats only vegeta-
tion

KERATIN: a tough protein plentiful in
hooves and outer coverings of horns

RUMINANT: a herbivore that chews and
swallows food, which enters its stomach,
is partly digested, is regurgitated and
chewed again, and reenters the stomach
for more digestion

he pronghorn, or American antelope, can
sprint sixty miles per hour and run at forty
miles per hour. Pronghorns are fast almost from
birth. For example, two-day-old pronghorns can
outrun humans. Pronghorns are the only living
members of the artiodactyl sub-family Antilo-
capridae, related to antelope. They are not true
antelope and reportedly are almost unchanged
from ancestors of two million years ago.
Pronghorns inhabit open grasslands in plains
and semideserts and depend on keen eyesight to
detect enemies (wolves and coyotes) and on speed
to escape them. When pronghorns are afraid, their
white rump hairs rise and are visible for miles. An
endangered pronghorn also emits warning odors
from rump scent glands. This gives other prong-
horns time to seek safety.
Pronghorns are ruminant herbivores. In the
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summer they eat herbs, sagebrush, and grasses.
During winter, pronghorns dig under the snow
for hidden grass and woody plant twigs. When
water is scarce, they get needed moisture by eat-
ing cacti. Pronghorns are sociable creatures, and
their groupings reflect living conditions. In sum-
mer, males form single-sex groups, and females
live with offspring. In winter, pronghorns form
large herds containing both genders

Physical Characteristics of Pronghorns
Pronghorns are graceful, tan to reddish-brown
animals, with solid, chunky bodies, strong but
slender legs, and short tails. Their bellies, rump
patches, and throat bars are very white. Male
pronghorns (bucks) grow to body lengths of 4.5
feet, shoulder heights of 3.5 feet, and weights of
155 pounds. Bucks have back-curving horns with
prongs, which is the source of the species name.
The horns are up to 1.5 feet long and made of a
bone core over which a black horny covering
grows. The covering is shed and renewed every
year, and horn core is retained. Females have
much smaller horns and also shed the coverings.
Pronghorns are the only known animals that shed
horn covers.

Pronghorns are artiodactyl herbivores (others
include cattle, pigs, goats, deer, and antelope),
which walk on two toes. Their ancestors had five
toes, but evolution removed the first toe, and the
second and fifth toes are vestigial. The support
toes—the third and fourth toes—each end in a
hoof. Many artiodactyls are ruminants that chew
and swallow vegetation, which enters the stom-
ach for partial digestion, is regurgitated, chewed



again, and reenters the stomach for more diges-
tion.

Bovids, including pronghorns, have true horns
(called horns henceforth). They are permanent,
hard, pointy skull outgrowths that usually occur
only on heads of males. Horns of females, where
present, are smaller. All have bone cores, and atop
the core is a tough skin layer rich in keratin, a du-
rable covering for underlying bone. In prong-
horns, horn coverings are shed and regrown every
year, allowing horns to enlarge.

The Life Cycle of Pronghorns

In the spring, pronghorn herds separate accord-
ing to age and gender. Does live in small herds and
bucks live in breeding territories that they mark
with scent from glands under their ears. Each
buck tries to attract mates and scare away rivals
by bellows or charges. Sometimes very violent
battles arise over territories.

In August and September, does begin to pass
through individual male territories. Some stop
and mate with a buck; others move to the next
breeding territory. Gestation lasts eight months
and usually produces twin offspring (fawns).
Fawns weigh 7 to 8.5 pounds at birth. They de-
velop quickly and are weaned in five months.
Pronghorns live about ten years in the wild and
up to fourteen years in captivity

When North America was settled by Europe-
ans, over fifty million pronghorns lived on the
continent. In the early twentieth century, it was es-
timated that their population was only twenty
thousand to twenty-five thousand, due largely to
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American Pronghorn Facts

Classification:

Kingdom: Animalia

Subkingdom: Bilateria

Phylum: Chordata

Subphylum: Vertebrata

Class: Mammalia

Order: Artiodactyla

Family: Antilocapridae

Subfamily: Antilocaprinae

Genus and species: Antilocapra americana

Geographical location: Throughout North
America

Habitat: Open grasslands in plains and semi-
deserts

Gestational period: Eight months

Life span: Ten years in the wild, up to fourteen
years in captivity

Special anatomy: Back-curving, pronged bone
horns over which a black horny covering
grows; the covering is shed and renewed ev-
ery year, and the core is retained

indiscriminate hunting. At that time pronghorns
were protected by severely limiting their hunting.
This control and careful wildlife management
have raised the pronghorn population to 500,000.
Wyoming, Montana, and New Mexico permit lim-
ited hunting of pronghorns.

—Sanford S. Singer
See also: Antelope; Cattle, buffalo, and bison;
Fauna: North America; Grasslands and prairies;
Herbivores; Horns and antlers; Ruminants.
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Despite their deerlike appearance, pronghorns are more closely related to antelopes, which have permanent horns,
than to deer, which shed their antlers yearly. (PhotoDisc)

Turbak, Gary. Pronghorn: Portrait of the American Antelope. Flagstaff, Ariz.: Northland,
1995. This well-illustrated text provides useful information on the habits and natural
history of pronghorns.

Yoacum, James D., and Donald E. Spalenger, eds. American Pronghorn Antelope: Articles
Published in the Journal of Wildlife Management. Washington D.C.: Wildlife Society,
1979. This compilation provides information on pronghorns, especially wildlife
management issues.



AMPHIBIANS

Type of animal science: Classification

Fields of study: Anatomy, evolutionary science, physiology, systematics (taxonomy), zoology

Amphibians are cold-blooded animals with backbones. From an evolutionary standpoint, they link aquatic fish with
terrestrial reptiles. Living forms include frogs and toads, salamanders, and caecilians.

Principal Terms

ADAPTIVE RADIATION: rapid speciation that
occurs as the result of a particular group
being able to exploit a new resource

CONVERGENCE: a state that occurs when two
forms that are not closely related evolve
structures that appear similar

DISJUNCT: pertaining to the geographic dis-
tribution pattern in which two closely re-
lated groups are widely separated by ar-
eas that are devoid of either group

METAMORPHOSIS: the complex develop-
mental process of morphological change
in which larval amphibians are trans-
formed into adults

NEOTENY: the retention of larval features by
adults; this process has played a major
role in the evolution of the amphibians

PHYLOGENY: the determination of the evolu-
tionary history of a particular group of
organisms

he term “amphibian” is derived from the

Greek word amphibios, which means “to live
two lives.” The majority of amphibians do this by
spending the first part of their lives as aquatic,
gill-breathing larvae and then transforming into
terrestrial adults. The larval stage can be as short
as a few weeks or as long as several years. Com-
pletion of the larval stage is triggered by hor-
monal events that initiate some dramatic develop-
mental processes that are collectively termed
metamorphosis.
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As adults, most amphibians seek out aquatic
environments in which to deposit their eggs.
These can range from fast-flowing mountain
streams to ephemeral roadside ditches. Most male
frogs have species-specific mating calls that serve
both to attract females and to prevent interbreed-
ing. Frogs have external fertilization, in which the
male typically grasps the female and encourages
her to deposit her eggs, which he promptly fertil-
izes. Normally, both parents abandon the eggs,
but some variations of this pattern exist. In con-
trast, most salamanders have internal fertiliza-
tion, accomplished after the male has performed a
stereotypical species-specific courtship “dance,”
which culminates with the deposition of a packet
of sperm cells that is called a spermatophore. The
female squats on the spermatophore, transferring
the spermatozoa to a specialized holding struc-
ture called a spermatheca. The spermatozoa can
be used to fertilize her eggs up to several months
after mating.

Evolution of Amphibians

Amphibians were the first vertebrates to possess
adaptations that allowed them to spend consider-
able periods of time out of the water. The earliest
fossil amphibians, Ichthyostegalia, appear in the
geologic record during the Devonian period, about
320 million years ago. Among experts, there is a
general consensus that the ancestor of the amphibi-
ansis to be found in the primitive, lobe-finned fish
(class Osteichthyes, subclass Sarcopterygii). This
conclusion is based on a detailed analysis of the
comparative anatomy of hard body parts that fos-
silized, such as the vertebrae, shoulder girdles,
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teeth, and skulls. Characteristics that the first am-
phibians shared with their fish ancestors included
internal nasal openings (nares); a strange, hinged
skull; and a distinctive tooth structure, in which
the enamel was folded into intricate patterns.

The environmental conditions that led to the
abandonment of the aquatic habitats in favor of a
more terrestrial existence remain a major topic of
discussion. One scenario envisions the early am-
phibian ancestors in an environment that was
gradually becoming more and more arid. To sur-
vive, it would have been advantageous to be able
to crawl on land for short distances to escape dry-
ing pools in favor of more permanent bodies of
water. Those that could migrate would have sur-
vived in higher numbers than those that lacked
this adaptation. A second scenario suggests that
heavy predation pressures from the jawed, car-
nivorous fish that are known to have been abun-
dant in the shallow freshwater lakes of the time
may have selected for individuals that could leave
the water, even if only briefly. A third scenario de-
picts competition for food as strong in the aquatic
environments and much weaker on land, where
several groups of invertebrates were known to be
abundant.

Taxonomy of Fossil Amphibians

The taxonomy of fossil amphibians is confusing
because of a series of problems. First, as a whole,
the group has been conservative in the range of
morphological variations that its members pos-
sess. Striking differences of taxonomic value
(which would have to fossilize) are not numerous.
Second, many of the skeletal elements that are im-
portant in determining the relationships of living
amphibians are composed of cartilage rather than
bone, and this material does not fossilize well. Be-
cause of this limitation, bony elements such as
the vertebrae and skull have played a major role in
determining amphibian phylogeny. The molec-
ular techniques—electrophoresis, immunology,
karyotyping, and deoxyribonucleic acid (DNA)
sequencing—that have greatly assisted modern
taxonomists cannot be used on fossilized mate-
rials.

The class Amphibia is further divided into or-
ders. The number of orders recognized by various
authorities ranges from eight to thirteen. All but
three of these are extinct. One extinct order is the
order Ichthyostegalia, which included the earliest
recorded fossil amphibians. Most were small,
with elongate bodies and weakly developed
limbs. Many were almost assuredly aquatic, but at
least some were capable of spending extended pe-
riods of time out of the water. By the time they ap-
pear in the fossil record (in the Devonian period),
they were already diverse, with several different
genera and species present. Another extinct group
is the order Temnospondyli, which was abundant
during the late Permian period and persisted until
the end of the Triassic period. Most in this order
were of moderate size (0.5 to 1.0 meter in body
length), with low, stout profiles and flattened
skulls. Some were highly aquatic and had short,
weak appendages. One group, the Trematosaurs,
was marine, and they are apparently the only am-
phibians to have been successful at invading the
oceans.

The order Anthracosauria appeared in the fos-
sil record during the Carboniferous period and
was extinct by the end of the Permian. Common
names of members of this group include the
seymouriamorphs and the embolomeres. This or-
der contained a mixture of terrestrial and aquatic
amphibians. From an evolutionary standpoint,
this order is important because from it the ances-
tors of the reptiles arose. Members of the order
Aistopoda were eel-like, aquatic amphibians that
had elongate, limbless bodies. Members of this
group are characterized by a large number of ver-
tebrae (more than one hundred) that were clearly
divisible into cervical, trunk, and caudal regions.

The order Nectridea consisted of fully aquatic,
salamander-like amphibians that persisted dur-
ing the Carboniferous period. Appendages were
weak or absent, and most fossils indicate body
forms that were flattened dorsiventrally. They
probably persisted by slowly crawling about the
bottoms of ponds and lakes, where they preyed
upon unwitting animals that crossed their paths.
Amphibians of the order Microsauria were a di-



verse group of elongate, weak-limbed amphibi-
ans. Fossils of this group are fairly abundant from
habitats that were swamplike during the Carbon-
iferous period. The remarkable similarity in the
appearance of some microsaurs with some of the
earliest reptiles is considered by most authorities
to be the result of convergence of body form rather
than a depiction of a true evolutionary relation-
ship. The order Proanura consists of a single frog-
like fossil that dates from the Triassic period on
the island of Madagascar. The skull is distinctly
froglike, but a tail was present, and the hind limbs
had not been modified for jumping.

The taxonomy of the living members of the
class Amphibia is still under considerable debate.
A central question revolves around whether all
currently living amphibians were derived from a
single common ancestor (are of monophyletic ori-
gin) or whether they could have arisen indepen-
dently from two or more separate stocks of fish
(polyphyletic origin). Based on the presence of
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unique features, such as pedicellate teeth, a dis-
tinctive part of the inner ear, and specialized eye
receptors, most experts have concluded that all
living amphibians are monophyletic and can be
grouped in the superorder Lissamphibia. As rec-
ognized, living amphibians are placed in the or-
ders Caudata, Anura, and Gymnophiona.

Salamanders

Salamanders are grouped in the order Caudata.
They are distributed over temperate parts of Eu-
rope, Asia, and North and South America. There
are approximately three hundred species rec-
ognized, which are placed into eight separate
families. Eastern North America has the greatest
overall diversity, with fully seven of the eight de-
scribed families represented there. One family
(Plethodontidae) invaded South America and un-
derwent a period of such tremendous speciation
that approximately 60 percent of the living species
of salamanders are members of this family.

Amphibians, such as this bullfrog, must keep their skins moist in order to take in oxygen and expel carbon dioxide.
(PhotoDisc)
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Almost everyone is quick to recognize a frog,
simply by its appearance, but the same cannot be
said for salamanders. The families Proteidae,
Cryptobranchidae, Sirenidae, and Amphiumidae
are entirely aquatic. The family Cryptobranchidae
is disjunctly distributed and occurs today only in
eastern Asia and eastern North America; it con-
tains the largest living salamanders (Andrias),
which attain lengths of 1.5 meters. Members of the
family Proteidae are today isolated in Europe and
eastern North America. They are commonly
called “water dogs” and are frequently dissected
in comparative anatomy classes. Members of the
families Sirenidae and Amphiumidae are re-
stricted to the southeastern United States, where
they are called sirens and amphiumas, respec-
tively. Sirens have external gills and two front
legs, while amphiumas have minute front and
back legs and lack external gills.

The family Ambystomatidae is entirely North
American in its distribution. Most species are
highly secretive and are only encountered under
objects or intercepted as they migrate during
spring rains to breeding ponds.

The family Hynobildae is exclusively Asian in
its present distribution. Reproduction in this fam-
ily is considered to be primitive, in that females
lay eggs that are enclosed in a loose sac and are
subsequently fertilized externally by the male.

The family Salamandridae is widely distrib-
uted in Europe, North Africa, Asia, and North
America; the greatest diversity of salamandrids is
found in the Eastern Hemisphere. Many species
have developed highly toxic skin secretions to
protect themselves from predators (human fatali-
ties have been recorded from eating only one sala-
mander). Many species advertise their toxicity by
being very brightly and distinctly colored (this is
known as aposematic coloration), and members
of other, less-toxic families have also converged
on these color patterns for protection from preda-
tors, a process called mimicry.

Members of the family Plethodontidae all share
the unique feature of being lungless—respiration
is accomplished by diffusion across their moist
skins. Many species have abandoned laying eggs

in water in favor of damp, terrestrial nests. Fe-
males guard the eggs until they hatch as minia-
tures of the adult, having completed their abbrevi-
ated metamorphosis while still in the egg.

The order Gymnophiona, on the other hand,
consists of a highly specialized group of worm-
like amphibians that are limbless. They inhabit
tropical regions of North and South America,
Asia, and Africa. Most are terrestrial burrowers
and are rarely observed. Some primitive forms
have dermal scales embedded in their skin. All
caecilians possess a unique sensory organ called
a tentacle. Fertilization is internal, and male cae-
cilians possess a copulatory organ that is de-
rived from the cloaca. The life history of most
forms is incomplete, but in at least some, fe-
males retain eggs in the oviduct and give birth to
fully developed young. Fossil caecilians are un-
known.

Frogs

Finally, the order Anura is composed of tailless
amphibians called frogs. Their hind legs are typi-
cally modified for jumping, their presacral verte-
brae are usually eight in number, and their
postsacral vertebrae are fused to form a coccyx.
Frogs occur on all continents except Antarctica
but reach their greatest diversity in the tropics of
South America, Africa, and Asia. They have suc-
cessfully invaded deserts, rivers, cold mountain
streams, and arboreal vegetation. Several families
have undergone tremendous adaptive radiation
in the tropics, so that today almost 80 percent of
the living amphibians are anurans.

Families that are widely distributed include
the Bufonidae (toads), Hylidae (tree frogs), Micro-
hylidae, and Ranidae (true frogs). These families
are almost worldwide in their geographic distribu-
tions except for Australia (which lacks Bufonidae,
Ranidae, and Microhylidae) and Africa (which
lacks Hylidae). Toads often have dry, warty skins
containing numerous glands that produce nox-
ious, protective secretions. Tree frogs have ex-
panded disks on the tips of their toes that have
allowed them to occupy arboreal habitats unavail-
able to many other families.



The families Leptodactylidae, Brachycephal-
idae, Rhinodermatidae, Pseudidae, Centrolenidae,
and Dendrobatidae reach their greatest abundance
in Central and South America. The leptodactylids
are a diverse assemblage that consists of nearly
seven hundred species. Many of these lay eggs in
specially constructed foam nests; other species
have taken this a step further and deposit their
eggs in damp, terrestrial situations, thereby
avoiding aquatic predators almost completely.
The dendrobatids are often small, brightly colored
frogs that have been given the common name of
poison arrow frogs because of their extremely
toxic skin secretions. These secretions have been
used by some Indian tribes to poison the tips of
hunting arrows. Members of the family Pseudidae
are unique in producing very large tadpoles that
metamorphose into rather small frogs. The
rhinodermatids consist of only two species, but
one is unique in that the larvae donot feed and are
carried in the mouth of the adult until they com-
plete metamorphosis.

The Discoglossidae are European and Pelo-
dytidae are Asian in their distribution patterns.
The midwife toad (Alytes obstetricians) has an un-
usual reproductive mode, in that after fertilizing
the eggs, the male cements them on his back and
carries them to and from the water until they are
ready to hatch.

The Rhacophoridae are a moderate-sized fam-
ily (about 180 species), distributed over southern
Africa and southeast Asia. Most members have
expanded terminal digits, and some even have ex-
tensive webbing between their toes, which allows
them to glide between arboreal perches. Diverse
reproductive tactics also occur in this family. Sev-
eral species use water-filled tree holes in which to
deposit their eggs.

The family Myobatrachidae consists of a di-
verse group of about ninety-nine species that oc-
cur in Australia and New Zealand. One species
(Rheobatrachus silus) is unique in its reproductive
mode, which includes brooding eggs in the stom-
ach of the female.

The family Leiopelmatidae is a small group of
frogs that are disjunctly distributed in western

Amphibians e 31

North America and New Zealand. The tailed frog
(Ascaphus truei) is the only frog to possess an
intromittent organ that is used to transfer sperm
to the female for internal fertilization. This organ
has apparently evolved in response to the swift,
cold streams in which the frog lives.

Bases of Characterization

As a group, amphibians are easier to characterize
by the morphological features that they lack than
by the unique characteristics that they possess.
Missing are the scales that cover fish and reptiles
(although these are not closely related structures),
as are the hair and feathers associated with mam-
mals and birds. Amphibians’ skin is relatively
thin, and it contains numerous glands. Large
amounts of water can be lost or gained via the epi-
dermis. In many forms, the skin serves as a major
organ for respiration. Amphibians are ectother-
mic, which means that they do not have internal
physiological mechanisms for maintaining a con-
stant body temperature. The circulatory system is
closed, and the heart is composed of three cham-
bers (two atria and one ventricle).

The taxonomic relationships of salamanders
are based primarily on the arrangement of bones
of the skull, which of these bones possess teeth,
and the shape of the centrum of the vertebrae. Liv-
ing forms are further compared by the manner of
reproduction. In general, salamanders have been
relatively conservative, and characters such as the
number of chromosomes have not proved espe-
cially useful in determining phylogenetic rela-
tionships. However, modern molecular tech-
niques, such as electrophoresis, immunology, and
the use of restriction enzymes, are adding to the
understanding of selected groups. With these
techniques, it has been possible to show that sev-
eral forms (sibling species) that were indistin-
guishable based on morphological data are in fact
genetically isolated from one another and are re-
ally distinct species.

The taxonomic relationships of frogs are also
centered on differences in bony anatomy. Skull
morphology, the shape of the vertebral centrum
and its manner of development, and the arrange-
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ment of the bones that make up the pectoral girdle
are important diagnostic characters. In living
forms, molecular techniques are also shedding
new light on relationships. The number of chro-
mosomes is more variable and has more value as a
diagnostic tool in frogs than it does in salaman-
ders. The morphology of the larvae also is an im-
portant taxonomic tool.

The Importance of Amphibians

There are about three thousand recognized spe-
cies of living amphibians. Yet, this number repre-
sents only a small fraction of the number of spe-
cies that have been present on the earth over the
past 350 million years. In many habitats, however,
they still represent a major portion of the biomass,
and, because ecologists often relate a group’s
“worth” to its biomass, amphibians can be consid-
ered major members of many terrestrial commu-
nities, often serving as keystone species for their
ecological niches. Amphibians often exhibit traits
such as low mobility, fidelity to breeding sites, and
species-specific behaviors that are sought by ecol-
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ogists and animal behaviorists for their studies.
As a whole, salamanders and frogs represent
some of the most thoroughly studied vertebrates.

Areas to which amphibians have contributed a
significant portion of current knowledge include
the evolution of mating systems, sexual selection,
reproductive isolation mechanisms, niche parti-
tioning, and community structure. Embryologists
have long used amphibians to gain a basic under-
standing of complex development processes.

One area of extreme interest is the apparent de-
cline of many populations of frogs and salaman-
ders over large geographic areas, which is notably
the case in western North America. The reasons
for this decline are not yet known, but loss of
breeding sites through habitat modification, acid
rain, and competition from exotic species have all
contributed to their demise.

—Robert E. Herrington
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ANATOMY

Types of animal science: Anatomy, physiology

Fields of study: Anatomy, anthropology, developmental biology, embryology, entomology;,
evolutionary science, herpetology, human origins, invertebrate biology, marine biology,
neurobiology, ornithology, paleontology, physiology, systematics (taxonomy), zoology

Anatomy is the branch of natural science that focuses on the structural organization of living organisms. Physiology,
which is closely related to anatomy, is the study of function, activities, and processes of living organisms. It is con-
cerned with such basic activities as reproduction, growth, metabolism, excitation, and contraction as they are carried
out within structures such as the cells, tissues, organs, and organ systems of the body.

Principal Terms

COMPARATIVE ANATOMY: the study of rela-
tionships between the anatomies of dif-
ferent species

DEVELOPMENTAL ANATOMY: the study of the
anatomical changes an animal undergoes
in the process of growth

One common approach to the study of anat-
omy is from the viewpoint of a classification
system that is based on the type of organisms
studied, generally plant anatomy and animal
anatomy. Animal anatomy can be further subdi-
vided into human anatomy and comparative
anatomy. Other anatomy subdivisions are devel-
opmental, pathological, and surgical anatomy
and anatomical art. An example of developmental
is the study of embryos, and an example of patho-
logical is the study of diseased organs. Examples
of applied anatomy are surgical anatomy and ana-
tomical art. Anatomy encompasses the following
systems: musculoskeletal, nervous, circulatory,
immune, respiratory, digestive and excretory,
endocrine, reproductive, and integumentary.
These systems differ widely among animals, but
most animals need to fulfill the functions of these
anatomical structures in one way or another. For
simplicity’s sake, anatomy of warm-blooded ver-
tebrate creatures will be discussed here.
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Musculoskeletal System

Amuscle is a tissue composed of fibers capable of
contracting and relaxing to effect bodily move-
ment. The skeleton is the internal supporting
structure of a vertebrate, composed of bone and
cartilage. Skeletons are bound together by tough
and relatively inelastic connective tissues called
ligaments. Ligaments allow the limbs, connected
by joints, to move freely. Movements of the bones
of the skeleton are effected by contractions of the
skeletal muscles, to which tendons attach the
bones. These muscular contractions are controlled
by the nervous system.

Nervous System

The nervous system in vertebrates is a network of
cells, tissues and organs that regulates the body’s
responses to internal and external stimuli. The
nervous system has two divisions: the somatic,
which allows voluntary control over skeletal mus-
cle, and the autonomic, which is involuntary and
controls cardiac and smooth muscle and glands.
The autonomic nervous system has two divisions:
the sympathetic and the parasympathetic. These
divisions tend to have opposing effects. For exam-
ple, the sympathetic system increases heartbeat,
and the parasympathetic system decreases heart-
beat. However, the two nervous systems are not
always antagonistic. For example, both nerve sup-
plies to the salivary glands excite the cells of secre-
tion. Voluntary movement of head, limbs, and



body is caused by nerve impulses arising in the
motor area of the cortex of the brain and carried
by cranial nerves or by nerves that emerge from
the spinal cord to connect with skeletal muscles.
Movement may occur also in direct response to
an outside stimulus. These involuntary responses
are called reflexes. Muscular contractions do not
always cause actual movement. A small percent-
age of the total numbers of fibers in most muscles
are usually contracting. This serves to maintain
the posture of a limb. This slight continuous con-
traction is called muscle tone.

Circulatory System

The circulatory system is composed of the heart,
blood vessels, and lymphatic system of the body.
Blood is pumped by the heart through the right
chambers of the heart, into the lungs, where it
picks up oxygen, and back into the left chambers
of the heart. From these, it is pumped into the
main artery, the aorta, which branches into in-
creasingly smaller arteries until it passes through
the smallest, known as arterioles. Beyond the arte-
rioles, the blood passes through a vast number
of tiny, thin-walled structures called capillaries.
Here, the blood gives up its oxygen and its nutri-
ents to the tissues and absorbs from them carbon
dioxide and other waste products of metabo-
lism. The blood completes its circuit by passing
through small veins that join to form increasingly
larger vessels until it reaches the largest veins, the
inferior and superior venae cavae, which return it
to the right side of the heart. Contractions of the
heart working with the contractions of the skeletal
muscle propel the blood and contribute to circula-
tion. Valves in the heart and in the veins ensure
blood flow in one direction.

Immune System

The immune system is an integrated system of or-
gans, tissues, cells, and cell by-products (such as
antibodies) that differentiates self from non-self
and neutralizes potentially pathogenic organisms
or substances. The body defends itself against for-
eign proteins and infectious microorganisms by
means of a complex dual system that depends on
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recognizing foreign patterns. The two parts of the
system are termed cellular immunity, in which
lymphocytes are the effective agent, and humoral
immunity, based on the action of molecules.

When particular lymphocytes recognize a for-
eign molecular pattern, termed an antigen, they
release antibodies in great numbers; other lym-
phocytes store the memory of the pattern for future
release of antibodies should the molecule reap-
pear. Antibodies attach themselves to the antigen
and mark it for destruction by other substances in
the body’s defense system, such as enzymes and
phagocytes. The latter are cells that engulf and di-
gest foreign matter.

Respiratory System

The respiratory system comprises the organs in-
volved in the intake and exchange of oxygen and
carbon dioxide between an organism and the en-
vironment. Respiration is carried on by the expan-
sion and contraction of the lungs; the process and
the rate at which it proceeds are controlled by a
nervous center in the brain. In the lungs, oxygen
enters tiny capillaries, where it combines with he-
moglobin in the red blood cells and is carried to
the tissues. Simultaneously, carbon dioxide,
which entered the blood in its passages through
the tissues, passes through capillaries into the air
contained within the lungs. Inhaling draws into
the lungs air that is higher in oxygen and lower in
carbon dioxide; exhaling forces from the lungs air
that is high in carbon dioxide and low in oxygen.
Changes in the size and gross capacity of the chest
are controlled by contractions of the diaphragm
and of the muscles between the ribs.

Digestive System

The digestive system is composed of the alimen-
tary canal, along with glands such as the liver, sali-
vary glands, and pancreas that produce sub-
stances needed in digestion. Digestion starts with
the ingestion and chewing of food mixed with sa-
liva. The food passes down the esophagus into the
stomach, where the gastric and intestinal juices
continue the process. Thereafter, the mixture of
food and secretions, called chyme, is pushed
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down the alimentary canal by peristalsis, rhyth-
mic contractions of the smooth muscle of the gas-
trointestinal system. The contractions are initiated
by the parasympathetic nervous system and can
be inhibited by the sympathetic nervous system.
In ruminants, the stomach has multiple sections,
and chyme is passed back and forth several times
between the stomach sections and the mouth for
rechewing and redigestion. Absorption of nutri-
ents from chyme occurs mainly in the small intes-
tine; unabsorbed food and secretions and waste
substances from the liver pass to the large intes-
tines and are expelled as feces. Water and water-
soluble substances travel via the bloodstream
from the intestines to the kidneys, which absorb
all the constituents of the blood plasma except its
proteins. The kidneys return most of the water
and salts to the body, while excreting other salts
and waste products, along with excess water, as
urine.

Endocrine System
The endocrine system involves internal secretions
related to the function of the endocrine glands
such as the thyroid, adrenal, pituitary. Hormonal
secretions from these glands pass directly into the
blood stream. An important part of this system,
the pituitary, lies at the base of the brain. This mas-
ter gland secretes a variety of hormones, includ-
ing hormones that stimulate the thyroid gland
and control its secretion of thyroxine, which dic-
tates the rate at which all cells utilize oxygen; con-
trol the secretion in the adrenal gland of hormones
that influence the metabolism of carbohydrates,
sodium, and potassium and control the rate at
which substances are exchanged between blood
and tissue fluid; control the secretion in the ova-
ries of estrogen and progesterone and the creation
in the testicles of testosterone; control the rate of
development of the skeleton and large interior or-
gans through its effect on the metabolism of pro-
teins and carbohydrates; and inhibit insulin—a
lack of insulin causes diabetes mellitus.

The posterior lobe of the pituitary secretes
vasopressin, which acts on the kidney to control
the volume of urine; a lack of vasopressin causes

Thomas Henry Huxley's research in comparative anat-
omy helped establish the inductive method as the pri-
mary mode of scientific research. (Library of Con-
gress)

diabetes insipidus, which results in the passing of
large volumes of urine. The posterior lobe also
elaborates oxytocin, which causes contraction of
smooth muscle in the intestines and small arteries
and is used to bring about contractions of the
uterus in birth. Other glands in the endocrine sys-
tem are the pancreas, which secretes insulin, and
the parathyroid, which secretes a hormone that
regulates the quantity of calcium and phosphorus
in the blood.

Reproductive System

The union of male sperm and the female ovum ac-
complishes reproduction. In coitus, the male or-
gan ejaculates millions of sperm into the vagina,
with some making their way to the uterus. Ovula-
tion is the release of an egg into the uterus; the



uterus is prepared for the implantation of a fertil-
ized ovum by the action of estrogens. In some pri-
mates, if a male cell fails to unite with a female cell,
other hormones cause the uterine wall to slough
off during menstruation. After childbirth, pro-
lactin, a hormone secreted by the pituitary, acti-
vates the production of milk.

Integumentary System

Skin, the natural outer covering of the body, is an
important part of the integumentary system. The
skinis an organ of double-layered tissue stretched
over the surface of the body and protecting it from
drying or losing fluid, from harmful external sub-
stances, and from extremes of temperature. The
inner layer, called the dermis, contains sweat
glands, blood vessels, nerve endings (sense recep-
tors), and the bases of hair and nails. The outer
layer, the epidermis, is only a few cells thick and
contains pigments, pores, and ducts, and its sur-
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face is made of dead cells that it sheds from the
body. The sweat glands excrete waste and cool the
body through evaporation of fluid droplets; the
blood vessels of the dermis supplement tempera-
ture regulation by contracting to preserve body
heat and expanding to dissipate it. Separate kinds
of receptors convey pressure, temperature, and
pain. Fat cells in the dermis insulate the body, and
oil glands lubricate the epidermis.

—Mary E. Carey
See also: Antennae; Beaks and bills; Bone and car-
tilage; Brain; Cell types; Claws, nails, and hooves;
Digestive tract; Ears; Endoskeletons; Exoskel-
etons; Eyes; Feathers; Fins and flippers; Fur and
hair; Heart; Horns and antlers; Hydrostatic skele-
tons; Noses; Kidneys and other excretory struc-
tures; Lungs, gills, and tracheas; Muscles in in-
vertebrates; Muscles in vertebrates; Scales; Sense
organs; Shells; Skin; Tails; Teeth, fangs, and tusks;
Tentacles; Wings.
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ANIMAL KINGDOM

Types of animal science: Classification, ecology, evolution, geography
Fields of study: Ecology, evolutionary science, genetics, population biology, systematics (taxonomy)

Among all the species that have been identified, about 75 percent are animals. Animals flourish on land, in the seas,
and in the air. Today, twenty-seven distinct phyla of animals come in diverse forms and shapes, and live in almost ev-
ery habitat. Together, these animals make up a crucial portion of all ecosystems.

Principal Terms

CLASS: the taxonomic category composed of
related genera; closely related classes
form a phylum or division

INVERTEBRATES: animals lacking a backbone

PHYLOGENY: the evolutionary history of a
group of species

PHYLUM: the taxonomic category of animals
and animal-like protists that is contained
within a kingdom and consists of related
classes

SPECIES: a group of animals capable of inter-
breeding under normal natural condi-
tions; the smallest major taxonomic cate-
oy

TAXONOMY: the science by which organisms
are classified into hierarchically ar-
ranged categories that reflect their evo-
lutionary relationship

VERTEBRATES: animals with a backbone or
vertebral column

Human perception of the animal kingdom
tends to focus on relatively large vertebrates.
However, these large vertebrates are true minori-
ties, accounting for just a tiny fraction of the ani-
mal world. Over 97 percent of animal species are
invertebrates, the earliest animals to emerge. In-
sects and arthropods make up the vast majority of
animal species and a huge percentage of the indi-
vidual animals on earth. Most other animal phyla
are also far more diverse and numerous than ver-
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tebrates. All vertebrates together constitute only
part of a single phylum, Chordata. In simple
terms, the small and boneless creatures called in-
vertebrates dominate the animal kingdom. They
live bountifully in diverse habitats: in pond muck,
on ocean bottoms, in treetops, beneath leaf litters,
and in many other environments.

Animals are easy to identify but difficult to de-
fine due to the diversity and complexity of all
creatures in this kingdom. The best approach re-
lies on a set of common characteristics that distin-
guish animals from individuals of other king-
doms, a field called systematics. First, animals are
multicellular (made up of many cells). Second, an-
imals are heterotrophic, obtaining nutrients and
energy by consuming other organisms. Third, ani-
mals are usually capable of sexual reproduction,
although other reproductive styles may exist.
Fourth, animal cells contain no cell wall. Fifth, ani-
mals are mobile during at least some stage of their
lives. Finally, animals are usually capable of rap-
idly responding to external stimuli through their
nerve cells, muscle, or contractile tissue. These six
characteristics taken together distinguish animals
from other living creatures.

Based upon evolutionary theories, animal
phyla show trends toward increasing cellular or-
ganization and complexity. In the most ancient
phylum of animals, sponges, individual cells may
have specialized functions but act independently,
hence are not organized into tissues or organs.
Cnidarians (jellyfish and their relatives), the phy-
lum most closely related to sponges, have well-
defined tissues that coordinate movement and



sensory information. Flatworms, the next phylum
to emerge, have organs and organ systems, such
as a reproductive system. Organ systems are also
found in all the remaining, more recently emerged
animal phyla. The trend toward increasing com-
plexity goes beyond the level of cellular organiza-
tion and specialization. It includes the presence
and type of symmetry in body plan, the degree of
development in sensory organs and brain, the
presence and type of body cavity, the presence of
body segmentation, and the structure of the diges-
tive system. The members of the latest phylum, in-
cluding vertebrate animals such as seals, whales,
horses, and humans, also exhibit a trend toward
increasing size and sophistication of the brain.

Based upon these traits, animals can be
grouped into twenty-seven phyla. The nine major
phyla include, from simple to more complex,
Porifera (sponges), Cnidaria (hydra, anemones,
and jellyfish), Platyhelminthes (flatworms),
Nematoda (roundworms), Annelida (segmented
worms), Arthropoda (insects, arachnids, and
crustaceans), Mollusca (snails, clams, and squid),
Echinodermata (sea stars and sea urchins), and
Chordata (primarily vertebrates).

The Sponges, Hydra, Anemones, and Jellyfish
Sponges (phylum Porifera) are the simplest
multicellular animals that lack true tissues and or-
gans. They resemble colonies in which single-
celled organisms live together for mutual benefit.
However, individual sponge cells are able to sur-
vive and function independently. All sponges,
whether single-celled or colony-like, have a simi-
lar body plan. The body is perforated by numer-
ous tiny pores, through which water enters, and
by fewer large holes, through which water is ex-
pelled. Water travels within the sponge through
canals where oxygen is extracted and microorgan-
isms are filtered into cells for digestion. Some
sponges can grow more than a meter in height. So
far, more than five thousand species of sponges
have been identified, all of which are aquatic and
most of which are marine.

The phylum Cnidaria is composed of hydra,
anemones, and jellyfish. Clearly more complex
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than sponges, cnidarians have distinct tissues, in-
cluding contractile tissue that acts like muscle and
nerve net that spreads through the body and con-
trols movement and feeding behavior. However,
they lack true organs and a brain. Their beautiful
and diverse body shapes are variations of two
basic body plans: tentacled and jellyfish-like. Ten-
tacles attach to rocks and reach upward for grasp-
ing, stinging, and immobilizing prey. A jellyfish-
like body can easily be carried by ocean currents.
Cnidarians are radially symmetrical, with body
parts arranged in a circle around the mouth and
digestive cavity. All cnidarians are predators, but
none hunt actively. They rely upon their tentacles
to grasp small animals floundering by chance into
contact with them. Once stimulated by contact,
special cells called cnidocytes explosively inject
poisonous or sticky darts into prey. The immobi-
lized prey is forced through an elastic mouth into
a digestive sac. The undigested food is expelled
through the mouth. Cnidarians may reproduce
sexually or asexually. Of the nine thousand or
more species in this phylum, all are aquatic and
most are marine. One of these, the corals, is of par-
ticular ecological importance.

Diverse Forms of Worms

Flatworms (phylum Platyhelminthes) are more
complex than cnidarians, yet are the simplest or-
ganisms with well-developed organs. Their bilat-
erally symmetrical bodies are an adaptation to ac-
tive movement, as found in other, more complex
organisms. Their sense organs, consisting of light-
detecting eyespots and cells responsive to chemi-
cal and tactile stimuli, inform their bodies whether
to feed, forge onward, or retreat. When the flat-
worm encounters smaller animals, it sucks its
prey through a muscular tube called the pharynx,
located in the middle of the body. Compared with
more complex organisms, however, flatworms
lack both respiratory and circulatory systems.
They can produce sexually or asexually. Most
flatworms are hermaphroditic, possessing both
male and female sex organs within one body. Ex-
amples of flatworms include parasitic tapeworms
and flukes.
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Roundworms (phylum Nematoda) reside in
nearly every habitat on earth. Of an estimated
500,000 species, only 10,000 have been named.
They are largely microscopic, although some may
reach a meter in length. They have a rather simple
body plan, with a tubular gut that runs from
mouth to anus. A fluid-filled hydrostatic skeleton
provides support and a framework against which
muscles can act. They also have a tough but flexi-
ble cuticle on the outside of the body and a simple
brain that processes and transmits information.
They do not have circulatory or respiratory sys-
tems. Most nematodes reproduce sexually, with
the male fertilizing the female by injecting sperm
inside her body. Nematodes play a crucial role in
breaking down organic matter in ecosystems.
Some are also parasites to humans or other ani-
mals, such as hookworms that infect human feet,
Trichinella worms that cause trichinosis, and
heartworms that attack dogs” hearts.

The prominent feature of the phylum Annelida
is segmentation of the body into a series of repeat-
ing units; hence they are called segmented worms.
Each body compartment is controlled by separate
muscles, collectively capable of far greater com-
plexity of movement than in other worms. A well-
developed closed circulatory system distributes
gases and nutrients throughout the body. Primi-
tive hearts, in essence short, expanded segments
of specialized blood vessels, can contract rhythmi-
cally. A simple brain located in the head plus
nerve cords along the length of the body and
within each segment control movement and other
activities. Among the nine thousand or so species
identified, the best known examples are the earth-
worm and its relatives, and leeches. However, the
largest annelids, the polychaetes, live primarily in
the ocean.

The Arthropods, Molluscs, and Echinoderms

The phylum Arthropoda comprises insects, spi-
ders, and crustaceans. By any standard, whether
number of individuals or number of species, ar-
thropods are the most dominant animals on earth.
A mere 10 percent of animals described in this
phylum constitutes one million species, including

insects (class Insecta), spiders and their relatives
(class Arachnida), and crabs, shrimp, and their
relatives (class Crustacea). The enormous success
of arthropods is due to several adaptational fea-
tures. The exoskeleton allows precision move-
ment; segmentation generates specialized and
more effective organ systems; these, in turn, allow
higher efficiency in gas exchange, circulation, and
information processing. Most arthropods have
well-developed sensory systems, including com-
pound eyes and acute chemical and tactile senses.
Of the three classes, insects are the most diverse
and abundant, accounting for 850,000 species
identified. Insects usually have three pairs of legs
plus two pairs of wings. Their ability to fly helps
them escape from predators and find widely dis-
persed food. Insects normally go through radical
changes in body form through metamorphosis,
from egg to larva to pupa and finally to winged
adults that mate and lay eggs.

Spiders and scorpions are examples of the class
Arachnida. They typically have eight walking
legs and are mostly carnivores, living on either a
liquid diet of blood (ticks and mosquitoes) or pre-
digested prey (scorpions). Simple eyes equipped
with a single lens are extremely sensitive to move-
ment, which helps in catching prey or escaping
from predators. There are about fifty thousand
species of arachnids. Crab, shrimp, crayfish, and
their relatives make up the class Crustacea, com-
prising roughly thirty thousand species. They are
largely aquatic, with a wide variation in size. Ex-
cept for two pairs of sensory antenna and mostly
compound eyes, they are highly variable in body
form.

As their name suggests, members of the phy-
lum Mollusca—snails, clams, and squid—have a
moist, muscular body supported by a hydrostatic
skeleton. Some have a shell of calcium carbonate
to protect their body; others escape predation by
moving swiftly or by being distasteful if caught.
They have an open circulatory system. Their
nerve systems are more advanced than those of
arthropods in that more nerves are concentrated
in the brain. Reproduction is sexual; some species
have separate sexes, and others are hermaphro-
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Coral reefs are created by the concerted activities
of corals and algae. Reef-building corals are in-
volved in a mutualistic relationship with single-
celled algae, which live embedded in the coral tis-
sue. The algae benefit from the high mineral levels in
the coral tissues. In return, algae provide food for the
coral and also help produce calcium carbonate, the
limestone that forms the coral skeleton. The lime-
stone persists long after the coral’s death, serving as
abase to which many other algae may attach. The cy-
cle continues for thousands of years until massive
coral reefs are formed.

Corals require warm temperatures and clear water
to thrive, and thus are most abundant in the tropical
waters of the Pacific and Indian Oceans, the Carib-
bean, and the Gulf of Mexico, where the maximum
water temperatures range between 72 degrees and
82 degrees Fahrenheit. Coral reefs form undersea

Coral Reefs: Beautiful Undersea Gardens

habitats that become the basis of ecosystems with
stunning diversity and breathtaking beauty. They
are home to bottom-dwelling animals and provide
shelter and food for the most diverse collection of in-
vertebrates and fish in the ocean. A single reef may
be home to three thousand species of fish, inverte-
brates, and algae.

Coral reefs are extremely sensitive to certain types
of disturbance, including silt caused by soil erosion,
sewage and runoff from agriculture on nearby land,
and overfishing. On December 11, 2000, it was re-
ported that more than 25 percent of the world’s coral
reefs have been lost to these disturbances. Approxi-
mately 70 percent of coral reefs could be gone within
fifty years without effective remedy. This would
prove devastating to marine ecosystems, as well as
to the economies of many nations.

ditic. Together, there are five thousand species
identified, among which clams, octopuses, oys-
ters, scallops, snails, and squid are the most fa-
miliar.

Sea stars, sea urchins, and sea cucumbers com-
pose the phylum Echinodermata. These animals
are mostly marine, and adults have radial symme-
try and lack a head and distinct brain. They have
very simple nervous systems, and hence move
very slowly on numerous, tiny, tube feet. They
feed on algae or small particles sifted from sand or
water. Most species reproduce by releasing sperm
and eggs into the water, where larvae develop
upon fertilization. Another distinct feature of
echinoderms is their endoskeleton, a hard shell of
calcium carbonate enclosed by an outer skin.

Phylum Chordata: The Tunicates, Lancelets,
and Vertebrates

Animals of this phylum exhibit tremendous di-
versity in form and size. They include small sea
squirts and lancelets (invertebrates), and birds,
fish, amphibians, reptiles, and mammals (verte-
brates). Members of this phylum possess four

characteristics at some stage of their lives: a
notochord—a stiff yet flexible rod that extends the
length of the body and provides an attachment
site for muscles; a dorsal, hollow nerve cord at the
anterior end of the notochord that becomes a
brain; specialized respiratory openings called
pharyngeal gill slits; and a tail that extends past
the anus. There are only two classes of inverte-
brates in Chordata, lancelets and tunicates, both
of which are small marine animals. Lancelets re-
side mainly in the sandy sea bottom and live by
filtering tiny food particles from the water. Sea
squirts, a member of the tunicates, send out a
forceful jet of water in response to touch or dan-
ger. Their filter-feeding, saclike bodies move
slowly via contraction.

Vertebrates are the most conspicuous animals
on earth. Their backbones and other adaptations
have contributed to their success. There are seven
major classes of vertebrates.

Jawless fishes (Agnatha) were the earliest ver-
tebrates to arise in the sea. Two examples are
hagfishes and lampreys. The colorful hagfishes
are strictly marine, living in communal burrows
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in mud, feeding on polychaete worms. Lampreys
live in both fresh and salt water. Some lampreys
are parasitic, attaching to fish with suckerlike
mouths lined with rasping teeth. They live on
blood and body fluids sucked from their hosts.
Cartilaginous fishes (Chondrichthyes) are skillful
predators, and include sharks, skates, and rays.
Their skeletons are made up exclusively of carti-
lage, void of bone. Many shark species have sev-
eral rows of razor-sharp teeth, with back rows
moving forward as front teeth are lost to action or
aging. Most sharks, as most skates and rays, are
shy and retiring creatures that do not attack hu-
mans. A few species, however, can be deadly
when irritated. Bony fishes (Osteichthyes), spread
over a wide range of aquatic habitats, are the most
diverse and abundant vertebrates on earth. As
suggested by their name, bones rather than carti-
lage make up their skeletons. Of seventeen thou-
sand species identified, all bony fishes have blad-
ders that help them float effortlessly. Some have
lungs and modified fins that work as legs, which
help them to survive periodic drying in freshwa-
ter habitats.

Amphibians (Amphibia) live a double life be-
tween aquatic and terrestrial habitats. They repre-
sent the transition of life from water to land. Some
adaptations, such as lungs, a three-chambered
heart, and moist skin, help them live a temporary
land life. However, other traits, requiring water
for fertilization and juvenile development, restrict
the range of amphibian habitats on land. Their
double life and permeable skin have made am-
phibians particularly vulnerable to pollutants and
environmental fouling. About 2,500 species have
been identified, including frogs, toads, and sala-
manders. The seven thousand species of reptiles
(Reptilia) identified have bodies of diverse forms.
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sists water loss and protects the body, a mecha-
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nine thousand species, including the delicate
hummingbird, the endangered spotted owl, and
the largest bird, the ostrich. Their ability to soar
gracefully in the air depends on many anatomical
and physiological traits. These features include a
light body with hollow bones, light wings with
feathers that also provide protection and insula-
tion, reduced reproductive organs during non-
breeding periods, a single ovary in female birds,
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help to maintain high body temperature and a
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and possess more highly developed brains than
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of mammals into nearly all habitats, with their
bodies finely adapted to their lifestyles.
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ANTELOPE

Type of animal science: Classification

Fields of study: Anatomy, ethology, genetics, physiology

More than seventy species of antelope exist, most in Africa but some also in Eurasia and North America.

Principal Terms

ASTRAGALUS: a pulley-shaped bone be-
tween the legs and ankles of antelope

BOVINE: relating to cows or oxen

BROWSER: an animal that feeds on leaves
and twigs from trees

cup: food regurgitated and chewed a sec-
ond time after its initial ingestion

HERBIVORE: an animal that only eats vegeta-
tion

SAVANNA: a grassy expanse of land with few
trees

Antelope are graceful animals that can run at
speeds exceeding forty miles an hour and
cansustain that pace longer than most of the pred-
ators pursuing them. With over seventy species of
antelope observed and identified, there is a con-
siderable range of characteristics among them.
They range in size from the diminutive royal ante-
lope (Neotragus pygmaeus) that stands about ten
inches high and can weigh as little as four pounds,
to the eland (Tauratragus derbianus) that, when
fully grown, can stand six feet at the shoulders
and weigh almost a ton.

Although most antelope live in grasslands, sa-
vannas, and forests, the tiny dik-dik (Madoqua)
lives in semiarid regions. Whereas most ante-
lope are gregarious animals that travel in herds
for mutual protection, the bushback (Tragelaphus
scriptus) is an elusive animal that travels alone
and is active mostly at night. It avoids other ante-
lope except for mating. The bongo (Boocercus
eurycerus) travels in small groups, but often, par-
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ticularly in old age, is solitary.

The names of various species of antelope re-
flect the colonial history of the parts of Africa in
which they are prevalent. Settlers from the Neth-
erlands named the dik-dik, the wildebeest (Con-
nochaetes), the blesbok, and the duiker (Sylvicapra
grimmia). The oryx and gazelle were named by
French settlers. Impala (Aepyseros melampus) and
kongoni are names drawn from the native Swabhili
language.

Physical Features of Antelope

Antelope of all species are generally slim, with
long legs that can carry them at considerable
speed when speed is necessary for survival. Ante-
lope appear in a variety of colors—white, black,
brown, gray, golden, orange, reddish, or a mixture
of these colors. The red-orange bongo is particu-
larly striking, sporting twelve thin white stripes
down its side. Baby antelope frequently have
white spots and stripes that disappear in adult-
hood.

Although they vary greatly in size, nearly all
antelope, like all bovines and regardless of size,
have two horns that are hollow inside and cov-
ered with a sheath, and that vary significantly
from species to species. In the males of one spe-
cies, the four-horned antelope (Tetracerus quadri-
cornis), there are two sets of horns. One set, on the
top of the head, is about five inches long, while a
second set, on the forehead, is about two inches
long.

Some antelope horns are quite long. The horns
of the kudu (Tragelaphus strepsiceros) are shaped
like corkscrews and can grow to five feet. In most
species, both males and females have horns that,



unlike the deer’s, are not shed throughout the
course of their lives. Usually the horns grow out of
the top of the head and sweep backward. In the
addax (Addax nasomaculatus), the horns have a spi-
ral shape, while in the gemsbok (Oryx gazella), the
horns are straight and swordlike.

Regardless of shape, horns are important to an-
telope. When they engage in mating competition,
they use their horns extensively. Their chief de-
fense mechanisms, however, are the protection
gained from traveling in large herds and their
ability to outrun most of their predators.

Because their diet consists of plants, which take
longer to digest than meats, antelope have larger
stomachs and longer intestines than carnivores.
Like other bovines, an antelope has a rumen, a
first stomach where food is stored when it is eaten
and from which it is regurgitated for the animal to
chew as cud.

Having lost their “thumbs” and “big toes” as
they evolved, antelope developed split hooves
from what are essentially overgrown toenails.
They stand and run on the center hooves. They
have a remarkable agility in running because
they have a unique bone, the astragalus, lo-
cated between the leg and the foot. It is pulley-
shaped at both ends, giving an-
telope their speed and agility.

The History of Antelope

Some fossil remains of antelope
date back to the end of the Creta-
ceous period, sixty-five million
years ago. At that time some cat-
astrophic event, not yet clearly
identified, wiped out most com-
plex life on earth, although the
smaller species of antelope per-
haps survived in limited num-
bers.

Early Bovidae were found in
Eurasia and Africa, where ante-
lope still live, although as north-
ern Eurasia became cooler, ante-
lope migrated gradually to more
temperate climates, where the
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grasses and other plants they depended upon for
food grew year around.

The American pronghorn (Antilocapra ameri-
cana) roved the plains and grasslands as far north
as Alberta, Canada, and as far south as northern
Mexico, although its current range is much smaller.
Fossil evidence suggests that the pronghorn lived
alone or in small herds during the summer but
that it became part of a large herd in winter, pre-
sumably to keep warm.

Migration and Eating Habits

All antelope are herbivores (vegetarians). They
usually travel slowly within the security of their
herds. Because of their numbers, they can antici-
pate danger as they travel and avoid it when it is
imminent.

As they move through their habitats, some spe-
cies, such as the wildebeest (also called the gnu),
graze on the grass of the savannas in which they
usually live. Species whose habitat is in forests tend
to eat the leaves and slender branches of trees, of-
ten standing on their hind legs to reach these deli-
cacies. Such antelope are called browsers.

Migrations are necessary for most antelope, as
they exhaust the food supply in one area and are

5

Antelope, such as these springboks, usually live in herds for mutual protec-
tion against predators. (PhotoDisc)
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forced to move on to another. During dry periods,
antelope usually move to wetter areas, where
grass is more plentiful than in the arid regions.
Such migrations are becoming increasingly diffi-
cult for these animals because of Africa’s growing
population. The development of large areas of
land to accommodate the increasing human pop-
ulation is blocking the paths antelope once fol-
lowed in their quest for food.

Having no permanent shelters, antelope fol-
low cyclical routes that may cover more than two
hundred square miles in any year. Their herds
usually contain several hundred animals. Some
antelope may be members of one herd in summer
and of another herd in winter. Some, especially
the old, the unattached, and the pregnant, may
take time out from their herds for temporary soli-
tude in marshes, along riverbanks, or in thick for-
ests. Pregnant antelope who do this usually return
to their herds as soon as their young are strong
enough to follow them.

In order to assure the future of the antelope, re-
serves have been set up in some African countries.

Antelope Facts

Classification:

Kingdom: Animalia

Subkingdom: Bilateral

Phylum: Craniata

Class: Mammalia

Subclass: Theria

Order: Artiodactyla

Family: Bovidae

Tribes: Reduncini (reedbucks, waterbucks, rhe-
boks), Alecphalini (gnus, hertebeets, impalas),
Hippotragini (horselike antelope)

Genus and species: Eleven genera and twenty-four
species

Geographical location: Africa, North America,
and parts of Asia

Habitat: Grasslands, savannas, and forests

Gestational period: Four to ten months, depend-
ing on the species

Life span: Between fifteen and twenty years

Special anatomy: Hooves, horns, slim legs

In these reserves, animals are protected from hunt-
ers and poachers. Attempts are made to guarantee
that their food supply will not be compromised.

Mating and Reproduction

Within most antelope species there is no specific
breeding season. Four to ten months following
mating, the female antelope usually produces a
single offspring, referred to in the larger species as
a calf and in the smaller species as a fawn. Al-
though single births are most common, the duiker
frequently produces twins.

Once born, the offspring is usually hidden in
grass or underbrush until it is strong enough to
join the herd. This protective period lasts from
four to eight weeks in most species, although
among the reedbucks it lasts for four months. The
young of some species, such as the wildebeest, are
able to run within eight minutes of being born. Be-
cause of their vulnerability to predators, after the
period of hiding young antelope are usually kept
within the inner areas of the herd where their
mothers can monitor them. Although infant mor-
tality is high among antelope through both preda-
tion and disease, those that survive to adulthood
can expect to live for up to twenty years. Human
predators have been more threatening to antelope
than such predators as tigers, lions, and cheetahs.
As a result, some species, such as the bonetok
(Damaliscus pygarus), currently exist only within
the protection of animal reserves.

Farmers have indiscriminately shot many an-
telope because these animals eat the wild grasses
that the farmers need to feed their livestock. As
civilization has encroached upon areas once the
sole domain of wild animals, domesticated ani-
mals have brought new diseases into those areas.
Many antelope, especially calves and fawns, have
succumbed to such diseases.

The Speed of Antelope

Although it is reasonably intelligent and has
strong senses of sight and smell, the antelope’s
best defensive weapons are speed and agility. The
impala has been known to jump nearly eight feet
high and to bound as much as thirty-three feetin a



Antelope o 47

Some zoologists think that African and Eurasian
antelope are misnamed. The pronghorn antelope
(Antilocapra americana), the only species of antelope
in North America, is, ironically, dismissed by many
zoologists as not being a true antelope. It is the only
living member of the family Antilocapridae and, as
such, is not related to the Bovidae, unlike the species
of antelope generally so designated.

African and Eurasian antelope are related most
closely to bovines, as the name Bovidae suggests.
Members of this group have three things in com-
mon: They are vegetarians; they eat their food, then
regurgitate it and chew their cuds; and they have

Antelope Relatives in North America

two horns, the only exception being the male four-
horned antelope (Tetracerus quadricornis).

Bovines in North America include such animals
as wild buffalo, American bison, cows, wild sheep,
and mountain goats. Although antelope are smaller
and sleeker than these animals, they are closely re-
lated to them.

Most zoologists agree that the closest relative of
African and Asian antelope in North America is the
Rocky Mountain goat (Oreammnos americanus), which
isabovid. Antelope are also remotely related to deer,
giraffes, camels, and pigs.

single leap. The duiker, although it lacks the
strength to jump as high and as far as the impala,
can move very rapidly and, when it is being pur-
sued, does so in a zig-zag pattern. It will finally
elude its pursuers by diving into dense under-
brush for protection.

What gives antelope their great propulsion in
running is that they raise their two front legs, one
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ANTENNAE

Type of animal science: Anatomy

Fields of study: Anatomy, conservation biology, developmental biology, entomology, herpetology,

invertebrate biology

Antennae serve as a means of feeling and communication through pheromones, and are a criterion to distinguish be-

tween families in insect taxonomy.

Principal Terms

LIPOPHILIC: fat soluble or water insoluble

MASTER CONTROL GENE: a gene that single-
handedly triggers the formation of an or-
gan or structure

MAXILLARY: pertaining to the upper jaw-
bone

OLFACTORY: pertaining to the sense of smell

Many animals, insects, and crustaceans have
antennae, which serve as feelers or commu-
nication tools. Together with the morphologies of
the eyes, head, wings, legs, and body, antennae
also serve as a criterion to distinguish between
families.

Antennae have many forms in different spe-
cies. All flies have antennae, which can be of two
types. The first, found in the members of the
suborder Nematocera, such as crane flies, midges,
and gnats, is whiplike, with two basal segments
called the scape and the pedicel, as well as a
flagellum of many similar segments. The second
type, encountered in all members of the Brachy-
cera group, has a flagellum contracted into a com-
pound third segment. Crayfish tend to shed the
oldest, most distal parts of their antennule once
their carapace reaches about seven millimeters in
length, and new growth occurs from the proximal
end of the flagellum. The antennal flagellum also
serves as the multimodal sensory organ that con-
tains mechanoreceptors and chemoreceptors in
crickets.
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Cockroaches use their antennae to locate a wall
and to retain a constant distance from it as they
move along it. While running, they may make up
to twenty-five body turns per second in order to
avoid collisions with outward projections. Itis be-
lieved that exceptionally efficient sensory input
from the flagellum of the antenna reports the exact
distance from the wall in order to evoke those
turns.

The trap-jaw ant, found in the warmer parts of
the western hemisphere, has ajaw that moves one
thousand times faster than the human eye can
blink. These ants use their hair antennae to detect
prey; the touch of the antenna against the prey
triggers the jaws to snap shut immediately. An-
tennal contact appears to be prevalent also in
the organization of ant colonies, especially when
ants from another colony are nearby. The contact
increase is proportional to the numbers of ants
present, in agreement with the increased density
of nest mates.

Antennae, Pheromones, and Sexual Selection

Pheromones appear to play a vital role in insect
survival and in communication between mem-
bers of the same species. The selection and trans-
portation of these lipophilic messengers are
achieved by carrier proteins moving through the
hydrophilic sensillum lymph in the antennae to-
ward the membrane receptors. Wing fanning ap-
pears to enhance the air penetration of silkworm
moth pheromones, as well as their interception
by antennae. Odor recognition and resultant be-
havior are achieved among the members of the
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Drosophila genus through sensory neurons that
exist in either the antennae or the maxillary palp.
Astudy using locusts has indicated, however, that
insects fed for the final two stadia (the period of
time between molts) on nutritionally adequate
synthetic foods have fewer sensilla on the max-
illary palps and antennae than insects fed on the
normal diet of seeding wheat.

Experiments on Drosophila species indicated
that homothorax homeobox genes are antennal
selector genes. Biological clocks that monitor
daily cyclical activity appear to exist in fruit fly tis-
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sues of the antennae and other organs.
These genes showed an increasing inten-
sity of the reporter protein as a function
of adult age.

The relationship between antenna
morphology and sexual selection in the
cerambycid beetle (Stenurella melanura)
indicates that males with antennal sym-
metry appear to win more battles with
other males for a female, while females
with more symmetrical antennae were
much more desirable to males. Re-
searchers have also discovered that the
mating behavior in a male sphinx moth is
the result of the reaction of nerve cells in
his antennae to a pheromone that is emit-
ted by a female moth’s abdomen. The
same scientists found out that once fe-
male moths absorb male nerve cells
through the implantation of the males’
antennae in their heads, these female
moths exhibit male mating habits. This
shows that transsexually grafted anten-
nae alter the pheromone-affected behav-
ior in a moth.

The olfactory blocking ability of the
honeybee is severely hampered when in-
put from one antenna is removed, result-
ing in the bee’s inability to neutralize one
odor through the effect of another odor.
This is an indication that, although an-
tennae sensory neurons are important,
more central processing regions of the
brain must be involved in this blocking

phenomenon. Recent studies have also proposed
that the chemical L-glutamate activates antennular
grooming behavior (AGB) in lobsters through a
mechanistic pathway that is nonolfactory.

—Soraya Ghayourmanesh
See also: Anatomy; Ants; Arthropods; Bees; Bee-
tles; Butterflies and moths; Cockroaches; Commu-
nication; Communities; Crabs and lobsters; Crus-
taceans; Flies; Grasshoppers; Insect societies;
Insects; Mosquitoes; Pheromones; Praying man-
tis; Reproductive strategies; Sense organs; Ter-
mites; Wasps and hornets.
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ANTS

Type of animal science: Classification

Fields of study: Anatomy, ecology, entomology, invertebrate biology, physiology, reproductive science,

systematics (taxonomy)

There are approximately 20,000 species of ants. Ants constitute almost 3 percent of the 700,000 insect species.

Principal Terms

CASTE: social division of an ant colony, in-
cluding workers, soldiers, queens, and
males

DRONE: a fertile male ant

MYRMECOLOGY: the study of ants

SOLDIERS: large workers who defend the
colony and often raid other colonies

WORKERS: sterile, wingless female worker
ants

nts are insects and like all insects have three

body parts: head, thorax, and abdomen. Ants
have six legs, which are covered with tiny hairs.
These hairs are used to clean its two antennae. The
antennae are used for touching and smelling.
Ants’ poorly developed eyes make these sensory
organs all the more important. Myrmecologists
contend that ants have a very elaborate communi-
cation system. For example, when ants locate
food, they create a scent path with a chemical sub-
stance from the food to the nest, allowing other
ants to travel from the nest and locate the food.
Ants also touch each other’s antennae to commu-
nicate.

Ants live in colonies. Each colony consists of a
queen, workers, soldiers, and male ants. Ants
build many different types of homes. Many ants
build simple mounds of dirt or sand. Other ants
use small sticks mixed with dirt and sand, which
makes a stronger mound that offers protection
from rain. Ant mounds consist of many chambers
connected by tunnels. Different chambers are
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used for nurseries, food storage, and resting
places for the worker ants.

Ants are found in almost all terrestrial habitats,
with the exception of high altitudes and latitudes.
Most ant species live in the soil, although some
ants live in wood, like termites. Army ants do not
make a home at all, but travel in large groups
searching for food.

Image Not Available
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Physical Characteristics of Ants

Ant coloration can be black, earth-tone reds, pale
tans, and basic browns. Ant larvae are white and
grublike. They have no legs and do not move
about much on their own. Their large, dark stom-
achs can generally be seen through their cuticles.
Ant pupae look like white adult ants, with their
legs and antennae pressed close to their bodies. In
some species, larvae spin silk, and the pupal stage
is inside a cocoon. Newly emerged adult ants are
often paler than older ones.

Without wings, a male can generally be distin-
guished from a worker by the larger size of his
body, thorax, and abdomen. All workers are fe-
males.

Ants do not have lungs. Oxygen enters through
tiny holes all over the body and carbon dioxide
leaves through the same holes. There are no blood
vessels. The heart is a long tube that pumps color-
less blood from the anterior to the posterior then
back up to the head again.

The Life Cycle of Ants
Ants go through four stages of metamorphosis—
egg, larva, pupa, and adult—which can take from
six weeks to six months to complete. Eggs are al-
most microscopic in size. After weeks of feeding
and molting, larva enter the pupal stage. Pupae
resemble adult ants but do not move around or
feed and are often encased in a silky cocoon,
which is protected fiercely by the soldier ants.
Adults require several days to attain complete
maturity after emergence from the pupal stage.

Male ants only serve one purpose, to mate with
future queen ants. The queen grows to adulthood,
mates, and then spends the rest of her life laying
eggs. A variety of reptiles, amphibians, spiders,
and other insects prey on ants. Bats and birds kill
and eat the flying males and females.

Some ant species are considered pests because
they inhabit human territory or consume re-
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Ant Facts

Kingdom: Animalia

Subkingdom: Bilateria

Phylum: Arthropoda

Subphylum: Uniramia

Class: Insecta

Subclass: Neoptera

Order: Hymenoptera (ants, bees, and wasps)

Suborder: Apocrita

Superfamily: Formicoidea

Family: Formicidae

Subfamilies: Myrmeciinae (bulldog ants), Poner-
inae, Dorylinae (army ants), Cerapachinae,
Leptanillinae, Myrmecinae, Pseudomyrmec-
inae, Dolichoderinae, Formicinae

Geographical location: All over the world

Habitat: All continents, but not at high altitudes
and latitudes

Gestational period: Reproduction occurs during
the summer

Life span: Queen ants live an average of three
years, but some have lived as many as fifteen
years; worker ants live an average of six
months

Special anatomy: Complex eyes; many species
have poison sacs and /or stingers in the end of
the metasoma

sources that humans need. Many species of ants
have poison sacs and /or stingers in the end of the
metasoma for defense against predators. World-
wide, however, ants are one of the most important
predators of small invertebrates, including other
insects. Ants are important dispersers of the seeds
that they harvest. Ants turn over and aerate the
soil as much as or more than earthworms.

—/Jason A. Hubbart
See also: Communication; Communities; Hierar-
chies; Home building; Insect societies; Insects; Re-
productive strategies.
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APATOSAURUS

Types of animal science: Classification, evolution

Fields of study: Anatomy, ecology, evolutionary science, paleontology, systematics (taxonomy)

Apatosaurus was a quadrupedal, herbivorous dinosaur with short forelimbs and a long tail and neck. Although of-
ten depicted wading in deep water, Apatosaurus actually lived on dry land.

Principal Terms

BRACHIOSAURIDS: long-necked, herbivorous
dinosaurs, whose forelimbs were longer
than their hind limbs

GASTROLITHS: stones found in the gut re-
gion, that aided in the digestion of coarse
plant food

NEURAL SPINE: a projection extending off
the upper side of a vertebra

ORNITHOPODS: bipedal, herbivorous dino-
saurs

STEGOSAURS: herbivorous dinosaurs with
vertical bony plates arranged along their
backbones

In 1877, Othniel C. Marsh named a headless
juvenile dinosaur skeleton collected near Mor-
rison, Colorado, Apatosaurus and published a com-
plete description of the material in 1878. Bronto-
saurus was named by Marsh in 1879 based on an
adult skeleton collected at Como Bluff, Wyoming.
Because Brontosaurus had no head, Marsh added
one from a nearby site in 1883. Because the skele-
ton of Brontosaurus was more complete than that
of Apatosaurus, its skeleton was mounted at a
number of museums around the United States. In
1903, Elmer Riggs concluded that the specimens
of Apatosaurus and Brontosaurus belonged to the
same species and, using the rule of priority by
which the first name assigned is the one used,
combined them under the name Apatosaurus. In
addition, he noted that the head that had been at-
tached to Brontosaurus had a short snout and
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spoon-shaped teeth, and belonged to another
sauropod, Camarasaurus. Many people still recog-
nize this dinosaur as Brontosaurus, while Apato-
saurus is the name accepted by most professionals.

Characteristics

Apatosaurus was confined to the Late Jurassic era
(156 to 145 million years ago) of the western United
States and, perhaps, adjacent Mexico. Adults were
about 21 meters (70 feet) long and 4.5 meters (14.5
feet) tall, weighing 20 tons. The long, whiplike tail
was lashed about in defense. Their maximum
land speed is estimated to have been from twenty
to thirty kilometers per hour. Since dry habitats
predominated at this time in the western United
States, Apatosaurus had to migrate long distances
to find food. Its long, straight legs were highly
suitable for walking. Apatosaurus was gregarious
and traveled in herds.

Their heads were quite small relative to their
large bodies. Only one partial skull of Apatosaurus
has been found. Because the joint connecting the
skull to the spine was very weak, the skulls were
often lost before burial. The eyes were located at
the back of the skull, as were the nostrils. The teeth
were peglike and confined to the front of an elon-
gate snout. Because the small head lacked both the
teeth and the musculature for effective chewing,
Apatosaurus nipped off leaves that were swal-
lowed nearly whole. Apatosaurus probably held its
head horizontally while feeding on shrubs and
other low-growth vegetation. Contemporary steg-
osaurs and ornithopods ate the vegetation up to a
height of about three meters. Apatosaurus foraged
at heights above three meters. The tallest trees



Apatosaurus Facts

Classification:

Kingdom: Animalia

Subkingdom: Bilateria

Phylum: Chordata

Subphylum: Vertebrata

Class: Reptilia

Subclass: Dinosauria

Order: Saurischia (lizard-hipped dinosaurs)

Suborder: Sauropoda (long-necked herbivores)

Family: Diplodocidae (quadrupeds whose forelimbs were shorter
than their hind limbs)

Genus and species: Apatosaurus ajax, A. excelsus, A. louisae

Note: A number of competing classification schemes exist and will
probably continue to do so in the future.

Geographical location: Western United States, including Colorado,
Utah, and Wyoming

Habitat: The dry habitats that predominated in the western United
States during the Late Jurassic

Gestational period: Although no eggs have been found, Apatosaurus
was undoubtedly an egg layer; the frequency at which the eggs
were laid, the time it took for them to hatch, and the reproductive
life span of the adults are unknown

Life span: Based on mammalian models, sexual maturity would be
reached after ten years, and the life span was probably in excess of
one hundred years

Special anatomy: All the diplodocids, including Apatosaurus, had V-
shaped neural spines on the upper side of the cervical (neck) verte-
brae; a taut ligament running between the arms of the V held the
neck rigid so that constant muscular exertion was not necessary to
hold the head up against the pull of gravity
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were eaten by brachiosaurids.
Gastroliths helped grind up
coarse plant parts prior to their
being passed on to the stomach.
Bacteria were present in the di-
gestive tract to aid in breaking
down food. Ferns, the chief her-
baceous plants of the Late Ju-
rassic, would have comprised
the major part of their diet, al-
though conifers, ginkgoes, and
cycads were also eaten. Flow-
ering plants, which made up a
large part of the diet of Creta-
ceous herbivores, such as Tri-
ceratops, had not yet evolved.
Although Apatosaurus browsed
on low-growing vegetation, it
could also rear up on its hind
legs and tail to feed in the trees,
engage in combat with other
members of its species, defend
its young, and, at least in the
males, mate.

—Gary E. Dolph
See also: Dinosaurs; Fossils;
Herbivores; Paleoecology; Pale-
ontology; Prehistoric animals;
Reptiles.
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APES TO HOMINIDS

Type of animal science: Evolution

Fields of study: Anthropology, evolutionary science, genetics, systematics (taxonomy), zoology

Although the study of fossil apes has taught scientists much regarding certain aspects of primate evolutionary devel-
opment, they cannot yet trace more than a general connection between the apes and hominids such as man.

Principal Terms

APES: large, tailless, semierect anthropoid
primates, including chimpanzees, goril-
las, gibbons, orangutans, and their direct
ancestors—but excluding man and his
direct ancestors

AUSTRALOPITHECINES: nonhuman homi-
nids, commonly regarded as ancestral to
man

DRYOPITHECINES: extinct Miocene-Pliocene
apes; their evolutionary significance is
unclear

HOMINID: an anthropoid primate of the
family Hominidae, including the genera
Homo and Australopithecus

HUMAN: a hominid of the genus Homo,
whether Homo sapiens sapiens (to which
all varieties of modern man belong), ear-
lier forms of Homo sapiens, or such pre-
sumably related types as Homo erectus

PRIMATES: placental mammals, primarily
arboreal, whether anthropoid (humans,
apes, and monkeys) or prosimian (le-
murs, lorises, and tarsiers)

STRATIGRAPHY: in geology, a sequence of
sedimentary or volcanic layers, or the
study of them—indispensable for dating
specimens

rimates are an order of the class Mammalia.
The Primate order is divided into two sub-
orders. Suborder Prosimii (lower primates) in-
cludes lemurs, lorises, and tarsiers. Suborder

Anthropoidea (higher primates), to which mon-
keys, apes, and humans all belong, is divided fur-
ther into infraorders: Platyrrhini (flat-nosed New
World monkeys, definitely not ancestral to man)
and Catarrhini (down-nosed Old World monkeys,
apes, and man). The infraorder Catarrhini includes
two superfamilies: Cercopithecoidea (Old World
monkeys) and Hominoidea (apes and man).
Within the Hominoidea, finally, are three families:
Hylobatidae (lesser apes), Pongidae (great apes),
and Hominidae (man). As this classification sug-
gests, it is now taken for granted that human an-
cestry—if it could be traced satisfactorily—would
include forms that, on other genealogies, gaverise
to lower and higher primates, Old World mon-
keys, and a series of now-extinct creatures that
were ancestral to certain of the apes as well.

The lower primates (prosimians) first ap-
peared about seventy million years ago. They still
exist (as lemurs, lorises, and tarsiers) but have
been declining for the last thirty million years,
probably because of unsuccessful competition
with their own descendants, the monkeys. Pro-
simians have five digits on each limb, but the dig-
its have claws rather than nails, and the limbs are
entirely quadrupedal. Prosimians also lack binoc-
ular vision, but they do have dentition anticipat-
ing the molar development of the higher pri-
mates.

The Higher Primate Fossil Record

The earliest evidence of any kind of higher pri-
mate—some tiny pieces of jaw found in Burma—
dates from the Eocene epoch, about forty million
years ago. Two creatures named Amphipithecus
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(“near ape”) and Pondaungia (“found in the
Pondaung Hills”) have been proposed, each being
a very primitive monkey or ape, but the evidence
thus far is too sparse to ally these forms with any
possible descendants. Some two million years
later, in the Fayum Depression of Egypt (then a
lush forest), Apidium and Parapithecus (“past ape”)
existed. Known only from jaws and teeth, they are
the oldest known Old World monkeys presently
recognized. Their dental pattern (arrangement
of teeth), however, is the same as that of Am-
phipithecus. Other teeth from the Fayum, perhaps
thirty-five to thirty million years old, have a
different cusp pattern, more like an ape’s (and a
human’s) than a monkey’s. Possibly, then, Pro-
pliopithecus (“before more recent ape”) is the
earliest evidence of an ape line distinct from the
monkey line.

The oldest apelike animal about which scien-
tists know enough to regard it as a probable hu-
man ancestor is Aegyptopithecus (“Egyptian ape”),
also found in the Fayum, in Oligocene deposits
about thirty-two million years old. In addition to
jaws and teeth, an almost complete skull and
some postcranial bones (meaning those below the
skull) have been recovered. Since the Fayum at
that time consisted of dense tropical rain forest
with little open space, Aegyptopithecus is assumed
to have been an arboreal quadruped. (In 1871, be-
fore Aegyptopithecus was known, Charles Darwin
had predicted that such a human ancestor ex-
isted.) Itis the most primitive ape yet discovered.

Proconsul (“before Consul,” Consul being a
chimpanzee in the London Zoo in 1933) and
Dryopithecus (“forest ape”) were either closely re-
lated to each other or identical. Proconsul ap-
peared in Africa at the start of the Middle Miocene
(about twenty million years ago) and was contem-
porary with Dryopithecus in Europe and Asia
about fourteen million years ago. The relatively
abundant fossils of these forms have been clas-
sified by some researchers into three species,
together forming an extinct subfamily, the Dry-
opithecinae. One species in particular, Dryopithe-
cus majot, regularly left its remains on what were
then the forested slopes of volcanoes; males grew

significantly larger than females (a situation
known as sexual dimorphism). In both of these re-
spects, Dryopithecus resembled the modern go-
rilla, to which it may be ancestral. Like the gorilla,
Dryopithecus major probably walked on its knuck-
les. In size, it was somewhat larger than a chim-
panzee. The other two species, Dryopithecus
nyanzae and Dryopithecus africanus, were smaller
than Dryopithecus major and more like the chim-
panzee. Outside Africa, Dryopithecus has been
found from Spain to China.

The Ancestors of Modern Apes and Humans
Limnopithecus (“lake ape”), found in deposits in
Kenya and Uganda of about twenty-three to four-
teen million years ago, is thought to be an earlier
form of Pliopithecus (“more recent ape”). Its
gibbonlike skulls, jaws, and teeth are plentiful in
European sediments of Middle Miocene to Early
Pliocene age—sixteen to ten million years ago. For
some researchers, these two forms constitute a
separate subfamily, the Pliopithecinae, which
they consider to be part of the family Hylobatidae
(lesser apes). In some respects, they resembled the
modern gibbon, but other aspects of their anat-
omy were quite different. For example, Pliopith-
ecus possessed seven lumbar vertebrae, whereas
gibbons (and humans) have only five. It seems
to have been primarily arboreal, swinging from
branch to branch. Pliopithecus has been known
since 1837 (in France), and since then some almost-
complete skeletons have been recovered. Sivapith-
ecus (“Siva’s ape,” Siva being a Hindu deity), found
in India and later in Africa, is a closely related
form, Miocene in age. Both the dryopithecines
and the pliopithecines are often regarded as the
ancestors of modern apes.

Ramapithecus (“Rama’s ape,” Rama being an-
other Hindu deity), found originally as ajaw frag-
ment in India, is remarkable for its human-looking
teeth. Some researchers regard it as the earliest
member of the hominid line and therefore ances-
tral to humans. Others, however, relate Rama-
pithecus and Sivapithecus to modern orangutans,
seeing no direct connection to man. Though
Ramapithecus has been recovered from Late Mio-
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cene ones in India (about fourteen to ten million
years ago), only teeth and jaws have been found.
As a result, many opinions regarding Ramapith-
ecus are highly conjectural. The most striking fea-
ture of this genus, for example, is the greatly re-
duced size of its canine teeth, as compared with
those of earlier (as well as modern) apes. Presum-
ably, this indicates a changed diet of some sort.
However, primates also use their teeth for non-
dietary purposes, including weaponry and dis-
play. It has therefore been suggested that the
reduced tooth size of Ramapithecus might indicate
its having begun to use other tools or weapons; if
so, none has ever been found. Another conjecture
has been that climatic change brought the pri-
mates down from the trees. Once on the ground,
Ramapithecus then developed a hunter-gatherer
style of sustenance that eventually included the
formation of family units (male-female bonds),
tool making, and a rudimentary form of lan-
guage—the beginnings of culture. Unfortunately,
all that is really known about Ramapithecus is what
can be observed from a smattering of its bones.

Finally, there was Gigantopithecus (“giant
ape”), a huge simian with protohuman teeth
(clearly not ancestral to man, however) that out-
lasted Dryopithecus, Ramapithecus, and Sivapith-
ecus to survive in Asia for almost nine million
years. The largest primate that ever evolved (ex-
actly how large is not known), it was alive in
China as recently as a million years ago. Known
for its immense molars, Gigantopithecus was ap-
parently the only successful ground-living sa-
vanna ape. It probably competed with early
hominid forms and may have been exterminated
by them.

In broad outline, then, these are the fossil apes.
Since much of the evidence (all of it, in several
cases) consists of teeth and jawbones, it is not sur-
prising that conjecture has played a very active
partin attempts to associate this evidence with the
evolution of the hominids. Before 1980, there was
widespread consensus among experts with re-
gard to an evolutionary main line extending at
least from Aegyptopithecus through Dryopithecus
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(or Proconsul) and Sivapithecus to Ramapithecus, the
latter being regarded as the first hominid. How-
ever, portions of two Sivapithecus faces, recovered
from Turkey in 1980 and Pakistan in 1982, im-
pressed researchers with their orangutan-like char-
acteristics. Since firm ties between Sivapithecus
and Ramapithecus had already been established, it
began to seem that the entire lineage pointed to-
ward the orangs rather than toward man. Another
problem is that formerly accepted dating has
come into question for such important branchings
of the lineage as those which separated monkeys
from apes and apes from man. New genetic stud-
ies having nothing to do with either fossils or
stratigraphy have presented compelling (but con-
troversial) arguments to the effect that these
branchings occurred much later than hitherto be-
lieved. A third, even more serious problem is that
there is virtually no pertinent fossil evidence re-
garding the development of simian primates into
humans for a period beginning about fourteen
million years ago and lasting until the appearance
of the australopithecines about four million years
ago. While anthropologists and biologists con-
tinue to learn more about the ancestry of modern
simians, therefore, it is certainly not the case that a
reliable lineage (or even a timetable) leading from
other primates to humankind has been established.

The Problems of Theorizing from Fossils

The study of fossil apes is a specialization within
the broader field of vertebrate paleontology, or the
study of fossil bones. Like all paleontologists,
therefore, paleoprimatologists are necessarily
concerned with fossils and their stratigraphic oc-
currence. Because primates still exist, however, it
is also important to study the behavior of living
examples. Since behavior reflects environmental
conditions, it is further necessary to reconstruct
the climate, flora, and fauna of the region and time
in which the fossils were found.

No complete fossil ape has ever been found.
Any understanding of what they may have looked
like is therefore conjectural—an extrapolation
from what has been recovered to what has not.
Skulls are undoubtedly the most desirable evi-
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dence, but they are not the most durable of fossils.
Teeth, which constitute the hardest parts of the
primate body, are preserved more often than any
other part. Some kinds of fossil ape are known ei-
ther exclusively or primarily from their teeth and
jaws. Ape teeth differ from human teeth in two
significant respects: They are generally larger (the
canines especially), and the cusp patterns on their
molars differ. The arrangement of teeth in an ape’s
jaw, moreover, is angular, like a V; in a human, the
arrangement is rounder, like a U. Inevitably,
whenever jawbones or molar teeth are found, an
attempt is made to place them somewhere on a
continuum that runs between the purely simian
(ape) and the purely human. This procedure not
only distinguishes primitive apes from primitive
humans, and one kind of fossil ape from another,
but also gives rise to inevitable conjecture as to
possible anticipations of the human line.

Amajor difficulty with evolutionary sequences
based solely upon dental evidence is that the head
and body of a given species have not necessarily
evolved at the same rate. One may be surprisingly
apelike, the other somewhat human. Even more
specifically, the fact that jaws are changing does
not necessarily mean that crania (or any other spe-
cific body parts) are changing also. On the whole,
scientists do not yet understand the evolution of
primate anatomy well enough to interpret present
evidence or reconstruct missing parts with much
reliability. In the absence of factual evidence, the
form taken by prevailing reconstructions at any
given time may owe as much to professional poli-
tics as to objective knowledge. The controversy re-
garding Ramapithecus, which (on the basis of facial
bones) moved that genus from a central position
at the base of the human lineage to a similar posi-
tion on a separate orangutan genealogy, has been

Image Not Available



a valuable lesson in the folly of premature com-
mitment.

Ancient Fossils and Modern Primates

Most paleoprimatologists are to some extent
modern-day primatologists also, necessarily ex-
pert in the comparative anatomy of all members
of the higher primates and as knowledgeable as
possible regarding their behaviors and environ-
ments. It is assumed that a changing environment
(one becoming increasingly arid, for example) re-
quires behavioral modifications and that these
modifications will then create selection pressures
favoring some types of anatomical variation over
others; thus, one species will eventually change
into (or be replaced by) another. The process is not
well understood, but the primates—being so in-
tensely studied—are often regarded as test cases
for competing evolutionary theories. Some re-
searchers stress evidence to the effect that species
are always changing; others believe that species
are created precipitously and then tend to endure
relatively unchanged until they are abruptly su-
perseded. All that is really known at present is
that the ancient apes generally conform to a par-
tially ascertainable progression from hypothetical
earlier forms to modern-day primates—with a
ten-million-year gap in between.

The Importance of Fossil Apes

The fossil apes are important for four reasons:
They are an important group in their own right;
they are important to the development of the
mammals; they are important to the development
of the primates; and, they are thought to be ances-
tral to humankind and therefore uniquely impor-
tant among all nonhuman fossil genera.

One of the unique characteristics of humans is
the ability to create, preserve, and transmit knowl-
edge. Homo sapiens has learned to value learning,
to hoard and increase knowledge in the realiza-
tion that it fortifies and enhances his existence.
Humans attempt to know and understand all
present-day forms of life; in order to do so, how-
ever, it must also be known how these forms came
into being through time. Biology, then, is inher-
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ently evolutionary and does not sharply distin-
guish between plants and animals of the past and
those of the present.

Insofar as an understanding of life itself is the
goal of biological studies, no single form of life is
inherently more important than any other. From
this point of view, one would say that fossil and
living apes are studied for the same reason that al-
gae, sponges, or nematodes are. A number of biol-
ogists would maintain this view. Many others,
however, believe mammals—and especially pri-
mates—to be a “higher” form of life, anatomically
more complex than sponges (though not necessar-
ily more nearly perfect) and certainly capable of
more complex behaviors. No mere study of anat-
omy, this viewpoint suggests, can sufficiently ex-
plain a primate.

The outstanding characteristic of all primates
is their intelligence. One can find surprising levels
of intelligence in other animals, however: Among
invertebrates, such cephalopods as the squid and
the octopus have the highly developed nervous
systems, senses, and brains that are normally as-
sociated with mammals. Together with some
birds and social insects, all the mammals are capa-
ble of surprisingly complex behavior. Neverthe-
less, the higher primates constitute an intellectual
elite even among the mammals. Impressive as go-
rillas and chimpanzees can be in this respect, it is
apparent that the human mind has a capacity well
beyond theirs. The brains of extinct apes are seen
as having been ancestral not only to those of mod-
ern apes but also to the brain of man.

Scientists are fortunate in the number of fossil
ape skulls that have been found, for they make the
increasing mental capacity of the higher primates
easy to establish. Limb bones and other less dura-
ble parts of the skeleton are much rarer. When
available, they indicate the relative lengths of
arms and legs; the nature of the shoulder (a key to
arboreal existence); the relation of pelvis and fe-
mur (a key to posture); and the shapes, capabili-
ties, and functions of hands and feet. Without
such evidence, scientists have only conjectures
based upon the presumed place of the genus in
question within a supposed evolutionary se-
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quence. When proposed sequences differ, though
they are derived from the same sparse evidence,
conflicting suppositions about the evolutionary
sequence are at work.

—Dennis R. Dean
See also: Convergent and divergent evolution;
Evolution: Historical perspective; Extinction;

Gene flow; Genetics; Hominids; Hormo sapiens and
human diversification; Human evolution analy-
sis; Language; Learning; Mammalian social sys-
tems; Monkeys; Neanderthals; Paleontology; Pri-
mates; Punctuated equilibrium and continuous
evolution.
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ARACHNIDS

Types of animal science: Anatomy, behavior, classification, ecology
Fields of study: Anatomy, ecology, ethology, invertebrate biology, systematics (taxonomy), zoology

Arachnids are ancient members of the phylum Arthropoda and represent some of the first terrestrial animals. Arach-
nids are mainly beneficial to humans in that they prey upon insects.

Principal Terms

ARTHROPODA: animals having jointed legs,
an exoskeleton, and a ventral nerve cord

BOOK LUNGS: a system of blood-filled diver-
ticula that are surrounded by air pockets
located in a chamber called the atrium

CHELICERAE: pincerlike mouthparts used in
macerating food

PEDIPALPS: modified walking legs; these
may be clawlike, as in scorpions, or have
a modified structure, a palpal organ for
sperm transfer, as in male spiders

PODITES: the parts of the jointed append-
ages of arachnids

SENSILLA: hairlike structures associated with
nerves that act as mechanoreceptors and
chemoreceptors

TRACHEAS: a system of branched tubes that,
in some arachnids, deliver oxygen to the
blood

Arachnids belong to the phylum Arthropoda,
and as such have the basic characteristics of
this assemblage. These characteristics include
having jointed appendages, an exoskeleton, an
open circulatory system, and a ventral nerve cord.
The Arachnida are a subgroup within the subphy-
lum Cheliceriformes, those arthropods with a pair
of primitively pincerlike chelicerae mouthparts.
Arachnids are considered to have an aquatic ori-
gin, but most present-day forms are terrestrial in
nature.

Arachnids all have the following characteris-
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tics: a body that is divided primitively into a
prosoma and an opisthosoma; a pair of chelicerae
used as mouth parts, a pair of pedipalps that often
end in pincerlike claws and are modified for prey
manipulation and sperm transfer; four pairs of
walking legs in the adult (juveniles may have
three pairs) originating from the prosoma; ab-
sence of antennae; simple eyes in most; coxial
glands at base of the legs and malpighian tubules
extending between the hemocoels and gut tube
used for excretion and osmoregulation; gut tube
with diverticula; breathing accomplished by book
gills (aquatic forms), book lungs, or tracheal
tubes; and a dorsal heart.

The following orders comprise the Arachnida:
Scorpiones (scorpions), Uropygi (whip-tailed
scorpions), Schizomida (schizomids), Amblypygi
(whip spiders), Palpigradi, Araneae (spiders),
Ricinuleids, Pseudoscorpionida (false scorpions),
Solpugida (wind scorpions), Opiliones (daddy
longlegs), and Acari (ticks and mites).

Scorpions

The scorpions are considered to be among the
earliest land animals. They are considered to be
derived from water scorpions known as Euryp-
terids. Scorpions were established in the terrestrial
environment by the Carboniferous era, but are
thought to haveinvaded the land in the Devonian.
Scorpions are mainly nocturnal and are common
in desert and tropical regions. Northern climates
are free of scorpions due to the extreme cold. Their
bodies are segmented but are divided into three
portions: an anterior prosoma (carapace) and an
opisthosoma divided into mesosoma and a
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metasoma. The prosoma bears the mouth parts
which are pincerlike chelicerae used to chew the
prey and allow copious amounts of digestive juice
to be poured externally over the prey. The next
pair of appendages are the clawlike pedipalps
that act to catch and hold prey. Scorpions have
four pairs of walking legs, each usually with eight
segments. The mesosoma bears the genital pores
and a pair of comblike structures, the pectines,
which are chemosensors for tracking prey as well
as for digging burrows, along with the legs. Scor-
pions breathe through ventrally placed book
lungs and thus avoid traveling in water. The tail
segment or telson bears at least one stinging spine.
A number of species are highly poisonous and
their sting may be fatal.

Uropygi, Schizomida, Amblypygi, and
Palpigradi

Uropygi, whip-tailed scorpions, look like scorpi-
ons, having chelicerae mouthparts and large pedi-
palps for capturing prey. Some species attain
lengths of up to eight centimeters. Like scorpions,
these forms are mainly nocturnal. Uropygans
earn their name by elongating the telson into a
whiplike structure, the flagellum. At the end of

Arachnids have eight legs, as opposed to insects, which have six.
(Corbis)

this organ are pair of glands that can spay acetic
and caprylic acids at would-be predators. They
range from arid climates to the tropics and sub-
tropics of South America and southern United
States. Some species have been introduced into
Africa.

The Schizomida are small, under a centimeter
in size. Like uropygans, they possess glands that
spray acid, although the telson in these forms is
short. The first pair of walking legs is sensory in
nature. Schizomids are common in Asia, Africa,
and the Americas, inhabiting leaf litter and secret-
ing themselves under rocks and fallen trees. They
are tropical and subtropical.

Amblypygi resemble whip-tailed scorpions in
body form, although they lack the elongated
telson. Internally they resemble spiders, but do
not have fangs and use their chelicerae for tearing
apart prey. The first pair of legs is sensory in na-
ture and may be quite long in some species (up to
twenty-five centimeters in length.) These whip
spiders are found in tropical areas under tree bark,
leaf litter, and in caves.

Palpigradi are small arachnids under three
millimeters in length. About fifty-five species
have been described since their discovery in 1885.
Not only have they have under-
gone a reduction in size, but their
exoskeletons are thin and color-
less, facilitating the loss of respira-
tory organs. They have a whiplike
flagellum similar to that of the

Uropygi.

The Aranae

Spiders comprise a large arachnid
group, with at least 35,000 known
species. They inhabit all terrestrial
environments, and some species
have adapted to freshwater and
estuarine areas. The body is nor-
mally in two parts, a prosoma and
an opisthosoma. Spiders are orga-
nized into three subgroups: those
with a persistent segmented opis-
thosoma, the Liphistiidae, and two
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groups included in the Opis-
thothelae, the mygalomorph
or tarantula-like spiders, and
the araneomorph spiders that
are more familiar to most
people. Spiders have fanglike
chelicerae that inject venom
and digestive enzymes into
the prey that liquefy the inter-
nal organs in order that the
spider may pump out the con-
tents. Although all spiders are
venomous, only a few species
are dangerous to humans.
Among these are the black years
widow and brown recluse spi-
ders. Black widows, belong-
ing to the Theridiidae or cob-
web spiders, are capable of
inflicting a fatal bite, owing to

Classification:

Kingdom: Animalia

Subkingdom: Bilateria

Phylum: Arthropoda

Subphylum: Cheliceriformes

Class: Chelicerata

Subclass: Arachnida

Geographical location: All continents

Habitat: Mainly terrestrial, with some few freshwater forms found
among spiders

Gestational period: Extremely variable depending upon group or in-
dividual species

Life span: Variable, but some members may live up to twenty-five

Special anatomy: All have eight legs as adults; pincerlike mouthparts
that may be modified into fangs in some groups; most members are
free-living but parasites are found among the Acarina; includes
some of the most venomous animals of the world, such as the Afri-
can fat-tailed scorpion, the American black widow spider, and the
Australian red back and funnel web spiders

Arachnid Facts

the neurologic aspects of their
venom. Males, who are multi-
colored and small, are also
venomous. The brown recluse spiders are fairly
common throughout the southern United States.
Their venom is mainly hemolytic; that is, it dis-
solves tissues and may create large lesions as the
result of digestion of tissue. Their bite is rarely fa-
tal. Other lethal spiders occur in Australia (the
funnel web spiders) and in South America (the
ctenid hunting spiders). Another major character-
istic of spiders is their ability to spin silk through
organs called spinnerets. The spinnerets are con-
nected to silk glands. Silk is used for webs, co-
coons for eggs and over-wintering, wrapping
prey, and draglines.

Spiders have many sense organs that include
hairs that sense vibration and touch. Other hair-
like structures are hollow and are chemoreceptors.
Slit organs that include the lyriform organs are
slits in the cuticle that lead to sensory neurons.
They are considered to be mechanoreceptors. Vi-
sion is variable in spiders depending upon the life
habits of the spider, ranging from eight eyes ar-
ranged in two rows on the prosoma to a complete
lack of eyes. The jumping and hunting spiders

have the largest eyes capable of forming an image.
Spiders have interesting reproductive behav-
iors that range from rhythmic web tapping to
flashing iridescent pedipalps. A male will pick up
sperm deposited in a sperm web with a special-
ized structure on one of the pedipalps. If he is suc-
cessful in approaching a female, he will mate with
her by inserting the pedipalp tip into her seminal
receptacle and beat a hasty retreat; otherwise the
female may recycle him. The female will lay up to
three thousand eggs sometime after the mating.

Opiliones

Harvestmen are found throughout the world. The
carapace is broadly joined with the segmented ab-
domen without the usual constriction seen in spi-
ders. The legs of most are long and spindly, hence
their common name of “daddy longlegs.” They
are most abundant in the tropics. They have
pincerlike but small pedipalps that are used to
feed on small invertebrates and insect eggs. They
also are scavengers. For defense, they have two
repugnatorial glands that give off noxious chemi-
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cals to ward off would-be predators. Unlike other
arachnids, these male spiders have a penis for
sperm transfer and females have an ovipositor
with which they deposit their eggs in the soil.

Acarina

Both the mites and ticks are included in this group
and have the largest number of species—possibly
over a million—of any arachnid taxon. They may
not be a monophyletic group but one that has
more than one ancestor. These forms are cosmo-
politan in distribution and are either free-living or
parasitic on both plants and animals. Mites are the
most diverse members of this assemblage. They
have opted for small size with a trend toward fus-
ing the prosoma and opisthosoma together. Mites
are predatory on other arthropods, including
other mites. Many others are parasitic on plants
and vertebrates. Some have become aquatic and
can be found in many freshwater and ocean envi-
ronments where they may parasitize mollusks,
crustaceans, and aquatic insects; some are suspen-
sion feeders. Mites cause various aliments that in-
clude skin mange and other irritations, feather
loss in birds, as well as subcutaneous tumors.
Mites can also act as vectors in disease distribu-
tion, including wheat and rye mosaic viruses.
Other mites may destroy stored grain products
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and thus have negative economic impacts. The
ticks are parasitic, blood-sucking parasites on ver-
tebrates, although one beetle is also parasitized by
this taxon. The chelicerae are modified with teeth
for anchoring the tick in the skin of the host, which
makes it difficult to remove. Ticks are vectors for
many diseases, including protozoan, bacterial,
fungal, and viral agents. Ticks transfer Rocky
Mountain spotted fever as well as Lyme disease.

Ricinulei
These secretive arachnids are small, ranging from
five to ten millimeters in length. There are only
about thirty-five species, found in Africa, the
southern United States, and Brazil. They have
pincerlike pedipalps, and their third legs are
modified for sperm transfer in males. There is a
hood structure in front of the prosoma where
brooding of the single egg of one species occurs.
The reproductive habits are largely unknown.
These are secretive animals living under leaf litter
and in caves. They are predatory on smaller ar-
thropods.

—Samuel F. Tarsitano
See also: Arthropods; Circulatory systems of in-
vertebrates; Crustaceans; Exoskeletons; Insects;
Poisonous animals; Reproductive strategies; Scor-
pions; Spiders.
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ARCHAEOPTERYX

Types of animal science: Classification, evolution

Fields of study: Anatomy, evolutionary science, ornithology, paleontology

The oldest known bird is the Late Jurassic Archaeopteryx, which is important as evidence for the generally accepted
view that birds evolved from small carnivorous dinosaurs through the development of feathers into flight structures.

Principal Terms

ARCHAEOPTERYX: the oldest known bird,
from the Upper Jurassic Solnhofen
Limestone of Bavaria

ARCHOSAURS: major subdivision of reptiles,
which includes the crocodiles, birds, and
dinosaurs

CLADISTICS: a method of analyzing biologi-
cal relationships in which advanced
characters of organisms are used to indi-
cate closeness of origin

CRETACEOUS: a period of time that lasted
from about 146 to 65 million years ago,
the end of which was marked by the ex-
tinction of the dinosaurs

FURCULA: fused clavicles, the wishbone of
birds

Jurassic: a period of geological time that
lasted from about 208 to 146 million
years ago, during which the birds origi-
nated

THEROPODS: carnivorous dinosaurs, and the
group from which birds developed

The first Archaeopteryx (“ancient wing”) fossil
to be discovered was a single feather found in
the Solnhofen Limestone Formation of Bavaria in
1860, during quarrying operations. Since then
seven skeletons have been found, the most com-
plete of which are the British Museum specimen
(discovered in 1862) and the Berlin specimen (dis-
covered in 1877). Although most of the specimens
seem to belong to the same species, Archaeopteryx
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lithographica, a case has been made that the sev-
enth specimen represents a different and smaller
species, Archaeopteryx bavarica. The Solnhofen
Limestone was deposited in hypersaline lagoons
that formed along the northern margin of the
Tethys Sea during the Late Jurassic, and the fine-
grained limestones that formed in the lagoons
contributed to the exceptional preservation of
soft-tissue structures, including feathers. Archae-
opteryx may have lived around the lagoons in
bushes and shrubs, as there is no evidence of trees,
and occasionally may have been blown out into
the lagoons during storms, becoming waterlogged
and sinking into the fine carbonate sediment.

Archaeopteryx was a small animal, about the
size of a pigeon, and is considered to be a bird, as it
has feathers, with those on the wings specialized
for flight. However, many of its skeletal character-
istics are dinosaurian, and if the feather impres-
sions had not been preserved it would undoubt-
edly have been identified as a small theropod or
carnivorous dinosaur. In particular, the skull has
openings characteristic of dinosaurs, and toothed
jaws are present rather than a beak. The arms still
terminate in separate clawed fingers, unlike the
fused wing of a bird, and its pelvis and long bony
tail are similar to those of a theropod. All modern
birds have a fused mass of vertebrae called the
pygostyle rather than a long bony tail. However,
Archaeopteryx does have a furcula, the wishbone of
birds, which acts as a spring during flight; a broad
platelike sternum for the attachment of the flight
muscles; and feathers, which probably developed
initially from epidermal scales as insulation and
were only later adapted for flight.
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Classification:

Kingdom: Animalia

Subkingdom: Bilateria

Phylum: Chordata

Subphylum: Vertebrata

Class: Aves

Subclass: Archaeornithes

Geographical location: Southern Germany

Habitat: Probably low bushes and shrubs around
marine lagoons

Gestational period: Unknown

Life span: Unknown

Special anatomy: Dinosaurian features, includ-
ing teeth, forelimbs with separate clawed dig-
its, saurischian pelvis, long bony tail; body
covered by feathers, including asymmetric
flight feathers

Significance of Archaeopteryx

The status of Archaeopteryx as the oldest known
bird has made it extremely significant in ongoing
discussions about the origin of birds and the ori-
gin of flight. At the time of its discovery, shortly af-
ter the publication of Charles Darwin’s On the Ori-
gin of Species (1859), it seemed to be a perfect
“missing link” between birds and reptiles, and
was proposed as such by Thomas Henry Huxley.
However, the apparent lack of a furcula was used
to discredit this view, and rival views suggesting
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that birds were most closely related to crocodiles,
basal archosaurs (dinosaur ancestors), and even
mammals became more popular. This changed in
the 1970’s when John Ostrom cataloged numer-
ous similarities between Archacopteryx and
theropod dinosaurs, particularly the advanced
dromaeosaur Deinonychus. Subsequent analyses
using cladistics, a method in which the distribu-
tion of advanced characteristics in related species
can be assessed by computer, have fully sup-
ported this view.

Analyses of the wings of Archaeopteryx have
shown that the feathers are adapted for flight and
that the animal was probably capable of fast cruis-
ing flight, although it would not have been very
manouverable. Specimens of feathered dinosaurs
and early birds from the Lower Cretaceous of
China have shown that feathers probably origi-
nated as insulating structures that were subse-
quently adapted for flight in animals such as
Archaeopteryx. How that happened is still a matter
for debate, but the two main possibilities are the
arboreal hypothesis, which suggests that flight
originated in gliders that started to flap, and the
cursorial hypothesis, which suggests that flight
developed in animals that were running and
jumping after prey.

—David K. Elliott
See also: Birds; Dinosaurs; Feathers; Flight; Fos-
sils; Paleoecology; Paleontology; Prehistoric ani-
mals; Wings.
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ARMADILLOS, ANTEATERS, AND SLOTHS

Type of animal science: Classification
Fields of study: Anatomy, physiology, zoology

Anteaters, armadillos, and sloths belong to the order Edentata (“without teeth”). The order includes the giant ant-
eater and three smaller anteaters, two genera of sloths, and eight genera consisting of twenty species of armadillos.

Principal Terms

ARBOREAL: living in trees
HERBIVOROUS: plant-eating
NOCTURNAL: active only at night

Anteaters, armadillos, sloths, and several ex-
tinct species make up an order of mammals
called Edentata (“without teeth”), now found
only in the Western Hemisphere and chiefly in
South America. Only one species of the order, the
long-nosed armadillo, is found in the United
States, chiefly in Texas. Although the name of the
order means “toothless,” armadillos and sloths do
have a single set of teeth, which look like wooden
pegs, lack enamel, and are constantly growing.
Only the anteaters do not have teeth.

Edentates live in a number of habitats, includ-
ing subtropical and tropical environments. Giant
anteaters live in grasslands but also can be found
in western South American forests. They feed on
termites and ants, either at night or during the
day. Lesser anteaters live mostly in tropical rain
forests and are nocturnal in their habits, prefer-
ring to hunt at night. Tree sloths live in trees in hu-
mid tropical forests, where they feed exclusively
on leaves and plants. Armadillos are found in
grasslands and forests and live in burrows. They
feed mainly on insects and worms.

Physical Characteristics of Edentates

The four genera of anteaters share several charac-
teristics: They have long heads, long, tube-shaped
mouths with long tongues, but no teeth. They
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are mammals and belong to the family Myrme-
cophagidae. The giant anteater, Myrmecophaga
tridactyla, is sometimes called the ant bear. It can
reach six feet in length and weigh up to eighty-six
pounds and lives in swampy areas and open
grasslands in South America. It is gray in color
with a white-bordered black stripe on each shoul-
der. It has a long, bushy tail and sharp front claws
used to tear open termite nests. The claws are so
long that, in order to move, the ant bear must tuck
its claws under its front feet and walk on its
knuckles. The long, narrow tongue has a sticky
surface; it flicks rapidly out of a small mouth and
is perfectly suited for licking up termites and ants
that adhere to its surface.

The pygmy anteater, Cyclopes didactylus, also
called the two-toed anteater, is the smallest of the
anteaters. It reaches about fifteen inches in length,
but half of that is tail. The pygmy anteater weighs
only four pounds on average. It has a small nose
and silky golden fur that make it look like the
seedpods of the main tree it inhabits, the silk cot-
ton tree. It lives high up in the tree, where it feasts
on termites and seldom comes to the ground. It
uses its tail to help it jump from tree to tree.

There are two species of Tamandua, or lesser
anteaters, Tamanda tetradactyla and T. mexicana.
Both species have three toes, no teeth, and very
sharp claws. They are about four feet long, short-
sighted, and very hard of hearing. Their noses are
much shorter than those of the giant anteaters.
Both species are shorthaired and brownish, with a
black area that looks like a vest on the front side.
They live in trees and use their long, prehensile
tails to help them hold onto branches. They some-
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times come to the ground, where they walk ex-
tremely slowly. They do most of their feeding at
night, eating ants, termites, and other small in-
sects.

The armadillo, Spanish for “little armored
thing,” originated in South America more than
sixty million years ago. It is found as far south as
Argentinean Patagonia, where the pichi, Zaedyus
pichi, is very common. One species of armadillo,
Dasypus novemcinctus (the nine-banded arma-
dillo), is found as far north as northern Texas. The
armadillo is not toothless, but its teeth are simple,
rootless pegs at the back of its mouth. The shell
covering most of the animal is made up of hun-
dreds of bony plates that are fused together.
Across the middle of its back, the armadillo has
a hinge that joins together its front and rear sec-
tions, which allows the animal freedom of
movement. Armadillos can contract and
curl up into a ball to cover their unprotected
underbellies. A full-sized adult weighs be-
tween eight and fifteen pounds. There are
nine genera and twenty species of armadil-
los. The three-, six-, and nine-banded arma-
dillos (the genera Tolypeutes, Euphractus, and
Dasypus) get their names from the number of
bands in their armor. The armor protects the
animal from flesh-eating predators.

Sloths are arboreal (living in trees), with
six species found in the rain forests of Cen-
tral and South America. They are herbivo-
rous, meaning they only eat plants. There
are two main kinds of sloths: the three-toed
sloth, called an ai, and the two-toed sloth,
known as the unau. The ai, or Bradypus
grisues, got its common name from its cry of
distress, “ai-ai.” It is about two feet long,
slender, and has long legs. Its feet are armed
with three long, hooklike claws, from which
it hangs from branches. It has small ears, a
tail, and a bullet-shaped head. One unusual
feature is its long neck, which contains nine
vertebrae, two more than is usual in mam-
mals. Its coat of hair is dull gray and in an-
other peculiar feature, an algae grows in the
sloth’s hair that gives it a greenish color,

making the animal difficult to see among the
green leaves. Three-toed sloths eat only the leaves
of the cecropia tree.

The two-toed unau, Choloepus hoffmanni, is
larger than the ai. Its neck has only seven verte-
brae, and the animal has no tail. It has two claws
on its front feet but three claws on its hind feet.
Unlike the three-toed sloth, the unau can come
down a tree headfirst and stand upright on all
four feet. Its diet consists mainly of leaves, stems,
and fruits. The eyesight and hearing of all sloths
are not very well developed, and they usually find
their way mainly by touch.

The Life Cycle and Habitat of Edentata

Solitary habits and a low reproductive rate char-
acterize all three species of anteaters. The young
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are born one at a time with a ges-
tation period of approximately
190 days. A mother carries a sin-
gle offspring on her back for
most of its growth period, which
can last up to a year in the case of
the giant anteater. The giant ant-
eater lives in the grassland and
forest of South America; it is the
only anteater that lives on the
ground. It is an excellent swim-
mer, however, and is frequently
seen in the Amazon River. When
it lives near human populations,
it is active only at night, but in
the forest it can be found hunt-
ing ants and termites during the
day. Its home is an old burrow
abandoned by another animal,
or a hollow log. The giant ant-
eater is becoming rare due to the
trade in exotic pets and through
the destruction of its habitats.
The pygmy anteater rarely
comes down from the tall trees it
lives in, and is active only at
night. It lives high up in trees in
the rain forest and feeds on ter-
mites. Its breeding habits are not
known. The lesser anteater lives
in trees, hanging on to branches
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Edentata Facts

Classification:

Kingdom: Animalia

Subkingdom: Eumetazoa

Phylum: Craniata

Subphylum: Vertebrate

Class: Mammalia

Subclass: Theria

Order: Edentata

Family: Myrmecophaga (anteaters), Dasypodidae (armadillos),
Bradypodidae (three-toed sloths), Megalonychidae (two-toed
sloths)

Genus and species: Anteaters—three genera and four species; armadil-
los—eight genera and twenty species; sloths—two genera and
five species

Geographical location: South and Central America, with only one
species of Edentata in North America

Habitat: Anteaters—savanna, parkland, thorn scrub, and forest; ar-
madillos—savanna, pampas, arid desert, thorn scrub, and decid-
uous, cloud, and rain forests; sloths—lowland and upland tropi-
cal forest

Gestational period: Anteaters—190 days; armadillos—60 to 120
days; sloths—6 to 11.5 months

Life span: Anteaters—unknown in the wild, twenty-six years in cap-
tivity; armadillos—twelve to fifteen years in the wild, nineteen in
captivity; sloths—twelve years in the wild, thirty-one in captivity

Special anatomy: Anteaters have long sticky tongues and long tails;
armadillos have shells surrounding most of their bodies; sloths
have long tails and claws that enable them to hang from trees

with its tail. It emerges at night to eat insects, ants,
and termites. Its breeding habits also remain un-
known. Lesser anteaters are hunted for their tails,
which are used to make rope, and native Brazil-
ians sometimes bring them into their homes to rid
them of termites.

The armadillo lives alone, in pairs, or in small
groups. It is primarily active at night, and lives in
burrows. It is a strong digger, and also a good
swimmer despite its heavy shell. If the animal en-
counters a small stream or water-filled ditch, it
usually just walks right across the bottom, under
the water. If an armadillo comes to a larger body of
water, however, it will swallow enough air to dou-
ble the size of its stomach. This increased buoy-

ancy then allows the armadillo to swim across.
Once across, it takes several hours for the animal
to release all the extra air from its body.

In some species of armadillo, the mother bears
one to twelve identical young, all of which de-
velop from a single egg. The gestation period for
armadillos varies from sixty-five days to four
months, depending on the species. Armadillos are
found in tropical and subtropical regions, primar-
ily in South America. Most species live in open ar-
eas, but some live in forests. They have a very
good sense of smell that enables them to detect in-
sects up to five inches below the surface of the
earth. Armadillos are easily frightened and are
very quick to run away from danger. The arma-
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dillo is the only animal, besides humans, known
to carry leprosy. For that reason it is illegal to sell a
live armadillo in Texas.

The tree sloth usually lives alone and spends
most of its time sleeping. The brief time that re-
mains, it spends eating leaves and moving about.
It sleeps hanging by its tail from a branch, with its
feet bunched together and head tucked into its
chest. Its greenish color makes it look like a bunch
of dead leaves, making it almost invisible to other
animals. Even at night it moves slowly, so asnot to
attract the attention of its enemies.

Sloths do not make nests, and sleep wherever
they happen to be. They are not aggressive, but if
two males come together in the same area during
mating season, they will fight until one is killed.
Mothers give birth to single young during the
summer. The baby lives with its mother, clinging
tightly to her breasts for five weeks, and then be-
gins to eat by itself.

Extinct Edentata

The evolution of the anteater is not clear, but its
oldest ancestor is believed to be some unknown
form of insect. The three suborders of anteaters
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were separate for much of their history because
they emerged long before North and South Amer-
ica were joined by the Isthmus of Panama, about
3.5 million years ago. All of the North American
species died out before that contact was made.

The fossil record of armadillos includes groups
that were about the same size as contemporary
species, as well as a South American species,
Macroeuphractus, that was at least 6.5 feet long.
The skeleton of another ancestor, Pampatherium,
found in a deposit in Texas, was as big as a rhinoc-
eros. All of the ancestors of armadillos appear to
have been plant eaters.

In the past, many varieties of sloths roamed the
Americas from New Mexico to the southern tip of
South America. They ranged in size from small
animals the size of a fox to a giant ground sloth,
Megatherium, which was larger than a full-grown
elephant. A bear sloth, Nothrotherium, and other
extinct members of the sloth family lived in South
America about one million years ago.
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ARTHROPODS

Types of animal science: Anatomy, classification

Fields of study: Invertebrate biology, systematics (taxonomy)

Arthropods are the most numerous of all animal species, representing between 75 and 85 percent of all identified spe-
cies. They are remarkably successful in all types of habitats and environmental realms.

Principal Terms

BIRAMOUS: having two rami; antennae are
bifurcated

CUTICLE: a noncellular, secreted body cov-
ering

ECDYSIS: molting; the process of removing
(escaping from) the old exoskeleton

EXOSKELETON: a protective system of exter-
nal layers and joints that allows for an-
tagonistic action of muscles

RAMLI: the branches of an arthropod limb or
appendage

SETAE: hairlike organs, typically sensory in
nature, arising from the cuticle

TAGMATIZATION: functional specialization
of groups of segments

UNIRAMOUS: having only one rami; anten-
nae appear as a single, nonbifurcated
structure

he phylum Arthropoda is the largest phylum

in the animal kingdom and consists of myriad
animals belonging to the subphyla Trilobita (ex-
tinct trilobites with biramous antennae, probably
all marine), Chelicerata (horseshoe crabs, scorpi-
ons and pseudoscorpions, spiders, harvestmen,
mites, ticks, and marine pycnogonids; all lacking
antennae), Crustacea (all with biramous antennae),
and Uniramia (insects, centipedes, millipedes; all
with uniramous antennae). All of these subphyla
are united by a common body plan similar to that
of the annelids, in which the body is made up of a
series of repeating segments, each bearing a pair
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of appendages. In contrast to annelids, however,
arthropods have fused and modified segments for
specialization. This fusion of groups of segments
is known as tagmatization. The names for specific
tagmata vary from subphylum to subphylum, but
are most commonly recognized as the head, the
thorax, and the abdomen. Appendages consist of
articulated joints, moveable by muscles that insert
onto specialized structures called apodemes that
are attached to the cuticle.

Arthropods are found in all terrestrial and
freshwater habitats and on all continents. They
are also located in all marine realms, including in
the abyssal depths and at hydrothermal vents,
and are the only invertebrates to have conquered
the aerial realm. Because of their widespread oc-
currence and their ability to occupy all niches on
earth, they are considered the most successful ani-
mal phylum that has ever existed.

External Structure and Function

The first and last segments of the arthropod body
differ in embryological origin from all of the rest
and are considered as special segments. The first
is called the acron and is preoral (lies before the
mouth). The last is the telson and is postanal (oc-
curs after the anus). Increase in segment numbers
takes place in a growth zone immediately in front
of (anterior to) the telson. Thus, the oldest seg-
ments are toward the head, while the youngest are
toward the telson. The exoskeleton of each seg-
ment consists of two thickened plates, which are
connected by a membranous cuticle. The cuticle is
a nonliving, secreted material consisting of three
layers: an inner endocuticle, an exocuticle, and an
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outer epicuticle, which is usually waxy. Despite
this, the cuticle has many living structures that
penetrate it and project beyond its surface. Chem-
ical and mechanical sensory organs (setae)
emerge generally as hollow projections from the
cuticle and are typically hairlike in structure.
Gland pores also penetrate the cuticle.

The cuticle is secreted by the epidermis and be-
comes hardened during a process of protein tan-
ning and can be further strengthened by deposit-
ing calcium carbonate in the endocuticle (in
Crustacea and Diplopoda). However, this hard-
ened structure restricts growth and must be shed
in a process called ecdysis (commonly called
molting) in order for the animal to grow larger.
Ecdysis is under neural and hormonal control. In
preparation for ecdysis, the old cuticle is partially
digested, particularly at joint locations and along
specific lines of weakness. A flexible, untanned
new cuticle is laid down under the old cuticle, and
then the old cuticle cracks along the weak points
so that the animal can emerge. The period be-
tween successive molts is known as intermolt, and

the animal in each of these periods is
called an instar; during this time cellular
growth within the confines of the exo-
skeleton occurs. Some species of arthro-
pods have terminal molts; that is, they
molt a specific number of times and then
cease all molting and growth. Other spe-
cies retain the ability to molt and grow
throughout their entire lives.

Internal Body Plan
The major, tubular blood vessel (heart) is
dorsal, with blood flowing toward the
head rather than toward the body. The
circulatory system is greatly enlarged
and occupies the space of the coelomic
cavity, which is vestigial. In most arthro-
pods, the circulatory system is open, so
that all internal organs are bathed di-
rectly in blood rather than fed by smaller
vessels (as is common in closed systems).
The heart is pierced by a series of holes
(ostia) which close when the heart mus-
cle contracts so that blood can be propelled for-
ward. Upon relaxation of the heart muscle, the
ostia open and blood reenters the heart from the
sinuses that feed into the sac surrounding the
heart. The blood contains clotting agents, amoeba-
like cells that act as phagocytic cells to attack
pathogens, and oxygenating pigments.

Aquatic arthropods possess gills through
which blood is circulated for gas exchange. Terres-
trial forms have either book lungs or a series of
cuticle-lined tubes called tracheas, which branch
into smaller and smaller tubes to reach nearly all
cells of the body. The tracheas open to the outside
of the body via spiracles, which possess valves so
that their opening and closing can be controlled to
avoid water loss.

The arthropod gut has three divisions: a cuticle-
lined foregut, a midgut, and a cuticle-lined hind-
gut. The foregut often is specialized for food stor-
age and grinding and is separated from the
midgut by a complex valve. The midgut has a
large absorptive surface, which is called either
the hepatopancreas or the digestive caecae. The



hindgut serves as the area for water resorption
and the formation of feces. Food and wastes are
moved through the digestive system via muscular
action due to the cuticular lining of the foregut
and hindgut.

Osmoregulation and excretion of nitrogenous
wastes are accomplished via one of two kinds of
organs: the Malphigian tubules, or the nephridial
coxal, antennae, or maxillary glands, all of which
filter the blood for wastes. Marine forms excrete
ammonia, while terrestrial forms conserve water
through the excretion of uric acid.

The nervous system is of a ladderlike chain
form, highly segmental, and ventrally located.
Two longitudinal ganglia run along the midline of
the animal. Paired ganglia arise in each segment
and these are connected via lateral cords. The
brain, composed of three pairs of ganglia, is found
anteriorly above the esophagus; these ganglia
then connect to the fourth set immediately below
the esophagus. Sensory systems are highly
evolved and include chemoreception (taste and
smell), mechanoreception (vibration, touch, and
deformation), and vision. Vision is accomplished
via simple eyes (ocelli) and /or compound eyes,
made up of a series of subunits called ommatidia.
Compound eyes break up the image before it
reaches the retina, and each ommatidium samples
only a small part of the complete image.

Reproductive systems and strategies are highly
variable. Sexes are usually separate, although her-
maphroditism and parthenogenesis are known in
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some crustaceans and a few insects. Some arthro-
pods display elaborate mating rituals; others do
not. Some use direct copulation; others use indirect
methods. Many arthropods pass through juvenile
stages that are highly vulnerable to predators;
hence the reproductive output of most arthropods
is great. A few species, however, display direct de-
velopment, where miniature adults are produced
from eggs.

Phylogeny
Arthropods and annelids share a common ances-
tor, but it is unclear whether arthropods arose
from an annelid ancestor or both shared an ances-
tor from another phylum. Some argue, based on
molecular evidence, that annelids and crusta-
ceans are not closely related at all. Traditionally,
arthropods have been treated as a monophyletic
group—all arose from a common arthropod an-
cestor. However, this idea is the subject of debate,
with some arguing for a polyphyletic ancestry
where each subphylum arose from a nonarthro-
pod ancestor and then formed similar body struc-
tures via convergent evolutionary forces. Unfortu-
nately, the fossil record does little to illuminate the
phylogeny of arthropods, and current molecular
evidence is contradictory.

—Kari L. Lavalli
See also: Arachnids; Centipedes and millipedes;
Crabs and lobsters; Crustaceans; Exoskeletons;
Horseshoe crabs; Scorpions; Spiders.
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ASEXUAL REPRODUCTION

Types of animal science: Development, reproduction

Fields of study: Cell biology, developmental biology, reproduction science

Asexual reproduction is any form of reproduction in which the fusion of haploid gametes is not the first step. There are
many examples, such as the budding of a new hydra from the stalk of an existing one or the development of diploid
eggs into larvae and, eventually, adults in aphids. The new organism formed is a clone of the original.

Principal Terms

CLONE: an organism that is genetically iden-
tical to the original organism from which
it was derived

DIPLOID: having two of each chromosome; a
normal state for most animals

HAPLOID: having one of each chromosome;
a normal state for animal gametes

PARTHENOGENESIS: a form of asexual repro-
duction where the young are derived
from diploid or triploid eggs produced
by the mother without any genetic input
from a male

TRIPLOID: having three of each chromo-
some; an abnormal state which is unable
to produce normal haploid gametes

Ithough asexual reproduction is very com-

mon in organisms such as bacteria, protists,
fungi, and plants, it is rarer among animals, espe-
cially among the more complex animals. In simple
animals, such as sponges (phylum Porifera), the
polyps of hydra, jellyfish, corals, and sea anemo-
nes (phylum Cnidaria), and many flatworms
(phylum Platyhelminthes), asexual reproduction
is common. Sponges can reproduce asexually
when fragments break off and become established
as new individuals or when mature sponges pro-
duce gemules, overwintering buds, that are pro-
duced and released by many freshwater and a few
marine sponges. Cnidarian polyps frequently re-
produce by budding. The buds start as small re-
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gions of less-differentiated tissue that differenti-
ates into a new polyp. These new polyps can
separate from the original to form new individ-
uals or can remain attached and form colonies.
The largest colonies to be produced asexually by
budding are those produced by the reef-building
corals. In some Cnidaria, the polyps release free-
floating forms of the organism called medusae
(jellyfish). The medusa form of the life cycle, which
was formed asexually, reproduces sexually when
it matures. Many species of flatworms reproduce
asexually by fragmentation. When these worms
are cut into fragrnents, most fragments can re-
generate their missing parts, and thus form sev-
eral organisms from the original one. Others, like
many trematode flukes, asexually reproduce by
polyembryony. In this mode of reproduction, lar-
val flukes form many juveniles of the next larval
stage internally, from the maturelarva’s own cells.
The immature larvae that are produced, which are
all genetic clones of the original larva, will be re-
leased to continue the life cycle.

Parthenogenesis

In higher organisms, asexual reproduction is
much less frequent and far more complex. Rotifers
(phylum Rotifera) are small aquatic organisms
with rows of cilia around their mouths that seem
to rotate as they beat. Rotifer populations are usu-
ally either mostly or entirely female. This happens
because rotifers usually reproduce asexually by
parthenogenesis. In this type of reproduction, the
females produce diploid eggs instead of the hap-
loid eggs that are needed for sexual reproduction.
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The diploid eggs have the same genes as the
mother and are thus clones and mature into adults
identical to their mother. In some rotifers, asexual
reproduction is the only form of reproduction,
and thus all of the organisms in these species are
female. In other species, males are only produced
during times of environmental stress, and sexual
reproduction only occurs then.

Like rotifers, many populations of aphids
(phylum Arthropoda), a common plant pest, are
entirely or mostly female during parts of the
breeding season. In spring and early summer,
aphids reproduce parthenogenetically, with fe-
males producing diploid eggs that develop into
adult female aphids. These eggs and the adults
formed from them are clones of the original aphid.
In late summer and early fall, the aphids repro-
duce sexually, producing haploid eggs that can be
fertilized by haploid sperm from males.

Even among the very complex vertebrates, a
few organisms can be found that reproduce asex-
ually. The two most studied are the whiptail liz-
ard, native to the deserts of the American South-
west and the northwestern part of Mexico, and the
gecko, found on some tropical islands of the Pa-

cific. These lizards exist in both sexually repro-
ducing and parthenogenetic forms. Genetic study
of their chromosomes has shown that the parthe-
nogenetic species were first formed as diploid or
sometimes triploid hybrids of two sexually repro-
ducing forms. The hybrids could not undergo
normal meiosis because different chromosomes
inherited from each parent could not align prop-
erly. Thus, these lizards cannot reproduce sexu-
ally. They do, however, produce diploid or
triploid eggs that can be triggered to start repro-
duction. The progeny that are produced are exact
genetic duplicates of their mothers—clones.
With asexual reproduction, organisms do not
have to waste energy in sexual activity. However,
the energy savings is not without a price. With the
exception of the rotifers, no populations of asexu-
ally reproducing organisms have very long histo-
ries, evolutionarily speaking. Unlike most sexu-
ally reproducing populations with varying
degrees of diversity, all members of an asexually
reproducing population are identical, except for
mutations that arose after the population’s incep-
tion. This lowered diversity makes the population
much less likely to be able to adapt to change.
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More or less water, higher or lower temperatures, See also: Copulation; Gametogenesis; Hermaph-
introduction of parasites, or disease could more rodites; Mating; Parthenogenesis; Reproduction;
easily wipe out the entire population. Reproductive strategies; Sex differences: Evolu-
—Richard W. Cheney, Jr. tionary origin; Sexual development.
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BABOONS

Types of animal science: Anatomy, behavior, classification, ecology, evolution
Fields of study: Anthropology, ecology, ethology, evolutionary science, human origins, systematics

(taxonomy), wildlife ecology, zoology

Baboons are among the most widespread and adaptable of monkeys. Their behavior, ecology, and evolutionary history

may shed light on human origins.

Principal Terms

COALITIONS: short-term alliances designed
to gain access to a contested resource, of-
ten by fighting

MATRILINES: several generations of adult fe-
males all related by common descent
from one foundress (female ancestor)

SEXUAL SWELLING: an estrogen-induced
water retention that causes reddening
and swelling in the perineal region and
around the buttocks

aboons are found as far north as the semi-

desert of Saudi Arabia (Papio hamadryas) and
as far south as Cape Town in South Africa (P. cyno-
cephalus ursinus). The regional variants of the
cynocephalus (dog-headed) baboon (chacma in
the south, Guinea in the west, olive in the north
east, and yellow baboon in the southeast) are con-
sidered to be the same species by most experts.
The northeastern variant, the hamadryas, is gen-
erally considered to be a separate species but can
interbreed with the olive baboon of Ethiopia.

Baboons and Their Environment

Baboons are very numerous in Africa, and are
among the most adaptable of all mammals. This
adaptability also allows baboons to survive in wet
forest and the driest semidesert regions. They eat
almost any plant material or small animal they en-
counter. Baboons often survive quite well in and
around human settlements. They sometimes
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cause severe crop damage when they visit farmers’
fields, since they are capable of eating even the
toughest roots, such as cassava and sweet potato,

Image Not Available



but they also forage on farmers’ bananas and
maize. Baboons can survive on garbage at tourist
lodges, or find food in near deserts in Namibia,
Ethiopia, and Saudi Arabia. Baboons sleep in trees
or caves and cliff ledges, for protection from noc-
turnal predators.

Baboon Society
Except in the driest and coldest habitats, baboons
form large groups and travel widely in the course
of a day. Groups often exceed one hundred ani-
mals and contain scores of juveniles and females,
plus a few adult males. These large social groups
are composed of matrilines—a kin-group of sis-
ters and their daughters who all descend from one
female, plus their infant and juvenile male off-
spring—and unrelated adult males, who compete
for mating access to females with sexual swell-
ings. Alarge group can contain several matrilines,
which may compete with each other over access
to food, shelter, and male protection. The adult
males in the group often fight fiercely among
themselves, using coalitions to overcome single
competitors. The typically calm life of moving in
search of food is regularly interrupted by squab-
bles and mild competition over resources. More
rarely, large fights break out within groups, and
injuries follow. The most severe aggression is seen
when a new adult male immigrates into a group,
fights the other males to obtain high rank, and
even harasses females and their young. Some
cases of infanticide have been reported in such cir-
cumstances. The hamadryas baboons differ most
in social organization. They do not build matri-
lines based on female kinship, but rather a female
leaves the group in which she was born and bonds
to a particular male as her future mate. This male
plays an important social role as protector of a
small group of one to three females. These small,
one-male units travel and forage independently
most of the time, but reunite with other units at
night to form large herds often numbering in the
hundreds.

Baboons have been studied extensively by bio-
medical researchers because of their physiological
similarities to humans and because they are com-
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Baboon Facts

Classification:

Kingdom: Animalia

Phylum: Vertebrates

Class: Mammalia

Order: Primates

Superfamily: Cercopithecoidea

Family: Cercopithecidae

Subfamily: Cercopthecinae

Tribe: Papionini

Genus and species: Papio cynocephalus (savanna
baboon), P. hamadryas (hamadryas baboon),
P. leucophaeus (drill), P. sphinx (mandrill)

Geographical location: Sub-Saharan Africa and
parts of the Arabian Peninsula

Habitat: Mostly arid, tropical savanna-wood-
lands, but also temperate areas and rain for-
ests

Gestational period: Six to seven months

Life span: In the wild, baboons older than fifteen
years are rare, but in captivity adults may live
to twenty-five or thirty years

Special anatomy: Reproductive females display
a sexual swelling in the perineal region and
around the buttocks that, at the time of ovula-
tion, may contain several liters of fluid and
turn bright red; adult males have extremely
long canines which they use to threaten rivals,
display their fighting ability to receptive fe-
males, or inflict wounds

mon animals in Africa. Baboons have also been
studied intensively by anthropologists and evolu-
tionary biologists interested in human origins.
That is because the baboon evolved from an arbo-
real monkey that first exploited dry, open habitats
some ten to twenty-five million years ago. In the
past, anthropological theory suggested that our
own ancestors followed a similar evolutionary
pathway. Thus, baboons were seen for some time
as a useful model for human evolution. This idea
has changed somewhat over time as scientists
have found that the group sizes, social organiza-
tions, and dietary habits of baboons probably do
not mirror those of our ancestors. A more recent
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view holds that we can learn about antipredator See also: Chimpanzees; Fauna: Africa; Fauna:
behavior and habitat selection of our ancestors by Asia; Gorillas; Human evolution analysis; Le-
observing baboons in similar habitats today. murs; Monkeys; Orangutans; Primates.

—Adrian Treves
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BATS

Type of animal science: Classification

Fields of study: Anatomy, ecology, physiology, wildlife ecology, zoology

Ower nine hundred species of bats have been identified, classified in the general order Chiroptera, the second largest

order of mammals.

Principal Terms

INSECTIVOROUS: depending on insects as
food

MAMMARY GLANDS: glands that, in the fe-
male, secrete milk

MARSUPIAL: an animal whose young shelter
in the mother’s abdominal pouch

NOCTURNAL: occurring in the night

PLACENTAL: an animal where the young
are enclosed in a membrane inside the
mother’s body during pregnancy

TERRESTRIAL: relating to the earth

VERTEBRATE: having a spinal column

Bats are somewhat difficult to study because of
their secretive, nocturnal habits and their
flight capabilities. Although well over nine hun-
dred species have been identified and catalogued,
additional species have since been discovered,
primarily from the South American rain forests.
New ones remain to be discovered, and the classi-
fication of bats continues to be improved.

Bats are the most widely distributed kind of
terrestrial mammal. They are found from Alaska
to the tip of Argentina and from near the Arctic
Circle to South Africa. They occur widely through
the tropical regions and in the temperate zones.

Physical Characteristics of Bats

Although bats range in size from tiny hog-nosed
bats that weigh less than a penny to flying foxes
whose wing spans exceed five feet, the majority of
bats tend to be small. Despite variation in size, all
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species of bat share the same body form, with cer-
tain similarities in fur and skin, wings, teeth, re-
productive system and patterns, and visual and
hearing systems.

The bat’s skin is black or dark grayish brown in
color, with tiny transparent hairs on the mem-
brane surface. While most bats have small eyes,
perhaps encouraging the misconception that bats
are blind, their auditory system is developed to an
extraordinary degree.

Of the bats who feed on animals, some feed on
insects and whole animals; vampire bats, which
occur from Mexico to Argentina, feed only on the
blood. Plant-eating bats feed on fruit and flowers.

Female bats give birth at the roost site, fre-
quently while hanging upside down. Bat young
are born in a breech presentation and are helpless
until they are large enough to fly. Brown bats
reach adult size and begin to fly at three to four
weeks of age.

The Behavior of Bats
The major behavioral pattern of bats is nocturnal
activity. During nocturnal flight, bats are protected
from being visually spotted by predators and from
exposure to the sun and to high temperatures,
which promote heat absorption and the loss of
body water necessary for temperature regulation.

Bats routinely seek shelter during the daylight
hours. Caves provide protection from the sun and
predators and allow bats to conserve energy un-
der consistent temperature and moisture condi-
tions. Bats also shelter in tree cavities, crevices,
buildings, and trees.

While tropical bats are active all year round,

