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Introduction

You might think something so pretty and colorful would be female. Guess what?
This stunning bird obviously is a peacock. Do you know why he is spreading out his big, colorful tail feathers like a
fan? He is trying to attract a female for mating. Both the feathers and the behavior evolved because they increase the
chances that males of the species will reproduce and pass their genes to the next generation. Many other vertebrates
have similar behaviors for attracting mates. Even fish display some remarkably sophisticated mating behaviors.
2
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Fish and birds are both vertebrates. Vertebrates are a diverse and fascinating group of animals. In many ways,
they are very different from the invertebrates described in the previous chapter. Elaborate mating behaviors are just
one way they differ. These concepts describe many other differences between vertebrates and invertebrates. It also
describes in detail the classes of vertebrates, from fish to birds.
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1.1 Chordates - Advanced
• Discuss the major characteristics of chordates, especially those that distinguish chordates from other phyla.

What’s a chordate?
Most chordates are animals with backbones. These range from small fish to giant whales and from playful dogs to
ferocious cats. They are not nearly as diverse as the invertebrates. But chordates do have many amazing species. The
white tiger (Panthera tigris) is a chordate. The tiger is also from the class Mammalia, order Carnivora, and family
Felidae, meaning it is a meat-eating cat.
4
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Characteristics of Chordates

The animal phylum Chordata includes the animals that we are by far the most familiar with: ourselves! We and
all other chordate species, including some quite primitive looking organisms, share several important features that
indicate our close evolutionary relationships. All of the phyla we have studied so far have consisted entirely of
invertebrate animals. The phylum Chordata includes both nonvertebrate and vertebrate groups. Some groups within
the chordates are considered to be very “young” compared to other chordates and to many of the phyla that we have
discussed in previous chapters. Birds, for example, have only been around for about 146 million years. Compare
that to some arthropods, such as horseshoe crabs, that have existed in basically the same form for over 500 million
years. In this lesson we will examine the specific features that define chordates. We will then consider the different
taxonomic groups within the phylum and how they evolved, keeping an emphasis on the nonvertebrate chordates.
Chordata is a large and diverse phylum that includes roughly 60,000 species. The examples of chordate species
shown in the Figure 1.1 illustrate their diversity and vast range in size. Chordates can be anywhere from about one
cm (the width of your index finger) to over 30 meters.

FIGURE 1.1
Different species of chordates, illustrating their diversity and vast range in
size. (a) A tunicate, approximately one inch in length. Notice the tiny fish
(also a chordate) swimming in front of the tunicate. (b) A white rhinoceros,
approximately 6600 pounds (3000 kg). (c) A kangaroo and joey. (d) A
great white shark. (e) A double-crested cormorant bird species. (f) A blue
whale.

Tunicates, for example, are small marine invertebrate members of the phylum that are generally one to a few
centimeters long. In contrast, some mammalian species can be quite large, either in length (for example, blue whales
can extend up to 30 meters in length) or in weight and girth (such as elephants, which can weigh up to roughly
20,000 lbs). Chordates can be found all over the planet, with species inhabiting marine, freshwater, terrestrial, and
aerial environments. They are found from the equator to the poles and everywhere in between. Members of the
phylum Chordata share the following characteristics (those traits specific to the phylum Chordata will be in bold):
•
•
•
•
•
•
•
•
•
•
•

Three germ layers (triploblasts).
Bilateral symmetry.
Segmented body.
Coelom.
Complete digestive system.
Closed circulatory system.
Centralized nervous system.
Tail (post-anal).
Notochord.
Nerve cord.
Pharyngeal slits.
5
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As you read this list, you may be thinking, “humans don’t have tails or slits in their pharynx!” But, in fact, we do.
Actually, to be more precise, we did. All chordates possess a tail and pharyngeal slits at some point in their lives,
and humans are no exception. Early on in human development, the embryo has both a tail and pharyngeal slits, both
of which are lost during the course of development. A human embryo with a prominent tail is shown in the Figure
1.2.

FIGURE 1.2
A five-week old (gestational age), ectopic
human embryo.

Notice the prominent

tail that extends beyond the anal region.
This embryo is ectopic, meaning it did
not successfully implant within the uterine
cavity. This complication is almost always
fatal to the embryo and is often dangerous
to the mother.

Chordates, like species in several other phyla such as annelids and arthropods, are bilaterally symmetrical triploblasts.
You will recall that bilaterally symmetrical animals can be divided into two equal, mirror-image halves when cut
down the middle of the anterior-posterior (front-back) axis. Triploblasts are organisms that develop from three basic
cell layers, called germ layers, in the embryo, which are called the endoderm, the mesoderm, and the ectoderm.
The endoderm forms the gut of the animal, the ectoderm forms the outer surface and the nervous system, and the
mesoderm forms the coelom and many of the internal organs including the muscles and circulatory system. Like
the annelids and arthropods, most chordates have at least partially segmented bodies. The segments are often highly
specialized into distinct body regions and do not resemble the repeating segments of annelids. In addition, chordates
are deuterostomes, meaning that they have a coelom (fluid-filled body cavity) that arises from internalized pouches
of tissue in the developing embryo and an anus that is formed from the embryonic blastopore. Chordate species
have a complete digestive system, and most species also have a closed circulatory system that relies on a ventral
(located on the bottom side of the organism’s interior) heart to pump blood throughout the body in enclosed blood
vessels. The chordate nervous system is usually highly centralized, with a distinct anterior brain that, in some groups
(including humans), is enclosed in a solid protective case called a cranium, or skull.
The four most prominent characteristics that distinguish chordates from species in all other phyla are the presence
of a post-anal tail, a notochord, a dorsal, hollow nerve cord, and pharyngeal slits (also called gill slits). The
organization of these features within the body plan of a chordate is illustrated in the Figure 1.3. The last three of
these features will be discussed in more detail in the following sections.
6
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FIGURE 1.3
The Body Plan of a Typical Chordate. The
body plan of a chordate includes a postanal tail, a notochord, a dorsal, hollow
nerve cord, and pharyngeal slits.

Notochord

The most important thing to remember about a notochord is that it is not a nerve cord or a backbone (column of
vertebrae). A backbone is the distinguishing feature of the subphylum Vertebrata within the phylum Chordata (this
subphylum will be discussed in the next section). It is easy to confuse the notochord with either of these because of
its name and its function. The notochord is a long, rod-like support structure that usually extends the length of the
animal. As shown in the Figure 1.3, the notochord is situated between the gut (it is dorsal to the gut) and the dorsal
nerve cord (it is ventral to the nerve cord). Chordates are defined as having a notochord at some point during their
lives, but they do not all retain the notochord as adults. In some groups it is completely lost, in others (generally
nonvertebrate chordate species) it is retained and functions to support the body of the animal during locomotion.
In adult vertebrates, the notochord is essentially replaced by the backbone, however, the notochord should not be
considered a primitive backbone. It is a separate structure entirely. All chordates have a notochord during embryonic
development when it plays an important role in specifying the organization of the developing embryo. For example,
the presence of the notochord communicates to nearby cells that they should differentiate in certain ways based on
their position relative to the notochord.
Nerve Cord

A dorsal (top side), hollow nerve cord derived from ectodermal tissue is another characteristic that distinguishes
chordates from other animals. Most other bilateral animal phyla with a nervous system have a solid, ventral (bottom
side) nerve cord. Unlike the notochord, essentially all vertebrate chordates retain the nerve cord as adults. The nerve
cord ultimately develops into the brain and spinal cord in most adult vertebrates. It is the core of the centralized
nervous system.
Pharyngeal Slits

Like the notochord, pharyngeal slits are a feature shared by all developing chordate embryos but not by all chordate
adults. A pharynx is the region of the digestive tract that functions to connect the mouth to the esophagus. In many
animals, including humans, it is also a junction between the respiratory system and the digestive system, connecting
the mouth (digestive opening) and nasal passages to the bronchial tubes of the lungs. The pharyngeal slits are formed
from invaginations, or pouches, in the lining of the pharynx. The developing pharyngeal pouches eventually form
openings through the pharyngeal wall called slits. This is shown in the Figure 1.4. The slits function in feeding
and also in respiration in some species. Water flows through the slits as a result of the action of beating hair-like
projections, called cilia, that line the slits, and food particles are trapped for ingestion. In most aquatic species, the
pharyngeal slits ultimately develop into the gills of the adult organism, and they are used to absorb oxygen from the
incoming water. In non-aquatic species, the pouches/slits develop into other structures connected to the pharyngeal
region including components of the middle ear and the tonsils in humans.
Now that we have examined the overall characteristics of chordates, let’s consider how species within the phylum
7
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FIGURE 1.4
A diagram of a cross-section through a chordate pharynx. The developing
pharyngeal pouches on the right side are labeled 1 through 4. As the
pouches extend to the outer edge of the pharynx, they will eventually extend through the pharyngeal wall to form slits, as shown in the uppermost
pouch on the left.

are classified with regard to their evolutionary history.
Vocabulary

• blastopore: The opening of an embryo’s central cavity in the early stage of development.
• cilia (singular, cilium): Short hairlike projection, similar to flagella, that allow some cells to move.
• coelom: A fluid-filled cavity formed within the mesoderm; it forms between the digestive cavity and the body
wall.
• cranium: The skull of a vertebrate.
• deuterostome: An animal in which the first opening formed during development (the blastopore) becomes
the anus.
• nerve cord: A single hollow tract of nervous tissue; it forms the central nervous system of chordates and
develops into the spinal cord and brain in vertebrates.
• notochord: A rod-shaped, semi-rigid support structure that forms between the dorsal nerve cord and the gut
of an animal.
• pharyngeal slits: Openings between the pharynx, or throat, and the outside.
• triploblast: An animal with three germ layers: an endoderm, a mesoderm, and an ectoderm.
Summary

• Chordates are bilaterally symmetrical triploblasts with true coeloms and segmented bodies.
• Like echinoderms, chordates are deuterostomes.
• The four most prominent characteristics that distinguish chordates from species in all other phyla are the
presence of a post-anal tail, a notochord, a dorsal, hollow nerve cord, and pharyngeal slits (also called gill
slits).
• The notochord is a long, rod-like support structure that usually extends the length of the animal.
• While a notochord and pharyngeal slits might not be present in all adult chordates, all vertebrate chordates
retain the nerve cord as adults.
8
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Practice

Use this resource to answer the questions that follow.
• Chordate at http://www.britannica.com/EBchecked/topic/114462/chordate .
1. How do the pharyngeal slits function in tunicates and cephalochordates? How does this differ from vertebrates?
2. How do chordates reproduce?
3. What function do notocords serve in locomotion?
Practice Answers

1. Tunicates and cephalochordates use their gill slits as a kind of filter for feeding. The pharyngeal slits ceased
to function as feeding structures in vertebrates, becoming primarily respiratory organs instead.
2. Chordates usually reproduce sexually, although some tunicates and vertebrates (some fish and lizards) reproduce asexually.
3. The notocord keeps the body of the animal from shortening when muscles contract to produce wave-like
motions.
Review

1.
2.
3.
4.
5.

What are the four features that distinguish chordates from other phyla?
As a human develops, which chordate characteristics do we lose as we turn into adults?
What important role does the notochord play in embryonic development?
How does the nerve cord of chordates differ from the nervous systems of other animals?
What function do the pharyngeal slits serve?

Review Answers

1. The four most prominent characteristics that distinguish chordates from species in all other phyla are the
presence of a post-anal tail, a notochord, a dorsal, hollow nerve cord, and pharyngeal slits (also called gill
slits).
2. Humans lose the post anal tail and notochord after embryonic development. The pharyngeal slits become
components of the middle ear and the tonsils. The nerve cord remains, however, and it ultimately develops
into the brain and spinal cord.
3. The presence of the notochord communicates to nearby cells that they should differentiate in certain ways
based on their position relative to the notochord.
4. Chordates have a dorsal, hollow nerve cord derived from ectodermal tissue. Most other bilateral animal phyla
with a nervous system have a solid, ventral nerve cord.
5. The pharyngeal slits function in feeding and also in respiration in some species. In most aquatic species, the
pharyngeal slits ultimately develop into the gills of the adult organism, and they are used to absorb oxygen
from the incoming water. In non-aquatic species, the pouches/slits develop into other structures connected to
the pharyngeal region including components of the middle ear and the tonsils in humans.
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1.2 Chordate Classification - Advanced
• Understand how chordates are classified today and some of the controversies surrounding their classification.

What’s the difference between an elephant and a bird?
Obviously there are lots of differences. The elephant is obviously a chordate and one of the biggest ones at that.
You can see the backbone along the top of its back. All other land chordates are smaller than the elephant. And
all chordates, land and sea, are classified into one of just nine general classes, including birds. That makes the lone
cattle egret, shown next to the elephant, a chordate also.
Classification of Chordates

Existing species of chordates are classified into three major subphyla: Urochordata, Cephalochordata, and Vertebrata. Traditional phylogenetic analysis has considered Cephalochordata to be more closely related to Vertebrata, as
shown in the Figure 1.5. The details of this relationship will be discussed in a later concept.

FIGURE 1.5
A traditional phylogenetic tree showing
the relationships between chordate subphyla.

The urochordate subphylum is made up of species called tunicates (also called sea squirts), and the cephalochordates
consist of the lancelets. These were both be discussed in more detail in the Nonvertebrate Chordates: Tunicates and
the Nonvertebrate Chordates: Lancelets concepts.
10
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Vertebrata includes all of the vertebrate species (vertebrate = having a backbone) and one class of invertebrates
called hagfishes. There is some controversy over the classification of hagfishes based on the fact that they do not
really have a true backbone. They are often classified as a subgroup outside of the vertebrate subphylum but within a
larger group called Craniata. The reason for this is that they do have a skeletal encasement, or cranium, surrounding
and protecting their brains, similar to vertebrates. They may represent a transition between the invertebrates and
vertebrates. Here, we will consider the traditional classification of hagfish as a class within the subphylum Vertebrata.
The following are the classes within the vertebrate subphylum:
•
•
•
•
•
•
•
•
•

Myxini (hagfish).
Hyperaortia (lampreys).
Chondrichthyes (cartilaginous fish).
Actinopterygii (ray-finned fish).
Sarcopterygii (lobe-finned fish).
Amphibia (amphibians).
Sauropsida (reptiles).
Aves (birds).
Mammalia (mammals).

You can see from this list that most classes of vertebrates are composed of species of fish. That is because much
of vertebrate evolution took place within aquatic species. You will learn much more about these groups in the next
several chapters.
Vocabulary

• hagfish: The class Myxini; they are eel-shaped, slime-producing marine animals.
• lancelets: Cephalochordates; they are fish-like, marine chordates with a global distribution in shallow, temperate, and tropical seas, usually found half-buried in sand.
• tunicates: Various marine chordates of the subphylum Tunicata, or Urochordata; they have a cylindrical or
globular body enclosed in a tough outer covering; examples include the sea squirts.
• vertebrates: Animals that are members of the subphylum Vertebrata; they have a backbone, or spinal column.
Summary

• Existing species of chordates are classified into three major subphyla: Urochordata, Cephalochordata, and
Vertebrata.
• Vertebrata includes all of the vertebrate species (vertebrate = having a backbone) and one class of invertebrates
called hagfishes.
• There is some controversy over the classification of hagfishes based on the fact that they do not really have a
true backbone.
Practice

Use this resource to answer the questions that follow.
• Chordata at http://tolweb.org/Chordata/2499 .
1. What is the controversy over Calcichordata, a group of fossilized animals?
2. What are characteristics of the subphylum Craniata?
11
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Practice Answers

1. Some scientists place Calcichordata as an extinct group of animals that belong to chordates. Others believe
they are more closely related to echinoderms. These animals have pharyngeal slits, but they also have
mineralized skeletons made of calcite, like echinoderms.
2. Characteristics include the presence of a cartilaginous (and often bony) head skeleton, a relatively large brain
plus a unique set of sensory and motor cranial nerves, nephrons as the functional excretory unit, and neural
crest embryonic tissue.
Review

1. What are the three major subphyla of chordates?
2. Why is there controversy over whether hagfish are classified under Vertebrata?
Review Answers

1. Existing species of chordates are classified into three major subphyla: Urochordata, Cephalochordata, and
Vertebrata.
2. There is some controversy over the classification of hagfishes based on the fact that they do not really have a
true backbone. They are often classified as a subgroup outside of the vertebrate subphylum but within a larger
group called Craniata. The reason for this is that they do have a skeletal encasement, or cranium, surrounding
and protecting their brains, similar to vertebrates.

12
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1.3 Chordate Evolution - Advanced
• Understand the evolution of chordates and what forces led to the evolution of vertebrates.

What’s the difference between a shark and other fish like a tuna or a salmon?
Lots. But one significant difference is the skeleton. Sharks are cartilaginous fish, one of the first groups of fish to
evolve. From an evolutionary point of view, it makes sense that a cartilaginous skeleton would evolve prior to a bony
skeleton.
Evolution of Chordates

The fossil record of chordates begins in the early Cambrian period, roughly 530 million years ago. The oldest known
chordate fossil was found in China and described in 1995. It is a member of the species Yunnanozoon lividium, within
the subphylum Cephalochordata. The earliest fossil evidence for members of the vertebrate subphylum also dates
back roughly 530 million years. This is when fossils of the jawless fish first appeared. A timeline showing the
order of appearance of each of the major chordate groups in the fossil record is shown in the Figure 1.6. The
earliest tetrapods (having four legs) are the amphibians, with fossils dating back to the Devonian period, roughly
363 million years ago. Shortly thereafter, reptile-like tetrapods arose. It was some time after the appearance of
reptiles, approximately 80 million years, that mammals entered the scene. The first mammalian fossils date back to
the Triassic period, about 208 million years ago. Finally, bird fossils appear 146 million years ago in the Jurassic
period.
Chordate evolution, like that of arthropods, includes major habitat transitions. The earliest chordates were all marine
animals like tunicates and lancelets. As chordates continued to evolve, they spread to freshwater habitats and
ultimately to land. The amphibians represent an intermediate phase in the water to land transition of chordates. The
evolution of birds further increased the distribution of chordates by expanding their populations into aerial habitats.
The evolution of chordates led to a variety of specialized structural features and behavioral modifications that were
necessitated by the environmental pressures imposed on different groups within the phylum. Vertebrates in particular
show an enormous range of features that represent different evolutionary modifications of the same original structure.
13
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FIGURE 1.6
A timeline showing the appearance of
chordate groups in the fossil record.

One example of this is the bird beak. The Figure 1.7 illustrates the numerous adaptations of the beak that arose to
fit different feeding requirements of each species.

FIGURE 1.7
Various bird beaks adapted for different types of feeding. This is one
example of the vast structural variation derived from a single feature (in
this case the beak) that is often seen throughout chordate evolution.

Many evolutionary adaptations in vertebrates are related to their increased size, relative to earlier chordates, and an
increased level of activity. For example, a strong backbone, an extensive endoskeleton, and a protective covering
for the brain (skull) are necessary to provide structural support and internal protection to a large fast-moving
animal. In addition, being able to move rapidly while navigating a complex environment requires a high level of
sensory capacity and a highly developed nervous system to process that sensory information and mediate appropriate
responses. The evolution of a large brain and a centralized nervous system accommodated this adaptation. But how
did all of this complexity first begin? In order to answer this question we will next examine the earliest chordate
species and their proposed origins.
Origins of Chordates

In previous concepts you learned that echinoderms are the closest relatives of the major animal phyla to the chordates.
They are both deuterostomes and are thought to share the same bilaterally symmetrical common ancestor. How did
the chordate characteristics evolve from this common ancestor? What came first, a notochord or pharyngeal slits?
14
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Many of these questions do not have definite answers yet, but as studies of the fossil record and of molecular
similarities between different chordates and non-chordates continue, the picture does become clearer.
In examining the evolution of chordates from earlier ancestral species, it is important to consider a group of about
100 species that make up a small phylum of deuterostomes called Hemichordata. Hemichordates, such as the one
shown in the Figure 1.8, are worm-like, marine invertebrates. There are still ongoing discussions among scientists
on exactly where the hemichordates fit between the echinoderms and chordates (for example, if they are more closely
related to echinoderms or to chordates), but it is clear that they are an important link between the two groups.

FIGURE 1.8
An acorn worm species of the phylum
Hemichordata. Hemichordates represent
an intermediate phylum that shares features of both echinoderms and chordates.

Hemichordate fossils are numerous and date back to the Cambrian period (roughly 500 million years ago). What
we do know about hemichordates is that they share some features of both chordates and echinoderms. For example,
they have a notochord-like structure, called a stomochord, and pharyngeal slits. They have both a dorsal nerve cord
(although it is not hollow) and a small ventral nerve cord. While these features would indicate a close relationship
to chordates (until recently they were considered a group within the chordate phylum), some species have larvae
that look very much like sea star larvae (echinoderms). Recent molecular studies support a closer relationship
between hemichordates and echinoderms than between hemichordates and chordates. In either case, the presence of
pharyngeal slits and the absence of a true notochord and a hollow, dorsal nerve cord suggest that the pharyngeal slits
may have been derived earlier than the other distinguishing features of chordates. The discovery of new fossils and
further molecular studies of existing species and fossils should help clarify these relationships and provide a more
complete picture of the early evolution of chordates.
What did the first chordates look like, and which chordate characteristics were most prominent in those species?
Part of the answers to these questions can be found by examining the earliest chordate species, the nonvertebrate
chordate subphyla. These species are thought to most closely resemble a shared common deuterostome ancestor.
We will consider these animals in the Vertebrates concepts.
Vocabulary

• lancelets: Cephalochordates; they are fish-like, marine chordates with a global distribution in shallow, temperate, and tropical seas, usually found half-buried in sand.
• stomochord: A flexible, hollow tube found in hemichordates, similar to the notochord found in chordates.
• tunicates: Various marine chordates of the subphylum Tunicata, or Urochordata; they have a cylindrical or
globular body enclosed in a tough outer covering; examples include the sea squirts.
15
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Summary

• The fossil record of chordates begins in the early Cambrian period, roughly 530 million years ago.
• Chordate evolution, like that of arthropods, includes major habitat transitions from marine to land environments and, eventually, to the air.
• Many evolutionary adaptations in vertebrates are related to their increased size, relative to earlier chordates,
and an increased level of activity.
• Hemichordates share some features with chordates and some with echinoderms.
Practice

Use this resource to answer the questions that follow.
• Chordata at http://tolweb.org/Chordata/2499 .
1.
2.
3.
4.
5.
6.
7.

What are the most distinctive morphological features of chordates?
List the members of the phylum Chordata.
What is the earliest chordate fossil?
What significant event in chordate evolution occurred during the Ordovician Period?
What significant event in chordate evolution occurred during the Carboniferous Period?
What significant event in chordate evolution occurred during the Triassic Period?
What significant event in chordate evolution occurred during the Jurassic Period?

Practice Answers

1. The most distinctive morphological features of chordates are the notochord, nerve cord, and visceral clefts and
arches.
2. The phylum Chordata includes the vertebrates (fishes, amphibians, reptiles, birds, and mammals). The vertebrates and hagfishes comprise the taxon Craniata. The remaining chordates are the tunicates (Urochordata),
lancelets (Cephalochordata), and, possibly, some extinct groups.
3. The earliest chordate fossil is Yunnanozoon lividum, from the Early Cambrian, 525 mya.
4. During the Ordovician Period, jawless, or agnathan, fishes appeared and diversified.
5. Reptile-like tetrapods originated during the Carboniferous Period.
6. Mammals differentiated before the end of the Triassic Period.
7. Birds differentiated before the end of the Jurassic Period.
Review

1. When did chordates first appear in the fossil record? What about vertebrates?
2. How did an increase in size and activity influence the evolution of chordates?
3. What do hemichordates show us about the evolution of chordate characteristics?
Review Answers

1. The fossil record of chordates began in the early Cambrian period, roughly 530 million years ago. The earliest
fossil evidence for members of the vertebrate subphylum also dates back roughly 530 million years.
2. A strong backbone, an extensive endoskeleton, and a protective covering for the brain are necessary to provide
structural support and internal protection to a large fast-moving animal. In addition, being able to move rapidly
while navigating a complex environment requires a high level of sensory capacity and a highly developed
16
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nervous system to process that sensory information and mediate appropriate responses. The evolution of a
large brain and a centralized nervous system accommodated this adaptation.
3. Hemichordates have pharyngeal slits even though they do not have a notochord or a dorsal, hollow nerve cord,
suggesting that pharyngeal slits evolved first.
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1.4 Vertebrates - Advanced
• Discuss the characteristics that separate vertebrates from invertebrates.

What traits set this animal apart from invertebrate chordates?
This small colorful fish is a vertebrate - it has a backbone. And vertebral columns first evolved in fish. Think about
the invertebrate chordates. They live in the ocean, so it only makes sense that fish would be the first true vertebrates.
Vertebrates are a subphylum of the phylum Chordata. Like all chordates, vertebrates have a notochord, a dorsal,
hollow nerve cord, pharyngeal slits, and a post-anal tail. What other characteristics do vertebrates have?
Characteristics of Vertebrates

The vertebrates are a subphylum within the phylum Chordata. They consist of approximately 50,000 different
species that include fish, reptiles, birds, and mammals. They are a highly diverse group of animals as you can see
from the examples shown in the Figure 1.9. What are the characteristics that are shared by all vertebrates? How do
vertebrates differ from other chordates discussed in previous concepts? The following concepts will address these
questions. In subsequent concepts we will consider how vertebrates are classified into different classes, and we will
examine some of the major trends in vertebrate evolution.
As a class within the phylum Chordata, all vertebrates possess a notochord (at least during embryonic stages), a
dorsal nerve cord, pharyngeal slits (only during embryonic stages for many vertebrates), and a post-anal tail. In
the Chordates: Characteristics (Advanced) concept we considered each of these chordate-specific characteristics in
detail. In addition to the traits that vertebrates share with all chordates, there are a number of features that distinguish
18
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FIGURE 1.9
In each of these species the vertebral column varies greatly in length and
in the type of support it provides. The following are examples of different
species found within the subphylum Vertebrata: (a) yellow perch, (b) frog,
(c) alligator, (d) penguin, (e) giraffe, and (f) grizzly bear.

vertebrates from the other chordate subphyla (urochordates and cephalochordates). The primary distinction is the
presence of a vertebral column, or backbone, as shown in the Figure 1.10.
Other distinguishing features shared by vertebrates include the following:
•
•
•
•
•
•
•
•
•
•

An endoskeleton made of bone and/or cartilage.
A centralized nervous system with a brain and sensory organs located in a distinct head region.
A cranium/skull protecting the brain.
A muscular system attached to the endoskeleton to enable movement.
A closed circulatory system with a ventral heart having 2-4 chambers.
Skin that often produces scales, feathers, fur, or hair.
An excretory system consisting of paired kidneys.
An endocrine system of glands located throughout the body.
Separate sexes that reproduce by sexual reproduction.
Neural crest cells.

Vocabulary

• vertebral column: A series of contiguous or interconnecting bony or cartilaginous segments that surround
and protect the spinal cord of vertebrates. It is also known as the backbone or spinal column.
• vertebrates: Animals that are members of the subphylum Vertebrata; they have a backbone, or spinal column.
Summary

• The vertebrates are a subphylum within the phylum Chordata. They consist of approximately 50,000 different
species that include fish, reptiles, birds, and mammals.
• As a class within the phylum Chordata, all vertebrates possess a notochord (at least during embryonic stages),
a dorsal nerve cord, pharyngeal slits (only during embryonic stages for many vertebrates), and a post-anal tail.
• The main characteristic that distinguishes vertebrates from invertebrates is the presence of a vertebral column.
Practice

Use this resource to answer the questions that follow.
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FIGURE 1.10
The human vertebral column, or backbone.

The defining feature of

vertebrates is the presence of a backbone consisting of a series of
repeating units called vertebrae. The particular shape and design of
the vertebrae from different species varies, as does the number and
organization of the vertebrae within the backbone. The function of the
backbone is to provide structural support to the organism and to protect
the spinal cord that lies within the column.

• 20 Main Characteristics of Vertebrates at http://www.preservearticles.com/2011081911015/20-main-charac
teristics-of-vertebrates.html .
1. Describe the main characteristics of vertebrates as related to these features:
a.
b.
c.
d.

Nervous system.
Digestive system.
Skeletal system.
Circulatory system.

Practice Answers

1. Most vertebrates
a. Have a well-developed brain inside the cranium and, at some stage of their life, a notochord and a hollow
dorsal nerve tube.
b. Possess a through gut and pharyngeal slits.
20
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c. Have an endoskeleton made of cartilage or bone, with cartilage forming the initial skeleton.
d. Have a heart and a closed circulatory system.
Review

1. Most animals, other than vertebrates, have an open circulatory system or no real circulatory system. What
about vertebrates?
2. What is the main function of the vertebral column?
Review Answers

1. Vertebrates have a closed circulatory system with a ventral heart having 2-4 chambers.
2. The function of the backbone is to provide structural support to the organism and to protect the spinal cord
that lies within the column.
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1.5 Vertebrate Structure and Function - Advanced
• Explore the structures unique to vertebrates.
• Understand the importance of the vertebral column, the nervous system, and neural crest cells in vertebrates.

What do all chordates have in common?
Excluding the nonvertebrate chordates, the answer is the vertebral column, or backbone. The vertebral column is
the central part of this tiger skeleton, as it is with all vertebrates. It is the backbone that holds the remainder of the
skeleton together and allows the animal to function the way it does.
Structure and Function in Vertebrates
Vertebral Column and the Endoskeleton

The vertebral column, or backbone, is made up of a series of repeating, or metameric, structures called vertebrae
(singular, vertebra) that extend from the head to the tail along the dorsal (top) side of the body. The function of the
vertebral column is to provide the central support structure of the endoskeleton, allowing an organism to hold its
shape. It also serves to house and protect the spinal cord that that lies within the column. A portion of a vertebral
column containing the spinal cord is shown in the Figure 1.11.
The structure of individual vertebrae as well as the number of vertebrae that make up the backbone varies between
different species. Humans, for example, have a backbone consisting of 33 vertebrae (including several that are fused
together), whereas snakes can have as many as 500! The general structure of a vertebra, as shown in the Figure
1.12, consists of two main regions: a centrum and a neural arch. The centrum is a disk-shaped, solid portion that
provides strength to the backbone. The neural arch is located on the dorsal side of the centrum and forms the hole
through which the spinal cord passes. Some species may have spines that extend either from the centrum or the
neural arches of the vertebrae.
All vertebrates are highly cephalized, meaning that their nervous system is centralized with a brain located in a
distinct head; the head region also contains major sensory organs such as a pair of complex eyes ( cephalization).
Although many invertebrates exhibit a certain level of cephalization with nervous tissue concentrated in the anterior,
22
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FIGURE 1.11
Human Vertebral Column and Vertebrae.
The human vertebral column consists of
33 vertebrae. Two enlarged vertebrae are
shown here.

FIGURE 1.12
The structure of a vertebra.

The ver-

tebra is composed of two main regions:
the centrum and the neural arch.

The

centrum is a solid, disc-shaped section
that provides most of the strength of the
backbone. The neural arch encloses the
spinal column and is located dorsal (on
the back side) to the centrum. Different
species of vertebrates may have a number of processes called spines that extend
from the main structure of the vertebra.
In some species the spines can be quite
pronounced.

or “head,” end of the animal, the head region of vertebrates is more distinct than that of many invertebrates. Compare
the fish species shown in the Figure 1.13 with an invertebrate chordate, the lancelet, from the class Cephalochordata,
shown in the previous chapter. When looking at a lancelet, it is difficult to distinguish the head from the tail because
there is no distinct head region, although there is a brain located specifically at one end of the animal’s body.
Within this well-defined head region, the vertebrate brain is enclosed in a cranium, or skull, from which the
vertebral column extends. As mentioned earlier, the vertebral column (along with the skull) makes up the core
of the endoskeleton. A typical vertebrate endoskeleton, like the ones shown in the Figure 1.14, usually includes the
following components:
•
•
•
•
•

A vertebral column.
A cranium.
Limbs/appendages (usually in pairs).
Limb girdles (hips and shoulders in humans).
Visceral arches (located in the neck region and form either gills or jaws and middle ear components).

The vertebrate endoskeleton may be composed entirely of cartilage or composed of both cartilage and bone.
An exclusively cartilaginous endoskeleton is found in several fish classes, but the majority of vertebrates have
endoskeletons made up primarily of bone tissue. What is the difference between cartilage and bone? Cartilage
is less dense and therefore lighter and more flexible than bone. As a result, cartilage does not have the strength
23
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FIGURE 1.13
Vertebrates are characterized by having a pronounced head, like the one of
this Antarctic toothfish, that houses the
brain and several sensory organs including eyes. Centralization of the nervous
system in a distinct head region is called
cephalization.

FIGURE 1.14
Vertebrate Endoskeletons.

The verte-

brate endoskeleton includes a vertebral
column, cranium, limbs, and limb girdles.
Can you find these parts in each endoskeleton shown here?

to support the large bodies of many of the higher vertebrate species. Bone tissue consists of a dense extracellular
(outside the cell) matrix containing a protein called collagen. Collagen is a fibrillar protein, forming long fibers that
form the basis of the bone matrix and contribute to the strength of the tissue. This matrix is also highly mineralized,
meaning that it contains high levels of inorganic elements such as calcium, magnesium, and phosphate.
24
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FIGURE 1.15
The endoskeleton of a tiger quoll.

A

typical vertebrate skeleton, like this one,
includes a cranium, a vertebral column,
limbs, and limb girdles where the limbs
attach to the main part of the body.

Bone cells called osteocytes are distributed throughout this matrix. Osteocytes are derived from osteoblasts, and it
is the osteoblasts that are responsible for secreting the collagen and minerals that make up the bone tissue. In the
embryos of bony vertebrates, the endoskeleton is initially formed from cartilage that is converted to bone during
development. Bone tissue is also associated with bone marrow in many vertebrates. Bone marrow gives rise to many
of the blood cells of the circulatory system. For more information about the skeletal system of humans, see The
Skeletal System (Advanced) under the Anatomy and Physiology concepts.
The endoskeleton of all but two vertebrate classes includes jaws equipped with teeth that are used for chewing food
and, in some cases, for attacking prey. Most vertebrates also have at least one pair of limbs that are generally located
laterally, or on the sides of the body.
Organ Systems

In addition to the skeletal system, vertebrates have many other complex organ systems including a closed circulatory
system with a ventral (bottom side) heart having two to four chambers, a respiratory system, a well-developed
muscular system with a muscular mouth and pharynx, an excretory system, and an immune system. Most of these
organ systems are located within a well-developed coelom, or body cavity.
Like chordates in general, the muscular system of vertebrates is made up of repeating units called myomeres. Muscles attached to the endoskeleton coordinate movements by alternating between contracted (shortened) and relaxed
(extended) states. Most regions of the endoskeleton have muscles attached on opposite sides so that movements
are accomplished by the reciprocal contraction and relaxation of oppositely positioned muscles. The majority
of vertebrate species have adaptive immune systems. An adaptive immune system is one that can respond to
infections by generating new forms of molecules, called antibodies, that are specifically designed to target the
particular invading organism. The details of adaptive immunity in the human immune system will be discussed
later in the Immune System and Disease chapter.
Probably the most striking feature of vertebrates is their complex nervous system. The vertebrate nervous system
consists of two main components: the central nervous system (brain and spinal cord), which is shown in the Figure
1.16, and the peripheral nervous system, which basically consists of any part of the nervous system that is not the
brain or spinal cord.
Nerve fibers that extend to the muscular system and all other organs within the body are part of the peripheral
nervous system. Both of these systems are run by nerve cells, or neurons, that are interconnected to create a vast
network of cells throughout the body. Neurons communicate with each other to pass information between tissues of
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FIGURE 1.16
The Human Nervous System. The vertebrate nervous system includes
a brain and spinal cord. It also includes a body-wide network of nerves,
called peripheral nerves. They connect the spinal cord with the rest of the
body.

FIGURE 1.17
A diagram showing the components of the central nervous system. The
central nervous system (2) consists of a brain (1) located in the anterior, or
head, region of an organism and a long spinal cord (3) that extends from
the brain to the tail region, or posterior end, of an organism. The central
nervous system is housed within the cranium (brain) and the vertebral
column (spinal cord) of the endoskeleton.

the body and regions of the brain through electrochemical signals. These signals are either electrical impulses that
can be transmitted between cells or molecules secreted by one nerve cell that can bind to an adjacent nerve cell to
relay information. The level of organization of nervous systems varies greatly within the vertebrate subphyla, from a
relatively simple system in some primitive fish species to the enormously complex nervous system of primates. The
human nervous system will be discussed in detail in the Nervous and Endocrine System chapter.
Reproduction

Vertebrates reproduce sexually, and almost all species have separate male and female sexes. Fertilization can be
either external or internal depending on the species. In general, aquatic vertebrates undergo external fertilization,
whereas terrestrial vertebrates carry out internal fertilization, although there are exceptions to this rule.
Development also varies from species to species. The majority of vertebrate species lay eggs, and their embryos
develop externally. This is called oviparity. There is also a significant number of species, including some fish
species, that retain their eggs within the female body until they hatch and emerge from the mother, a feature called
ovoviviparity. A more advanced version of internal development, called viviparity, is seen in the majority of
26
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mammal species. In these cases, not only does the mother retain eggs for internal development, but there are also
special organs that develop to transfer nutrients from the mother’s body to the developing offspring.

FIGURE 1.18
What type of reproduction occurs in kangaroos?

Neural Crest Cells

Another critical feature of vertebrates is the neural crest. The neural crest forms at the edge of the developing
nerve cord in vertebrates, as shown in the Figure 1.19. Neural crest cells are extremely important in vertebrate
development because soon after they are formed, they migrate to other regions of the body where they either become
or cause other cells to become critical components of a variety of different tissues including cells of the nervous,
muscular, skeletal, and hormone-producing endocrine tissues. Defects in the development or migration of neural
crest cells lead to a variety of congenital birth defects.
FIGURE 1.19
The vertebrate neural crest is a group of
cells that form at the edge of the developing neural tube during vertebrate embryonic development. These cells will soon
migrate to various regions of the body to
become components of different tissues.
The neural tube will go on to develop into
the brain and spinal cord.

Vocabulary

• adaptive immune system: A system which creates immunological memory after an initial response to a
specific pathogen, leading to an enhanced response to subsequent encounters with that same pathogen. It is
also known as the acquired immune system.
• bone: Hard tissue in most vertebrates that consists of a collagen matrix, or framework, filled in with minerals
such as calcium.
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• cartilage: A type of dense connective tissue that is made of tough protein fibers.
• central nervous system (CNS): The nervous system composed of the brain and spinal cord; the brain is the
central control of the CNS, and the spinal cord carries nerve impulses from the brain to the body and from the
body to the brain.
• centrum: A disk-shaped, solid portion of vertebrae that provides strength to the backbone.
• cephalization: A concentration of nervous tissue in the anterior region of an organism.
• cranium: The skull of a vertebrate.
• myomeres: Repeating blocks of skeletal muscle tissue found commonly in chordates.
• neural arch: Forms the hole through which the spinal cord passes; it is located on the dorsal side of the
centrum.
• neural crest: Cells that migrate to other regions of the body where they either become or cause other cells to
become critical components of a variety of different tissues. They form at the edge of the developing nerve
cord in vertebrates.
• oviparity: Lays eggs, and embryos develop externally.
• ovoviviparity: Retains the eggs within the female body until they hatch.
• peripheral nervous system (PNS): The nervous tissue outside the central nervous system, mainly the legs,
arms, hands, feet, and organs.
• viviparity: Internal development of eggs with maternal nourishment; nutrients are usually supplied through
an organ called the placenta that connects to the mother’s blood supply.
Summary

• The function of the vertebral column is to provide the central support structure of the endoskeleton, allowing
an organism to hold its shape.
• Although many invertebrates exhibit a certain level of cephalization with nervous tissue concentrated in the
anterior, or “head,” end of the animal, the head region of vertebrates is more distinct than that of many
invertebrates.
• The vertebrate endoskeleton may be composed entirely of cartilage or composed of both cartilage and bone.
• Vertebrates mainly reproduce sexually, and almost all species have separate male and female sexes.
Practice

Use this resource to answer the questions that follow.
• Vertebrates: More on Morphology at http://www.ucmp.berkeley.edu/vertebrates/vertmm.html .
1. What are the two components that make up a vertebra?
2. Give a few examples of variation in the vertebral columns of different vertebrates.
3. Describe the difference between dermal bone and endoskeletal bone.
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Practice Answers

1. Each vertebra is composed of a centrum and a neural arch. The centrum is the main bone portion of the
vertebra that forms around the notochord. The neural arch is where the nerve cord, or spinal cord, passes.
2. In some vertebrates, the ventral side of the centrum bears spines, whereas others have lateral spines. The
neural arch is often elongated into a neural spine.
3. Dermal bone consists of bony structures that develop in the skin such as shark scales, the shoulder blades, or
the roof of human skulls. Endoskeletal bone forms from calcified cartilage. Examples of endoskeletal bone
include vertebrae, ribs, appendages, and the jaw.
Review

1.
2.
3.
4.
5.

What are the primary functions of the vertebral column? Describe its structure.
Describe the components found in a typical vertebrate endoskeleton.
The human endoskeleton is made up mainly of bone. Are all vertebrate skeletons composed of bone?
Which vertebrates usually carry out internal fertilization? External fertilization? Explain why.
What is the importance of the neural crest cells present in vertebrates?

Review Answers

1. The function of the vertebral column is to provide the central support structure of the endoskeleton and protect
the spinal cord that that lies within the column. The vertebral column, or backbone, is made up of a series of
repeating, or metameric, structures called vertebrae that extend from the head to the tail along the dorsal side
of the body.
2. A typical vertebrate endoskeleton usually includes the following components: a vertebral column, a cranium,
limbs/appendages (usually in pairs), limb girdles, and visceral arches.
3. The vertebrate endoskeleton may be composed entirely of cartilage or composed of both cartilage and bone.
An exclusively cartilaginous endoskeleton is found in several fish classes, but the majority of vertebrates have
endoskeletons made up primarily of bone tissue.
4. In general, aquatic vertebrates undergo external fertilization, whereas terrestrial vertebrates carry out internal
fertilization, although there are exceptions to this rule. This makes sense because water is a suitable medium
for gametes to combine, whereas air is not.
5. Neural crest cells are extremely important in vertebrate development because soon after they are formed,
they migrate to other regions of the body where they either become or cause other cells to become critical
components of a variety of different tissues including cells of the nervous, muscular, skeletal, and hormoneproducing endocrine tissues. Defects in the development or migration of neural crest cells lead to a variety of
congenital birth defects.
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1.6 Classification of Vertebrates - Advanced
• Understand how vertebrates are classified into 5 major groups.
• Discuss the major characteristics that distinguish each group.

The stingray. A fish?
Of course. But what type? Of the nine classes of vertebrates, five are fish. Each of the five classes has distinguishing
characteristics that allow members to be classified appropriately. Stingray are cartilaginous fish, related to sharks.
Vertebrate Classification

Vertebrates can be subdivided into five major groups: fishes, amphibians, reptiles, birds, and mammals. Amphibians,
reptiles, birds, and mammals are ranked as classes. The fishes includes five different classes: Myxini, Hyperoartia,
Chondrichthyes, Actinopterygii, and Sarcopterygii. All of the existing classes of vertebrates are listed in the Table
1.1 with their major features. In addition to the existing classes, there are a number of extinct classes of vertebrates
that provide important information regarding vertebrate evolution, which we will examine in the next section.
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TABLE 1.1: Major Distinguishing Features of Each Class Within the Vertebrate Subphylum
Class
Myxini (hagfish)

Major Features

Example
Hagfish

True backbone absent but cranium present
Jawless
Cartilaginous endoskeleton
Hyperoartia (lampreys)

Lamprey
Some backbone features on
notochord, also has cranium
Jawless
Cartilaginous endoskeleton

Chondrichthyes (sharks, rays)

Shark
True backbone
Jaws
Cartilaginous endoskeleton

Actinopterygii

Perch
Bony endoskeleton
Ray-finned

Sarcopterygii

Coelacanth
Bony endoskeleton
Lobe-finned
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TABLE 1.1: (continued)
Class
Amphibians (frogs, salamanders)

Major Features

Example
Frog

Lungs as adults
Tetrapods –4 limbs for terrestrial movement
Ectothermy
Sauropsida (reptiles)

Alligator
Lungs throughout life
Amniotic egg
Ectothermy

Aves (birds)

Bird
Endothermy
Feathers
Forelimbs are wings

Mammals

Bear
Most do not lay eggs –internal
development
Hairy bodies
Neocortex
Mammary glands produce
milk to nourish young

Classification of vertebrates is not static, and there are currently different schools of thought regarding how they
should be subdivided and ranked. For example, there are some groups that do not consider Hyperoartia to be a
class, but rather consider to to be a currently unranked group. There is also controversy regarding the hagfish of
the class Myxini. In the last chapter you learned that hagfish do not contain a true vertebral column, yet they do
have a cranium surrounding their brains and are therefore often considered as a separate group from the three main
chordate subphyla (tunicates, cephalochordates, and vertebrates). For the purposes of this chapter, we will consider
both Hyperoartia and Myxini to be classes within the subphylum Vertebrata.
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As we discussed earlier in this chapter, there is enormous diversity among vertebrate species, ranging from small
jawless fish species to large desert mammals such as camels. In this section we will examine the five major vertebrate
subgroups.
Fishes

Fishes constitute the non- tetrapod vertebrates, meaning that they do not have four legs or limbs, although they
generally have two pairs of fins and several unpaired fins that allow them to move efficiently through water. They
are almost all entirely aquatic, although there are a few species that can survive out of the water for short periods of
time. There are approximately 28,000 fish species subdivided into five different classes. Examples of different fish
species are shown in the Figure 1.20.

FIGURE 1.20
Various fish species. (a) A ray-finned fish of the class Actinopterygii.
(b) A scorpionfish of the class Actinopterygii. (c) A skate of the class
Chondrichthyes.

The fishes include species that are common human food sources such as salmon, trout, bass, and even sharks
and rays. Their habitats cover all aquatic regions on Earth including oceans, rivers, lakes, and other freshwater
sources. Most fishes use gills to obtain oxygen from their aquatic environments and have scales covering their
bodies. Although the majority of fish species are jawed fish, hagfish of the class Myxini and lampreys of the class
Hyperoartia are jawless. The classes of Myxini, Hyperoartia, and Chondrichthyes all possess endoskeletons that
consist of cartilage. Fishes in the classes Actinopterygii, and Sarcopterygii are considered the “bony fishes” because
they have endoskeletons consisting primarily of bone. We will examine the fish classes in much more detail in the
next lesson.
Amphibians

Amphibians are cold-blooded ( ectothermic) vertebrate tetrapods that generally respire air as adults but usually
require an aquatic (freshwater) environment for reproduction. The term tetrapod, as mentioned earlier, refers to
four-legged/limbed animals that generally have two pairs of limbs: one pair on the anterior, or front, end of the
animal and one pair on the posterior, or tail, end of the animal. Other vertebrate tetrapods include reptiles, birds, and
mammals. There are roughly 6,000 existing amphibian species. They include frogs, toads, and salamanders, and
several examples are shown in the Figure 1.21.
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FIGURE 1.21
Members of the amphibian class of vertebrates. (a) A species of frog. (b)
A fire salamander. (c) A California newt.

Almost all amphibian species produce eggs that cannot survive outside of water, and this is the reason for their
reproductive dependence on an aquatic environment. Amphibians usually undergo indirect development via aquatic
larval forms called tadpoles or polliwogs that respire using gills. During metamorphosis, the larvae develop limbs
and replace their gills with lungs to become semi-terrestrial adult animals.
Reptiles

Reptiles are also cold-blooded (ectothermic) vertebrate tetrapods, but they differ from amphibians in a number of
important ways. Unlike amphibians, reptiles are amniotes that are not dependent on water in order to reproduce.
Amniotes lay eggs that are surrounded by an extensive amniotic membrane to facilitate gas exchange and waste
processing in a terrestrial environment. A solid eggshell surrounds the membrane-enclosed embryos and provides
protection to the developing organism. Another difference between reptiles and amphibians is that reptiles generally
undergo direct development that does not include an aquatic larval stage. All reptiles use lungs to breath, although
there are some species that are also able to absorb oxygen through their skin.
All of these evolutionary developments have allowed reptiles to live an exclusively terrestrial existence. Despite
these adaptations, there are some species that spend most of their lives in water such as aquatic turtles. In these
species, the limbs have been modified to have a more fin-like structure for swimming.
There are approximately 8,000 species of reptiles living today that occupy all continents on Earth except Antarctica.
These species include lizards, snakes, and turtles, and examples are shown in the Figure 1.22. There are some
species of reptiles, such as snakes, that have lost their limbs during the course of evolution. However, they are still
considered tetrapods because they evolved from a tetrapod ancestor.
Birds

Birds are warm-blooded ( endothermic), egg-laying vertebrate tetrapods. They are characterized by the presence
of feathers and wings. Almost all birds are capable of flight. The few species that are not, such as ostriches and
penguins, evolved from flying ancestor species but lost the capability over the course of their evolution. There
are approximately 10,000 existing species of birds that live in nearly all habitats on Earth. This is the largest
number of species of any of the tetrapod classes. Because birds are endothermic, they are not dependent on
environmental temperatures to maintain both their internal body temperature and activity levels; their ectothermal
34

www.ck12.org

Chapter 1. Vertebrates - Advanced

FIGURE 1.22
The diversity of reptile species. (a) Caimen lizard. (b) Florida redbelly
turtle. (c) Texas coral snake.

tetrapod counterparts, the reptiles and amphibians, are dependent on the environmental temperatures. This probably
explains birds’ vast range over the planet, including both extremely cold and extremely warm regions such as the
North and South poles as well as desert climates. Examples of several different species of birds are shown in the
Figure 1.23.

FIGURE 1.23
Examples of different bird species. (a) Male and female mallard ducks. (b)
A wild osprey. (c) Flamingos.
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Mammals

Mammals are warm-blooded (endothermic) vertebrates that differ in many ways from members of other vertebrate
classes. Mammals have hair on their skin, three bones in the middle ear, a four-chambered heart, and a region of
the brain called a neocortex that is involved in higher neurological functions such as spatial reasoning, conscious
thought, and, in some species (ours), language. There are roughly 5,400 species of mammals including our species,
Homo sapiens. The Figure 1.24 shows a number of examples of mammalian species.

FIGURE 1.24
Various species of mammals.

(a) Bot-

tlenose dolphin. (b) Brown rat. (c) Baboon. Notice the extreme diversity in the
different body forms of mammals. Mammals are almost all terrestrial species but
also include a few aquatic species such
as dophins.

Mammals derive their name from the fact that they produce milk to feed their young using mammary glands.
Nearly all mammals are viviparous and give birth to live young, although there is one group, the monotremes, that
lays eggs, which undergo external development.
Vocabulary

• amniotes: Animals which lay eggs that are surrounded by an extensive amniotic membrane to facilitate gas
exchange and waste processing in a terrestrial environment.
• ectothermic: Of or relating to an animal that must regulate its body temperature from the outside, through
behavioral changes such as basking in the sun. It is also known as cold-blooded.
• endothermic: Of or relating to an animal that is able to regulate its body temperature from the inside, through
metabolic or other physical changes. It is also known as warm-blooded.
• gills: Respiratory organs found in many aquatic organisms; they extract dissolved oxygen from water and
excrete carbon dioxide.
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• larval stages: The early, developing stages of various animals in which the organism differs from its adult
form.
• mammary glands: Organs found in female mammals that produce milk to feed their young.
• neocortex: A region of the brain involved in higher neurological functions such as spatial reasoning, conscious
thought, and, in some species, language.
• tetrapod: An animal that has four legs or limbs.
Summary

• Vertebrates can be subdivided into five major groups: fishes, amphibians, reptiles, birds, and mammals.
• Fishes are almost all entirely aquatic, although there are a few species that can survive out of water for short
periods of time.
• Amphibians are ectothermic tetrapod vertebrate that generally respire air as adults but usually require an
aquatic (freshwater) environment for reproduction.
• Reptiles are amniotes that are not dependent on water in order to reproduce.
• Birds are endothermic, egg-laying tetrapod vertebrates. They are characterized by the presence of feathers and
wings.
• Mammals have hair on their skin, three bones in the middle ear, a four-chambered heart, and a region of the
brain called a neocortex.
Practice
Practice Answers
Review

1.
2.
3.
4.
5.

What are the five major groups of vertebrates?
Why are amphibians limited to environments that have sources of freshwater?
What was one of the main adaptations that allowed reptiles to live a completely terrestrial lifestyle?
Which vertebrate class has the largest number of species?
What part of the mammalian brain is not present in any other animals?

Review Answers

1. Vertebrates can be subdivided into five major groups: fishes, amphibians, reptiles, birds, and mammals.
2. Almost all amphibian species produce eggs that cannot survive outside of water, and this is the reason for their
reproductive dependence on an aquatic environment.
3. Reptiles are amniotes that lay eggs that are surrounded by an extensive amniotic membrane to facilitate
gas exchange and waste processing in a terrestrial environment. A solid eggshell surrounds the membraneenclosed embryos and provides protection to the developing organism. Thus, reptiles do not require an aquatic
environment to reproduce.
4. Birds are the largest tetrapod class in terms of species. This is partially due to the fact that they are endothermic, allowing them to live in more habitats than reptiles and amphibians.
5. Mammals have a special region of the brain known as the neocortex that is involved in higher neurological
functions such as spatial reasoning, conscious thought, and, in some species, language.

37

1.7. Vertebrate Evolution - Advanced

www.ck12.org

1.7 Vertebrate Evolution - Advanced
• Understand the evolutionary steps that arose with vertebrates.

What type of fish is a simple perch?
Does it have a partial or complete vertebral column? What about a jaw? Do you think the endoskeleton is made of
cartilage or bone? Why are these important evolutionary steps? A bony skeleton could support a larger body. Early
bony fish evolved into modern ray-finned and lobe-finned fish, which then evolved into species that could move out
of the water.
Vertebrate Evolution

A variety of advantageous changes that arose during the course of vertebrate evolution ultimately led to the diversity
of vertebrate species living on the planet today. These evolutionary developments include the following:
•
•
•
•
•
•
•
•
•
•
•
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A vertebral column.
A cranium.
Jaws.
Bone.
Limbs.
Lungs.
Water-tight skin.
Amniotic eggs.
Changes in reproductive strategies.
Feathers, fur, and hair.
Sweat glands.
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In many cases, these changes accompanied increases in size, speed, predatory skills, and learning abilities. When
did vertebrate evolution begin, and what evolutionary advantages were imparted by the features listed above? In this
section we will address these questions as we trace the evolution of vertebrates from hagfish to mammals.
The vertebrates made their first appearance in the fossil record, as jawless fish, approximately 550 million years ago
at the start of the Cambrian period. For information on vertebrate evolution, visit The Basics of Vertebrate Evolution
at http://animals.about.com/od/evolution/a/vertebrateevolu.htm .
The early evolution of vertebrates took place among the early fish species in the ocean and is marked by the
replacement of the notochord with a cartilaginous backbone during development. The evolution of the cranium,
a hard endoskeletal encasement enclosing the brain, also occurred very early on in the vertebrates. The jawless
hagfish of the class Myxini have craniums but do not develop a true backbone, suggesting that either the cranium
evolved prior to the backbone or hagfish secondarily lost the vertebral column to retain the notochord in adulthood.
Lampreys that make up the class Hyperoartia (jawless) also have craniums and exhibit a partially developed vertebral
column in adulthood.
As the endoskeleton continued to evolve, jaws arose in the class Chondrichthyes roughly 450 million years ago. The
presence of jaws provides a major distinction between different classes of vertebrates - both existing and extinct
classes. Jawless fish are referred to as Agnatha, and the jawed fish are included in a group called Gnathostomata.
Jaws provide a powerful adaptive advantage to vertebrates because they greatly expand the range of available food
sources. They also enhance the predatory ability of vertebrates, such as sharks, that are members of this early, jawed
class.
Development of Bone Tissue

The next endoskeletal modification that took place during vertebrate evolution involved the development of bone
tissue. Within the animal kingdom, bone tissue is found exclusively in the vertebrates. The rigid and dynamic
properties of bone tissue, which were described earlier in the Vertebrates: Characteristics concept, enabled the
evolution of large endoskeletal systems capable of supporting the extremely large body sizes of some vertebrates.
African bush elephants, for example, can weigh over 10 tons. Bony fish of the classes Actinopterygii (ray-finned)
and Sarcopterygii (lobe-finned) date back to roughly 410-395 million years ago in the fossil record.
Evolution of the Respiratory System

The evolution of respiratory systems capable of obtaining oxygen from air, water-tight skin, and limbs that can
accommodate movement on land were necessary for vertebrates to transition from an aquatic to a mainly terrestrial
existence. These changes are seen with the evolution of the amphibians approximately 365 million years ago. For
the most part, amphibians remain dependent upon an aquatic environment for reproduction. This is due to the lack of
specialized membranes and a shell around their eggs, making them inviable on land. In addition to their reproductive
stages, early stages of amphibian development take place in a larval form that is usually exclusively aquatic.
First Reptiles

Approximately 360 to 300 million years ago, during the Carboniferous period, amphibians gave rise to a group
of animals that laid amniotic eggs. These were the first reptiles. As we discussed earlier in the Vertebrates:
Classification concept, the amniotic egg was key to allowing tetrapods to reproduce on land. This event marked
the beginning of a flourishing population of terrestrial tetrapods. Reptiles make up the class Sauropsida. Another
feature of most tetrapods that reproduce on land is internal fertilization. This makes sense because it allows the
amniotic components of the fertilized egg to form inside the female body, preparing the egg for survival on land
once it has been laid. Both mammals and birds evolved from early reptile species and are also considered to be
amniotes.
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The subgroup, or branch, of early reptile-like animals that gave rise to mammals is called Synapsida. The synapsids
evolved fairly soon after the first reptiles appeared, probably about 300 million years ago. It was not until about 200
million years ago, during the Jurassic period, that the synapsids really became true mammals. These early mammals
are primarily extinct.

Birds

Birds evolved from a subgroup of reptiles called theropods that first appeared around 220 million years ago. This
group includes the famous bipedal (walking on two legs) dinosaurs such as the tyrannosaurus. The therapods are
close relatives of the early reptiles that gave rise to modern day crocodiles. The earliest known bird, Archaeopteryx,
evolved approximately 150 million years ago during the late Jurassic period. During the Cretaceous period that
followed, birds diversified into a wide variety of different species. The end of the Cretaceous period saw the arrival
of the earliest members of the bird groups that are represented by modern species living on Earth today.
The evolution of both birds and mammals is marked by the development of endothermy, or warm-bloodedness.
Endothermic animals are able to maintain a constant internal body temperature through a number of different
techniques including modulating their metabolic rates. They are able to cool their bodies in warm environments
and warm them in cold habitats. The advantage of endothermy is that the animal can maintain an optimal internal
temperature for their cells to function efficiently despite changes in the temperature of the environment. Endothermic
animals generally have more stamina than ectothermic, or cold-blooded, animals because they have faster metabolic
rates. The disadvantage of endothermy is that it requires a lot more food energy than ectothermy. Birds and mammals
must eat considerably more food than reptiles.

FIGURE 1.25
A phylogenetic tree illustrating the evolutionary relationships between groups
within the vertebrate subphylum.

The

numbers indicate the approximate time
when each branch point in the evolutionary tree occurred (mya = million
years ago).

For further information,

please see Phylogeny of Chordata Vertebrata at http://www.mun.ca/biology/scarr/
Phylogeny_of_Chordata.html .

Evolution of Endothermy

Until mammals and birds evolved, all vertebrates were ectothermic. Ectothermy means regulating body temperature
from the outside through behavioral changes. For example, an ectotherm might stay under a rock in the shade in
order to keep cool on a hot, sunny day. Almost all living fish, amphibians, and reptiles are ectothermic. Their
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metabolic rate and level of activity depend mainly on the outside temperature. They can raise or lower their own
temperature only slightly through behavior alone.
Both mammals and birds evolved endothermy. Endothermy means regulating body temperature from the inside
through metabolic or other physical changes. On a cold day, for example, an endotherm may produce more heat by
raising its metabolic rate. On a hot day, it may give off more heat by increasing blood flow to the surface of the
body. Keeping body temperature stable allows cells to function at peak efficiency at all times. The metabolic rate
and activity level can also remain high regardless of the outside temperature. On the other hand, maintaining a stable
body temperature requires more energy —and more food.
Vocabulary

• amniotic egg: An egg with a water-impermeable, amniotic membrane surrounding a fluid-filled amniotic
cavity; this permits embryonic development on land without the danger of water-loss.
• ectothermy: The regulation of body temperature from the outside through behavioral changes such as basking
in the sun.
• endothermy: The regulation of body temperature from the inside through metabolic or other physical changes.
• synapsid: A type of early amniote that evolved during the Carboniferous Period and eventually gave rise to
mammals.
Summary

• The vertebrates first appeared in the fossil record, as jawless fish, approximately 550 million years ago at the
start of the Cambrian period.
• The early evolution of vertebrates took place among early fish species in the ocean and is marked by the
replacement of the notochord with a cartilaginous backbone during development.
• As the endoskeleton continued to evolve, jaws arose in the class Chondrichthyes roughly 450 million years
ago.
• The next endoskeletal modification that took place during vertebrate evolution involved the development of
bone tissue.
• The evolution of respiratory systems capable of obtaining oxygen from air, water-tight skin, and limbs that
can accommodate movement on land were necessary for vertebrates to transition from an aquatic to a mainly
terrestrial existence.
• Approximately 360 to 300 million years ago, during the Carboniferous period, amphibians gave rise to a group
of animals that laid amniotic eggs. These were the first reptiles.
• The evolution of both birds and mammals is marked by the development of endothermy, or warm-bloodedness.
Practice

Use this resource to answer the questions that follow.
• Vertebrate Animal Evolution at http://dinosaurs.about.com/od/otherprehistoriclife/tp/Vertebrate-Animal-Evol
ution.htm .
1.
2.
3.
4.

What animals eventually evolved into tetrapods?
When were amphibians the dominant land vertebrates?
Which branch of vertebrates eventually evolved into birds?
When did mammals become the dominant land vertebrates?
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Practice Answers

1. Tetrapods evolved from lobe-finned fish, which possessed a skeletal structure that eventually morphed into the
limbs of land vertebrates.
2. Amphibians dominated the Carboniferous period from 360 million to 300 million years ago but eventually
gave way to reptiles.
3. Birds evolved from small reptiles, known as theropods, sometime during the Jurassic period. It is a common
mistake to think that birds evolved from the flying reptiles called pterosaurs. They belong to different groups.
4. After the extinction of many reptile species 65 million years ago, mammals evolved into the giant megafauna
mammals of the Cenozoic era.
Review

1.
2.
3.
4.
5.

What animals were the first vertebrates? When did they appear?
What were the earliest evolutionary changes that occurred in vertebrates?
When did jaws first evolve?
List the characteristics that allowed vertebrates to live a terrestrial existence.
What are the advantages and disadvantages of endothermy?

Review Answers

1. Jawless fish, referred to as Agnatha, were the first vertebrates, and they appeared approximately 550 million
years ago at the start of the Cambrian period.
2. The early evolution of vertebrates involved the replacement of the notochord with a cartilaginous backbone
and the evolution of a cranium.
3. Jaws first evolved in fish 450 million years ago. Jaws provided a powerful adaptive advantage to vertebrates
because they greatly expanded the range of available food sources. They also enhanced the predatory ability
of vertebrates.
4. The evolution of respiratory systems capable of obtaining oxygen from air, water-tight skin, and limbs that
can accommodate movement on land were necessary for vertebrates to transition from an aquatic to a mainly
terrestrial existence. The evolution of amniotic eggs meant that vertebrates were no longer tied to water for
reproduction.
5. The advantage of endothermy is that the animal can maintain an optimal internal temperature for their cells
to function efficiently despite changes in the temperature of the environment. Endothermic animals generally
have more stamina than ectothermic, or cold-blooded, animals because they have faster metabolic rates. The
disadvantage of endothermy is that it requires a lot more food energy than ectothermy.
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1.8 Fish - Advanced
• Discuss the characteristics that distinguish fish from other vertebrates.
• Understand how different species have different characteristics that define them.

What do you get when you cross a lion and a fish?
Nothing, but this is a lion fish. There are about 28,000 known species of fish, which are divided among five classes.
They must have characteristics used to classify them into those 5 classes, but there are probably characteristics they
all have in common. Look at this lion fish. What would those common characteristics be?
Characteristics of Fishes

More than half of all vertebrate species are fishes. Many fish species are familiar to us from the foods we eat or
from visiting aquariums. However, there are many less-common species that can tell us a lot about how we evolved
as vertebrates. A great deal of vertebrate evolution took place among the fishes. Five of the nine vertebrate classes
consist entirely of fish species. In this concept, we will consider the traits that define the fishes, explore their various
structural features and how they function, and discuss reproductive strategies in fish species. We will also examine
the classification, evolution, and ecology of the fishes.
The fishes include a wide range of aquatic vertebrate animals, like the ones shown in the Figure 1.26, that possess
gills for absorbing oxygen from water. They are primarily cold-blooded, or ectothermic, meaning that they are
unable to maintain their body temperatures internally. Their body temperature is usually slightly higher than the
temperature of their external environment. Most fishes have limbs in the form of two pairs of fins, as well as several
unpaired fins, that are used for swimming. The unpaired fins can be dorsal, anal, or caudal (tail) fins.
There are approximately 28,000 existing species of fishes, which range in size from about 8 millimeters (species
Paedocypris progenetica) to 16 meters (the whale shark). Fish bodies are typically covered with scales or plates that
are synthesized by mesodermal tissue. The Figure 1.27 shows the scales of a species of carp.
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FIGURE 1.26
Examples of the different fish species found within the vertebrate subphylum. (a) Sawshark. (b) Oscar. (c) Mandarin fish. (d) Flying gurnard. (e)
Valentinni’s sharpnose puffer.

FIGURE 1.27
A close-up view of a fish species within
the carp family known as rohu. Notice
the regular spacing of the partially overlapping scales.

Although these characteristics are present in most species of fish, there are some exceptions. For example, tuna,
swordfish, and white sharks have developed mechanisms to elevate their body temperatures somewhat. The lampreys, which have neither scales nor paired fins, are another example of fishes that differ from the typical description
of a fish. Lampreys will be considered in more detail in a later section on the classification of fishes.
There is also a lot of variation in the different body forms of fishes including the torpedo-shaped tuna, the snakelike eel, the dorso-ventrally (top-bottom) flattened angler, and the laterally compressed butter fish. The Figure 1.28
illustrates some of the more extreme examples of unusually shaped fish.
Most fish, however, have a streamlined body that allows them to move efficiently through their dense aquatic
environments. The overall external anatomy of a more “typical” fish is shown in the Figure 1.29.
The symmetry and overall shape of the caudal (tail) fin is a feature that can often be used to distinguish different
fish groups. A heterocercal caudal fin, often found in sharks, is one in which there are two differently sized lobes,
with the vertebral column of the animal extending into the longer lobe. Protocercal caudal fins, like those found on
hagfish, consist of one pointed lobe that extends around the end of the vertebral column. Lobe-finned fishes of the
class Sarcopterygii have diphycercal caudal fins, which have three lobes and a vertebral column that extends through
to the end of the fin. Most fish species have what is called a homocercal caudal fin. A homocercal fin is generally
symmetrical and does not contain vertebrae. It can be forked, rounded, wedge- or crescent-shaped. The Figure 1.30
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FIGURE 1.28
Fish species with some rather unusually shaped bodies. (a) Lionfish. (b)
Leafy dragon. (c) Pot-bellied seahorse.

FIGURE 1.29
The external anatomy of a typical fish
species, Lampanyctodes hectoris (Hector’s lanternfish).

(1) Operculum (gill

cover), (2) lateral line system (a sensory
organ system), (3) dorsal fin, (4) fat fin, (5)
caudal peduncle (narrow body region that
connects the main body to the caudal fin),
(6) caudal fin, (7) anal fin, (8) photophores
(light emitting organs found on some fish),
(9) pelvic fins (paired), and (10) pectoral
fins (paired).

illustrates these different caudal fin forms.

Vocabulary

• ectothermic: Of or relating to an animal that must regulate its body temperature from the outside through
behavioral changes such as basking in the sun. It is also known as cold-blooded.

• gills: Respiratory organs found in many aquatic organisms; they extract dissolved oxygen from water and
excrete carbon dioxide.
45

1.8. Fish - Advanced

www.ck12.org

FIGURE 1.30
Different caudal fin shapes. (A) Heterocercal. (B) Protocercal. (C) Homocercal.
(D) Diphycercal.

Summary

• More than half of all vertebrate species are fishes.
• The fishes include a wide range of aquatic vertebrate animals that posses gills and are primarily ectothermic.
• The symmetry and overall shape of the caudal (tail) fin is a feature that can often be used to distinguish
different fish groups.
Practice

Use this resource to answer the questions that follow.
• Fish at http://marinelife.about.com/od/fish/p/Fish.htm .
1. How do fish swim?
2. What functions do the fins of fish serve?
3. Describe the variety of ways that fish reproduce.
Practice Answers

1. Fish swim by contracting their muscles in waves. These waves push water backwards, propelling the fish.
2. Most fish have a dorsal fin and an anal fin that provide stability when swimming. Fish may also have pectoral
and pelvic fins to steer and aid in propulsion.
3. Most fish reproduce sexually. While some fertilize externally, some fish, such as sharks, fertilize internally
and might give birth to live young. The male seahorse actually gives birth.
Review

1. What are the characteristics that distinguish fish from other vertebrates?
2. What typically covers the body of a fish?
3. What is one characteristic that distinguishes certain species of fish from one another?
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Review Answers

1. The fishes include a wide range of aquatic vertebrate animals that posses gills and are primarily ectothermic.
Most fishes have limbs in the form of two pairs of fins, as well as several unpaired fins, that are used for
swimming.
2. Fish bodies are typically covered with scales or plates that are synthesized by mesodermal tissue.
3. The symmetry and overall shape of the caudal (tail) fin is a feature that can often be used to distinguish different
fish groups. Sharks generally have a heterocercal caudal fin, whereas most fish species have a homocercal
caudal fin. Protocercal caudal fins, like those found on hagfish, consist of one pointed lobe that extends
around the end of the vertebral column.
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1.9 Fish Structure and Function - Advanced
• Explore the different structures that are found in the majority of fish species.
• Understand the organs that are specific to fish and the functions of these organs.

What are these geometric shapes?
These are the scales - the skin - of a blue Siamese fighting fish, and they almost look like a piece of art. They also
look like they form a smooth, streamlined skin. Why is this important to a fish?

Structure and Function in Fishes

As a result of the large number of fish species and the diversity among them, there are few aspects of fish organ
systems that are precisely conserved between all species. However, there are some general themes that can be found
in nearly all fishes, and these will be outlined, with exceptions indicated, in this section. The major organ systems
of fishes are outlined in the Figure 1.31, and this figure can be used as a reference for some of the descriptions that
follow.
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FIGURE 1.31
The major internal organs common to
most fish species. (1) Liver, (2) stomach,
(3) intestine, (4) heart, (5) swim bladder,
(6) kidney, (7) testicle, (8) ureter, (9) efferent duct, (10) urinary bladder, and (11)
gills.

Respiratory System

Most fish obtain oxygen from the aqueous environment in which they live by using a pair of gills located on each
side of the pharynx. Fish gills consist of many elongated strands of tissue that contain tiny capillaries carrying blood.
An example of fish gills are shown in the Figure 1.32.

FIGURE 1.32
An example of fish gills. Notice the many
layers of fine, elongated, reddish tissue
that are packed together to make up the
gill structure. This structure provides an
extensive surface area over which oxygen
can be absorbed.

Water is taken in through the mouth and passed over the gills. Here, oxygen is absorbed into the blood within
the capillaries through a process known as countercurrent exchange. Countercurrent exchange is the process of
transferring a substance enriched in one pool of fluid to a different pool that has a much lower concentration of that
substance. In fish, blood flowing through the capillaries flows in the opposite direction of the water that is pumped
over the gills from the fish’s mouth. The flow of blood and water in opposite directions is a critical component of the
counter current exchange process. How does countercurrent exchange work? The Figure 1.33 illustrates the process
of oxygen transfer in fish gills by countercurrent exchange. Because the water and the blood are flowing in opposite
directions, pools of blood with very low oxygen content (because these pools have not yet encountered the water)
are constantly coming in contact with pools of water that have higher oxygen contents.
The difference between the concentrations of oxygen in the two fluids is called a gradient, and the oxygen will diffuse
along this gradient from the fluid with higher oxygen levels to the fluid with lower oxygen levels. If the fluids were
flowing in the same direction (concurrent exchange, which is also shown in the Figure 1.33), this diffusion would
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continue until both fluids had the same amount of oxygen. If, for example, the water started off with 100% oxygen
and the blood with 0% oxygen, then the final concentration of both would be 50% oxygen if they were flowing in
the same direction. This is not the case with countercurrent exchange because the blood is always coming in contact
with fresh incoming water that has a greater concentration of oxygen, even when the blood has reached a 50% level.
This allows fish to accumulate high concentrations of oxygen from their aquatic environments.
FIGURE 1.33
A comparison of the process of countercurrent exchange with that of concurrent
exchange. In countercurrent exchange,
two fluids containing different concentrations of a diffusible substance flow in opposite directions to each other, as shown
in the figure. In the case of fish respiration, the fluid in the top row of the countercurrent model is water, and the fluid on
the bottom is blood. The substance being
exchanged is oxygen. Notice that for the
entire distance over which the two fluids
are in contact, the oxygen concentration
in the water remains slightly higher than
in the blood (near 0% versus 0% at the
left and 100% versus near 100% at the
right). This means that the net flow of
oxygen will always be from the water to
the blood in this system. Compare that
to the concurrent exchange model above.
When both fluids are flowing in the same
direction, there will be no net gain of oxygen by the blood (nor net loss of oxygen
by the water) once the oxygen levels have
equilibrated to about 50-50 between the
water and the blood.

After water has passed over the gills it is released through an opening covered by a protective barrier called the
operculum. Two ways that fish maintain water flow over their gills are 1) by swimming rapidly with their mouths
open and 2) by taking water in through the mouth and using muscle contractions to force it back over the gills when
they are not able to generate a current by rapid swimming.
Although the vast majority of fish species obtain oxygen from water using gills, there are a number of fish species
that are also capable of breathing air. The ways that these species obtain oxygen from air are highly varied. Some,
such as various species of catfish, take in air and absorb oxygen through the lining of their digestive tracts. Others,
like the mudskipper shown in the Figure 1.34, absorb oxygen through their skin, much like non-vertebrate chordates.
Mudskippers are particularly unusual fish because they actually spend most of their lives outside of water, hobbling
along muddy flats. Most of the species that are capable of breathing air are facultative air breathers, meaning that
they can breathe air if it is necessitated by circumstances such as living in shallow waters that sometimes dry up
temporarily. However, there are also some species that are obligate air breathers. Obligate air breathers, like lungfish,
must breath air at certain intervals or they will suffocate.
An important respiratory-like feature that is found specifically in ray-finned, bony fish is the swim bladder, or gas
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FIGURE 1.34
An air-breathing fish called the mudskipper.

bladder. This internal, balloon-like organ is shown in the Figure 1.35. By filling the bladder with gas, these fish
can ascend to lesser depths without having to swim, and, by releasing gas from the bladder, they can descend. The
swim bladder is necessary to prevent fish from sinking because fish tissue is denser than water. In some species, the
bladder is connected to the gut, and the fish fills it with air by taking in a large gulp of air at the surface of the water.
In most species, the gas bladder is associated with a special gas gland that can cause oxygen to be released from the
bloodstream into the bladder in order to fill the organ and increase buoyancy.

FIGURE 1.35
A dissected fish. The organ labeled with
the number 2 is the swim bladder, a
balloon-like organ found in bony fishes
that is used to help the fish maintain
buoyancy in the water. Most fish tissues
are denser than water, and, without the
means to stay afloat, fish would sink.

Lungs were first derived from the swim bladder and not the gills. There are many species that have both gills and
a gas bladder or gills and a primitive lung, however, there are no animals that have both a gas bladder and a lung,
supporting the idea that the lung may be a derivative of the gas bladder.
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Circulatory and Excretory System

Fish have a fairly simple closed-circulatory system with a two-chambered heart. In a closed circulatory system blood
flows throughout the body contained inside of blood vessels. In fish, blood flows in one continuous loop from the
tissues to the heart to the gills and back to the tissues. The two chambers of the fish heart are called the atrium and
the ventricle. Both of these chambers have thick, muscular walls. Blood flowing in the veins from the body tissues
to the heart first enters a sac-like compartment called the sinus venosus. From there it enters the atrium. Blood
collected in the atrium is passed into the ventricle, where it is pumped into a tube-shaped region of the heart called
the bulbus arteriosis that connects the heart to the aorta. The aorta is a large artery that brings the blood from the
heart to the gills, where it becomes oxygenated. Oxygen-enriched blood then travels through blood vessels to the
tissues of the organism.
Most fish have a pair of kidneys that carry out excretory functions. The kidneys filter waste material from the blood
and concentrate it for release from the body. Some waste is also released by diffusion through the gills.
Digestive System

Fish have complete digestive systems that include various glands and organs in addition to the digestive tract itself.
For example, most fish have a pancreas that secretes digestive enzymes into the stomach to help break down ingested
food. Many also have a liver that aids both in digestion and in the storage of digested nutrients. A common feature
of the fish digestive tract is the presence of one or more finger-like organs, which extend from the stomach, called
pyloric caeca. The pyloric caeca, shown in the Figure 1.36, function in both the digestion and absorption of
nutrients.

FIGURE 1.36
Pyloric caeca. White arrows point to the
finger-like sacs called pyloric caeca that
extend from the fish digestive tract and aid
in digestion and absorption of nutrients.

Jawed fish initiate digestion using their jaws to grind up their food before passing it through the esophagus to the
stomach. Fishes that lack jaws have tooth-like projections surrounding their mouth region, but these projections have
only a limited ability to break up food. They are primarily used to pull chunks of food from the bodies of prey.
Muscular System

The muscular system is an extremely important component of the fish body, and it can constitute up to 80% of
the body’s mass. Body wall muscles, like those of most chordates, are arranged as partially overlapping, repeated
segments called myomeres. In conjunction with an intricate skeletal system, this muscular system can keep some
fish species, such as the tuna, swimming almost non-stop. How do fish swim? Essentially, fish move using muscle
contractions to propel themselves through the water. Different fish groups achieve this motion by coordinating
muscle contractions in different ways.
Most species induce a wave motion along the length of their bodies by alternating contractions of pairs of lateral
muscles along the body. The wave motion that is generated ultimately reaches the caudal fin. The caudal fin exerts
thrust or force on the water behind the fish, propelling it forward through the water. Other fins, such as pectoral
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and pelvic fins, are primarily used for steering. However, there are many species that also use their pectoral fins to
generate thrust. These species have large, muscular pectoral fins. Cartilaginous fish lack a swim bladder, so they rely
on their pectoral fins to help keep them afloat. Sharks are an example of this type of fish. The up and down flapping
motion of the pectoral fins creates “lift” in a way that is similar to the flapping of a bird’s wings. A comparison of
the papery pectoral fins of a rainbow trout to the muscular pectoral fins of a shark is shown in the Figure 1.37.

FIGURE 1.37
A comparison of the pectoral fins on a rainbow trout (a) to those on a bull
shark (b). Notice the differences between the thin, translucent pectoral fins
just behind the head of the rainbow trout and the thick, muscular pectoral
fins just behind the head of the bull shark. The strong pectoral fins of many
cartilaginous fish, such as the bull shark, allow them to maintain buoyancy
in the absence of a swim bladder.

Nervous System and Sense Organs

Fishes have a centralized nervous system with a brain located in a distinct head region. Compared to other vertebrates, the brain is relatively small. On average it is 1/15 the size of the brain of a bird or mammal of equal body
size. But relative to almost all invertebrates, it is a highly advanced organ that is capable of processing complex
sensory information. In fact, some fish, such as sharks, have large brains that are comparable to mammals. The fish
brain is divided into several different regions:
•
•
•
•
•
•
•
•

Olfactory lobes.
Telencephalon.
Diencephalon.
Pineal body.
Optic lobes.
Cerebellum.
Metencephalon.
Myelencephalon.

Each region is specialized to carry out different functions. For example, the olfactory lobes are involved in processing
sensory input from the nostrils, whereas the metencephalon primarily carries out nervous system processing related
to swimming and maintaining balance. A diagram of the brain of a rainbow trout, showing several of these regions,
is shown in the Figure 1.38.
Fish have highly developed sense organs, enabling them to gather a great deal of information about their environments. Like us, they are capable of seeing, hearing, feeling, smelling, and tasting. In addition, some fish, such as
sharks and rays, have the ability to sense electricity. What are the organs that carry out this sensing in fish? Let’s
consider some of them in detail.
Fish eyes are highly complex, and many fish have vision that is just as good as our own. One difference is that
the lenses of their eyes are shaped differently than ours to allow them to see clearly underwater. The abilities to
“smell” and “taste” come from organs with proteins that act as receptors, binding to chemicals in the environment
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FIGURE 1.38
The brain of a rainbow trout.

Fish brains are divided into a number

of different regions, each specialized to carry out different neuronal
processing functions.

and transmitting signals to the brain. Smell is mediated by an organ called the olfactory rosette, which connects to
the fish’s nostrils. Taste is mediated by taste buds located in the fish mouth. Internal ears located on each side of the
body are able to detect sound vibrations, and they also contain fluid that provides a sense of balance.
Sharks and bony fish have a sensory system for detecting motion in the water around them, called the lateral line
system. The lateral line system consists of a long canal that runs along each side of the body, as shown in the
Figure 1.39, and contains a series of sensory organs that can detect small pressure changes and vibrations from
water currents. This helps fish sense movements nearby, alerting them to prey or predator activity.
FIGURE 1.39
An outline of the lateral line system. The
lateral line system consists of a series
of sensory organs that line the body on
each side, as shown in this figure. The
organs of this system sense vibrations
and movements in the water around the
fish.

Most primitive fishes, such as lampreys, sharks, and rays, and some bony fishes, such as eels and catfish, are capable
of sensing electrical current. They use electroreceptors to locate other animals by detecting their bioelectric fields
(weak electrical currents generated by the cells of living organisms). In addition to being able to sense electricity,
there are a number of fishes that can also generate electrical currents for use in defense and hunting. These organisms
combine their electric generating and reception abilities to locate objects or animals in their vicinity. They do this by
sending out electrical pulses and then sensing any distortions in those electrical fields that occur due to the presence
of an object or animal. The pulses are generated by electric organs composed of modified muscles and neurons
that, in some cases, may make up most of the fish’s body mass. One such species, the electric eel, is shown in the
Figure 1.40.
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FIGURE 1.40
An electric eel. This species of fish is
capable of generating both low and high
voltage electrical impulses in order to hunt
or to defend against predators. The electricity generating organs take up almost
80% of the fish’s body mass.

Immune System

Although many invertebrates have a basic system, called an innate immune system, for defending against infection,
they do not have what is termed an adaptive immune system. In an adaptive immune system there are cells that
can detect features of a particular infectious organism and produce new proteins designed to specifically attack
that particular infectious species. Most fish species have some type of an adaptive immune system that helps them
fight infections. Immune system organs include a number of glands including the thymus and spleen, where the
specialized cells that identify and destroy foreign invading organisms are produced. Jawless fish do not have specific
immune organs, but they do have specialized tissues called lymphoid tissues that are capable of producing immune
cells. All other fish species have true immune organs.
Vocabulary

• adaptive immune system: A system that creates immunological memory after an initial response to a specific
pathogen, leading to an enhanced response to subsequent encounters with that same pathogen. It is also known
as the acquired immune system.
• countercurrent exchange: The process of transferring a substance enriched in one pool of fluid to a different
pool that has a much lower concentration of that substance.
• electric organ: An organ common to all electric fish, used for the purposes of creating an electric field.
• lateral line system: A sensory organ system that consists of a long canal that runs along each side of the
body; it detects small pressure changes and vibrations from water currents.
• myomeres: Repeating blocks of skeletal muscle tissue found commonly in chordates.
• pyloric caeca: Finger-like organs that extend from the stomach and aid in digestion and absorption of
nutrients; they are a common feature of the fish digestive tract.
• swim bladder: An internal, balloon-like organ of fish, which is also known as a gas bladder; filling the swim
bladder with gas allows ascent and releasing gas allows descent.
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Summary

• Most fish obtain oxygen from the aqueous environment in which they live by using a pair of gills located on
each side of the pharynx.
• An important respiratory-like feature that is found specifically in ray-finned, bony fish is the swim bladder, or
gas bladder. It helps fish descend and ascend.
• Fish have a fairly simple closed-circulatory system with a two-chambered heart.
• Fish have complete digestive systems that include various glands and organs in addition to the digestive tract
itself.
• The muscular system is an extremely important component of the fish body, and it can constitute up to 80%
of the body’s mass.
• Fishes have a centralized nervous system with a brain located in a distinct head region.
• Sharks and bony fish have a sensory system, called the lateral line system, for detecting motion in the water
around them.
• Most fish species have some type of an adaptive immune system that helps them fight infections.

Practice

Use this resource to answer the questions that follow.
• Fish Anatomy at http://myfwc.com/fishing/freshwater/fishing-tips/anatomy/ .
1. Describe the scales found on most bony fishes. What is the function of the mucus layer that usually covers the
scales?
2. How are fish eyes different from mammalian eyes?
3. Describe the structure and function of the lateral line found in certain fish.
4. What are some organs that fish and humans share?

Practice Answers

1. Most bony fishes have ctenoid (jagged-edged) scales or cycloid (smooth-edged) scales. Most fish have an
important mucus layer covering the body that prevents infection.
2. Fish eyes are rounder than mammalian eyes because they are adjusted for the refractive index of water. Fish
eyes also focus by moving the lenses in and out, whereas mammalian eyes reshape the lenses to focus.
3. The lateral line consists of fluid filled sacs with hair-like sensory apparatuses that are open to the water through
a series of pores. It is a sensory organ that senses movement, water currents, and water pressure.
4. Fish and humans share organs such as the brain, stomach, liver, and kidneys.

Review

1.
2.
3.
4.
5.
6.
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Fish absorb oxygen using their gills. How do they maximize the amount of oxygen that they absorb?
How do fish make sure that water continuously flows over their gills?
What is the difference between fish that are facultative air breathers and fish that are obligate air breathers?
What role does the swim bladder play?
What organ did lungs evolve from? What evidence is there to support this theory?
Describe the circulatory system of fishes.
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Review Answers

1. Water is taken in through the mouth and passed over the gills. Here, oxygen is absorbed into the blood within
the capillaries through a process known as countercurrent exchange. Because the water and the blood are
flowing in opposite directions, pools of blood with very low oxygen content (because these pools have not yet
encountered the water) are constantly coming in contact with pools of water that have higher oxygen contents.
2. Fish maintain water flow over their gills by swimming rapidly with their mouths open or by taking water in
through their mouths and using muscle contractions to force it back over the gills when they are not able to
generate a current by rapid swimming.
3. Most of the species that are capable of breathing air are facultative air breathers, meaning that they can breathe
air if it is necessitated by circumstances such as living in shallow waters that sometimes dry up temporarily.
Obligate air breathers, like lungfish, must breath air at certain intervals or they will suffocate.
4. The swim bladder is necessary to prevent fish from sinking because fish tissue is denser than water. Fish can
ascend to lesser depths without having to swim by filling the swim bladder, and they can descend by releasing
gas from the bladder.
5. Lungs were first derived from the swim bladder and not the gills. There are many species that have both gills
and a gas bladder or gills and a primitive lung, however, there are no animals that have both a gas bladder and
a lung, supporting the idea that the lung may be a derivative of the gas bladder.
6. Fish have a fairly simple closed-circulatory system with a two-chambered heart. Blood flows in one continuous
loop from the tissues to the heart to the gills and back to the tissues. The two chambers of the fish heart are
called the atrium and the ventricle.

57

1.10. Fish Reproduction - Advanced

www.ck12.org

1.10 Fish Reproduction - Advanced
• Understand the different ways that fish reproduce and develop from eggs.

How do fish reproduce?
Shown here is a wild male and a wild female Sockeye salmon before spawning. Sockeye salmon are blue and tinged
with silver while living in the ocean. Just prior to spawning, both sexes turn red with green heads. Sockeyes spawn
mostly in streams having lakes in their watershed. The young fish spend up to three years in the freshwater lake
before migrating to the ocean. Migratory fish spend from one to four years in salt water; thus, they are four to six
years old when they return to spawn. Navigation to the home river is thought to be done using the characteristic
smell of the stream and possibly the sun.
Reproduction in Fishes

Nearly all fish reproduce by sexual reproduction - the fusion of sperm produced from testes and eggs produced from
ovaries. Most species have separate female and male sexes, but there are also many species that are hermaphrodites,
meaning that an individual has both testes and ovaries. Generally, a hermaphrodite can only produce one type of
gamete, sperm or eggs, at a time, so their gametes must be cross-fertilized by another member of the species. Many
hermaphroditic fish switch sexes, alternating between producing sperm or eggs during different reproductive cycles.
There are a few hermaphroditic species, such as hamlets and salmon, that produce both eggs and sperm.
A more unusual form of reproduction found in a few fish species is parthenogenesis, which is where the female
egg develops into a new individual without fusing with a sperm cell. In parthenogenesis, the offspring are identical
copies of their mothers. Until fairly recently, this type of reproduction had only been shown in bony fish. In 2007,
scientists confirmed that a pup born to an isolated female hammerhead shark, similar to the one shown in the Figure
1.41, was the result of parthenogenesis.
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FIGURE 1.41
A bonnethead shark (a species within the
hammerhead shark genus). A member of
this shark species was recently shown to
be capable of a form of a sexual reproduction called parthenogenesis.

Fertilization is external in most fish species. Large quantities of eggs and sperm are simultaneously released into
the water by females and males. This process of egg release is termed spawning.. During spawning, members of
a species will come together to form an enormous group, and all release their eggs and sperm at the same time.
This enhances fertilization and ensures the survival of some fertilized eggs because even if predators are in the
neighborhood, they are not likely to be able to consume all of the embryos. A disadvantage of spawning is that
there is no parental care for the young. There are a few species of fish that release their eggs but maintain them
nearby, sometimes generating a nest, and guard them until they hatch. There are also a number of species called
mouthbrooders, including jawfish, sea catfish, and cardinalfish like the one shown in the Figure 1.42, that brood
their eggs in their mouths. In many of these species, it is actually the male that broods the eggs in his mouth until
hatching.

FIGURE 1.42
A member of the species Pterapogon kauderni is shown brooding eggs
within his mouth. If you look carefully at the picture, you can see the eggs
inside of his mouth. This level of parental care for their young is seen in a
number of fish species including jawfish and sea catfish.

Since most fish species undergo external fertilization, it only makes sense that, for the vast majority of fish species
(>95%), the eggs develop outside of the mother’s body. This mode of development is called oviparity and is used
by many species that undergo internal fertilization as well. In these cases, the eggs are released into the water
for external development only after fertilization has taken place. In contrast, most shark and ray species develop
their eggs inside of their bodies but without direct nourishment from the mother, a system called ovoviviparity.
Developing ovoviviparous embryos are nourished internally from a yolk sac, and they are delivered as live young.
There are also some species of sharks, such as lemon sharks, that do provide maternal nourishment for their internally
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developing eggs. This is called viviparity, and nutrients are usually supplied through an organ called the placenta
that connects to the mother’s blood supply.
Once the eggs of oviparous fish have hatched, the offspring emerge as larvae that are very different from the adult
form into which they will develop. The larvae usually possess a large yolk sac for nourishment. At the end of this
stage they undergo a process of transformation into a juvenile form that is essentially a sexually immature version of
the adult form. This transformation is called metamorphosis. A newly hatched salmon larva is shown in the Figure
1.43.

FIGURE 1.43
A newly hatched salmon larva.

Vocabulary

• larva (pl., larvae): A juvenile stage that occurs in the life cycle of many invertebrates, fish, and amphibians
and differs in form and function from the adult stage.
• oviparity: Lays eggs, and embryos develop externally.
• ovoviviparity: Retains eggs within the female body until they hatch.
• parthenogenesis: A form of asexual reproduction where growth and development of embryos occur without
fertilization.
• spawning: The process of releasing eggs.
• viviparity: Internal development of eggs with maternal nourishment; nutrients are usually supplied through
an organ called the placenta that connects to the mother’s blood supply.
Summary

• Nearly all fish reproduce by sexual reproduction - the fusion of sperm produced from testes and eggs produced
from ovaries.
• Most species have separate female and male sexes, but there are also many species that are hermaphrodites,
meaning that an individual has both testes and ovaries.
• Fertilization is external in most fish species. Large quantities of eggs and sperm are simultaneously released
into the water by females and males.
• Since most fish species undergo external fertilization, it only makes sense that, for the vast majority of fish
species (>95%), the eggs develop outside of the mother’s body.
• In contrast, most shark and ray species develop their eggs inside of their bodies but without direct nourishment
from the mother, a system called ovoviviparity.
• The offspring of oviparous fish usually go through a larval stage before developing into an adult.
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Practice

Use this resource to answer the questions that follow.
• Fish: Reproduction at http://www.britannica.com/EBchecked/topic/208456/fish/63631/Reproduction .
1. Where do fish usually lay their eggs?
2. What is the sperm of male fish called? How is it usually transmitted to the eggs of females?
3. Different species of fish undergo different types of development as eggs. Which form of development usually
leads to the largest and most developed offspring?
Practice Answers

1. Many shore and freshwater fishes lay eggs on the bottom of the river, lake, or ocean bed. Some fish have
adhesive eggs or build nests to accommodate their eggs. Pelagic fish usually lay eggs that remain suspended
in open water.
2. The sperm of male fish is known as milt and is usually produced by two (but sometimes one) testes within the
body cavity. In bony fishes, a sperm duct leads from the testes to a urogenital opening behind the vent or anus.
Sometimes the pelvic fins are modified to help transmit the milt to the eggs.
3. Fish that develop viviparously are born at a relatively large size. In some fish, the males are even born sexually
mature.
Review

1.
2.
3.
4.
5.

Describe the different methods with which fish have been known to reproduce.
What are mouthbrooders?
Do fish offspring usually develop inside or outside the mother?
Name the three different types of egg development found in fish and differentiate between them.
How are the larvae of oviparous fish different from their adult forms?

Review Answers

1. Nearly all fish reproduce by sexual reproduction and have separate female and male sexes, but there are also
many species that are hermaphrodites. Generally, a hermaphrodite can only produce one type of gamete,
sperm or eggs, at a time, so their gametes must be cross-fertilized by another member of the species. Bony
fish, and now the hammerhead shark, have also been known to reproduce through parthenogenesis, which is
where the offspring are identical copies of their mothers.
2. There are a number of fish called mouthbrooders that brood their eggs in their mouths. In many of these
species, it is actually the male that broods the eggs in his mouth until hatching.
3. Since most fish species undergo external fertilization, the vast majority of fish species (>95%) have eggs that
develop outside of the mother’s body.
4. Most fish exhibit oviparity, where the egg develops outside the mother. In contrast, most shark and ray
species develop their eggs inside of their bodies but without direct nourishment from the mother, a system
called ovoviviparity. There are also some species of sharks, such as lemon sharks, that do provide maternal
nourishment for their internally developing eggs. This is called viviparity.
5. The larvae usually possess a large yolk sac for nourishment. At the end of this stage they undergo a process
of transformation into a juvenile form that is essentially a sexually immature version of the adult form. This
transformation is called metamorphosis.
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1.11 Fish Classification - Advanced
• Differentiate between the different classes of fish.
• Learn about the distinguishing characteristics of each fish class.

What type of animal is a sea horse? Is it actually a fish?
It is, and there are about 50 species of seahorses. Although they are bony fish, they do not have scales; instead,
they have a thin skin stretched over a series of bony plates arranged in rings throughout their body. Each species
has a distinct number of rings. Seahorses have a coronet on their head, which is distinct to each individual, much
like a human fingerprint. Seahorses also swim upright, a characteristic not shared by other fish. Seahorses are
poor swimmers, so they are most likely to be found resting, with their prehensile tails wound around a stationary
object. They have long snouts, which they use to suck up food, and eyes that can move independently of each other.
Seahorses eat small shrimp, tiny fish, crustaceans, and plankton.
Classification of Fishes

There are five different classes of fish species within the vertebrate subphylum. They range from jawless predators,
which suck on the flesh of other fish, to complex aquatic organisms with immune organs and advanced predatory
skills. The jawless fish classes constitute a subgroup of vertebrates referred to as the infraphylum Agnatha, and
the jawed fish classes are included in an infraphylum called Gnathostomata. Within Gnathostomata, the bony fish
classes fall into a superclass called Osteichthyes. Table 1 outlines these various subdivisions and the major structural
features that identify each group. In this section we will consider the species within each of the five vertebrate
classes.

TABLE 1.2: Major Subdivisions Within the Vertebrate Fish Species Subphylum
Infraphylum Superclass

Class

Jaws

Scales

Fins

Agnatha

Myxini

No

No

No
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TABLE 1.2: (continued)
Infraphylum Superclass

Class

Jaws

Scales

Fins

Hyperoartia No

No

Gnathostomata
Chondrichthyes
Yes
Osteichthyes ActinopterygiiYes
SarcopterygiiYes

Yes
Yes
Yes

Yes,
unpaired
Yes
Yes, ray
Yes, lobe

True
Vertebral
Column
Beginning

Bone
Tissue

Yes
Yes
Yes

No
Yes
Yes

No

Myxini (Hagfish)

The roughly 65 species of hagfish that make up the class Myxini have structural features that are quite different
from most vertebrates. In fact, there are many scientists that do not consider them to be a class within the vertebrate
subphylum, but they rather treat them as a separate group within the phylum Chordata. In this lesson, we will follow
the classification schemes that consider them to be very primitive vertebrates. What do they look like, and how
do they differ from most vertebrates? One of the most distinguishing features of hagfish is that they secrete large
volumes of a thick, sticky slim or mucus from glands that are located along their bodies. This slime makes it difficult
to hold onto a hagfish because, once they secrete the slime, they can slither out of your grip. It is likely that the slime
is generally used for escaping the jaws of predators. The slime is also capable of suffocating predators by obstructing
their gills. After generating a thick layer of slime, a hagfish will often clean itself off by tying its worm-like body in
a knot and then moving the knot along the length of its body, scraping off the slime as it goes. A hagfish is shown in
the Figure 1.44.

FIGURE 1.44
A hagfish of the class Myxini.

These

animals are sometimes not considered to
be members of the vertebrate subphylum
due to the fact that, although they have a
cranium surrounding their brain, they do
not have a true vertebral column. Notice
the barbels surrounding the mouth region.

Most hagfish are about one half meter in length, and they do not have true fins. They have six whisker-like extensions
called barbelssurrounding their mouth and one nostril. Hagfish differ from most vertebrates in that they do not have
a vertebral column. Like the non-vertebrate chordates, their bodies are supported by a notochord throughout their
lives. Unlike non-vertebrate chordates, they have a partial, cartilaginous skull surrounding and protecting their
brains, which are located in a distinct head region. It is the presence of a skull that links hagfish to the vertebrate
subphylum. Although they do not have jaws, there are tooth-like projections found in the mouth that assist in feeding.
Hagfish feed predominantly on the insides of dead or, in some cases, living fish. Their teeth cannot penetrate the
skin, so they usually enter the bodies of their prey through the mouth, gills, or anus. Between their slime secreting
habit and their method of feeding by eating fish from the inside, hagfish are considered fairly disgusting animals.
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Hyperoartia (Lampreys)

Like the hagfish, lampreys of the class Hyperoartia are jawless fish that do not have a true vertebral column. They
do show the beginnings of a vertebral column in the form of neural arches that protrude from the notochord. The
lamprey endoskeleton is made of cartilage. Other features they share with hagfish include a single nostril on the top
of their heads and a lack of scales on the surface of their bodies. Lampreys differ from hagfish in a number of ways.
For example, hagfish do not have fins, whereas lampreys have several unpaired fins. In addition, hagfish have very
primitive vision and are almost blind. Lampreys have both a more complex skull and larger, more functional eyes.
Lampreys have seven gill openings that are positioned behind their two prominent eyes. The most striking feature
of lampreys is a large, round sucker that surrounds the mouth. The lamprey mouth is shown in the Figure 1.45.
Lampreys are jawless fish, but the suckered mouth region contains many horn-like teeth and a raspy tongue.

FIGURE 1.45
The mouth region of a lamprey. Notice the
round, tooth-filled sucker that surrounds
the mouth located in the center.

As predators, lampreys use the sucker to attach themselves to the bodies of other fish species. Once attached, they
scrape through the skin and feed by sucking the blood of their prey, as shown in the Figure 1.46. In addition to many
fish species, lampreys can also feed on small invertebrates.

FIGURE 1.46
Several lampreys using their strong suckers to feed off of a lake trout.
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There are about 40 species of lampreys that exist today. They range in size from 13 to 100 centimeters (the length
of a human hand to the armspan of a human). Lampreys live in either marine or freshwater environments, but
even marine lampreys must find a freshwater source when it comes time to spawn. Marine animals that migrate
to freshwater environments for spawning and development are called anadromous organisms. Lampreys have an
extremely long larval stage that lasts about 7 years. During this period they are called ammocoetes, and they have
very different features from adult lampreys. In particular, ammocoetes lack teeth and are not predators. The larval
years are spent in freshwater, and marine lampreys only return to the sea once they have matured to adulthood.
Chondrichthyes (Cartilaginous)

Members of the class Chondrichthyes are jawed, cartilaginous fish that include around 950 species of sharks, rays,
and a less well-known group called chimaeras or ratfish. Examples of cartilaginous fish are shown in the Figure
1.47. They have a true vertebral column, an endoskeleton composed of cartilage (as their name implies), paired fins,
scales, and a two-chambered heart. As we discussed earlier in the Fish concepts, the ratio of brain size to body size
in fish is generally fairly low relative to the ratio in mammals. The cartilaginous fish are an exception. Most species
have brains that are comparable in size to mammals and birds. As you might expect from a large, well-developed
brain, cartilaginous fish (particularly some shark species) exhibit a high level of neuronal function including the
ability to problem solve and engage in complex social interactions. An example of both of these skills was observed
in 1987 when a group of about seven great white sharks cooperated to bring the body of a dead, partially-beached
whale deeper into the ocean so that they could more easily feed on it.

FIGURE 1.47
Members of the class Chondrichthyes. (a) Whitetip reef shark. (b) Ray.
(c) Ratfish.

Unlike their bony relatives, cartilaginous fish do not have a swim bladder. They stay afloat due to the presence of a
large oil-filled liver and muscular pectoral fins that enable them to generate lift. The oil contained in the liver is less
dense than water and therefore provides buoyancy. In some species, the liver may take up 30% of the animal’s body
mass.
The skin of cartilaginous fish is also unusual in that it is covered with small tooth-like scale structures called dermal
teeth (also called dermal denticles). This tough outer layer serves to protect their skin from parasites and other
onslaughts. The texture is similar to sand paper, and for this reason it has been used to make food graters, like the
one shown in the Figure below, that are widely used in Japan for grating wasabi, Japanese horseradish. Another
distinction between cartilaginous fish and most other fish species is that they undergo internal fertilization during
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sexual reproduction. The males have modified pelvic fins called claspers that are used to deliver semen into the body
of the female.

FIGURE 1.48
Food graters made from shark skin are
commonly used for grating Japanese
horseradish, or wasabi.

Members of the class Chondrichthyes range from 22 centimeters to 12 meters in length. At 12 meters, the whale
shark is considered the largest fish species in existence. Most cartilaginous fish are highly attuned predators that
have keen senses of sight, smell, hearing, motion, and electrical fields. Many species, particularly sharks, inspire
fear in humans. This fear is exacerbated by media reports of shark attacks. In reality, unprovoked shark attacks are
extremely rare. Between 2001 and 2006, the average number of fatalities each year from unprovoked shark attacks
was 4.3.
Sharks have a streamlined body shape for efficient swimming (although there are also some bottom-dwelling sharks).
In contrast, rays and skates have flattened, disk-shaped bodies with extended, flat pectoral fins. Rays and skates are
often found near the ocean floor in coastal regions. Cartilaginous fish usually have an opening behind each eye called
a spiracle that is used to take in water and pump it over the gills when the animal is not moving fast enough for
water coming in through the mouth to meet their oxygen needs. The arrangement of gill slits is different for sharks
than for rays and skates. Sharks have a row of gill slits on either side of their head.
Shark teeth are a very popular tourist item in coastal regions. Unlike our teeth, shark teeth are not attached to their
jaws, and, as a result, they lose their teeth fairly often. They can have several rows of teeth, and, in some species,
these rows are replaced every 8-10 days. Over the course of a lifetime, some sharks will lose 30,000 teeth! That
certainly leaves enough to go around for those of us curious about shark anatomy.
Actinopterygii (Bony, Ray-Finned)

The class Actinopterygii includes over 20,000 species of bony, ray-finned fish. They represent about half of all
vertebrate species in existence today and constitute the vast majority of aquatic vertebrates. Species of ray-finned
fish include many of the fish species that we are most familiar with such as goldfish, catfish, carp, salmon, trout, and
pike.
Almost all ray-finned species have an endoskeleton composed primarily of bone. Another feature that contrasts with
most Chondrichthyes is a plate-like structure called an operculum that covers and protects the gills. Ray-finned fish
have a true vertebral column (or backbone), paired fins, and scales. So what exactly is a “ray-fin?” Ray fins consist of
webs of skin tissue supported by flexible, bony rays or spines. These fins are not muscularized, so their movements
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FIGURE 1.49
Jaws of a Shark. Sharks have powerful
jaws with multiple rows of sharp, saw-like
teeth. Most other fish are no match for
these powerful predators.

are dictated by body muscles. They sometimes have a feathery, translucent appearance that is strikingly different
from both the fleshy, muscularized, cartilaginous fins of Chondrichthyes and the lobed-fins of Sarcopterygii. A
close-up view of the dorsal fin of a ray-finned species is shown in the Figure 1.50.

FIGURE 1.50
A close-up view of the dorsal fin of a
ray-finned fish in the class Actinopterygii.

Notice the thin, almost translucent

appearance and the numerous bony rays
that give structure to the fin and project
independently from the main body. Contrast this fin with those of the lobe-finned
species shown in the Figure .

Although almost all Actinopterygii species are strictly aquatic and breathe only with gills, there are a few species that
can obtain oxygen from air and spend some time out of water. These include walking catfish and the mudskipper,
which were discussed earlier in the Fish concepts. Both of these species use modified pectoral fins to hobble
around on land, for example, when tides retreat or when temporary pools of freshwater dry up. Mudskippers absorb
oxygen through their skin, and walking catfish breathe air through their brachial cavity. In fact, walking catfish are
obligate air breathers; if they are not able to surface periodically, they will suffocate. Both ray-finned and lobe-finned
(discussed below) fish contain swim bladders, which were described earlier in the Fish concepts, to keep them afloat.
Sarcopterygii (Bony, Lobe-Finned)

According to some classification schemes, Sarcopterygii includes not only bony, lobe-finned fish, but also all of the
tetrapods, their direct descendants. In this chapter we are following classification schemes that place tetrapods in
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separate classes from the lobe-finned fish, and in this section we will focus on the characteristics of the lobe-finned
fish. Tetrapods will be discussed in later lessons and chapters. The most important and distinctive feature of lobefinned fish are, as the name implies, their lobed fins! Lobed fins differ from the fins of other fish species in that they
contain a stump-like appendage made up of bones and muscles. These fins are generally rounded and ultimately
gave rise to the legs and limbs of tetrapods. Lobed fins often have rays, but they are merely extensions from the end
of the stump region of the fin.
There are two groups of Sarcopterygii that exist today: lungfish and coelacanths. Examples of each are shown in the
Figure 1.51. The lung organ in lungfish is actually an adaptation of the swim bladder. Lungfish are freshwater fish,
and, during dry periods, they burrow into the mud and obtain all of their oxygen from air by using this primitive swim
bladder-lung. When this happens, they enter a dormant hibernation-like state called estivation. During estivation,
they severely reduce their metabolic rate, so they are able to survive in this condition for several years. It is often a
seasonal adaptation, and they emerge when water levels return. Lungfish are considered the closest living relatives
to tetrapods. They share a number of important features with tetrapods including the organization of blood flow
within the circulatory system, the arrangement of bones in their skulls, the structure and positioning of the four
limbs (fins/legs), and the presence of a layer of enamel on their teeth. There are only 6 living species of lungfish.

FIGURE 1.51
Two examples of sarcopterygian, lobefinned fish. (a) Lungfish. (b) Coelacanth.

Coelacanths are considered a very old group of Sarcopterygii that have fleshy, bony stalks forming the pectoral and
pelvic fins. They have a total seven lobed fins. They have extremely sensitive eyes, causing them to avoid surface
waters during the day or at night when there is a full moon. They often spend their days in caves and come out to
hunt at night. There are only two known living species of coelacanths. They were thought to be extinct until the
first living species was found in 1938 off the eastern coast of South Africa. With only about 500 members alive
today, they are now under the threat of extinction. Coelacanths are ovoviviparous, meaning that they give birth to
live young.
Vocabulary

• anadromous: Marine animals that migrate to freshwater environments for spawning and development.
• barbels: Whisker-like extensions, which are characteristic of hagfish, surrounding the mouth.
• denticles: The teeth of cartilaginous fish (shark teeth).
• hagfish: The class Myxini; they are eel-shaped, slime-producing marine animals.
• lamprey: Jawless fish that do not have a true vertebral column.
• lobe-finned fish: Fish with fins that contain a stump-like appendage made up of bones and muscles.
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• operculum: A structure that covers the shell opening, found in gastropods; it is also a gill cover that acts as a
protective barrier.
• ray-finned fish: Fish with fins that consist of webs of skin tissue supported by flexible, bony rays or spines.
• spiracle: Any of several tracheal openings in the exoskeleton of an insect or a spider; an opening behind each
eye that is used to take in water and pump it over the gills of cartilaginous fish.
Summary

• The roughly 65 species of hagfish, which make up the class Myxini, have structural features that are quite
different from most vertebrates including a notochord and a partial, cartilaginous skull.
• Like the hagfish, lampreys of the class Hyperoartia are jawless fish that do not have a true vertebral column.
• Members of the class Chondrichthyes are jawed, cartilaginous fish that include around 950 species of sharks,
rays, and a less well-known group called chimaeras or ratfish.
• The class Actinopterygii includes over 20,000 species of bony, ray-finned fish.
• There are two groups of Sarcopterygii (lobe-finned fish) that exist today: lungfish and coelacanths.
Practice

Use this resource to answer the questions that follow.
• Fish Groups at http://www.flmnh.ufl.edu/fish/education/groupsfish/fishgroups.htm .
1. When did the first jawless fish appear?
2. How do sharks mate?
3. What are some differences between rays and sharks?
Practice Answers

1. The first fish in the superclass Agnatha appeared in the fossil record around 500 million years ago. They were
most common 410 million to 345 million years ago during the late Silurian and Devonian periods.
2. Male sharks posses a pair of claspers that are inserted into a female shark’s cloaca during mating. The claspers
deliver the sperm to fertilize the female’s eggs.
3. Rays swim by making wave-like motions with their wings, whereas sharks swim mostly by the action of their
tails. Rays also have mouths on the underside of their body and breathe through holes called spiracles located
on top of their head.
Review

1.
2.
3.
4.
5.
6.

What characteristics do hagfish share with invertebrates? What characteristics do they share with vertebrates?
Describe how hagfish use their unique slime.
How do lampreys differ from hagfish? What are some unique characteristics found in lampreys?
What are some distinguishing characteristics of cartilaginous fish?
Describe the ray fins that characterize fish of the Actinopterygii class.
How do lobe-finned fish differ from ray-finned fish? What are some living lobe-finned fish?
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Review Answers

1. Like the non-vertebrate chordates, hagfish bodies are supported by a notochord throughout their lives. Unlike
non-vertebrate chordates, they have a partial, cartilaginous skull surrounding and protecting their brains, which
are located in a distinct head region. It is the presence of a skull that links hagfish to the vertebrate subphylum.
2. It is likely that the slime is generally used for escaping the jaws of predators and suffocating predators by
obstructing their gills. After generating a thick layer of slime, a hagfish will often clean itself off by tying its
worm-like body in a knot and moving the knot along the length of the body, scraping off the slime as it goes.
3. Lampreys show the beginnings of a vertebral column in the form of neural arches that protrude from the
notochord. Hagfish do not have fins, whereas lampreys have several unpaired fins. In addition, hagfish have
very primitive vision and are almost blind. Lampreys have both a more complex skull and larger, more
functional eyes. The most striking feature of lampreys is a large, round sucker that surrounds the mouth. It
contains many horn-like teeth and a raspy tongue.
4. Unlike their bony relatives, cartilaginous fish do not have a swim bladder. They stay afloat due to the presence
of a large oil-filled liver and muscular pectoral fins that enable them to generate lift. The skin of cartilaginous
fish is also unusual in that it is covered with small tooth-like scale structures called dermal teeth. The males
have modified pelvic fins called claspers that are used to deliver semen into the body of the female.
5. Ray fins consist of webs of skin tissue supported by flexible, bony rays or spines. These fins are not muscularized, so their movements are dictated by body muscles.
6. Lobed fins differ from the fins of other fish species in that they contain a stump-like appendage made up
of bones and muscles. These fins are generally rounded and ultimately gave rise to the legs and limbs of
tetrapods. There are two groups of Sarcopterygii that exist today: lungfish and coelacanths.
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1.12 Fish Evolution - Advanced
• Understand the major evolutionary stages in fish evolution.

What fish evolved first?
Not these. But the coelacanth fish, shown here, do follow the oldest known living lineage of Sarcopterygii (lobefinned fish and tetrapods), which means they are more closely related to lungfish, reptiles, and mammals than to the
common ray-finned fishes. The coelacanth fish was believed to be extinct but were discovered in 1938 to still be
living.
Evolution of Fishes

The early evolution of fishes is marked by the switch from using their gills as organs for filter feeding to using them as
respiratory organs to absorb oxygen. Non-vertebrate chordates, such as lancelets, absorb oxygen from their aquatic
environments through the surface of their bodies and use their gill slits for filter feeding. This type of respiration was
adequate for these smaller organisms, but, as the vertebrates evolved, their body sizes increased, and they required
more efficient oxygen systems. The filaments of fish gills provide a large surface area to allow increased oxygen
uptake. The transition from filter feeding gills to oxygen transporting gills occurred with the evolution of the jawless
fish.
The most primitive species of jawless fish alive today are the hagfish. More information on hagfish can be found
in Atlantic Hagfish at http://www.seasky.org/monsters/sea7a1q.html . The fossil record of hagfish is very sparce
and traces back to the late Carboniferous period, about 330 million years ago. Fossilized species bear a striking
resemblance to modern hagfish, indicating that they have remained relatively unchanged over a long period of
evolutionary time. Even though the fossil record only dates back 330 million years ago, most scientists consider
hagfish to be one of the earliest fish species to have evolved. The structural features of hagfish are likely very
similar to those of the most recent common ancestor of all vertebrates. Until 1999, the earliest known fish fossil
was of a jawless species, Arandaspis prionotolepis, which was a close relative of the hagfish. This fossil dates
back 480 million years to the Ordovician period. Arandaspis prionotolepis was jawless, finless, and had armored
plates covering the surface of its body. In 1999, Chinese paleontologists discovered 530 million year old fossils of
71

1.12. Fish Evolution - Advanced

www.ck12.org

two jawless fish species, which they named Myllokunmingia and Haikouichthys. These species appear to have had
cartilaginous skulls.

FIGURE 1.52
Fossilized fish.

The case of the hagfish fossil record demonstrates the problem with tracing the evolutionary history of all cartilaginous vertebrates –the challenge of determining, with only a limited fossil record, when they arose and how they
changed through time. Cartilaginous endoskeletons do not yield good fossils the way that bony skeletons do. Despite
the sparse fossil record, scientists have been able to piece together a fairly clear outline of early vertebrate evolution,
although there are regular revisions to this outline that are made as new fossils are continuously discovered.
There are only a few reliable fossils of lampreys. Three of these fossils date back to the late Carboniferous period
(330 million years ago), but a new fossil was discovered in 2006 that dates back to the Devonian period (360
million years ago). Structural features of lampreys, such as a notochord with neural arches, suggest that lampreys
represent an evolutionary transition between non-vertebrate and vertebrate chordates. Recall that neural arches are a
component of vertebrae.
Cartilaginous fish fossils date back 450 million years. This establishes their evolutionary appearance to be prior to
that of terrestrial vertebrates, which appeared around 370 million years ago. Earlier cartilaginous species were
smaller than many modern species. Fossils of modern shark species date back about 100 million years. One
possible factor that selected for the evolution of larger shark species may be the concurrent evolution of large aquatic
mammals, such as whales and seals, which could serve as ideal prey for larger sharks.
Jawless and cartilaginous, jawed and cartilaginous, and lobe-finned, bony fish collectively make up about less than
one-third of all living fish species today. However, this was not always the case. In previous time periods, many of
these groups flourished and included a large number of species. For example, during the Devonian period, the lobefinned fish were more diverse in number of species than the ray-finned fish that dominate today. Other examples
include the many extinct fish classes within the vertebrate subphylum such as the thelodonts (jawless fish), anaspids
(jawless fish that likely gave rise to lampreys), placoderms (early jawed, armored fish from 395-345 million years
ago), acanthodians (spiny sharks, which were likely to be the first jawed fish, that shared features of Chondrichthyes
and bony fish and date back 410-250 million years ago), and several others. Following extinction events, relative
populations shifted, and, by the end of the Paleozoic era (250 million years ago), bony, ray-finned fish dominated
vertebrate populations in the aquatic regions of the world. The relative numbers of species within several of these
classes that existed between the Cambrian and Cenozoic periods are shown in the Figure 1.53.
The fossil record of bony fishes is generally rich and informative. From this fossil record, we find that bony, rayfinned fish of the class Actinopterygii likely evolved in freshwater habitats. This conclusion is based on the fact that
there are no marine fossils from this class that date back earlier than the Triassic period, roughly 230 million years
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FIGURE 1.53
This time line shows the approximate time
periods that each of the major vertebrate
subdivisions arose and, in some cases,
became extinct. The width of each shape
indicates the relative number of species
contained within that group during the
corresponding time in their evolutionary
history.

Notice how the ray-finned and

tetrapod groups flourished and became
the dominant species over time.

ago. The earliest freshwater actinopterygians date back to the Lower Devonian period, about 395 million years ago.
Lobe-finned fish, the sarcopterygians, (see http://www.devoniantimes.org/who/pages/lobe-fins.html ) are most closely
related to actinopterygians. Their fossils can be found from the Lower Devonian period (roughly 410 million years
ago) onward. During the Devonian, most species of lobe-finned fish appear, and they consist of two main groups: the
coelacanths and the Rhipidistia. Much of coelacanth evolution continued in the ocean, where they still exist today
in small numbers. Coelacanths were nearly wiped out by the massive Permian-Triassic extinction event roughly 250
million years ago. Rhipidistia evolution gave rise to two additional groups: the lungfish and the tetrapodomorphs.
In turn, the tetrapodomorphs gave rise to the tetrapods in the late Devonian period. The lungfish are very similar in
morphology to the tetrapodomorphs.
Vocabulary

• bony fish: A taxonomic group of fish that have bony, as opposed to cartilaginous, skeletons; they are
Osteichthyes.
• cartilaginous fish: Jawed fish with skeletons made of cartilage rather than bone; they are Chondrichthyes.
• hagfish: The class Myxini; they are eel-shaped, slime-producing marine animals.
• lamprey: Jawless fish that do not have a true vertebral column.
• lobe-finned fish: Fish with fins that contain a stump-like appendage made up of bones and muscles.
• ray-finned fish: Fish with fins that consist of webs of skin tissue supported by flexible, bony rays or spines.
Summary

• The early evolution of fishes is marked by the switch from using their gills as organs for filter feeding to using
them as respiratory organs to absorb oxygen.
• Cartilaginous fish fossils date back 450 million years.
• Following extinction events, relative populations shifted, and, by the end of the Paleozoic era (250 million
years ago), bony, ray-finned fish dominated vertebrate populations in the aquatic regions of the world.
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Practice

Use this resource to answer the questions that follow.
• Prehistoric Fish at http://dinosaurs.about.com/od/otherprehistoriclife/a/prehistoric-fish.htm .
1. What were some of the first proto-fish species?
2. Describe the characteristics of the early jawless fish.
3. Which fish were the first to develop true jaws?
Practice Answers

1. Pikaia was a worm-like chordate that had a distinct head, bilateral symmetry, v-shaped muscles, and a nerve
cord running down the length of its body. Haikouichthys and Myllokunminqia are Cambrian proto-fish that
more closely resemble modern-day fish.
2. Early jawless fish lacked lower jaws, and their heads were usually covered by tough plates of bony armor. They
developed these armored heads to defend themselves against giant sea scorpions and other large arthropods.
3. True jaws first appeared in placoderms, which were fish with plated skin. They vanished by the end of the
Devonian period, however, because they were rather slow and awkward.
Review

1. What was a major evolutionary adaptation that allowed fish to grow larger bodies?
2. How does the hagfish fossil record demonstrate problems with the evolutionary record of cartilaginous vertebrates?
3. How old are cartilaginous fish?
4. Where did bony fish evolve? How do we know this?
Review Answers

1. The evolution of gills used specifically for respiration allowed fish to grow larger. Non-vertebrate chordates,
such as lancelets, absorb oxygen from their aquatic environments through the surface of their bodies and use
their gill slits for filter feeding. This type of respiration was adequate for these smaller organisms, but, as
the vertebrates evolved, their body sizes increased, and they required more efficient oxygen systems. The
filaments of fish gills provide a large surface area to allow increased oxygen uptake.
2. The case of the hagfish fossil record demonstrates the problem with tracing the evolutionary history of all
cartilaginous vertebrates; the challenge is determining, with only a limited fossil record, when they arose and
how they changed through time. Cartilaginous endoskeletons do not yield good fossils the way that bony
skeletons do.
3. Cartilaginous fish fossils date back 450 million years. This establishes their evolutionary appearance to be
prior to that of terrestrial vertebrates, which appeared around 370 million years ago.
4. The fossil record of bony fishes is generally rich and informative. From this fossil record, we find that bony,
ray-finned fish of the class Actinopterygii likely evolved in freshwater habitats. This conclusion is based on
the fact that there are no marine fossils from this class that date back earlier than the Triassic period, roughly
230 million years ago.
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1.13 Fish Ecology - Advanced
• Identify the different ecological habitats where fish are present.

Are there actually ecosystems in the ocean?
Of course there are. Different types of fish live in different types of ecosystems. Shown above are tropical fish in a
coral reef ecosystem. Some fish are deep-ocean bottom dwellers, whereas others live in shallow waters. Other fish
may not be able to survive in the ocean, as they need freshwater.
Ecology of Fishes

The ecology of fishes is extremely varied due to the great diversity of species within the five fish classes. Habitats
range from regions deep within the sea to lakes and streams high on mountaintops. Most fish are predators, but the
nature of their prey and how they consume that prey varies. In this section we will consider general aspects of the
ecology of each class of fish. Hagfish are deep-sea bottom dwellers. These fish are predators that feed on other fish
by entering their bodies through an orifice, such as the mouth or anus, and consuming them from the inside. Small
invertebrates also make up a large part of their diets. Because of their remote habitats, there is not a lot known about
the ecology of hagfish. It is likely that their predatory role as well as their position as prey for other predatory fishes
in the food chain is important in maintaining ecological balance.
Lampreys generally inhabit shallow coastal regions and freshwater environments. They feed on small invertebrates
or larger fish species by attaching to the body wall and sucking their blood. There are both freshwater and marine
species of lamprey. However, marine species must migrate to freshwater in order to spawn and for their young larvae
to develop. Although there are native freshwater lamprey species found in North America, sea lampreys have been
invading the Great Lakes over the past 100 years. This invasion was the result of man-made canals, built in the early
1900s, through which the sea lampreys were able to reach the lakes. They have caused a great deal of destruction to
the fish industry by preying on economically important populations of trout and other fishes.
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Since they do not have natural predators in the Great Lakes, it has been a challenge for the U.S. and Canadian
governments to control their populations. Methods such as chemically sterilizing males or using pheromones to
disrupt their life cycles are currently being investigated. Although they are a nuisance in the Great Lakes of North
America, there are many countries that value lampreys as a delicacy. Countries like Portugal, Spain, France, Sweden,
Finland, South Korea, and the Baltic nations consume considerable amounts of lamprey, and populations have
actually decreased in some of these regions due to overfishing.
Cartilaginous fish species exhibit a wide range of habitats and feeding mechanisms. Most species of Chondrichthyes
inhabit marine environments. Although some sharks are highly efficient predators that feed on fish and aquatic
mammals, there are also some shark species, such as the whale shark, that filter feed and live entirely on a diet of
plankton. Rays, skates, and chimaeras generally feed on crustaceans and mollusks. To accommodate this diet, their
teeth are not sharp like a carnivorous shark’s teeth, but are more like plates that can crush the tough shells of their
prey. Rays, skates, chimaeras, and some shark species are bottom-dwellers that inhabit deep regions of the ocean.
However, many shark species are pelagic, meaning that they spend much of their lives swimming throughout the
open ocean ( pelagic zone).
The enormous number of Actinopterygii species (>20,000) covers a broad range of ecological habitats and modes
of feeding. Roughly 40% of species inhabit freshwater environments, ranging from desert springs to high altitude
streams. Ray-finned fishes include herbivores, carnivores, omnivores, zooplankton (for example, small crustaceans
such as copepods and fish larvae) consumers, and detritus feeders, or those that feed on dead organic matter. Among
the carnivores, there are a number of different hunting and feeding strategies. These include fast-start predators such
as pike and barracuda, ram feeders such as tunas and billfishes, and sit-in-wait predators such as scorpionfishes and
sea basses. Fast-start predators wait in hiding for their prey to swim by and then lunge with a short burst of speed to
attack. Ram feeders have bodies designed for high-speed swimming over long periods of time, so they chase down
their prey. Sit-in-wait predators hardly move at all to obtain prey. They wait camouflaged or buried in sediment until
prey is within close proximity. At that point they generate a large vacuum force to essentially suck in and inhale
their prey.
Many members of the class Actinopterygii are critically important components of the human diet and have been
for thousands and thousands of years. Fish farms that breed large numbers of particularly popular species, such as
salmon and trout, have become lucrative and integral parts of the economy. Many species of fish are also a source
of recreation for humans; for example, activities such as sport fishing and aquarium keeping are widely popular.
Unfortunately, human activities often threaten fish populations. There are currently over 1,100 species of fish that are
at risk of extinction. The two leading causes of this problem are overfishing and habitat destruction as a result of
pollution, dam building, and the introduction of exotic species that may take over a habitat. Conservation efforts are
underway, but they must be balanced with the needs of human populations that are dependent on the very situations
that are threatening fishes. For example, in many regions, such as Alaska, the fishing industry is a major source of
employment, and the livelihoods of many people are dependent on commercial fisheries.
For more information on Actinopterygii, see http://www.fossilmuseum.net/Tree_of_Life/PhylumChordata/ClassAct
inopterygii.htm .
The habitats and diets of fish are varied. They live throughout the ocean and also in freshwater lakes, ponds, rivers,
and streams. However, there is one fish, the mudskipper, that spends time on land. See http://www.youtube.com/w
atch?v=zGqae7vuUWo (2:41) for additional information.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/94254
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Vocabulary

• food chain: A pathway which traces energy flow through an ecosystem.
• habitat destruction: The take over or destruction of the home (habitat) of a species, usually by humans or
another species.
• pelagic zone: The main body of open water, away from shore, in a lake or the ocean.
Summary

•
•
•
•

Hagfish are deep-sea bottom dwellers.
Lampreys generally inhabit shallow coastal regions and freshwater environments.
Most species of Chondrichthyes inhabit marine environments.
The enormous number of Actinopterygii species (>20,000) covers a broad range of ecological habitats and
modes of feeding. 40% live in freshwater, the rest are marine animals.

Practice

Use this resource to answer the questions that follow.
• Fish in Their Environments at http://earthguide.ucsd.edu/fishes/environment/environment_zones.html .
1.
2.
3.
4.

Where do most marine fishes live?
What is the diel vertical migration?
How does the surface temperature of water vary across the globe?
How do fish survive with enough oxygen at deeper depths?

Practice Answers

1. Most marine fishes inhabit the waters close to land and above the continental shelves that rim continents. The
greatest density of species of fish is associated with coral reefs.
2. The diel vertical migration is the largest migration on Earth, and it takes place every day when fishes and other
animals rise from the depths of the ocean at sunset to feed.
3. Sea surface temperature has a "zonal" pattern in which bands of similar temperature run parallel to the equator
in the east-west direction.
4. The concentration of oxygen in the ocean is highest at the surface, but even the deep parts of ocean remain
well oxygenated because of the way water circulates around the Earth.
Review

1.
2.
3.
4.
5.

Why is the ecology of hagfish not very well understood?
What recent problem have lampreys caused in North America?
What does it mean to be pelagic? Are most sharks pelagic?
Describe a few hunting strategies exhibited by Actinopterygii species.
What are some things that are threatening fish populations?
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Review Answers

1. Hagfish are deep-sea bottom dwellers, which makes studying their ecology difficult for scientists. Scientists
do know that hagfish feed on other fish by entering their bodies through an orifice, such as the mouth or anus,
and consuming them from the inside.
2. In the past 100 years, sea lampreys have invaded the Great Lakes, impacting the fishing industry in that area.
Methods such as chemically sterilizing males or using pheromones to disrupt there life cycles are currently
being investigated.
3. Pelagic describes an animal that inhabits the open ocean. Many shark species are pelagic, meaning that they
spend much of their lives swimming throughout the open ocean.
4. Among the carnivores, there are a number of different hunting and feeding strategies. Fast-start predators wait
in hiding for their prey to swim by and then lunge with a short burst of speed to attack. Ram feeders have
bodies designed for high-speed swimming over long periods of time, so they chase down their prey. Sit-inwait predators hardly move at all to obtain prey. They wait camouflaged or buried in sediment until prey is
within close proximity. At that point they generate a large vacuum force to essentially suck in and inhale their
prey.
5. The two major threats that fish populations face are overfishing and habitat destruction as a result of pollution,
dam building, and the introduction of exotic species that may take over a habitat. Conservation efforts are
underway, but they must be balanced with the needs of human populations that are dependent on the very
situations that are threatening the fishes.

78

www.ck12.org

Chapter 1. Vertebrates - Advanced

1.14 Amphibians - Advanced
• Discuss a few characteristics that distinguish amphibians.

So how did vertebrates move from the water onto land?
There had to be some major modifications. Modifications in how the animal moves, how the animal breathes, and
modifications in the animals skin.
Characteristics of Amphibians

As was discussed in the previous lesson, the transition from water to land for the chordate phylum actually began
with a few species of fish that evolved the abilities to breathe air and spend a good portion of their lives out of water.
But it was not until the amphibians arose that living some part of an organism’s life on land became the rule instead
of the exception. Amphibians share a number of features with air-breathing fish, but they are also quite different in
many ways. In the next few concepts we will take a look at the characteristics that define amphibians. We will also
examine how their organ systems work and how they reproduce. Finally, we will consider how they are classified
into different groups and how each of these groups evolved and lives in the world today.
Amphibians were the first true tetrapods. Tetrapods are vertebrates with four limbs generally adapted for movement
on land. There are approximately 6,200 described amphibian species that live on Earth today, and they range in
size from 1 centimeter (gold frog) to 1.5 meters (Japanese giant salamander). Amphibians include frogs, toads,
salamanders, newts, and organisms called caecilians that have lost their limbs over the course of evolution. The
Figure 1.54 shows several examples of amphibian species.
These predominantly four-legged vertebrates differ from all other tetrapods (reptiles, birds, and mammals) by not
having amniotic eggs. The amniotic eggs of reptiles, birds, and mammals are surrounded by protective fluid
enclosed within amniotic membranes. This enables the embryos of terrestrial, egg-laying species to retain water
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FIGURE 1.54
Amphibians include (a) frogs, (b) salamanders, and (c) snake-like caecilians.

and exchange gases while developing in a dry environment. Without the amniotic egg, amphibians remain tied to
water for reproductive and early developmental stages.
The word amphibian means “double life” or “both lives,” referring to the fact that most amphibians can exist in
two worlds –the aquatic world and the terrestrial world. In the early stages of their lives, they are strictly aquatic
organisms that breathe with gills. As adults they may be strictly aquatic, mostly terrestrial, or both aquatic and
terrestrial organisms that breath with lungs and/or with gills. Often times they are also able to breath by absorbing
gases through their skin. Amphibians generally have moist, permeable skin that lacks scales. Similar to most fish
species, amphibians are ectothermic, or cold-blooded, meaning that they cannot regulate their body temperature
internally. Their internal body temperature is dictated by the temperature of their environment. This means that
their activity levels vary greatly depending on environmental temperatures. In cold weather they are very sluggish
because their organ systems lack the heat needed to function efficiently. In warm weather they are able to move with
much greater speed.
Vocabulary

• amniotic egg: An egg with a water-impermeable amniotic membrane surrounding a fluid-filled amniotic
cavity; this permits embryonic development on land without the danger of water-loss.
• ectothermic: Of or related to an animal that must regulate its body temperature from the outside through
behavioral changes such as basking in the sun. It is also known as cold-blooded.
• gills: Respiratory organs found in many aquatic organisms; they extract dissolved oxygen from water and
excrete carbon dioxide.
• lungs: The essential respiratory organs in many air-breathing animals.
• tetrapod: An animal that has four legs or limbs.
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Summary

• Amphibians were the first true tetrapods.
• Amphibians generally have moist, permeable skin that lacks scales.
Practice

Use this resource to answer the questions that follow.
• Facts About Amphibians at http://animals.about.com/od/amphibians/a/amphibian-facts.htm .
1.
2.
3.
4.

How many species of amphibians are there?
Where did amphibian limbs evolve from?
Describe the skin of amphibians.
What are the three stages of a typical amphibian life cycle?

Practice Answers

1. There are between 5,000 and 6,000 known species of amphibians. Frogs and toads are the most diverse group.
2. Early amphibians evolved two pairs of jointed limbs from fleshy-fins of their fish-like ancestors.
3. The skin of amphibians is delicate and lacks the protection that scales or hair provides. Amphibian skin is
permeable to water and is characterized by having numerous mucous glands that help keep their skin from
drying out. All amphibians have poison glands in their skin.
4. Most amphibians go through three stages: egg, larva, and adult. The transition from larva to adult is known as
metamorphosis.
Review

1. How do amphibians differ from all other tetrapods in terms of reproduction?
2. How do amphibians breathe?
Review Answers

1. Amphibians differ from all other tetrapods due to the fact that they do not have amniotic eggs. Without the
amniotic egg, amphibians remain tied to the water for reproductive and early developmental stages.
2. Amphibian larvae respire exclusively through gills. Adults either breathe using gills, lungs, or directly through
their skin.
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1.15 Amphibian Structure and Function - Advanced
• Describe the structures that are common among amphibians.
• Understand the important functions of structures such as the skin.

Looking at this frog, what do you notice?
Obviously the coloration. This probably helps with camouflage. But also notice the powerful hind legs, big eyes,
and mouth. Also notice the discs on their digits. Frogs that inhabit wetter environments have webbed feet, while tree
frogs have discs on their toes that help them grasp vertical surfaces. Some species even have claw-like structures on
their back feet that they use for burrowing.

Structure and Function in Amphibians

Some of the morphological features of amphibians vary between different groups such as their limb structures and
the way that they move on land or in water. For example, although almost all amphibians differ from their lobefinned fish ancestors in having limbs with complex skeletal and muscular structures designed for efficient movement
on land, the limbs of frogs are much longer than those of salamanders. Frog limbs are also functionally very
different, since they are designed for jumping instead of walking. These and other variations will be discussed
in more detail throughout this lesson. Despite these differences, all amphibians have a digestive, circulatory,
excretory, reproductive, and nervous system. Their digestive tract includes a mouth, esophagus, stomach, and
intestine culminating in a compartment called the cloaca. The cloaca is shared by the digestive, excretory, and
reproductive organs. Digestive waste arriving from the intestine, excretory waste arriving from the kidneys, and eggs
and sperm arriving from the reproductive organs all exit the body through an opening in the cloaca. Amphibians
have a fairly complex circulatory system with a three-chambered heart that pumps blood throughout the body. The
circulatory system usually includes an extensive network of capillaries embedded in the skin that are important for
oxygen absorption during respiration. Let’s take a closer look at amphibian respiration.
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Respiration

In general, amphibians breath using gills during development and with lungs in adulthood. However, there are
many variations on this theme. Some amphibians remain aquatic throughout their lives and therefore retain gills (in
addition to lungs) as adults. There are also some salamander species (for example, the dusky salamander shown in
the Figure 1.55) that obtain all of their oxygen through their skin. These species do not have lungs or gills as adults.
This highlights the importance of amphibian skin. Even most species that have lungs in adulthood also take in some
of their oxygen through their skin.

FIGURE 1.55
The southern dusky salamander.

This

species lacks lungs and gills and carries
out all gas exchange through its moist
skin.

Amphibian skin is permeable to both oxygen and water and is an important source of moisture for the animals. It
also contains many mucous-producing glands. The mucous that is secreted onto the skin’s surface is important for
keeping the skin moist. In some species, these glands can also produce toxins that help protect the animal from
predators. In a few rare species the toxins are strong enough to kill predators. For example, the golden poison frog,
shown in the Figure 1.56, is thought to carry a dose of neurotoxin that is strong enough to kill 10 to 20 humans.

FIGURE 1.56
Golden poison frog. This small creature
(about 5 centimeters long), which is native to the Pacific coast of Columbia, is
believed to be the most poisonous vertebrate on Earth. Its skin glands produce a
type of poison called a batrachotoxin that
prevents nerve impulse transmission and
can lead to heart failure.

Another key feature of amphibian skin is color. Depending on the environment in which they live, some species
are vibrantly colored, while others have more dull-looking skin. The colors are determined by specialized skin cells
that produce pigments. Skin color is often used to camouflage the organism so that it can evade predators, and
some species can even change their color depending on the temperature or surroundings. Switching to a darker
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color by concentrating their pigments allows them to absorb more heat from sunlight in colder weather, and colorchanging can serve the opposite purpose when they disperse their pigments in warmer weather. Amphibian species
that generate poisonous secretions will often have brightly colored skin that acts as a warning to predators, who soon
learn that ingesting that particularly colored species is not a pleasant experience.
Sensory Perception and Communication

Amphibians have complex nervous systems that allow them to interact with each other and with their environments.
All amphibians have eyes and ears, but they do not all see and hear to the same extent. Frogs, toads, salamanders,
and newts have acute vision that allows them to find prey and evade predators. Frogs are able to see in almost all
directions because of how their eyes are situated on either side of the top of their head. Caecilians, on the other
hand, are essentially blind and must rely on tentacles located on each side of their head to detect changes in their
environment. This probably reflects their burrowing existence in dark spaces within the soil where vision would not
necessarily be an asset.
Although all amphibians are able to hear, this sense is most pronounced in frogs. Amphibians lack an external ear
and instead have an internal ear, although frogs and toads do have an external membrane called the tympanum that
transmits sound to the inner ear. Frogs also have a middle ear cavity and an eardrum, whereas salamanders and
caecilians lack both of these structures. As a result of these differences, salamanders and caecilians primarily detect
vibrations but cannot hear high-frequency sounds. In contrast, frogs can perceive a wide range of sounds, a feature
that allows them to communicate with each other in some fairly complex ways. You are probably familiar with the
croaking sounds generated by frogs, but how exactly do frogs “speak” to one another, and what is the purpose of
these communications? Frogs have a larynx, or voice box, with some similarity to our own. They generate sounds
by pulling air through the larynx located in the throat. The air causes the vocal cords to vibrate, and this produces
sound. Many frogs also have special membranes of skin called vocal sacs under their throat that expand to amplify
the sound generated by the larynx. For more information on the vocal sacs of frogs, visit http://www.britannica.co
m/eb/topic-631724/vocal-pouch . The main purpose of frog “speech” is for males to attract mates. Females of some
species also have a response call that they use to communicate back to the males. Each species has its own distinct
call that members of that species recognize as their own. Mating calls are generated with the frog’s mouth closed,
and they are generally deep and “throaty” sounding. Some species also produce a distress call when a predator is
lurking. This call is generated with their mouths open and has a more high-pitched sound. Amphibians are also able
to smell and taste chemicals in their environment using an olfactory organ called Jacobson’s organ and taste buds
located in their mouths.
Vocabulary

• cloaca: A compartment shared by the digestive, excretory, and reproductive organs; digestive waste arriving
from the intestine, excretory waste arriving from the kidneys, and eggs and sperm arriving from the reproductive organs all exit the body through an opening in the cloaca.
• gills: Respiratory organs found in many aquatic organisms; they extract dissolved oxygen from water and
excrete carbon dioxide.
• larynx: Also called the voice-box, it is found just below the point at which the pharynx splits into the trachea
and the esophagus. It is used for vocalization and speech.
• lungs: The essential respiratory organs in many air-breathing animals.
• mucous: A slimy substance that keeps membranes moist and traps pathogens.
• tympanum: An external membrane that transmits sound to the inner ear; it is found in frogs and toads.
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Summary

• Some of the morphological features of amphibians vary between different groups such as their limb structures
and the way that they move on land or in water.
• All amphibians have a digestive, circulatory, excretory, reproductive, and nervous system.
• In general, amphibians breath using gills during development and with lungs in adulthood.
• Amphibians have complex nervous systems that allow them to interact with each other and with their environments. All amphibians have eyes and ears, but they do not all see and hear to the same extent.
Practice

Use this resource to answer the questions that follow.
• Frog at http://animal.discovery.com/amphibians/frog-info.htm .
1.
2.
3.
4.

Describe the frog body structure.
Describe the four legs of a frog.
When did frogs evolve?
Where do frogs live?

Practice Answers

1. A frog is a vertebrate, or an animal with a backbone. Like other vertebrates, a frog has organs such as a heart,
a liver, kidneys, and lungs. They have short front legs and flat heads and bodies. After they grow out of the
tadpole stage, frogs don’t have tails.
2. All frogs have short front legs and large, strong hind legs for jumping. The hind feet are webbed, and most
frogs are fast swimmers.
3. Frogs have lived on Earth for about 180 million years.
4. Frogs live on every continent of the world except Antarctica.
Review

1.
2.
3.
4.

Describe the circulatory system of a typical amphibian.
What special functions does amphibian skin have?
How is the color of amphibians determined? What functions does the color have?
Which species of amphibian has the best hearing?

Review Answers

1. Amphibians have a fairly complex circulatory system with a three-chambered heart that pumps blood throughout the body. The circulatory system usually includes an extensive network of capillaries embedded in the skin
that are important for oxygen absorption during respiration.
2. Amphibian skin is permeable to both oxygen and water and is an important source of moisture and oxygen
for the animals. It also contains many mucous-producing glands. The mucous that is secreted onto the skin’s
surface is important for keeping the skin moist. In some species, these glands can also produce toxins that
help protect the animal from predators.
3. The colors are determined by specialized skin cells that produce pigments. Skin color is often used to camouflage the organism so that it can evade predators, and some species can even change their color depending
on the temperature or surroundings. Switching to a darker color by concentrating their pigments allows them
85

1.15. Amphibian Structure and Function - Advanced

www.ck12.org

to absorb more heat from sunlight in colder weather, and color-changing can serve the opposite purpose
when they disperse their pigments in warmer weather. Amphibian species that generate poisonous secretions
will often have brightly colored skin that acts as a warning to predators, who soon learn that ingesting that
particularly colored species is not a pleasant experience.
4. Frogs and toads have the best hearing among amphibians. They have an external membrane called the
tympanum that transmits sound to the inner ear. Frogs also have a middle ear cavity and an eardrum, whereas
salamanders and caecilians lack both of these structures. As a result of these differences, salamanders and
caecilians primarily detect vibrations but cannot hear high-frequency sounds. In contrast, frogs can perceive a
wide range of sounds, a feature that allows them to communicate with each other in complex ways.
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1.16 Amphibian Reproduction - Advanced
• Understand the reproductive cycle of amphibians.

What changes must occur for these tadpoles to move onto land?
These are tadpoles of the yellow-bellied toad. Of course, these tadpoles are born in the water. You can see the
beginning of the formation of the hind limbs.
Reproduction in Amphibians

In the previous concept we discussed how frogs use mating calls to communicate with each other in order to
reproduce. How, then, do salamanders and caecilians initiate mating? Once courtship and mating pairs have been
established, how does fertilization take place? In this section these questions will be answered as we consider the
details of amphibian reproduction and development.
Unlike frogs, salamanders and caecilians do not have a larynx. They are capable of producing a few grunt-like
sounds, but these are not useful for mating communications. Most salamanders use their sense of smell to find a
mate. The males generally emit an odor that attracts females. Males may also use color and posturing to impress
females. There is not a great deal known about the mating rituals of caecilians, although other aspects of caecilian
reproduction have been characterized.
Amphibians reproduce via sexual reproduction (as you could probably discern from the discussion on mating rituals),
involving the fusion of eggs produced by ovaries within the female body and sperm generated by testes in the males.
Fertilization is most often external for frogs but internal for salamanders and caecilian. Frog mating often involves
the male frog mounting the female frog so that sperm can be deposited from the male cloaca directly onto the eggs
as they exit the female cloaca. This mating position is called amplexus and is shown in the Figure 1.57.
Internal fertilization is a little tricky for salamanders because they do not have sex organs. Despite this limitation,
the majority of salamanders exhibit internal fertilization. This is accomplished either by juxtaposing their cloacae,
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FIGURE 1.57
A male frog mounted on a female frog
in the amplexus mating position.

This

position allows the male to secrete sperm
onto the eggs as they are laid by the
female. Notice the female is much larger
than the male.

or, in some species, the males deposit a packet of sperm that can be internalized by the female cloaca and used
to fertilize the eggs inside of her body. The majority of caecilians also undergo internal fertilization, but, in their
case, the males have a copulatory-like organ called a phallodeum that can be inserted into the female cloaca for
insemination. Once the eggs have been laid and fertilized, most amphibians are done with their parenting. There
are some salamander and caecilian species, as well as numerous frog species, that will brood their eggs until they
hatch and, in some cases, beyond hatching. One example is a species called Darwin’s frog. With these frogs, it is
the male who guards the eggs until they hatch. After hatching, he places the tadpoles in his vocal sac where they
develop through the tadpole stage until they have undergone metamorphosis and can hop out of the male’s mouth.
A Darwin’s frog is shown in the Figure 1.58.

FIGURE 1.58
Darwin’s frog. The males of this species
exhibit extraordinary parental care by
brooding newly hatched tadpoles in their
vocal sacs until they develop into juvenile
frogs.

Generally, amphibians lay large numbers of eggs at one time, and they often do so in groups, all depositing their
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eggs in the same place at the same time. This “mass action” technique is probably a survival mechanism, which is
also seen in fish, to overwhelm any predators and ensure that at least some of the eggs will survive.
As mentioned earlier, most amphibians are tied to an aquatic environment for reproduction. This often requires
seasonal mating that depends on the moisture levels of their habitats. Some species, however, do not require an
actual standing body of water and may lay their eggs in mud or some other moist substrate. In fact, this is the norm
for most caecilian species. Amphibian eggs are usually covered in a jelly-like substance that acts to protect the eggs
and to keep them moist. A cluster of frog eggs is shown in the Figure 1.59.

FIGURE 1.59
A cluster of frog eggs. Notice the shiny,
jelly-like substance surrounding the eggs.
This helps keep them moist.

Most amphibian species go through a larval stage that is very different from the adult form. After hatching, the
larvae quickly develop gills to survive in their aquatic environment. In early stages, amphibian larvae, such as those
shown in the Figure 1.60, bear a strong resemblance to fish. They have a long tail that can be used for swimming,
gills used for breathing, and they have not yet developed limbs.

FIGURE 1.60
Newt tadpoles. Notice the fish-like form of
these amphibian larvae.
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As the larvae begin to undergo metamorphosis, the process by which they change into the adult form, limbs and
lungs begin to develop. During this time the organism is adopting a new form that will be suited to life on land. This
often involves the deterioration of the gills and, for frogs, the tails. Once these changes are complete, the juvenile
amphibian is ready to emerge from the water and begin the second part of its “double life.” The life cycle of a typical
frog is shown in the Figure 1.61.

FIGURE 1.61
The major life stages of frogs include a
newly hatched tadpole without limbs, an
intermediate stage tadpole with developing forelimbs, a late stage tadpole (still
possessing a tail) with two pairs of limbs,
a juvenile frog with a small portion of the
tail remaining, and a later stage juvenile
frog without tail.

Two other types of development are also seen, although infrequently, in amphibians: internal and direct development. Internal development is when the embryo develops inside the body of the female and emerges at a later
developmental stage, either as a larva or in a post-larval, juvenile stage. Direct development is when the young do
not go through a larval stage. Instead they either hatch or are born essentially as smaller, sexually immature version
of their parents. This is seen in some salamanders, caecilians, and in even fewer frogs.
There are a few amphibian species, such as the Silvery Salamander, that can undergo a form of asexual reproduction
known as parthenogenesis. Instead of producing offspring by fusing a sperm cell with an egg cell, these species
have eggs that can develop into a new organism without the contribution of genetic material from sperm. In the
particular form of parthenogenesis practiced by these salamanders, sperm is needed, but only to induce the egg to
develop independently. The result is that the offspring are exact clones of their mothers and are therefore all female.
The sperm needed to stimulate the process must come from males of other salamander species.
Vocabulary

• amplexus: A mating position of frogs where the male frog mounts the female frog so that sperm can be
deposited from the male cloaca directly onto the eggs as they exit the female cloaca.
• larval stages: The early, developing stages of various animals in which the organism differs from its adult
form.
• metamorphosis: The process of transformation from an immature form to an adult form in distinct stages.
• parthenogenesis: A form of asexual reproduction where growth and development of embryos occur without
fertilization.
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• phallodeum: A copulatory-like organ of male salamanders that can be inserted into the female cloaca for
insemination.
Summary

•
•
•
•

Most salamanders use their sense of smell to find a mate, whereas frogs use mating calls.
Amphibians usually reproduce via sexual reproduction.
Fertilization is most often external for frogs but internal for salamanders and caecilian.
Generally, amphibians lay large numbers of eggs at one time, and they often do so in groups, all depositing
their eggs in the same place at the same time.
• Most amphibians are tied to an aquatic environment for reproduction.
• Most amphibian species go through a larval stage that is very different from the adult form.
Practice

Use this resource to answer the questions that follow.
• Frog Reproduction at http://science.howstuffworks.com/zoology/reptiles-amphibians/frog4.htm .
1. Why is it sometimes easy to tell male frogs from female frogs?
2. What do tadpoles usually eat?
3. Describe the steps that occur during the metamorphosis from tadpole to frog.
Practice Answers

1. Many species of frogs are sexually dimorphic, which means that there are physical differences between males
and females.
2. Tadpoles can be vegetarians or omnivores, eating algae, rotting vegetation, or other tadpoles.
3. Usually, the transformation begins with the growth of hind legs. Then the front legs form and lungs begin to
develop. The tail gradually disappears and the froglet is able to live on land.
Review

1.
2.
3.
4.
5.

How do salamanders find mates? How does this differ from frogs?
Describe how frogs mate. How does this differ from salamanders and caecilians?
What are some complications involved with salamander mating?
Why do amphibians generally lay eggs at the same time?
Why do amphibians usually exhibit seasonal mating?

Review Answers

1. Most salamanders use their sense of smell to find a mate. The males generally emit an odor that attracts
females. Males may also use color and posturing to impress females. Frogs use mating calls instead because
they have a larynx.
2. Frog mating often involves the male frog mounting the female frog so that sperm can be deposited from
the male cloaca directly onto the eggs as they exit the female cloaca. Fertilization usually occurs externally.
Salamanders and caecilians usually fertilize internally.
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3. Internal fertilization is a little tricky for salamanders because they do not have sex organs. Despite this limitation, the majority of salamanders exhibit internal fertilization. This is accomplished either by juxtaposing
their cloacae, or, in some species, the males deposit a packet of sperm that can be internalized by the female
cloaca and used to fertilize the eggs inside of her body.
4. Generally, amphibians lay large numbers of eggs at one time, and they often do so in groups, all depositing
their eggs in the same place at the same time. This “mass action” technique is probably a survival mechanism,
which is also seen in fish, to overwhelm any predators and ensure that at least some of the eggs will survive.
5. Most amphibians are tied to an aquatic environment for reproduction. This often requires seasonal mating that
depends on the moisture levels of their habitats.

92

www.ck12.org

Chapter 1. Vertebrates - Advanced

1.17 Amphibian Classification - Advanced
• Discuss the different groups of amphibians, both living and extinct.

Frog, toad, or salamander. What’s the difference?
Look closely at the face of this salamander. It is strikingly similar to that of a frog or a toad. As the first vertebrates
to evolve from life in the sea to life on land, amphibians share a number of important evolutionary adaptations.
Classification of Amphibians

Amphibian classification is a highly controversial topic among herpetologists (scientists that study amphibians).
Despite having an endoskeleton made of bone, the amphibian fossil record is relatively limited. For the purposes
of this chapter, we will consider the classification supported by traditional phylogenies that divides amphibians into
three subclasses:
• Labyrinthodontia.
• Lepospondyli.
• Lissamphibia.
Labyrinthodontia includes a diverse array of extinct species that thrived between 350 and 190 million years ago
(during parts of the Paleozoic and Mesozoic eras). Their distinctive feature was a particular maze-like folding
pattern of the enamel on their teeth. Lepospondyli was a small group of diverse species that lived 340 to 270 million
years ago (during the Carboniferous period through the early Permian period). Depictions of species from each of
these extinct subclasses are shown in the Figure 1.62.
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FIGURE 1.62
The extinct subclasses of amphibian. (a) A depiction of a platyoposaurus,
a member of the extinct amphibian subclass Labyrinthodontia. (b) Diplocaulus magnicornis, an early permian species of the extinct Lepospondyli
subclass.

All living species of amphibians fall into the third subclass, Lissamphibia. The characteristics that unite all lissamphibian species include specific details of their tooth structure, skin, and internal fat stores. For example, they all
exhibit similar types of glands in their skin tissue, and they all have masses of fatty tissue called fat bodies associated
with their gonads. Other features, such as their skeletal structure, are quite distinct between different Lissamphibia
species. The subclass Lissamphibia is generally divided into three different orders:
• Anura (frogs and toads).
• Caudata (salamanders and newts).
• Apoda (caecilians).
In the following sections we will consider the specific features of species within each of these orders.
Frogs and Toads (Order Anura)

Representing over 4,000 species subdivided into 25 families, the order Anura includes the majority of amphibian
species. One feature that distinguishes frogs and toads from other members of their subclass is the lack of a tail in
the adult form. There are a number of other differences between species of the order Anura and those of the other
two orders. For one thing, frogs and toads have much longer hind limbs than other amphibians. These back legs
are modified for efficient jumping on land. In fact, frogs and toads are not very good at walking as a result of the
structure of their hind limbs. The skeletal structure of a frog is shown in the Figure 1.63.

FIGURE 1.63
The organization of the endoskeleton of an amphibian within the order
Anura (frog). Notice the lack of a tail and the elaborate hind limbs adapted
for jumping.

Frogs can range in size from 1 centimeter to 30 centimeters in length, and they have a total of 13 or fewer vertebrae
that make up their backbone. They usually have teeth on the upper side of their mouths. These teeth are not used
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for chewing, since they usually swallow their insect meals whole. Instead, they use them to hold prey firmly in
their mouths while they swallow. Although there are differences between species that are usually considered to be
“frogs” and those that are considered “toads,” these two groups do not represent any official taxonomic differences.
The features that distinguish toads probably evolved independently many times among the Anura species. What are
these features? In general, the term frog refers to semi-aquatic species that have smooth, moist skin and long hind
limbs, whereas toads are more adapted to terrestrial living and have drier, warty skin and shorter hind limbs. Some
of the more commonly known frog and toad species are found in the genus Rana (leopard frog and grass frog) and
the genus Bufo respectively.

FIGURE 1.64
Frogs versus toads. (a) Frogs, such as this veined tree frog, generally
have moist, smooth skin adapted to an existence closely associated with
aquatic environments. (b) Toads, such as this American toad, tend to have
thicker, warty skin adapted to somewhat drier environments.

There is one species of frog, the African clawed frog (Xenopus laevis), which is shown in the Figure 1.65, that is a
well-established model organism in biological research studies on development. One of the advantages of using this
organism is that it has extremely large oocytes (immature eggs), about 1 millimeter in diameter, that can be easily
manipulated and examined. This has made both these oocytes and the resulting developing embryos quite useful
tools for developmental studies. Homeobox genes, which encode proteins that are important during development,
have been extensively studied in this organism. Scientists have injected genetic material into these large cells and
then observed the effects of the injected genes as the oocyte develops. In fact, a variation of the cloning technique
(called somatic cell nuclear transfer) used in 1997 to create Dolly the cloned sheep was first used to clone a frog
back in 1952. This pioneering work was carried out by two scientists: Robert W. Briggs and Thomas J. King.
Another interesting feature of Xenopus laevis is that when the urine of pregnant women is injected into the female
frogs, it induces them to lay oocytes. This led to the use of this species in the first pregnancy tests during the first
half of the 20th century.

Salamanders and Newts (Order Caudata)

Salamanders and newts of the order Caudata include a much smaller number of species than the order Anura.
There are approximately 420 caudate species divided into 10 different families. Caudates are characterized by
having a prominent tail throughout their lives. They generally have elongated bodies that range in size from about 2
centimeters to nearly 2 meters long. The Chinese and Japanese giant salamanders are the largest known amphibians,
and they can grow up to nearly 2 meters in length. Japanese giant salamanders are shown in the Figure 1.67. Most
salamanders are in the range of several centimeters long. Unlike frogs and toads, all four limbs in caudates are fairly
short and roughly the same size. They are adapted for walking on terrestrial environments and swimming in aquatic
habitats.
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FIGURE 1.65
An African clawed frog (Xenopus laevis).
For over 50 years, this frog species has
been a useful model organism for scientists studying animal development.

FIGURE 1.66
A salamander and a newt. Salamanders
and newts can walk or swim.

FIGURE 1.67
Japanese giant salamanders. This is one
of the largest known species of amphibians.

They can grow to be almost 2

meters in length.
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An unusual characteristic of salamanders is their ability to regenerate limbs that have been lost to predators. They
also have another unusual behavior in which they are able to shoot out a bone called the hyoid bone in their mouth
region when they are attacking prey. The bone is ejected along with their sticky tongue. After this process, the bone
is pulled back into the mouth using body muscles.
Caecilians (Order Apoda)

Caecilians are most closely related to salamanders within the Lissamphibia subclass. They are unique among
amphibians in that they do not have limbs. They are still considered tetrapods because they evolved from a
four-limbed ancestor. Their bodies are tubular and elongated, giving them a snake-like or worm-like appearance.
Caecilians have a very short tail, and they essentially all have lungs that are used in conjunction with their skin
for respiration. Some species grow up to 1.5 meters in length. These animals generally live their lives burrowing
in the soil, and they are not very well studied, particularly in comparison to frogs and salamanders. There are
approximately 170 species divided into 6 different families. Unlike most amphibians, roughly 75% of caecilians
are viviparous. That means that they develop their young inside of their bodies, with nourishment derived from the
mother in a manner similar to humans.

FIGURE 1.68
Swimming Caecilian. Caecilians are the
only amphibians without legs.

Vocabulary

• hyoid bone: A bone in the mouth region of salamanders; salamanders are able to shoot out this bone when
they are attacking prey.
• model organism: A non-human species that is extensively studied to understand particular biological phenomena.
• oocyte: A female gamete or germ cell involved in reproduction; an immature ovum, or egg cell.
Summary

• The three subclasses of amphibians are Labyrinthodontia, Lepospondyli, and Lissamphibia.
• Labyrinthodontia includes a diverse array of extinct species that thrived between 350 and 190 million years
ago (during parts of the Paleozoic and Mesozoic eras).
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• Lepospondyli was a small group of diverse species that lived 340 to 270 million years ago (during the
Carboniferous period through the early Permian period).
• All living species of amphibians fall into the third subclass, Lissamphibia. The characteristics that unite all
lissamphibian species include specific details of their tooth structure, skin, and internal fat stores.
• The three different suborders of Lissamphibia are Anura (frogs and toads), Caudata (salamanders and newts),
and Apoda (caecilians).
• Representing over 4,000 species subdivided into 25 families, the order Anura (frogs) includes the majority of
amphibian species.
• Caudates (salamanders) are characterized by having a prominent tail throughout their lives.
• Caecilians are most closely related to salamanders within the Lissamphibia subclass. They are unique among
amphibians in that they do not have limbs.
Practice

Use this resource to answer the questions that follow.
• Caecilians: The Other Amphibian at http://www.sciencenewsforkids.org/2012/05/caecilians-the-other-amphi
bian/ .
1. What do caecilians use their tentacles for?
2. How do caecilians burrow?
3. How do some caecilians feed their young?
Practice Answers

1. Caecilians have a pair of tentacles on their face that can sniff out chemicals in the environment.
2. Caecilians have tendons inside their bodies that stretch out and push the skull forward.
3. Young caecilians actually feed off the dead outer layer of their mother’s skin.
Review

1.
2.
3.
4.
5.

Which subclass of amphibians contains all living amphibians today?
What is the difference between frogs and toads? Are these official taxonomical differences?
How has the African clawed frog contributed to biological research?
What distinguishes salamanders from other amphibians?
Where do caecilians live?

Review Answers

1. All living species of amphibians fall into the subclass Lissamphibia. The other two subclasses include the
Labyrinthodontia and Lepospondyli. Labyrinthodontia includes a diverse array of extinct species that thrived
between 350 and 190 million years ago. Lepospondyli was a small group of diverse species that lived 340 to
270 million years ago.
2. In general, the term frog refers to semi-aquatic species that have smooth, moist skin and long hind limbs,
whereas toads are more adapted to terrestrial living and have drier, warty skin and shorter hind limbs. These
differences are not taxonomical. The features that distinguish toads probably evolved independently many
times among the Anura species.
3. The African clawed frog has extremely large oocytes, about 1 millimeter in diameter, that can be easily
manipulated and examined. This has made both these oocytes and the resulting developing embryos quite
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useful tools for developmental studies. Homeobox genes, which encode proteins that are important during
development, have been extensively studied in this organism.
4. Caudates (salamanders) are characterized by having a prominent tail throughout their lives. An unusual
characteristic of salamanders is their ability to regenerate limbs that have been lost to predators. They also
have another unusual behavior in which they are able to shoot out a bone called the hyoid bone in their mouth
region when they are attacking prey. The bone is ejected along with their sticky tongue. After this process,
the bone is pulled back into the mouth using body muscles.
5. Caecilians generally live their lives burrowing in the soil, and they are not very well studied, particularly in
comparison to frogs and salamanders.
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1.18 Amphibian Evolution - Advanced
• Discuss the evolution of amphibians from fish.

Why were amphibians so successful?
They may not have had many predators on land 365 million years ago. Given plenty of land and food, they had the
resources to thrive. This is a frog fossil from the Eocene epoch. The vertebral column and four limbs are easily
identifiable.
Evolution of Amphibians

Amphibians evolved during the middle of the Devonian period (416 to 359 million years ago) from the lobefinned fish of the vertebrate class Sarcopterygii. Fossils found in Canada in 2006 have provided a critical link
in our understanding of the evolution of amphibians from lobe-finned fish. These fossils are of a species of
the sarcopterygian genus Tiktaalik that seems to represent an intermediate stage between lobe-finned fish and
amphibians. For example, the bones in the fins of this species were more arm-like, similar to those of tetrapods, and
even had a functional wrist. This species also had a movable neck like that of many tetrapods. Species within the
genus Ichthyostega (members of the Labyrinthodontia subclass) are considered by some scientists to be the earliest
amphibians. Other scientists consider Ichthyostega to be another intermediate between fish and amphibians –but one
that is very close to being a true amphibian. Ichthyostega were carnivorous, freshwater organisms with a fish-like
tail and strong limbs that had primitive digits. These species lived approximately 365 million years ago.
For more information on the evolution of fish into amphibians, see Transitional Fossil: Fish to Amphibians at http
://www.youtube.com/watch?v=OxSG8duBcxE (4:00).
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Some of the earlier amphibian species that lived prior to the Jurassic Period (over 200 million years ago) were much
larger than the species that exist today. One such early amphibian, the mastodonsaurus, had a strong resemblance to
the modern crocodile. Reptiles are thought to have evolved from amphibians within the subclass Labyrinthodontia
sometime during the Carboniferous period (360 to 300 million years ago). The appearance of reptiles and their
amniotic eggs eventually led to the end of amphibians’ dominance on land during the Carboniferous period. The
earliest members of modern amphibian species date back to the Jurassic Period, about 200 to 145 million years ago.
Vocabulary

• lobe-finned fish: Fish with fins that contain a stump-like appendage made up of bones and muscles.
• tetrapod: An animal that has four legs or limbs.
Summary

• Amphibians evolved during the middle of the Devonian period (416 to 359 million years ago) from the lobefinned fish of the vertebrate class Sarcopterygii.
• Species within the genus Ichthyostega (members of the Labyrinthodontia subclass) are considered by some
scientists to be the earliest amphibians.
• Reptiles are thought to have evolved from amphibians within the subclass Labyrinthodontia sometime during
the Carboniferous period (360 to 300 million years ago).
• The earliest members of modern amphibian species date back to the Jurassic Period, about 200 to 145 million
years ago.
Practice

Use this resource to answer the questions that follow.
• Prehistoric Amphibians at http://dinosaurs.about.com/od/otherprehistoriclife/a/prehistoric-amphibians.htm
.
1. When did big amphibians dominate the Earth?
2. What eventually led to the decline of giant amphibians?
3. Why are amphibians in danger today?
Practice Answers

1. Large 15 foot amphibians dominated the late Carboniferous period and the Permian period (the temnospondyls).
2. The evolution of therapsids toward the end of the Permian period meant that temnospondyls were pushed back
into the swamps. Reptiles then began dominating the earth during the Triassic period.
3. Over the last few decades, a startling number of frog, toad, and salamander species became extinct, and scientists have not pinpointed a particular reason. Factors may include pollution, global warming, deforestation,
disease, or a combination of these and other factors.
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Review

1. What species of fish eventually evolved into amphibians?
2. Why do scientists believe a species of the sarcopterygian genus Tiktaalik represents an intermediate stage
between lobe-finned fish and amphibians?
3. When did modern day amphibians evolve?
Review Answers

1. Amphibians evolved during the middle of the Devonian period from the lobe-finned fish of the vertebrate class
Sarcopterygii.
2. The fossils indicate that this species had bones in their fins that were more arm-like, similar to those of
tetrapods, and even had a functional wrist. This species also had a movable neck like that of many tetrapods.
3. The earliest members of modern amphibian species date back to the Jurassic Period, about 200 to 145 million
years ago.
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1.19 Amphibian Ecology - Advanced
• Explore the environments where amphibians can be found.
• Discuss some of the difficulties that amphibian species face due to human activity.

Where do you find amphibians?
Almost anywhere there is a wet or moist environment. Not all frogs live on lily pads. Many frogs and other
amphibians live in forests, meadows, springs, streams, rivers, lakes, ponds, bogs, marshes, and swamps. Sometimes
you can guess where a particular amphibian lives just by looking at its adaptations. Amphibian coloration, physical
characteristics, and even behavior are traits that have evolved differently in amphibians depending on their habitat.
Ecology of Amphibians

Amphibians can be found in freshwater and moist terrestrial regions of many habitats throughout the world. Antarctica and Greenland are the only regions that are not inhabited by amphibians. Species within the order Anura are
the most widely distributed. Frogs can be found in a surprising number of habitats. Although they require a body of
water to reproduce, they can be found in grassy meadows and deserts. In more arid environments, they are able to
make use of small, temporary pools of standing water when it comes time to reproduce. They are, of course, also
highly abundant in humid areas such as rainforests, lakes, and ponds in temperate regions (areas with fairly mild
climates located between the tropics and the Polar Regions).
Salamanders and newts of the order Caudata have a more restricted distribution. They are generally concentrated in
northern regions of temperate zones located in North America, Europe, and Asia. However, they are not absolutely
restricted to these areas, as there are also a number of species located in northern Africa and Central and South
America. The largest variety of salamanders is actually found in the United States. They usually live near ponds,
lakes, or streams, but several species are able to reproduce in moist terrestrial environments and do not require a
standing body of water.
Caecilians live an existence that is more earthworm-like than amphibian-like. They are burrowers that use their heads
to dig into the ground. They can be found living in the soil near rivers and streams in tropical regions of Africa,
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FIGURE 1.69
Geographical distributions of the three orders of Lissamphibia: (a) Anura,
shown in black. (b) Caudata, shown in green. (c) Apoda, shown in green.

Central and South America, and Southeast Asia. The distributions of species within each of the three lissamphibian
orders are shown in the Figure 1.69.
Amphibians, particularly frogs, play an important role in human society. Frogs have made a major contribution
to our understanding of animal development through their roles as model organisms. There is also a great deal of
research into the various poisons produced by the skin glands of amphibians for their potential pharmaceutical value.
In addition, frogs are a source of human food in many countries including China, France, the Philippines, Greece,
and southern parts of the United States.
Within their ecosystems, amphibians play extremely important roles as both predators and prey for other organisms.
Most amphibians are carnivorous predators. Frogs feed primarily on insects, segmented worms, and mollusks,
whereas salamanders feed on both invertebrates and frog tadpoles. Caecilians generally feed on annelids within the
soil.

FIGURE 1.70
Frog Predator.

A frog eating its insect

prey.

Amphibian conservation is becoming a major concern among environmental scientists (see Worldwide Amphibian
Declines: How big is the problem, what are the causes and what can be done? at http://www.amphibiaweb.org/decli
nes/declines.html ). Recent studies have shown that over 150 amphibian species have gone extinct since the 1980s.
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Currently, almost one-third of all amphibian species face the threat of extinction. There are many reasons for this
including loss of habitats, pollution, climate change, the introduction of non-native species, and infectious diseases.
Most of these are the result of human activities. What is really alarming about the statistics on amphibian extinctions
is the possibility, raised by some scientists, that amphibians may be early indicators of overall environmental health,
meaning that changes occurring in their populations may reflect the fates of other animal groups if the circumstances
causing these changes are not altered. This supposition is based on the intermediate position of amphibians in
the food chain, the fact that they reflect the status of both aquatic and terrestrial environments, and their highly
permeable skin that may make them sensitive to lower levels of pollutants than other organisms. Conservation
efforts are underway in the form of breeding programs and other approaches that seem to be showing successful
revitalization of some species. However, it will also be important to address the underlying causes of the amphibian
population crisis.
Vocabulary

• ecosystem: A natural unit consisting of a community (the biotic factors) functioning together with all the
nonliving (abiotic), physical factors of the environment.
• model organism: A non-human species that is extensively studied to understand particular biological phenomena.
Summary

• Amphibians can be found in freshwater and moist terrestrial regions of many habitats throughout the world.
• Species within the order Anura are the most widely distributed.
• Salamanders and newts of the order Caudata are generally concentrated in northern regions of temperate zones
located in North America, Europe, and Asia.
• Caecilians can be found living in the soil near rivers and streams in tropical regions of Africa, Central and
South America, and Southeast Asia.
• Currently, almost one-third of all amphibian species face the threat of extinction.
Practice

Use this resource to answer the questions that follow.
• Ecology: Bleak future for amphibians at http://www.nature.com/nature/journal/v480/n7378/full/480461a
.html .
1. Which terrestrial habitats do not have amphibians?
2. What is a major cause of amphibian decline that is not directly connected to human activity?
3. What are the three major threats that amphibians face?
Practice Answers

1. Amphibians occupy every terrestrial habitat except Antarctica and the high Arctic.
2. Scientists discovered in 1998 that there was a pathogenic fungus called Batrachochytrium dendrobatidis that
causes chytridiomycosis, a disease that infects amphibians. This disease is very serious and has led to dramatic
declines in local amphibian populations.
3. Scientists believe that the three largest threats that amphibians face are disease, climate change, and land-use
change.
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Review

1. Frogs are the most widely distributed amphibians. How are they able to survive in areas that have desert
climates?
2. Where can the largest variety of salamanders be found?
3. How are amphibians important to humans?
4. Why is the decline of amphibian species very troublesome for scientists?
Review Answers

1. Although frogs require a body of water to reproduce, they can be found in grassy meadows and deserts. In
more arid environments, they are able to make use of small, temporary pools of standing water when it comes
time to reproduce.
2. The largest variety of salamanders can be found in the United States. They usually live near ponds, lakes,
or streams, but several species are able to reproduce in moist terrestrial environments and do not require a
standing body of water.
3. Some amphibians serve as model organisms that have advanced our understanding of biology. The various
toxins that amphibians produce are being researched for pharmaceuticals, and amphibians are also sources of
food for humans.
4. Currently, almost one-third of all amphibian species face the threat of extinction. This is troubling because
many scientists view amphibians as early indicators of environmental health. They occupy an intermediate
position in the food chain, represent both terrestrial and aquatic species, and also have permeable skin that is
sensitive to pollutants. All three characteristics make them good indicators for the environment.
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1.20 Reptiles - Advanced
• Understand the characteristics of reptiles that distinguish them from amphibians and other vertebrates.
• Learn about the importance of the amniotic egg that first evolved in reptiles.

Why did amphibians evolve into reptiles?
It probably had to do with food and land. Having to live close to water limits the resources available to a species.
Having the ability to live away from water allowed reptiles to search for additional food.
Characteristics of Reptiles

The class Reptilia is one of the largest classes of vertebrates. Modern reptiles live on every continent except
Antarctica. Reptiles are often characterized as dull, slimy, or just scary. But, as you will read here, reptiles are
an ancient group of animals that are well adapted to their environments, and most of them are not scary at all.
Studying reptiles and their relationships with other vertebrates offers us a chance to look into the evolution and
adaptations of organisms that live on land.
Reptiles are air-breathing, ectothermic vertebrates that have skin covered in tough waterproof scales, as shown in the
Figure 1.72. An ectotherm is an organism that warms its body by absorbing thermal energy from its environment.
The heat (therm) comes from outside (ecto) of their bodies. They are tetrapods, which means they have four limbs
or are descended from vertebrates with four limbs.
Reptile eggs are fertilized internally. Internal fertilization is a form of fertilization in which the egg and sperm fuse
within the body of the female. This is distinct from external fertilization, where fusion of eggs and sperm occurs
outside of the organism.
Most reptile species lay eggs, although certain species of snakes and lizards give birth to live young. All reptiles are
amniotes. The amniotes are a group of tetrapod vertebrates that include mammals, reptiles, birds, and dinosaurs.
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FIGURE 1.71
Parson’s chameleon (Calumma parsonii)
is a lizard that has many unusual traits.
It can change its skin color and move
both of its eyes independently.

In ad-

dition to the features that distinguish it
as a chameleon, its skin is covered by
tough waterproof scales made of keratin,
a characteristic of all reptiles.

FIGURE 1.72
Crocodile Scales. This crocodile is covered with tough waterproof scales.

Amniote embryos are protected by several membranes, including the amnion, that surround them. These embryonic
membranes and the lack of a larval stage distinguish amniotes from the amphibians.
Adapted for Life on Land

Reptiles have many adaptations for living on dry land that amphibians do not have. For example, the tough
waterproof scales that form the outer layer of their skin (epidermis) are made of keratin, the same protein that
your hair and nails are made of. They cannot breath through their skin like amphibians can; instead, they breath
entirely through their lungs.
Most reptiles lay amniotic eggs covered with leathery or calcium-containing shells. This allows the eggs to be laid
on land. Amphibian eggs have a jelly-like outer layer and need to be laid in water. Another feature that distinguishes
reptiles from amphibians is that they develop directly into the terrestrial body form with limbs and a thick, scaly
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skin. They do not go through metamorphosis from a larval stage into an adult form like amphibians do.

The Amniotic Egg

The amniotic eggs of reptiles are very different than the eggs of amphibians. The amniotic egg was one of the
evolutionary developments that allowed vertebrates to move permanently onto land and away from the water, which
amphibians need to prevent their eggs from drying out.
An amniotic egg is made up of many components, as shown in the Figure 1.73. The extensive membranes found
within these eggs allow for gas exchange, waste disposal, water retention, and protection of the embryo from the
outside environment.

FIGURE 1.73
A diagram of an amniotic egg. The blastoderm develops into the embryo.

The egg is surrounded by a hard shell, usually made of calcium carbonate. Some eggs have a leathery shell. The
watertight shell prevents water loss from inside the egg and also offers some protection from predators. Although it
is watertight, the eggshell has many tiny pores that allow both oxygen to move into the albumen and carbon dioxide
to move out. The albumen is the embryo’s water supply, but it also assists with the movement of gases from the
embryo to the shell. In addition, it provides some shock protection. The yolk is a fatty food store for the developing
embryo. The chalaza is a twisted string-like structure that suspends the developing embryo in the albumen and also
ensures that it remains above the yolk. The air sac increases in size during incubation and provides the mature chick
with its first breath of air.
An amnion, chorion, and allantois are membranes that develop during embryonic life. Each one has a different
function. The embryo develops from the blastoderm, the red region of the yolk in the Figure 1.73. The amnion,
from which the egg gets its name, develops from membranes that surround the embryo. The amnion is a thin
membrane that contains fluid which suspends and protects the growing embryo. The chorion surrounds the embryo
and other membranes and helps to protect the developing embryo. The allantois contains many blood vessels and
is mostly involved in nutrition and excretion. The allantois collects nitrogenous wastes from the embryo and also
absorbs oxygen through the eggshell for the embryo.
For an animated exploration of the amniotic egg, visit The game-changing amniotic egg at http://www.youtube.c
om/watch?v=Qq0kMEWzdHg (4:30).
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Vocabulary

• air sac: A reservoir of air that provides the mature chick (animal) with its first breath.
• albumen: The embryo’s water supply, which also assists with the movement of gases from the embryo to the
shell and provides some shock protection.
• amnion: A thin membrane that contains fluid which suspends and protects the growing embryo.
• amniotes: An animal that lays eggs that are surrounded by an extensive amniotic membrane to facilitate gas
exchange and waste processing in a terrestrial environment.
• chalaza: A twisted string-like structure that suspends the developing embryo in the albumen; it also ensures
that the embryo remains above the yolk.
• chorion: A membrane that surrounds both the embryo and other membranes and helps protect the developing
embryo.
• ectotherm: An organism that warms its body by absorbing thermal energy from its environment.
• external fertilization: A form of fertilization in which the egg is fertilized outside the female body.
• internal fertilization: A form of fertilization in which the egg and sperm fuse within the body of the female.
• yolk: A fatty food store for the developing embryo.
Summary

•
•
•
•

The class Reptilia is one of the largest classes of vertebrates.
Reptiles are air-breathing, ectothermic vertebrates that have skin covered in tough waterproof scales.
Most reptile species lay eggs, although certain species of snakes and lizards give birth to live young.
All reptiles are amniotes. Amniote embryos are protected by several membranes, including the amnion, that
surround them.

Practice

Use this resource to answer the questions that follow.
• Reptiles at http://animals.about.com/od/reptiles/p/reptiles.htm .
1. Roughly how many species of reptiles are alive today?
2. What is an advantage of being ectothermic as a reptile?
3. How does the reptilian skeleton differ from other animals’ skeletons?
Practice Answers

1. There are an estimated 7,900 species of reptiles alive today.
2. Reptiles are able to survive in areas that have less food because their bodies do not need to constantly use
energy to maintain body temperature.
3. Reptiles have several bones in their lower jaw to enable greater bite mobility. Mammals only have a single
lower jawbone. Reptiles also only have one bone in their ear, compared to three in mammals. Reptiles have
only one occiptal condyle that enables movement of the head, compared to two in amphibians and mammals.
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Review

1. What are some adaptations that make reptiles ideally suited for life on land?
2. Which vertebrates are considered amniotes? What are some major differences between amniotes and amphibians?
3. What usually covers the eggs of reptiles?
4. What provides the embryo with food and water inside a reptile’s egg?
Review Answers

1. Reptiles have tough waterproof scales made of keratin that prevent their body from losing water. Most reptiles
lay amniotic eggs covered with leathery or calcium-containing shells. This allows the eggs to be laid on land.
2. The amniotes are a group of tetrapod vertebrates that include mammals, reptiles, and birds. Amniote embryos
are protected by several membranes, including the amnion, that surround them. These embryonic membranes
and the lack of a larval stage distinguish amniotes from the amphibians.
3. Reptile eggs usually have either a hard shell made of calcium carbonate or a leathery shell. The watertight
shell prevents water loss from inside the egg and also offers some protection from predators.
4. The albumen is the embryo’s water supply, but it also assists with the movement of gases from the embryo
to the shell. In addition, it provides some shock protection. The yolk is a fatty food store for the developing
embryo.
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1.21 Reptile Structure and Function - Advanced
• Discuss some common characteristics that most reptiles share.
• Understand the specialized organs that can be found in certain reptiles such as snakes.

What type of animal likes to sunbathe?
One that cannot use its metabolism to keep warm. Here we have a Galapagos marine iguana warming itself in the
sun. The only sea-going lizard needs to warm up before diving, as it is ectothermic and can only stay in the water
for short periods.
Structure and Function in Reptiles

Reptiles are well adapted for life on land; this becomes evident when studying their body systems.
Circulatory System

Most reptiles have a three-chamber heart that has two atria and one partially divided ventricle, as shown in the
Figure 1.74. Despite the fact that the ventricle is only partially divided, there is little mixing of oxygenated and
deoxygenated blood in the three-chamber heart. Such mixing is controlled by the heart valves and the movement of
the ventricle walls.
The blood flow can be altered to either pump deoxygenated blood to the body or stop blood flow to the lungs.
Pumping blood to the lungs uses up energy, so diverting blood flow can save the reptile energy when it is not very
active, or it can allow longer diving times for aquatic species.
Not all reptiles have a three-chambered heart. For instance, crocodilians have a four-chambered heart like mammals
and birds. However, their four-chambered heart is able to act as a three-chamber heart during dives. Also, it has
been discovered that some snake and lizard species have three-chamber hearts that can act as four-chamber hearts
during contraction.
Thermoregulation

Thermoregulation is the ability of an organism to keep its body temperature within certain limits, even when the
surrounding temperature is very different. For example, the body temperature of the snake in the Figure 1.75 is very
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FIGURE 1.74
The reptilian heart has a partial septum between the ventricles. This
allows better separation of oxygenated and deoxygenated blood. The
separation increases the efficiency of transporting oxygenated blood to
the body. Crocodiles have a completely divided ventricle - they have a
four-chambered heart just like birds and mammals.

different from the temperature of the person holding it. The metabolic rate of reptiles is generally slow, and their
metabolism does not generate enough thermal energy (heat) to maintain a stable body temperature. Instead, reptiles
regulate their body temperature by using behavioral adaptations; they control their body temperature by changing
their location throughout the day. Animals that control their body temperature by changing their behavior throughout
the day are called ectotherms. For example, the crocodile shown in the Figure 1.76 will bask in the morning sun to
absorb thermal energy. If the crocodile’s body temperature rises too much, it will move to a cooler spot under rocks,
trees, or in the water. When its body temperature drops again, it will emerge from the shade to heat its body up.
Ectothermy is the term used to describe creatures that control their body temperature through external means such
as radiation from the sun, convection of warm air, and the conduction of heat from the ground or water.
FIGURE 1.75
A thermographic image of a snake around a person’s arm. A snake’s body
temperature is naturally colder than a human’s body temperature because
snakes are ectothermic. The snake is able to control its body temperature
through its behavior.

A poikilotherm is an organism whose internal temperature can vary and often matches the temperature of its
immediate environment. A poikilotherm’s metabolic rate increases with an increase in its body temperature. A
poikilotherm will not become active until its body has absorbed enough thermal energy. This accounts for the
sluggish early morning behavior of poikilotherms such as snakes, lizards, and crocodiles.
The metabolisms of poikilotherms are generally slow. As a result, poikilotherms needs about [U+2153] to 1/10 less
energy than homeotherms of equivalent weight do. Homeotherms are animals (such as humans) that keep their
body temperature at a constant level. Poikilotherms, therefore, eat only [U+2153] to 1/10 of the food needed by
homeotherms to survive. Some species of snakes and crocodiles can go several days or weeks between meals. Using
the term “cold-blooded” to describe poikilotherms is not accurate and is not used by scientists. Most ectothermic
animals are also poikilotherms. Some ectotherms, however, live in regions with a relatively constant temperature, so
they are technically considered homeotherms.
Respiratory System

All reptiles breathe through their lungs. The reptile lung has a much greater surface area for the exchange of gases
than the lungs of amphibians. Many reptiles’ lungs have little sacs called alveoli, across which gas is exchanged. This
makes their lungs much more efficient than those of amphibians. Lung ventilation is done differently in each main
reptile group. In squamates (scaled reptiles such as lizards and snakes), the lungs are ventilated almost exclusively
by the muscles of the chest wall. These same muscles are used during movement, so most squamates have to hold
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FIGURE 1.76
An Indian marsh crocodile getting heat
from its environment. The crocodile can
increase its body temperature in three
ways.

By basking in the sun, it re-

ceives solar radiation through the air. The
crocodile also gets warmed up by conduction of heat from the rocks below it and
convection of warm air currents across its
body.

their breath while exerting themselves (running fast).
FIGURE 1.77
Reptiles depend entirely on their lungs
for respiration.

Lizards do not have a

diaphragm; instead, their chest muscles
move the chest wall, which inflates and
deflates the lungs.

A few lizard species use their throat muscles to “gulp” air in a process called buccal pumping (a process also used
by amphibians). Animals that use the “buccal pump” method take in air through the nose and move the floor of
their mouth or throat up and down in a way that makes the animal look as if it were gulping air. When its mouth is
full of air, the lizard will push the air down into the lungs. The nostrils are then closed, the glottis opened, and the
floor of mouth is raised, forcing the air into the lungs for gas exchange. To deflate the lungs, the process is reversed.
Mammals, in contrast, use their thoracic diaphragm to inflate and deflate the lungs more directly. To learn more
about the lungs of mammals, read the Mammals and Circulatory and Respiratory Systems chapters.
Crocodilians actually have a muscular diaphragm that is similar to the mammalian diaphragm. The difference in
crocodilians is that the muscles for the their diaphragm pull part of the pelvis back, which brings the liver down and
frees space for the lungs to expand.
How turtles and tortoises breathe has been the subject of much study. To date, only a few species have been studied
well enough to get an idea of how turtles breathe. The problem is that most turtle shells are rigid and do not allow
for the type of movement that other amniotes use to breathe. Some turtles, such as the Indian flapshell (Lissemys
punctata), have a sheet of muscle that surrounds their lungs. When it contracts, the turtle can exhale. When at rest,
the turtle can pull its limbs into its shell to force air out of its lungs.
Unlike other vertebrates, most reptiles lack a secondary palate, which is a division between the nasal cavity and
the oral cavity. Therefore, reptiles must hold their breath while swallowing. Crocodilians have evolved a bony
secondary palate that allows them to continue breathing while remaining submerged (and protect their brains from
getting injured by struggling prey). Snakes have an extended trachea that helps them breathe while swallowing.
Their tracheal extension sticks out like a fleshy straw, as shown in the Figure 1.78, and this allows these animals to
swallow large prey without suffocating.
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FIGURE 1.78
The straw-like tracheal extension of this
eastern hognose (genus Heterodon) can
be seen at the bottom of its mouth. The
extension allows the snake to breathe
while swallowing prey.

Nervous System and Special Sense Organs

A reptile’s brain is dominated by the brain stem and cerebellum, which controls instinctive survival behavior. The
reptilian brain contains the same basic parts as the amphibian brain and are about the same size relative to the size
of the organism. However, the reptile cerebrum and cerebellum are slightly larger than the amphibian cerebrum and
cerebellum. Sense organs, such as the eyes and nose, are well developed. Most reptiles (except snakes) have good
eyesight and a keen sense of smell. In the brains of reptiles such as alligators and crocodiles, the olfactory bulb,
which regulates the sense of smell, is a well developed structure.

Jacobson’s Organ

Snakes are very short-sighted; their eyes are best at focusing on nearby, small objects. Their sense of smell makes
up for their poor eyesight. A snake flicks its forked tongue in and out very rapidly in order to “smell” something,
as shown in the Figure 1.79. By doing this, it carries tiny particles into two little cavities in the roof of its mouth.
These cavities are known as Jacobson’ s organ. Jacobson’s organ consists of two hollow, highly sensitive sac-like
structures in the roof of a snake’s mouth. The snake can place substances gathered on the tip of its tongue into the
organ so that the it can “smell” its surroundings. Snakes either smell with only their nose or smell by using their
Jacobson’s organ.

FIGURE 1.79
Snakes capture scent molecules with their tongue and move them to their
Jacobson’s organ. They “smell” the air with their tongue.

Some snake species, called pit vipers, have a heat-sensing pit organ located between the eye and the nostril on either
side of the head. These pits are sensitive to infrared radiation, effectively giving the snakes a sixth sense that helps
them find the small warm-blooded prey on which they feed.
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Dermal Pressure Receptors

The upper and lower jaws of crocodilians are covered in sensory pits that look like black dots on the skin. These
sensory pits contain bundles of nerve fibers that detect tiny vibrations and small pressure changes in water. These
receptors enable crocodilians to detect prey, danger, and intruders even in total darkness. These sense organs are
known as dermal pressure receptors.
Excretory Systems

Excretion is performed mainly by two small kidneys. In crocodilians, snakes, lizards, and tuatara, uric acid is
the main nitrogen-containing waste product. Turtles, like mammals, mainly excrete urea. Unlike the kidneys of
mammals and birds, reptile kidneys are unable to produce liquid urine that is more concentrated than their body
fluids. This is because they lack a specialized structure present in the nephrons of birds and mammals called the
Loop of Henle. Because of this, many reptiles use the colon to aid in the reabsorption of water. Some are also able
to take up water stored in the bladder. Excess salts are also excreted by salt glands found in the nasal passages and
tongues of some reptiles. Marine iguanas, shown in the Figure 1.80, excrete excess salt through their nasal glands,
and crocodiles excrete salt through their lingual (tongue) salt glands.

FIGURE 1.80
Marine iguanas (Amblyrhynchus cristatus) are found only on the Galápagos Islands of South America. They are unique
among modern lizards in that they swim in
seawater and feed on seaweed. They rid
their bodies of excess salt through their
nasal salt glands. The excreted salt may
build up around their nose, causing the
top of their heads to appear white.

Vocabulary

• ectotherm: An organism that warms its body by absorbing thermal energy from its environment.
• homeotherms: Animals that keep their body temperature at a constant level.
• Jacobson’s organ: Two hollow, highly sensitive sac-like structures in the roof of a snake’s mouth; the snake
places substances gathered on the tip of its tongue into the organ so that the it can “smell” its surroundings.
• poikilotherm: An organism whose internal temperature can vary and often matches the temperature of its
immediate environment.
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• secondary palate: A division between the nasal cavity and the oral cavity, which is found in many vertebrates.
• thermoregulation: The process through which an organism maintains a stable internal body temperature.
Summary

• Most reptiles have a three-chamber heart that has two atria and one partially divided ventricle.
• Reptiles regulate their body temperature by using behavioral adaptations; they control their body temperature
by changing their location throughout the day.
• All reptiles breathe through their lungs.
• Unlike other vertebrates, most reptiles lack a secondary palate, which is a division between the nasal cavity
and the oral cavity.
• Excretion is performed mainly by two small kidneys.
Practice

Use this resource to answer the questions that follow.
• Reptile at http://www.scholastic.com/teachers/article/reptile .
1.
2.
3.
4.

Why do some reptiles shed their skin?
Describe how blood enters and exits a three-chambered reptilian heart.
People have noted that reptiles such as snakes do not blink. Why is this the case?
What function does the Jacobson’s organ serve in snakes?

Practice Answers

1. For some lizards and snakes, their scales do not grow as the animal grows; they must undergo ecdysis in order
to grow larger in size. Other reptiles, such as turtles and crocodilians, have scales that thicken as they grow.
2. Deoxygenated blood enters the right atrium and is passed on to the ventricle. The ventricle pumps the blood
to the lungs. Oxygenated blood returns to the left atrium and is passed on to the same ventricle, from which
blood is pumped to the rest of the body.
3. In some reptiles, such as snakes and lizards, the lower eyelid has become transparent and is permanently fused
to the remnant of the upper eyelid.
4. Snakes flick out their tongue and convey chemical particles back to the Jacobson’s organ where they can be
identified. Snakes can, in a way, smell with their tongues.
Review

1. Describe the circulatory system found in most reptiles. Is there a chance of blood mixing within a reptile
heart?
2. What are the advantages of having a three-chamber heart?
3. How do reptiles regulate their body temperature?
4. What is the difference between poikilotherms and homeotherms? What are reptiles?
5. How do different reptiles breathe?
6. What is a secondary plate? Do reptiles have it?
7. How are the kidneys of reptiles different from those of birds and mammals?
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Review Answers

1. Most reptiles have a three-chamber heart that has two atria and one partially divided ventricle. There is little
mixing of oxygenated and deoxygenated blood in the three-chamber heart. Such mixing is controlled by the
heart valves and the movement of the ventricle walls.
2. In a three-chamber heart, the blood flow can be altered to pump either deoxygenated blood to the body or
stop blood flow to the lungs. Pumping blood to the lungs uses up energy, so diverting blood flow can save the
reptile energy when it is not very active, or it can allow longer diving times for aquatic species.
3. Reptiles regulate their body temperature by using behavioral adaptations; they control their body temperature
by changing their location throughout the day. They use external means such as radiation from the sun,
convection of warm air, and the conduction of heat from the ground or water.
4. A poikilotherm is an organism whose internal temperature can vary and often matches the temperature of
its immediate environment. Homeotherms are animals that keep their body temperature at a constant level.
Most reptiles are poikilotherms, but some live in habitats that have a constant temperature; therefore, they are
considered homeotherms.
5. In squamates (scaled reptiles such as lizards and snakes), the lungs are ventilated almost exclusively by the
muscles of the chest wall. A few lizard species use their throat muscles to “gulp” air in a process called buccal
pumping. Animals that use the “buccal pump” method take in air through the nose and move the floor of their
mouth or throat up and down in a way that makes the animal look as if it were gulping air. When its mouth is
full of air, the lizard will push the air down into the lungs.
6. A secondary plate is a division between the nasal cavity and the oral cavity. Most reptiles do not have a
secondary plate, which means they must hold their breath while swallowing. Crocodiles, however, have
evolved a secondary plate.
7. Unlike the kidneys of mammals and birds, reptile kidneys are unable to produce liquid urine that is more
concentrated than their body fluids. This is because they lack a specialized structure present in the nephrons
of birds and mammals called the Loop of Henle. Because of this, many reptiles use the colon to aid in the
reabsorption of water.
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1.22 Reptile Reproduction - Advanced
• Discuss the different ways that reptiles reproduce.

What are the advantages of a water-tight egg?
Obviously, water-tight eggs can be laid anywhere. They do not have to be kept constantly moist. There is no danger
of the developing fetus dehydrating. A turtle hatching is shown above.
Reproduction in Reptiles

Most reptiles reproduce sexually, although some are capable of asexual reproduction. Fertilization of the eggs
happens inside the body, a process called internal fertilization. All reproductive activity occurs within the cloaca,
the single exit/entrance at the base of the tail where waste also leaves the body. Eggs leave the female’s body through
the cloaca.
Most reptiles have either a penis or a structure called a hemipenis, both of which deliver sperm into the female’s
cloacae during mating. These structures are usually stored inside the body of the male. However, male tuataras do
not have a penis, so the male and female simply press their cloacas together as the male excretes sperm.
Amniotic Eggs

Unlike amphibians, reptiles produce amniotic eggs (see the Figure 1.81). The shell, membranes, and other structures
of an amniotic egg protect and nourish the embryo. They keep the embryo moist and safe while it grows and
develops. They also provide it with a rich, fatty food source (the yolk).
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FIGURE 1.81
The amniotic egg is an important adaptation for fully terrestrial vertebrates. It first
evolved in reptiles. The shells of reptile
eggs are either hard or leathery.

Asexual Reproduction

Asexual reproduction has been identified in six families of lizards and one snake family. A form of asexual
reproduction called parthenogenesis occurs in several species of geckos and other lizards. Parthenogenesis is an
asexual form of reproduction found in females where growth and development of an egg into an embryo occurs
without fertilization by males.
Parthenogenesis occurs naturally in some species including most lower plants, invertebrates such as water fleas,
aphids, and some bees. Parthenogenesis has also been observed in vertebrates such as some reptiles and sharks.
Parthenogenesis has been studied in the New Mexico whiptail lizard (genus Cnemidophorus), shown in the Figure
1.82.

FIGURE 1.82
The asexual, all-female whiptail species
Cnemidophorus neomexicanus (center)
reproduces by parthenogenesis.

It is

flanked by two sexual species that have
males: C. inornatus (left) and C. tigris
(right). C. inornatus and C. tigris can interbreed to form the all female C. neomexicanus species. Whiptail lizards live in the
southern United States and Mexico.

Parthenogenesis is a true reproductive process because it creates a new individual or individuals from the naturally
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varied genetic material contained in the eggs of the mother. A litter of animals resulting from parthenogenesis may
contain all genetically unique siblings without any twins or multiple numbers from the same genetic material.
As with all types of asexual reproduction, there are both costs (low genetic diversity) and benefits (reproduction
without the need for a male) associated with parthenogenesis. The offspring produced by parthenogenesis are always
female in species where the sex of the offspring is determined by the sperm (XY chromosome system), and they are
male in species where the sex of the offspring is determined by the egg (as in the ZW chromosome system).
Most mammals have the XY chromosome system. XX individuals are female, and XY individuals are male. Other
organisms, such as birds and butterflies, have the ZW chromosome system. ZW individuals are female, and ZZ
are males. Sex can also be determined by the environment; for example, the sex of crocodilians and turtles are
dependent on the incubation temperatures of the eggs. To learn more about the XY chromosome system, read the
Human Genetics chapter.
Egg Laying and Parental Care

The majority of reptile species lay eggs, although certain species of squamates, such as snakes, give birth to live
young. This is done in two ways: by keeping the eggs inside the mother’s body until they hatch or developing
offspring without forming any eggs.
Oviparous animals lay eggs with little or no other embryonic development within the mother. This is the reproductive method used by most fish, amphibians, and reptiles, all birds, the monotremes, and most insects and arachnids.
Dinosaurs laid eggs, some of which have been preserved as petrified fossils.
Viviparous animals give birth to live young; the embryo develops inside the body of the mother, as opposed to
outside, in an egg. The more developed form of vivipary is called placental viviparity; mammals are the best
example of this, but it has also evolved independently in other animals such as scorpions and some sharks. Viviparous
offspring live independently and need to eat from birth. Many of the viviparous species feed the growing fetuses
through a placenta that is similar to those of mammals.
Ovoviviparous animals develop within eggs that remain within the mother’s body up until they hatch or are about
to hatch. It is similar to vivipary in that the embryo develops within the mother’s body. Unlike the embryos of
viviparous species, ovoviviparous embryos are nourished by the egg yolk rather than by the mother’s body. However,
the mother’s body does provide for gas exchange.
Many reptile parents have little to do with their offspring once the eggs are laid, hatched, or born. The young are
able to move about as soon as they are hatched, as shown in the Figure 1.83. For example, female turtles lay their
eggs on sandy beaches and then return to the sea, having nothing more to do with their young. Female crocodilians,
on the other hand, are protective of their nests and will attack anything that appears to be a threat to her eggs.
The mother crocodilian will defend the nest from predators and will assist the hatchlings to water. She will protect
the young for about a year if they remain in the area. The largest threat to young crocodilians are adult crocodilians.
Predation by adults on the young can account for a large number of mortalities of young individuals.
Vocabulary

• amniotic egg: An egg with a water-impermeable amniotic membrane surrounding a fluid-filled amniotic
cavity; this permits embryonic development on land without the danger of water-loss.
• cloaca: A compartment shared by the digestive, excretory, and reproductive organs; digestive waste arriving
from the intestine, excretory waste arriving from the kidneys, and eggs and sperm arriving from the reproductive organs all exit the body through an opening in the cloaca.
• internal fertilization: A form of fertilization in which the egg and sperm fuse within the body of the female.
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FIGURE 1.83
A baby tortoise emerges from its shell.
Once it hatches, this young turtle is on
its own. It will instinctively move towards
the sea, where it will begin its life without
protection from its parents.

• oviparous: Describes animals that lay eggs with little or no other embryonic development within the mother.
• ovoviviparous: Describes animals that develop within eggs that remain within the mother’s body up until they
hatch or are about to hatch.
• parthenogenesis: A form of asexual reproduction where growth and development of embryos occur without
fertilization.
• viviparous: Describes animals that give birth to live young; the embryo develops inside the body of the
mother, as opposed to outside, in an egg.
• yolk: A fatty food store for the developing embryo.
Summary

• Most reptiles reproduce sexually, although some are capable of asexual reproduction.
• Asexual reproduction has been identified in six families of lizards and one snake family.
• The sex of reptile offspring can be determined by the environment.
Practice

Use this resource to answer the questions that follow.
• Reproductive Behaviour: Reptiles at http://www.britannica.com/EBchecked/topic/498588/reproductive-be
haviour/48577/Reptiles .
1. What are the main stimuli involved in turtle courtship behavior?
2. How do lizards utilize sensory mechanisms in their reproductive activities?
3. What are the skin papillae found on male snakes used for?
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Practice Answers

1. Turtle courtship behavior involves mainly tactile stimuli and olfactory clues.
2. Lizards use vocalizations, tactile stimuli, olfactory stimuli, and sometimes visual displays in order to attract
mates.
3. Male snakes use skin papillae on their throats to rub females during courtship.
Review

1. Some reptiles reproduce using parthenogenesis, a form of asexual reproduction. Can those offspring still have
genetic variation?
2. What are the costs and benefits of parthenogenesis?
3. How do male reptiles usually fertilize females?
Review Answers

1. Even if they are produced through parthenogenesis, there can still be genetic variation in offspring. Each
offspring is different because of the varied genetic material contained in the eggs of the mother.
2. The costs of parthenogenesis include low genetic variety. The benefits include no need to find a mate.
3. Most reptiles have either a penis or a structure called a hemipenis, both of which deliver sperm into the
female’s cloaca during mating. These structures are usually stored inside the body of the male. However,
male tuataras do not have a penis, so the male and female simply press their cloacae together as the male
excretes sperm.
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1.23 Reptile Classification - Advanced
• Discuss how reptiles are traditionally classified and how molecular evidence has changed traditional views.
• Understand the differences between crocodiles and alligators.

With so many possible colors, how would a chameleon be classified?
Chameleons are a distinctive and highly specialized type of lizard. They are distinguished partly by their parrotlike feet, their separately mobile and stereoscopic eyes, their very long, highly modified, and rapidly extrudable
tongues, crests or horns on their distinctively shaped heads, and the ability of some to change color. But there are
approximately 160 species of chameleons. So how are they classified?
Classification of Reptiles

In traditional taxonomy, reptiles were classified based on their physical features (morphology); they are ectothermic, their skin is covered in scales, and they are amniotes. Reptiles include all the amniotes except birds and
mammals. Reptiles were defined as the animals that include crocodiles, alligators, tuatara, lizards, snakes, amphisbaenians, and turtles. All of these organisms were grouped together as the class Reptilia (from Latin repere, "to
creep").
However, recent molecular studies of the relationships between different amniotes differ from paleontological and
morphological evidence. There have been suggested changes to the classification of reptiles to better reflect evolutionary relationships. For example, some taxonomists include birds in the class Reptilia because there is evidence
that birds arose from the same reptilian ancestors as modern reptiles. For this reason, there are slight differences
between the biological classification and the phylogenetic classification of reptiles. A commonly used classification
of reptiles divides them into four groups, as listed in the Table 1.3. For more information on how organisms are
classified and on taxonomy and phylogeny, read the Animals: Classification (Advanced) concept.
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TABLE 1.3: Classification of Reptiles (Class Reptilia)
Class

Order

Reptilia

Crocodilia

Number of Known
Species
23

Examples

-

Three Families:
Crocodylidae
(Crocodiles),
Gavialidae
(Gharials),
Alligatoridae
(Caimans and
Alligators)
-

Sphenodontia

2
Tuataras
(Sphenodons)

-

Squamata

About
Species

-

Testudines

About 300 Species

7,900

Lizards,
Snakes,
and Amphisbaenids
("Worm-lizards")

Turtles, Terrapins,
and Tortoises

Is it a Crocodile or an Alligator?

Crocodiles and alligators can be mistaken for each other because, at first glance, they look so alike. But if you study
them a little closer, the differences between these crocodilian families become clearer. The physiological differences
indicate differences in diet and lifestyles between the crocodilians. Some of these differences include the following:
• Jaw/snout shape. Alligators have U-shaped heads, while crocodiles’ heads are V-shaped. Caimans generally
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have much narrower snouts, and, for this reason, they are not easily confused with crocodiles or alligators.
• Tooth arrangement. The upper jaw of alligators is wider than their bottom jaw; when an alligator closes its
mouth, the teeth of its bottom jaw are hidden. The top and bottom jaws of a crocodile are about the same size.
When a crocodile closes its mouth, the teeth of its bottom jaw are visible.
• Classification difference. The three families of crocodilians are Crocodylidae (crocodiles), Gavialidae (gharials), and Alligatoridae (caimans and alligators).
For more differences between crocodiles and alligators, visit the Crocodilian Biology Database at http://www.flmnh
.ufl.edu/cnhc/cbd-faq-q1.htm .
Vocabulary

• amniotes: Animals that lay eggs that are surrounded by an extensive amniotic membrane to facilitate gas
exchange and waste processing in a terrestrial environment.
• ectothermic: Of or relating to an animal that must regulate its body temperature from the outside through
behavioral changes such as basking in the sun. It is also known as cold-blooded.
• taxonomy: A method of organizing living things into groups.
Summary

• In traditional taxonomy, reptiles were classified based on their physical features (morphology).
• Recent molecular studies of the relationships between different amniotes differ from paleontological and
morphological evidence.
• A commonly used classification of reptiles divides them into four groups: Crocodilia, Sphenodontia, Squamata, and Testudines.
Practice

Use this resource to answer the questions that follow.
• The Basic Reptile Groups at http://animals.about.com/od/reptiles/tp/reptilegroups.htm .
1.
2.
3.
4.

Which group of reptiles are the closest relatives of birds?
Which group of reptiles is the most diverse?
How do tuataras differ from other lizards?
Which modern day reptiles are the oldest in evolutionary terms?

Practice Answers

1.
2.
3.
4.
126

The crocodiles are the closest living relatives of birds.
The squamates are the most diverse reptile group, consisting of 7,400 living species.
Tuataras have a skull that is not jointed, unlike other lizards.
Turtles are the most ancient reptiles alive today. They first appeared over 200 million years ago.
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Review

1. Why is there dispute over how to classify reptiles?
2. What are the four main groups of reptiles?
3. What are some of the physiological differences between alligators and crocodiles? Why did these different
features arise?
Review Answers

1. In traditional taxonomy, reptiles were classified based solely on their morphology. Molecular studies suggest
that this method might be incorrect. Birds, for example, should belong to the class Reptilia because they
descended from the same ancestors as modern reptiles.
2. A commonly used classification of reptiles divides them into four groups: Crocodilia, Sphenodontia, Squamata, and Testudines.
3. Alligators have a u-shaped head and hidden bottom teeth. Crocodiles have a v-shaped head and show both
top and bottom teeth. These physical differences arose from differences in diet and lifestyles between the
crocodilians.
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1.24 Crocidilia - Advanced
• Discuss the characteristics that are distinctive to crocodilians.
• Understand the variation between different crocodilians.

A monster from a The Hobbit or Lord of the Rings ?
Actually, this is the eye of a Nile crocodile. Although crocodiles were around during the time of the dinosaurs, they
are not classified as monsters, though they are known to eat anything - including humans - when necessary. And
they are extremely well adapted to their environments.
Order Crocodilia

Ancestors of the crocodilians appeared about 220 million years ago in the Triassic Period and exhibited a wide
diversity of forms during the Mesozoic Era. Crocodilia is an order of large reptiles that appeared about 84 million
years ago in the late Cretaceous Period. Some members of the order are shown in the Figure 1.84. They are the
closest living relatives of birds.
Crocodilians have a semi-erect posture, as shown in the Figure 1.84. Their legs are not positioned beneath their
bodies like a cat’s or a deer’s legs. Instead, the legs stick out from the sides of the reptile’s body. This gives them a
semi-sprawled posture in which their abdomen is kept close to the ground. The semi-erect posture makes it possible
for some species to gallop on land if needed. Crocodilian ancestors were fast-moving, terrestrial predators that
had a fully erect posture. Scientists believe that the semi-erect posture and slow-walking movements of modern
crocodilians are not primitive traits, but specializations for their semi-aquatic lifestyle and their role as ambush
predators.
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Teeth and Jaws

All crocodilians have teeth set in bony sockets, just like humans. Unlike mammals, crocodilians replace their teeth
throughout their lives. A single crocodilian can go through at least 3,000 teeth in its lifetime! Each tooth is hollow,
and the new one is growing inside the old. In this way, a new tooth is ready once the old one is lost. Crocodilians
have a range of jaw shapes, as shown in the Figure 1.84.
Alligators have broad jaws and snouts that are developed for great biting power. The bones of their broad jaws can
withstand the great stress caused by breaking open turtle shells and other hard-shelled animals on which alligators
feed. The more pointed jaw of a crocodile is not as strong as the wide alligator snout, but crocodiles can still exert
great biting force. Crocodiles are more generalized feeders than alligators, and the shape of their jaws allows them
to feed on a wide range of prey. Gharials are more specialized fish feeders. Their thin, narrow jaws allow for quick
motion underwater to catch fast-moving fish. Their elongated jaws are also lined with many interlocking, razor-sharp
teeth, which enables them to hold onto their prey.
FIGURE 1.84
Members of the order Crocodilia. Counter-clockwise from the top are
the following: Indian gharial (Gavialis gangeticus), American alligator
(Alligator mississippiensis), and Nile crocodiles (Crocodylus niloticus).
While often confused with each other, alligators and crocodiles belong to
two quite separate taxonomic families. One generally reliable rule is that
alligators have U-shaped heads, while crocodiles’ heads are V-shaped.

Crocodilians have a bony secondary palate (a division between the nasal cavity and the mouth cavity). This
secondary palate enables them to breathe when partially submerged, even if their mouth is full of water. Their
internal nostrils open in the back of their throat, where a special part of the tongue called the palatal valve closes
off their respiratory system when they are underwater. This way they can open their mouths underwater without
choking. Most other reptiles lack a secondary palate.
Crocodiles and gharials have modified salivary glands on their tongues (lingual salt glands), which are used for
excreting excess salt ions from their bodies. This indicates to scientists that, at some point, the common ancestor of
Crocodilians was adapted to living in saltwater environments. This also explains the wide distribution of crocodilians
across many continents (they swam in the sea to other continents). Species like the saltwater crocodile (Crocodylus
porosus) can survive long periods of time in the sea and can also hunt prey there too.
Internal Organs

Like mammals and birds but unlike other reptiles, crocodilians have a four-chambered heart; however, unlike
mammals, oxygenated and deoxygenated blood can be mixed because of the presence of the left aortic arch. The
right ventricle has two arteries leaving it: a pulmonary artery, which goes to the lungs, and the left aortic arch, which
goes to the body, or systemic circulation.
They have alveoli in their lungs and a unique sheet of muscle, which is similar to the diaphragm of mammals, that
acts as a piston to breathing, allowing the lungs to inflate. The difference in crocodilians is that the muscles for the
diaphragm pull part of the pelvis back, which brings the liver down and frees space for the lungs to expand.
Crocodilians are known to swallow stones, called gastroliths ("stomach-stones"), which aid in the digestion of food.
The crocodilian stomach is divided into two chambers; the first one is powerful and muscular like a bird gizzard.
This is where the gastroliths are found. The other stomach has the most acidic digestive system of any animal, and
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it can digest mostly everything, including their prey, bones, feathers, and horns.
Sensory Organs

Like all reptiles, crocodilians have a relatively small brain, but it is more advanced than in other reptiles. Crocodilians
have a true cerebral cortex, which makes them one of the more intelligent reptiles. The olfactory bulb, which
regulates their well developed sense of smell, is a large and important structure in the crocodilian brain, as shown in
the Figure 1.85.
FIGURE 1.85
The crocodilian brain.

The brains of

crocodiles, caimans, and alligators are
more advanced than the brains of other
reptiles.

As in many other aquatic or amphibian tetrapod animals, the eyes, ears, and nostrils are all located on the same plane
of the upper (dorsal) part of the head. Crocodilians see well during the day and may even have color vision, plus
their eyes have a vertical, cat-like pupil which also gives them excellent night vision. A third, transparent eyelid,
the nictitating membrane, protects their eyes underwater. However, they cannot focus under water, meaning other
senses are more important when they are submerged.
The upper and lower jaws of crocodilians are covered with sensory pits, seen as small, black dots on their skin.
These pigmented nodules encase bundles of nerve fibers that respond to disturbances in surface water. These sensory
receptors detect vibrations and small pressure changes in water, making it possible for crocodilians to detect prey,
danger, and intruders even in total darkness. These sensory organs are known as dermal pressure receptors (DPRs).
DPRs are the crocodilian version of the lateral organ in fish and many amphibians.
While alligators and caimans have DPRs only on their jaws, crocodiles have DPRs on almost every scale of their
body. The function of the DPRs on the jaws is clear, but it is still not quite clear what the organs on the rest of the
body in crocodiles actually do. Scientists believe they may act as additional chemical receptors or salinity detectors.
Skin and Skeleton

The skin of crocodilians is covered with non-overlapping scales made of alpha keratin (a-keratin), the same protein
that forms the scales of other reptiles and the feathers of birds. The scales are shed individually. The skin on the head
is actually fused to the bones of the skull. There are small plates of bone, called osteoderms or scutes, under the
scales. Osteoderms are found especially on the back and, in some species, also on the belly. The rows of osteoderms
cover the crocodile’s body from head to tail, forming a tough protective armor. Beneath the scales and osteoderms is
another layer of armor, both strong and flexible and built of rows of bony, overlapping shingles called osteoscutes,
which are embedded in the animal’s back tissue. The blood-rich, bumpy scales seen on the backs of crocodilians act
as little solar panels that capture thermal energy from the sun.
Vocabulary

• dermal pressure receptors (DPRs): Sensory organs that detect vibrations and small pressure changes in
water, making it possible for crocodilians to detect prey, danger, and intruders even in total darkness.
• gastroliths: Stones that are swallowed by crocodilians (stomach-stones), which aid in the digestion of food.
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• nictitating membrane: A third, transparent eyelid of crocodilians which protects their eyes underwater.
• osteoderm: A bony, external plate or scale. Examples include the shell of a turtle, the skin of crocodilians,
the feet of some birds, and the anterior portion of some insects; they are also known as scutes.
• osteoscutes: Bony, overlapping shingles that form a layer of armor beneath the osteoderms.
• palatal valve: A special part of the tongue of crocodiles that closes off their respiratory system when they are
underwater.
• scute: A bony, external plate or scale. Examples include the shell of a turtle, the skin of crocodilians, the feet
of some birds, and the anterior portion of some insects; they are also known as osteoderms.
Summary

• Alligators have broad jaws and snouts that are developed for great biting power.
• Crocodilians have a bony secondary palate (a division between the nasal cavity and the mouth cavity).
• Like mammals and birds but unlike other reptiles, crocodilians have a four-chambered heart; however, unlike
mammals, oxygenated and deoxygenated blood can be mixed because of the presence of the left aortic arch.
• Crocodilians are known to swallow stones, called gastroliths ("stomach-stones"), which aid in the digestion of
food.
• The upper and lower jaws of crocodilians are covered with sensory pits, seen as small, black dots on their skin.
Practice

Use this resource to answer the questions that follow.
• Crocodilians at http://animals.about.com/od/reptiles/p/crocodilia.htm .
1.
2.
3.
4.

What adaptation protects a crocodilian’s eyes while it is underwater?
How do crocodilians take care of their young?
Describe a few methods with which crocodilians hunt.
What are diapsids?

Practice Answers

1. Crocodilians have transparent eyelids that can be closed to protect their eyes underwater.
2. Females usually lay their eggs on land, in a nest built out of vegetation and mud. After the offspring hatch, the
female usually cares for them until they are large enough to defend themselves. Some females carry hatchlings
in their mouth.
3. Some crocodilians lie motionlessly beneath the surface of the water and ambush any prey that get close. Others
catch fish with a quick swipe of their head or lunge at nearby waterfowl.
4. Crocodilians are diapsids, a group of reptiles that possess two holes on each side of their skull.
Review

1. Briefly describe the differences in jaw structure among crocodilians.
2. What does the secondary plate allow crocodilians to do?
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What do the lingual salt glands tell us about the origins of crocodiles?
Describe how a crocodilian heart differs from other animals’ hearts.
Some crocodilians are known to swallow stones. Why is this?
What are the small, black dots that can be seen on the jaws of crocodilians?

Review Answers

1. Alligators have broad jaws and snouts that are developed for great biting power. The more pointed jaw of a
crocodile is not as strong as the wide alligator snout, but crocodiles can still exert great biting force. Crocodiles
are more generalized feeders than alligators, and the shape of their jaws allows them to feed on a wide range
of prey. Gharials are more specialized fish feeders. Their thin, narrow jaws allow for quick motion underwater
to catch fast-moving fish.
2. The secondary palate enables crocodilians to breathe when partially submerged, even if their mouth is full of
water. Their internal nostrils open in the back of their throat, where a special part of the tongue called the
"palatal valve" closes off their respiratory system when they are underwater. This way they can open their
mouths underwater without choking.
3. Crocodiles and gharials have modified salivary glands on their tongues (lingual salt glands), which are used
for excreting excess salt ions from their bodies. This indicates to scientists that, at some point, the common ancestor of crocodilians was adapted to living in saltwater environments. This also explains the wide distribution
of crocodilians across many continents.
4. Like mammals and birds but unlike other reptiles, crocodilians have a four-chambered heart; however, unlike
mammals, oxygenated and deoxygenated blood can be mixed because of the presence of the left aortic arch.
The right ventricle has two arteries leaving it; a pulmonary artery, which goes to the lungs, and the left aortic
arch, which goes to the body, or systemic circulation.
5. Crocodilians are known to swallow stones, called gastroliths, which aid in the digestion of food. The crocodilian stomach is divided into two chambers; the first one is powerful and muscular like a bird gizzard. This is
where the gastroliths are found.
6. The small, black dots are dermal pressure receptors that detect vibrations and small pressure changes in water,
making it possible for crocodilians to detect prey, danger, and intruders even in total darkness.
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1.25 Sphenodontia - Advanced
• Understand the characteristics of the order Sphenodontia.
• Discuss why tuataras are endangered.

If it’s not a lizard, what is it?
The tuatara is a reptile that is endemic to New Zealand. Although it resembles most lizards, it is actually part of a
distinct lineage. Their teeth, of which two rows in the upper jaw overlap one row in the lower jaw, are unique among
living species. They are even more unusual in that they have a photoreceptive eye dubbed the "third eye."
Order Sphenodontia

Sphenodontia includes only one living genus that has just two living species, both tuataras (Sphenodon). The tuatara
is a sphenodont that is found only in New Zealand. The two species of tuatara are the only surviving members of the
sphenodontians, who lived around 200 million years ago. Tuataras resemble lizards but are equally related to lizards
and snakes, both of which are classified as Squamata. For this reason, tuataras are of great interest both for the study
of the evolution of lizards and snakes and for the reconstruction of the appearances and habits of a group of reptile
ancestors called diapsids (the group that additionally includes birds and crocodiles).
The tuataras are members of very ancient species; they have barely changed over 140 million years. Tuataras are
greenish brown and measure up to 80cm from head to tail-tip. They have a spiny crest along their back, which is
especially pronounced in males, as shown in the Figure below.
Their teeth, of which two rows in the upper jaw overlap one row in the lower jaw, are unique among living species.
Their teeth are extensions of their jaw bones, rather than individual teeth sitting in bony sockets.
They are able to hear, although no external ear or eardrum is present, and they have a number of unique features in
their skeleton, some of which are apparently retained from fish. Tuataras are considered to be the most unspecialized
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living amniote; their brain resembles those of amphibians, and their heart is more primitive than any other reptile’s
heart. Tuataras eat mostly beetles, crickets, and spiders. They also occasionally eat frogs, lizards, bird’s eggs, and
chicks.
Tuataras have one of the slowest growth rates of all reptiles. They continue to grow for the first 35 years of their lives.
The average lifespan is about 60 years, but they can live to be over 100 years old. Their slow rate of reproduction
has contributed to the drop in the number of tuataras, especially in the face of predation by rats and domesticated
animals. They reproduce very slowly, taking ten years to reach sexual maturity. Females mate and lay eggs once
every four years. Tuatara eggs have a soft, parchment-like shell. It takes the females between one and three years
to provide eggs with yolk and up to seven months to form the shell. It then takes between 12 and 15 months from
mating to hatching. The sex of a hatchling depends on the temperature of the egg, with warmer eggs tending to
produce males and cooler eggs producing females. This suggests that sex determination in tuataras is determined by
both genetic and environmental factors.
The tuatara has been classified as an endangered species since 1895. Tuataras, like many of New Zealand’s native
animals, are threatened by habitat loss and the introduced Polynesian rat (Rattus exulans). Conservation efforts have
helped increase the number of tuataras, and they have been recently reintroduced into areas of New Zealand.

FIGURE 1.86
The habitiat of tuataras. For a long time, tuataras were found only on 32
offshore islands of New Zealand. They were extinct in the main islands
of New Zealand. The offshore islands have few animal species living
on them. However, Polynesian rats had recently become established on
several of the islands, and tuatara were not breeding on these islands.

Vocabulary

• amniotes: Animals that lay eggs that are surrounded by an extensive amniotic membrane to facilitate gas
exchange and waste processing in a terrestrial environment.
Summary

• Sphenodontia includes only one living genus that has just two living species, both tuataras.
• Tuataras are considered to be the most unspecialized living amniote.
• Their slow rate of reproduction has contributed to the drop in the number of tuataras.
Practice

Use this resource to answer the questions that follow.
• Tuatara at http://www.bbc.co.uk/nature/wildfacts/factfiles/3052.shtml .
1. Where are tuataras found?
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2. What kind of habitats do tuataras prefer?
3. What do tuataras eat?
4. When are tuataras most active?
Practice Answers

1. Tuataras used to be found on the main islands of New Zealand, but they are restricted to 30 small islands
today. The rarer species, Sphenodon guntheri, is found only on North Brother Island.
2. Tuataras prefer to inhabit the forests and pastures near seabird colonies or coastal broad-leaf forests.
3. Tuataras consume insects and other terrestrial vertebrates. They are also known to eat lizards, their own young,
and seabirds.
4. Adult tuataras are mainly nocturnal, although juveniles are more active during the daytime. This may be due
to the danger that adults pose.
Review

1.
2.
3.
4.

Why are tuataras of special interest to scientists studying evolution?
What is unique about the teeth of tuataras?
Why are tuataras considered to be the most unspecialized living amniote?
What is one major reason tuatara numbers are so low?

Review Answers

1. Tuataras are equally related to lizards and snakes, both of which are classified as Squamata. For this reason,
tuataras are of great interest both for the study of the evolution of lizards and snakes and for the reconstruction
of the appearances and habits of a group of reptile ancestors called diapsids.
2. Tuataras have two rows of teeth in the upper jaw that overlap one row in the lower jaw. This is unique among
living species. Their teeth are extensions of their jaw bones, rather than individual teeth sitting in bony sockets.
3. Tuataras are considered to be the most unspecialized living amniote because their brains resemble those of
amphibians, and their hearts are more primitive than any other reptile’s heart.
4. Tuatras reproduce very slowly, taking ten years to reach sexual maturity. Females mate and lay eggs once
every four years. It then takes between 12 and 15 months from mating to hatching. This slow reproductive
cycle has significantly contributed to the drop in the number of tuataras.
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1.26 Squamata - Advanced
• Explore the different suborders that make up the diverse order known as Squamata.
• Discuss the behaviors of lizards and reptiles in the suborder Amphisbaenia.

What has an orange head, a green-blue body, and a red tail?
The Orange-throated Flat Lizard (Platysaurus monotropis) is a species of lizard in the Cordylidae family. These
lizards are found only in large sandstone outcrops of the savannah, on the foothills in the Limpopo Province, South
Africa.
Order Squamata

Squamata (scaled reptiles), which includes lizards and snakes, is the largest recent order of reptiles. Members of
the order are distinguished by their skin, which bears horny scales or shields. They also have movable jaw bones,
making it possible for them to move their upper jaw relative to their skull. The movable jaws are most notable in
snakes, which are able to open their mouths very wide to swallow large prey. This is also the only reptile group that
has both viviparous and ovoviviparous species, as well as the usual oviparous reptiles.
Classically, the order is divided into three suborders:
• Lacertilia, the lizards.
• Amphisbaenia, the worm lizards.
• Serpentes, the snakes (which will be discussed in the next concept, Reptiles: Snakes).
Lizards

Most lizards have four legs and external ear openings, although there are some legless species. The presence of
movable eyelids and external ear openings are used to distinguish lizards from snakes, as snakes do not have these
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features. The adult length of lizard species ranges from a few centimetres (some Caribbean geckos) to nearly three
meters (the adult length of Komodo dragons, shown in the Figure 1.87).
FIGURE 1.87
The largest lizard.

Two Komodo drag-

ons foraging near a park on Komodo Island, Indonesia.

Komodo dragons are

the largest living species of lizard, growing to an average length of 2–3metres
(approximately 6.5–10 ft).

The lizards

often look for water sources in houses
and other buildings, which puts them into
direct contact with humans. They have
been known to attack people, so a thirsty
Komodo dragon can be a nasty surprise
for human inhabitants. The relationship
between the dragons and humans is often
unfriendly.

Lizards have a variety of colors, appearances, and sizes. Due to their smooth, shiny appearance, some lizards can
appear slimy or slippery, although their skin is actually very dry; they do not have pores in their skin to excrete water
and oils. All lizards are capable of swimming if needed, and a few (such as the Nile monitor) are quite comfortable
in aquatic environments.
Some lizard species, including the glass lizard and legless lizards, do not have legs. They are distinguished from
true snakes by the presence of eyelids, external ear openings, and a tail that can sometimes break off as a physical
defense mechanism. Many lizards are good climbers or fast sprinters. Some lizards, such as the collared lizard, can
run on two legs. Most lizards are oviparous, although a few species are viviparous. Many are also able to regrow
lost limbs or tails.

Self-Defense

Many lizards can change color in response to their environment or in times of stress. The most familiar example is
the chameleon, but more subtle color changes occur in other lizard species such as the anole, which is shown in the
Figure 1.88.
Geckos, skinks, and other lizards that are captured by their tail are able to break off their tail and run away. This is a
self-defense mechanism called autotomy (from the Greek auto = "self" and tomy = "severing"). Breaking off part of
its body allows the lizard to escape from a predator. The detached tail will continue to wriggle, creating a distraction
that gives the lizard time to flee. The animal can partially regenerate its tail over a period of weeks.
Lizards feed on a wide variety of foods including fruits and vegetation, insects, small tetrapods, carrion, and even
(in the cases of large predatory lizards) large prey such as deer and other big animals.
Only two lizard species have proven to be venomous: the Mexican beaded lizard and the closely-related Gila monster,
shown in the Figure 1.89. Both venomous lizards live in northern Mexico and the southwestern United States. Their
bites can cause serious injuries because of their powerful jaws, but no human fatalities have ever been recorded.
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FIGURE 1.88
The green anole (Anolis carolinensis) is
a lizard found primarily in the southeastern parts of the United States and some
Caribbean islands.

When stressed or

threatened, the bright green skin of the
anole turns brown. Green anoles are also
able to break their tails away from their
bodies to get away from a predator. This
male anole is showing his red dewlap,
probably in a territorial display.

Amphisbaenia

The Amphisbaenia are a suborder of usually legless squamates that are closely related to lizards and snakes. They
are often called “worm lizards” because they look like earthworms (see the Figure 1.90). However, they are not
related to worms. Little is known about their behavior; they are very poorly understood because of their burrowing
lifestyle and rarity. Most species are found in Africa and South America, with a few in other parts of the world.
Most species are less than 15 cm (6 inches) long.
The skin of amphisbaenians is only loosely attached to the body, and they move using an accordion-like motion in
which the skin moves and the body seemingly just drags along behind it. They are also able to perform this motion
just as effectively in reverse.
Vocabulary

• autotomy: A self-defense mechanism consisting of the ability to break off (sever) a body part; geckos, skinks,
and other lizards that are captured by their tail are able to break off their tail and run away.
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FIGURE 1.89
Gila monsters (Heloderma suspectum)
can grow up to 60 cm (2 ft) long. The
Gila monster injects venom into its victim
through grooves in the teeth of its lower
jaw.

FIGURE 1.90
Members of the order Amphisbaenia are
commonly called worm lizards or mole
lizards due to their similarity to worms
and their burrowing lifestyle. Many worm
lizards have a pink body color and scales
arranged in rings, which can cause them
to be mistaken for earthworms.

• oviparous: Describes animals that lay eggs with little or no other embryonic development within the mother.
• ovoviviparous: Describes animals that develop within eggs that remain within the mother’s body up until they
hatch or are about to hatch.
• regenerate: To replace (a lost or damaged organ or part) by formation of new tissue.
• viviparous: Describes animals that give birth to live young; the embryo develops inside the body of the
mother, as opposed to outside, in an egg.
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Summary

• Squamata (scaled reptiles) is the largest recent order of reptiles and includes lizards and snakes.
• Members of the order Squamata are distinguished by their skin, which bears horny scales or shields.
• The presence of movable eyelids and external ear openings are used to distinguish lizards from snakes, as
snakes do not have these features.
• The Amphisbaenia are a suborder of usually legless squamates that are closely related to lizards and snakes.
Practice

Use this resource to answer the questions that follow.
• Squamates at http://animals.about.com/od/lizardsandsnakes/p/squamata.htm .
1.
2.
3.
4.

How diverse is the order Squamata?
What are two characteristics that are common to all squamates?
When did squamates first appear in the fossil record?
What living reptiles are closely related to squamates?

Practice Answers

1. The order Squamata is the most diverse of all the reptile groups and has approximately 7,400 living species.
2. All squamates must shed their skin periodically, while other reptiles regenerate their scales through other
means. Another characteristic of squamates is their uniquely jointed skulls and jaws that allow them to
consume larger prey.
3. The oldest fossils of squamates date back to the mid Jurassic, although they probably appeared before that.
4. The tuataras are the closest living relatives of squamates, followed by the crocodiles and birds.
Review

1.
2.
3.
4.

What distinguishes the order Squamata from other orders of reptiles?
Some lizards do not have legs. Give examples of such lizards. How are they different from snakes?
Several species of lizards use a self-defense mechanism known as autotomy. What is autotomy?
Why are lizards in the Amphisbaenia suborder sometimes known as "worm lizards?"

Review Answers

1. Members of the order Squamata are distinguished by their skin, which bears horny scales or shields. They
also have movable jaw bones, making it possible for them to move their upper jaw relative to their skull.
2. The glass lizard and legless lizards are all examples of lizards that have lost their legs during their evolutionary
process. They are distinguished from true snakes by the presence of eyelids, external ear openings, and a tail
that can sometimes break off as a physical defense mechanism.
3. Geckos, skinks, and other lizards that are captured by their tail are able to break off their tail and run away.
This mechanism is known as autotomy, and it usually distracts the predator.
4. Lizards in the Amphisbaenia suborder are often called “worm lizards” because they look like earthworms and
have a burrowing lifestyle.
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1.27 Snakes - Advanced
• Describe the unique anatomy of snakes.
• Understand different snake behaviors.

How did this occur?
Here we have a python devouring a small gazelle. Obviously, the gazelle is very big compared to the size of the
snake’s mouth. So how did the gazelle end up inside the snake? The python must be able to open its mouth fairly
wide.
Snakes

All snakes are carnivorous and can be distinguished from legless lizards by their lack of eyelids and external ear
openings, as shown in the Figure 1.91. The 2,900 species of snakes live in every continent except Antarctica.
Snakes range in size from the tiny, 10 cm long thread snake to pythons and anacondas, which can grow to over 7
meters long.
Snakes have been around for a long time. They may have evolved from lizards that adapted to burrowing underground during the Cretaceous period (about 150 million years ago). The diversity of modern snakes appeared during
the Paleocene period, about 66 to 56 mya.
Diet

All snakes are carnivorous; they eat small animals including lizards, other snakes, small mammals, birds, eggs, fish,
snails, and insects. Because snakes cannot bite or tear their food to pieces, prey must be swallowed whole. The
body size of a snake has a major influence on its eating habits. Smaller snakes eat smaller prey. For example, young
pythons might start out feeding on lizards or mice and graduate to small deer or antelope as an adult.
Some snakes have a venomous bite, which they use to kill their prey before eating it. Other snakes kill their prey by
constriction, in which they will suffocate their prey. Still others swallow their prey whole and alive.
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FIGURE 1.91
This red-tailed boa (B. c. constrictor ) has
typical snake features.

Snakes do not

have eyelids or external ears, two features
that distinguish them from lizards (compare the snake’s eye to the eye structure
of the anole in the Reptiles: Squamata
concept). You can also see the keratin
scales that are extensions of the snake’s
epidermis.

Venom in snakes is primarily for killing and subduing prey, rather than for self-defense. Venom is modified saliva
that is delivered through fangs. The fangs of some venomous snakes, like vipers, are hollow in order to inject venom
more effectively, while the fangs of other snakes, such as the boomslang, have grooves that channel venom into
the wound. Snake venoms are often prey specific; its role in self-defense is secondary. Venom, like all salivary
secretions, has enzymatic action. It starts the breakdown of food into smaller molecules, which allows for better
digestion.
The snake’s jaw is the most unique jaw in the animal kingdom. They have a very flexible lower jaw, the two halves
of which are not rigidly attached, and numerous other joints in their skull. This flexibility allows a snake to open
its mouth wide enough to swallow its prey whole, even if the prey is larger in diameter than the snake itself. For
example, the African egg-eating snake, shown in the Figure 1.92, has flexible jaws adapted for eating eggs that are
much larger than the diameter of its head. This snake has no teeth, but it does have bony protrusions on the inside
edge of its spine that are used to aid in breaking the shells of the eggs it swallows.

FIGURE 1.92
An African egg-eating snake (Dasypeltis spp.) that has just swallowed
a whole egg. The egg will eventually get crushed by bony spikes that
protrude from the spine. The snake then squeezes every last bit of liquid
out of the inside of the egg before regurgitating the completely crushed
egg shell.

Digestion takes a lot of energy. A snake that has just eaten will rest quietly while it digests its prey. In species that
feed only occasionally, the entire intestine is reduced between meals to conserve energy. When undisturbed, the
digestive process is highly efficient; a snake’s digestive enzymes dissolve and absorb everything but the prey’s hair
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and claws, which are excreted along with waste. If disturbed while digesting, a snake will often regurgitate its food
so that it can get away quickly.
Sensory Organs

Snakes have poor eyesight, but they can detect movement. Vision is generally the best in tree-living snakes and
worst in burrowing snakes. Some snakes have binocular vision, with both eyes capable of focusing on the same
point.
Sensory Reception

Snakes use smell to track their prey. They smell by using their forked tongues to collect airborne particles, which
they then pass to the Jacobson’s organ, or the vomeronasal organ, in the mouth for examination. The fork in the
tongue gives the snake a sort of directional sense of both smell and taste at the same time. The snake keeps its
tongue constantly in motion, sampling particles from the air, ground, and water, analyzing the chemicals found, and
determining the presence of prey or predators in its local environment.
The part of the body which is in direct contact with the surface of the ground is very sensitive to vibration. Thus, a
snake is able to sense other animals approaching by detecting faint vibrations in the air and on the ground.
Pit vipers, pythons, and some boas have infrared-sensitive receptors in deep grooves between their nostril and eye.
Some snakes have pits on their upper lip, just below the nostrils (common in pythons). These heat-sensing pits allow
the snakes to “see” the infrared radiation that warm-blooded animals emit. The heat-sensing ability of these snakes
is very accurate. A blind rattlesnake can target vulnerable body parts of the prey that it strikes.
Internal Organs

The skeleton of a snake looks very different from other therapods. Its skeleton is essentially a skull attached to many
vertebrae and ribs, as shown in the Figure 1.93. Snakes do not have any leg bones, but remains of the pelvis are
found in some boas and threadsnakes.

FIGURE 1.93
A snake skeleton. The snake’s many vertebrae give it great flexibility and a wide
range of movement.

In order to accommodate their narrow bodies, paired organs (such as kidneys) appear one in front of the other, instead
of side by side.
As with all reptiles, snakes are poikilotherms. They have a three-chambered heart composed of two atria and one
large ventricle. The snake’s heart is able to move around due to the lack of a diaphragm. This adaptation protects the
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heart from possible damage when the snake swallows large prey. The cardiovascular system of snakes is also unique
due to the presence of a renal portal system in which the blood from the snake’s tail passes through the kidneys
before returning to the heart.
In the majority of snake species, only one lung is functional. The left lung is often small or sometimes even absent,
as snakes’ tubular bodies require all of their organs to be long and thin. Many organs that are paired, such as kidneys
and reproductive organs, are staggered within the body, with one located ahead of the other, as shown in the Figure
1.94.

FIGURE 1.94
The anatomy of a snake.

Note how

each of the snakes organs are long and
thin (elongated) to fit inside its body. 1
esophagus, 2 trachea, 3 tracheal lungs,
4 rudimentary left lung, 5 right lung, 6
heart, 7 liver, 8 stomach, 9 air sac, 10
gallbladder, 11 pancreas, 12 spleen, 13
intestine, 14 testicles, 15 kidneys.

Scales and Skin

The shedding of scales is called ecdysis. In the case of snakes, the complete outer layer of skin is shed in one layer.
Snake scales are not discrete, but are extensions of the epidermis, and they are not shed separately. They are molted
as a complete outer layer of skin, much like a sock being turned inside out. A snake will rub up against rough
surfaces to peel the molting skin from its body. Molting serves a number of functions - firstly, the old and worn skin
is replaced, and, secondly, it helps get rid of parasites such as mites and ticks.
Vocabulary

• binocular vision: Vision in which both eyes are used together.
• ecdysis: The shedding of an outer integument or layer of skin, as seen in insects, crustaceans, and snakes; it
is also known as molting.
• Jacobson’s organ: Two hollow, highly sensitive sac-like structures in the roof of a snake’s mouth; the snake
places substances gathered on the tip of its tongue into the organ so that the it can “smell” its surroundings.
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• poikilotherm: An organism whose internal temperature can vary and often matches the temperature of its
immediate environment.
• venom: Modified saliva that is delivered through fangs; it is primarily for killing and subduing prey, rather
than for self-defense.
• vomeronasal organ: See Jacobson’s organ.
Summary

• All snakes are carnivorous; they kill their prey using venom or through constriction.
• A snake’s skeleton is essentially a skull attached to many vertebrae and ribs.
• Many organs in snakes are staggered one in front of the other in order to fit into their elongated bodies.
Practice

Use this resource to answer the questions that follow.
• Snake at http://animal.discovery.com/snakes/snake-info.htm .
1.
2.
3.
4.

What environments do snakes inhabit?
What are the two families that most poisonous snakes belong to?
How do scientists utilize snake venom?
How fast does the fastest snake travel?

Practice Answers

1. Snakes inhabit every continent except for Antarctica and are found in deserts, mountains, forests, and aquatic
environments as well.
2. Most poisonous snakes belong to the elapids or vipers. Elapids usually have short fangs and hang onto their
prey. Vipers usually strike quickly with long fangs that deliver venom deep into their prey.
3. Scientists use snake venom for a variety of medicines including medicine that treats heart attacks and antivenin,
a drug used to treat snake bites.
4. The fastest snake is the black mamba, and it has been recorded to travel as fast as 7 miles per hour over a short
distance.
Review

1.
2.
3.
4.
5.

What do snakes eat? How do they consume their food?
What is the primary purpose of snake venom?
Snakes have been known to regurgitate their food when pursued. Why do they do this?
How is the skeleton of a snake different from other therapod skeletons?
What is unique about a snake’s circulatory system?

Review Answers

1. All snakes are carnivorous and eat a variety of animals including lizards, other snakes, small mammals, birds,
eggs, fish, snails, and insects. Snakes cannot bite or tear their food to pieces, so prey must be swallowed
whole.
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2. Snake venom is primarily for killing and subduing prey, rather than for self-defense. Venom is modified saliva
that is delivered through fangs. The fangs of some venomous snakes, like vipers, are hollow in order to inject
venom more effectively, while the fangs of other snakes, such as the boomslang, have grooves that channel
venom into the wound.
3. Digestion takes a lot of energy. A snake that has just eaten will rest quietly while it digests its prey. In order
to escape quickly, snakes are known to regurgitate their food, especially since some snakes consume prey that
are larger than their own diameter.
4. A snake’s skeleton is essentially a skull attached to many vertebrae and ribs. Snakes do not have any leg bones,
but remains of the pelvis are found in some boas and threadsnakes.
5. A snake’s heart is able to move around due to the lack of a diaphragm. This adaptation protects the heart from
possible damage when the snake swallows large prey. The cardiovascular system of snakes is also unique due
to the presence of a renal portal system in which the blood from the snake’s tail passes through the kidneys
before returning to the heart.
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1.28 Testudines - Advanced
• Understand the structures unique to Testudines.
• Discuss the life cycle and other behaviors related to Testudines.

What may be the longest living large animal?
Giant tortoises (Geochelone elephantopus). Most live over 100 years, with the record currently well over 150 years.
The giant tortoise is really a giant. It can weigh over 500 pounds and measure 6 feet from head to tail. There is,
however, some evidence of bowhead whales (45-60 feet long and weighing 75-100 tons) living to over 200 years.
Either way, giant tortoises live a long time.
Order Testudines

Turtles, tortoises, and terrapins are reptiles of the order Testudines. Testudines includes both extant (living) and
extinct species. The earliest known turtles are from around 215 million years ago, making turtles one of the oldest
reptile groups and a much more ancient group than lizards and snakes. About 300 species are alive today and some
are highly endangered.
Like other reptiles, turtles are poikilotherms. They can control their body temperature by modifying their behavior.
Like other amniotes (reptiles, dinosaurs, birds, and mammals), they breathe air and lay their eggs on land, although
many species live in or around water. The largest turtles are aquatic.
Although many turtles spend large amounts of their lives underwater, all turtles and tortoises breathe air and must
surface at regular intervals to refill their lungs. They can also spend much of their lives on dry land. Some species
have cloacae that are lined with many finger-like projections. These projections, called papillae, have a rich blood
supply and increase the surface area of the cloacae. The turtles can take up dissolved oxygen from the water using
these papillae, in much the same way that fish use gills to respire. This allows them to remain submerged for longer
periods of time.
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Turtle, Tortoise, or Terrapin?

Although the word "turtle" is widely used to describe all members of the order Testudines, it is also common to see
certain members described as terrapins, tortoises or sea turtles as well. Precisely how these alternative names are
used, if at all, depends on the part of the world that you are in, as shown in the Figure 1.95. To avoid confusion,
the word chelonian is popular among veterinarians, scientists, and conservationists working with these animals as a
catch-all name for any member of the order Testudines.

FIGURE 1.95
What you call members of the order Testudines depends on where you live. Using more than one term to describe
the same organism can cause confusion. Therefore, the term chelonian is used by researchers, scientists, and
veterinarians to describe terrapins, tortoises, turtles, and sliders. This table lists the most common terms used in
the United States, United Kingdom, and Australia.

The largest chelonian is the great leatherback sea turtle, which reaches a shell length of 200 cm (80 inches) and
can reach a weight of over 900 kg (2,000 lbs). Giant tortoises of the genera Geochelone, Meiolania, and others
were relatively widely distributed around the world in prehistoric times and are known to have existed in North and
South America, Australia, and Africa. They became extinct at the same time as the appearance of humans, and it is
assumed that humans hunted them for food. The only surviving giant tortoises live in the Seychelles and Galápagos
Islands. These tortoises can grow to over 130 cm (50 in) in length and weigh about 300 kg (670 lb).
Anatomy

Testudines have a unique body form; most of their body is shielded by a special bony or cartilaginous shell, called
a carapace, which is developed from their ribs, as shown in the Figure 1.96. The spine and ribs are fused to bony
plates beneath the skin, which interlock to form a hard shell. Exterior to the skin, the shell is covered by scutes 148
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horny plates made of keratin. The scutes protect the shell from scrapes and bruises. Turtles can survive surprisingly
severe injuries to the carapace, and even deep cracks or missing portions can fill in with bone and heal.
The softshell turtles, pig-nose turtle, and leatherback sea turtle do not have scutes, and the bony carapace is covered
only by skin. The carapaces of many species of turtles are brightly colored and patterned, allowing individuals to
identify others of their species from a distance. The carapaces expand and grow outward, like growth rings on a tree,
as the turtle or tortoise matures. The plastron makes up the lower half of a turtle’s shell.
When they feel threatened or in danger, testudines can retract their head and limbs into their shell for protection.

FIGURE 1.96
The shell structure of a testudine. Note
the interlocking structure of the carapace.

Lifecycle

Many, though not all, species of tortoises are sexually dimorphic. Sexual dimorphism is the difference in form
between individuals of different sexes in the same species. Examples include size, color, and the presence or absence
of parts of the body used in courtship displays or fights such as ornamental feathers, horns, antlers, or tusks. Humans
are sexually dimorphic, as are most species of Testudines. The differences between male and female testudines vary
from species to species. In most tortoise species, the female tends to be larger than the male. The male also has a
plastron that is concave (curved inwards), which allows the male to mount the female during mating.
The green sea turtle (Chelonia mydas), shown in the Figure 1.97, is one of the best studied sea turtle species. Much
of what is known about sea turtle behavior and ecology was learned from studies of green sea turtles. After mating
at sea, female green turtles come to shore, dig a hole in the sand, and lay between 100 to 200 eggs. After laying
eggs, the female then covers the nest with sand and returns to the sea. After 45 to 70 days, the eggs hatch, at night,
and the hatchlings instinctively move directly towards the water’s edge.
No known species of turtle cares for their young hatchlings; the hatchlings must fend for themselves as soon as they
are born. Scientists estimate that only about one in a hundred turtle hatchlings survive into adulthood. It is estimated
that green turtles take twenty to fifty years to reach maturity. Individuals of the species are known to live up to eighty
years or longer in the wild.
Unlike turtles, the hatchlings of most tortoise species (terrestrial testudines) will move from their nest into their
mother’s burrow following their hatching. The mother will usually provide protection for the hatchlings for about
80 days, after which the babies will attempt to survive on their own.
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FIGURE 1.97
A green turtle swimming off the coast of
the Philippines. Green turtles are recognized as an endangered species.

It is

illegal to collect, harm, or kill these turtles.
Habitat loss due to human development is
a major reason for the loss of green turtle
nesting beaches.

Long Lifespan

Testudines generally have lifespans comparable to those of human beings, and some individuals are known to have
lived longer than 150 years. The oldest testudine ever recorded was a radiated tortoise (Geochelone radiata), one
of which is shown in the Figure 1.98. Tui Malila was presented to the Tongan royal family by the British explorer
Captain James Cook shortly after the tortoise’s birth in 1777. Tui Malila remained in the care of the Tongan royal
family until its death in 1965, at age 188.
Harriet was a Galápagos tortoise (Geochelone elephantopus porteri) who had an estimated age of 175 years at the
time of her death in the Australia Zoo, Queensland. Harriet is the second oldest tortoise ever authenticated. She
was reportedly collected by Charles Darwin during his visit to the Galápagos Islands in 1835, as part of his aroundthe-world survey expedition. Harriet was transported to England and then brought to her final home, Australia, by a
retiring captain of the Beagle.
Researchers have recently discovered that a testudine’s organs do not gradually break down or become less efficient
over time, unlike most other animals. It was found that the liver, lungs, and kidneys of a centenarian (over a 100 years
old) turtle are virtually indistinguishable from those of an immature turtle. This has inspired genetic researchers to
begin examining the turtle genome for longevity genes.
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FIGURE 1.98
A radiated tortoise (Geochelone radiata)
is a tortoise species that is native to
southern Madagascar. It is an herbivore
and can be quite long-lived.

Diet

Most terrestrial testudines are herbivores. They feed on grazing grasses, weeds, leafy greens, flowers, and certain
fruits. Their main diet consists of alfalfa, clover, dandelions, and leafy weeds, although they will also eat various
insects.
Newly-emerged turtle hatchlings are carnivorous, feeding on small organisms on the ocean surface. In contrast,
immature juveniles and adult turtles are herbivorous grazers, commonly found in seagrass meadows closer inshore.
However, adult leatherback turtles (Dermochelys coriace) feed almost exclusively on jellyfish.
Vocabulary

• amniotes: Animals that lay eggs that are surrounded by an extensive amniotic membrane to facilitate gas
exchange and waste processing in a terrestrial environment.
• carapace: A hard bony or chitinous outer covering such as the fused dorsal plates of a turtle or the portion of
the exoskeleton covering the head and thorax of a crustacean.
• chelonian: A catch-all name for any member of the order Testudines.
• cloaca (pl., cloacae): A compartment shared by the digestive, excretory, and reproductive organs; digestive
waste arriving from the intestine, excretory waste arriving from the kidneys, and eggs and sperm arriving from
the reproductive organs all exit the body through an opening in the cloaca.
• papillae: Finger-like projections that line cloacae; they allow turtles to take up dissolved oxygen from water.
• poikilotherm: An organism whose internal temperature can vary and often matches the temperature of its
immediate environment.
• scute: A bony, external plate or scale, as on the shell of a turtle, the skin of crocodilians, the feet of some
birds, and the anterior portion of some insects; they are also known as osteoderms.
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• sexual dimorphism: The difference in form between individuals of different sexes in the same species.
Summary

• Turtles, tortoises, and terrapins are reptiles of the order Testudines.
• Members of the order Testudines are referred to differently depending on the region.
• Testudines have a unique body form where most of their body is shielded by a special bony or cartilaginous
shell (carapace), which is developed from their ribs.
• Many, though not all, species of tortoises are sexually dimorphic.
• Most terrestrial testudines are herbivores, whereas most newly-emerged aquatic testudines are carnivorous.
Practice

Use this resource to answer the questions that follow.
• Information About Sea Turtles: An Introduction at http://www.conserveturtles.org/seaturtleinformation.
php?page=overview .
1. What senses does a sea turtle use to navigate and find food?
2. Where and how often do turtles return to land?
3. Why have the numbers of sea turtles dwindled recently?
Practice Answers

1. Sea turtles have eardrums covered by skin and hear best at low frequencies. They have a good sense of smell,
and their vision underwater is good, so these senses are usually employed for navigating.
2. Only female turtles return to land in order to nest. Females usually return to nest on the beach where they
were born and do not nest in consecutive years (typically skipping one or two years before returning).
3. Turtles have been hunted for meat, eggs, skin, and colorful shells. Destruction and pollution of their habitats
have also caused sea turtle numbers to dwindle.
Review

1.
2.
3.
4.
5.
6.

Which group of reptiles is more ancient: squamates or testudines?
How do some species of Testudines stay submerged for long periods of time?
What forms the carapace of testudines?
How do most species of tortoise exhibit sexual dimorphism?
Give one possible explanation for why testudines can live for such extended periods of time.
What do testudines usually consume?

Review Answers

1. Testudines are some of the most ancient reptiles and are more ancient than squamates. The earliest known
turtles appeared around 215 million years ago.
2. Some species of Testudines have cloacae that are lined with many finger-like projections called papillae. These
testudines can take up dissolved oxygen from the water using their papillae, in much the same way that fish
use gills to respire. This allows them to remain submerged for longer periods of time.
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3. The spine and ribs of a testudine are fused to bony plates beneath the skin, which interlock to form a hard
shell known as the carapace. Exterior to the skin, the shell is covered by scutes, which are horny plates made
of keratin. The scutes protect the carapace from scrapes and bruises.
4. In most tortoise species, the female tends to be larger than the male. The male also has a plastron that is
concave, which allows the male to mount the female during mating.
5. Researchers have recently discovered that a testudine’s organs do not gradually break down or become less
efficient over time, unlike most other animals. It was found that the liver, lungs, and kidneys of a centenarian
turtle are virtually indistinguishable from those of an immature turtle.
6. Most terrestrial testudines are herbivores that feed on grazing grasses, weeds, leafy greens, flowers, and certain
fruits. Newly-emerged turtle hatchlings are carnivorous, feeding on small organisms on the ocean surface. In
contrast, immature juveniles and adult turtles are herbivorous grazers, commonly found in seagrass meadows
closer inshore.
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1.29 Reptile Evolution - Advanced
• Discuss the evolution and diversification of reptiles.
• Understand the different branches of amniotes that eventually evolved into present day reptiles and mammals.

So what exactly is a dinosaur?
Dinosaurs were not lizards. Rather, they were a separate group of reptiles with a distinct upright posture not found
in lizards. Dinosaurs can be described as large, powerful reptiles. And many were very big. But dinosaurs were
more than that. They were a varied group of animals with over 1,000 non-avian species.
Evolution of Reptiles
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TABLE 1.4: Timeline of Reptilian Evolution
Paleozoic Era
Cambrian Period (542 Mya to
488.3 Mya)
Ordovician Period (488.3 Mya to
443.7 Mya)
Silurian Period (443.7 Mya to
416.0 Mya)
Devonian Period (416.0 Mya to
359.2 Mya)
Carboniferous Period (359.2
Mya to 299.0 Mya)
Permian Period (299.0 Mya to
251 Mya)

Mesozoic Era
Jurassic Period (199.6 Mya to
145.5 Mya)
Cretaceous Period (145.5
Mya to 65.5 Mya)

Cenozoic Era
Tertiary Period (65 Mya to
1.8 Mya)
Quaternary Period (1.8 mya
to today)
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Amniotes are descendants of the first reptiles that moved onto land. Reptiles are well adapted to life on land, which
makes them very different than amphibians. Reptiles have tough waterproof scales covering their skin and have
well developed lungs. The first amniotes, which resembled small lizards, evolved 340 million years ago, during the
Carboniferous Period. Amniote eggs can survive out of the water because the eggs can also "breathe" and cope with
both waste disposal and gas exchange. This development allowed reptiles to move further inland and away from the
bodies of water where amphibians have to lay their eggs. The amniotic egg also allowed the eggs and the amniotes
themselves to evolve into larger forms. These hardy eggs allowed the amniotes to live on land, across the globe. As
a result, amniotes would go on to became the dominant land vertebrates.
Pangaea, Pangæa, or Pangea (from pan, meaning entire, and Gaea, meaning Earth in Ancient Greek) was the
supercontinent, shown in the Figure 1.99, that existed during the Paleozoic and Mesozoic eras. Because there was
one large land mass, the first reptiles were able to move freely between lands that are now distant continents.

FIGURE 1.99
Pangaea.

This supercontinent existed

during the Paleozoic and Mesozoic eras
and during the time that the earliest reptiles were moving inland: the Carboniferous Period.

During the Carboniferous Period (about 359 to about 299 million years ago), two groups of amniotes evolved: the
Sauropsida and the Theropsida. The sauropsids ("lizard-face") gave rise to reptiles, dinosaurs, and birds, and the
theropsids (“beast-face”), also known as synapsids, gave rise to mammals.
The earliest known sauropsid reptiles were called Hylonomus, and the earliest known theropsid was called Archaeothyris. These small lizard-like animals quickly gave rise to many descendants.
Hylonomus, shown in the Figure 1.100, is the oldest-known reptile. It was about 20 to 30 cm (8 to 12 inches) long
and probably looked similar to modern lizards. It lived 315 million years ago, during the Carboniferous Period.
Hylonomus had small sharp teeth and probably ate millipedes and early insects. The earliest reptiles were found in
the swamp forests of the Carboniferous Period but were much smaller than the amphibians of that time. It was only
after the small ice age at the end of the Carboniferous that the reptiles grew to larger sizes.
The first true "reptiles" had a solid skull with holes only for the nose, eyes, and spinal cord, as shown in the Figure
1.101. Such a skull structure is referred to as anapsid, and reptiles with a solid skull are called anapsids. Turtles
are believed, by some scientists, to be surviving examples of the first true reptiles, as they have the anapsid skull
structure. But other scientists disagree, arguing that turtles reverted to this primitive state in order to improve their
body armor. Both sides have strong evidence, and the conflict has yet to be resolved.
Shortly after the first reptiles appeared, two branches split off; one led to the anapsids and the other led to the
diapsids, whose skulls have an additional pair of holes behind the eyes and a second pair located higher up. Two
groups developed from the diapsids: the lepidosaurs (the modern snakes, lizards, and tuataras) and the archosaurs
(represented by only crocodilians and birds today, but also included the extinct pterosaurs and dinosaurs).
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FIGURE 1.100
Amniotes of the Carboniferous Period.
The earliest known theropsid was a small
lizard-like creature called Archaeothyris.
It was about 50 cm long.

FIGURE 1.101
(Left-right) An anapsid skull and a diapsid
skull.

The anapsids gave rise to the

synapsids, the “mammal-like reptiles.”

The anapsids also gave rise to a separate line of organisms: the synapsids. Synapsids developed a pair of holes in
their skulls behind the eyes (similar to the diapsids), which were used to both lighten the skull and increase the space
for jaw muscles. The synapsids eventually evolved into mammals and are often referred to as mammal-like reptiles
(a preferable term for synapsids is "stem-mammals").
The main evolutionary occurrence during the Mesozoic era was the adaptive radiation of diapsids. More species of
diapsids evolved, and their numbers increased.
Diapsids included the dinosaurs, pterosaurs, and marine reptiles of the Mezozoic era and modern-day crocodilians,
birds, and squamates (lizards and snakes).
Early Triassic diapsids, some of which are shown in Figure 1.102, included the following:
• Euparkeria was bipedal and was about 150 cm long. It lived in the early Triassic Period, between 248-245
million years ago. It had a light, lean body, a long tail, and a small skull with tiny needle-like teeth. It fed on
insects and any other small animals that it could find on the forest floor. It would periodically shed its teeth in
order to keep them sharp.
• Rhynchosaurs were the most abundant diapsids of the Late Triassic, making up over 50% of all terrestrial
vertebrates. Paradapeton was an unusual-looking diapsid. It was 2 meters long and had a parrot-like beak. It
most likely used its beak for cutting up tough plant materials.
• By 250 million years ago, turtles had evolved. Protostegidae is a family of extinct marine turtles that lived
during the Mesozoic Era. Protostegidae died out 65 million years ago during the the Cretaceous–Tertiary
extinction event that led to the extinction of the dinosaurs. Through phylogenetic analysis, it has been
determined that the closest living relatives of Protostegidae are the leatherback turtles.
• Phytosaurs were successful Triassic crocodile-like reptiles. They were large, ranging from 2 to 12 meters long,
but averaging at 3 to 4 meters. They were semi-aquatic, predatory archosaurs that were most common during
the Late Triassic Period. These long-snouted and heavily-armored archosaurs bore a remarkable resemblance
to modern crocodiles in size, appearance, and lifestyle. They were outcompeted and eventually driven extinct
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FIGURE 1.102
A timeline of reptilian evolution, from the
earliest known reptile, Hylonomus, to existing species such as crocodiles and turtles.

by the crocodilians, who became very diverse by the Cretaceous.
The diapsids then split into two groups: the archosauromorphs and the lepidosauromorphs. The archosaurs include
the phytosaurs and crocodilians (Crurotarsi), pterosaurs, dinosaurs, and birds. Lepidosauromorpha includes the
plesiosaurs, the ichthyosaurs, and the living Lepidosauria (the tuatara of the genus Sphenodon and the squamates).
Living archosaurs include crocodiles and birds, which are shown in the Figure 1.103.
Mammal-like reptiles (synapsids) were the dominant land vertebrates throughout the Permian Period, but most
perished in the Permian-Triassic extinction event. The extinction of most of the mammal-like reptiles (synapsids)
gave the archosaurs the chance to become the dominant land animals. The Mezozoic Era became known as the “Age
of Dinosaurs.”
FIGURE 1.103
Living and extinct archosaurs.

A Chi-

nese alligator, a rhea, and a pterosaur
are three examples of archosaurs. Archosaurs (Greek for ’ruling lizards’) make
up a group of diapsid reptiles that is represented today by crocodilians and birds.
This group also includes extinct, nonavian dinosaurs, pterosaurs, and relatives
of crocodiles.

Vocabulary

• anapsid: An amniote with a solid skull with holes only for the nose, eyes, and spinal cord.
• diapsids: A group of tetrapods that developed two holes in each side of their skull.
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• Pangaea: A single supercontinent formed from all the major land masses of Earth; it formed during the
Permian.
• sauropsids: A group of amniotes that includes all existing reptiles, birds, and their fossil ancestors; this group
includes the dinosaurs.
• synapsid: A type of early amniote that evolved during the Carboniferous Period and eventually gave rise to
mammals.
• theropsids: A group of synapsids that includes the ancestors of mammals.
Summary

• Amniotes are descendants of the first reptiles that moved onto land.
• During the Carboniferous Period, two groups of amniotes evolved: the Sauropsida and the Theropsida. The
sauropsids gave rise to reptiles, dinosaurs, and birds, and the theropsids, also known as synapsids, gave rise to
mammals.
• The first true "reptiles" had a solid skull with holes only for the nose, eyes, and spinal cord (anapsids).
• Shortly after the first reptiles appeared, two branches split off; one led to the anapsids and the other led to
diapsids, whose skulls have an additional pair of holes behind the eyes and a second pair located higher up.
• Two groups developed from the diapsids: the lepidosaurs (the modern snakes, lizards, and tuataras) and the
archosaurs (represented by only crocodilians and birds today, but also included the extinct pterosaurs and
dinosaurs).
Practice

Use this resource to answer the questions that follow.
• Lizard: Evolution and Classification at http://www.britannica.com/EBchecked/topic/345004/lizard/3838
8/Evolution-and-classification .
1. What did the common ancestor of all lizards look like?
2. What is the current hypothesis regarding the relationship between squamates?
3. How did the tongue become important for chemoreception?
Practice Answers

1. The common ancestor of all lizards probably looked similar to the tuatara.
2. The best supported hypothesis suggests that iguanians diverged from the squamate ancestors fairly early.
Iguania can manipulate prey with their tongues but cannot transmit chemical signals to a vomeronasal system.
3. The scleroglossan ancestors developed jaw prehension, freeing the tongue to develop into a carrier of chemical
information.
Review

1.
2.
3.
4.
5.

Which group of amniotes eventually evolved into present-day reptiles? Which evolved into mammals?
What is the earliest known reptile like?
What is the differences between anapsids and diapsids?
Did mammals evolve from anapsids or diapsids?
Why is there controversy regarding the ancestors of turtles?
159

1.29. Reptile Evolution - Advanced

www.ck12.org

Review Answers

1. During the Carboniferous Period, the amniotes split into the sauropsids, which gave rise to reptiles, and the
theropsids, which gave rise to mammals.
2. Hylonomus is the oldest-known reptile, was about 20 to 30 cm long, and probably looked similar to modern
lizards. Hylonomus had small sharp teeth and probably ate millipedes and early insects. The earliest reptiles
were found in the swamp forests of the Carboniferous Period but were much smaller than the amphibians of
that time.
3. Anapsids have a solid skull with holes only for the nose, eyes, and spinal cord. Anapsids were the first true
reptiles. Diapsids have an additional pair of holes in their skulls behind the eyes and a second pair located
higher on the skull.
4. The anapsids gave rise to the synapsids. Synapsids developed a pair of holes in their skulls behind the eyes
(similar to the diapsids), which were used to both lighten the skull and increase the space for jaw muscles.
The synapsids eventually evolved into mammals.
5. Some scientists believe that turtles are the surviving ancestors of the first true reptiles because of their anapsid
skull. Other scientists disagree, arguing that turtles reverted to this primitive state in order to improve their
body armor.
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1.30 Reptile Ecology - Advanced
• Understand the ecological roles that reptiles play and why many of them are endangered.

Where do reptiles live?
Anywhere and everywhere. A sea turtle is shown here. Obviously, this reptile lives in the ocean. But reptiles can
also live in the desert, jungle, forest, or even your backyard. Reptiles live in practically every type of habitat.
Ecology of Reptiles

Living diapsids are extremely diverse and include all crocodiles, lizards, snakes, tuatara, and possibly even turtles.
Under modern classification systems, even birds are considered diapsids, since they evolved from diapsid ancestors.
There are at least 7,925 species of diapsid reptiles existing in environments around the world today (over 14,600
when birds are included).
Reptiles are important members of the environments in which they live. For example, crocodiles and other large
reptiles, such as komodo dragons, are the top predators in their environments. Smaller reptiles, such as lizards, are
important predators of insects and small mammals.
Reptiles such as snakes, turtles, and lizards are popular pets. Many species of reptiles, especially marine reptiles,
are threatened with extinction due to habitat destruction, over-hunting, and predation by invasive species. For
example, marine iguanas, shown in the Figure 1.104, live on the remote Galápagos Islands and are threatened by
the introduction of dogs and cats to the islands.
The marine iguanas have not evolved to combat newer predators. Therefore, cats and dogs eat the young iguanas,
and dogs will kill adults due to the iguanas’ slow reflex times and tameness.
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FIGURE 1.104
Galápagos marine iguanas warm up in
the sun. Their black coloration helps them
absorb thermal energy from the sun and
the black volcanic rocks of their island
home. They eat only seaweed, which they
gather on dives near the shore or on the
shoreline.

Marine turtles are caught worldwide despite being a protected species in many countries. A great deal of intentional
marine turtle harvests are for the food industry. In many parts of the world, the flesh of sea turtles is considered
a delicacy. Texts dating back to the fifth century B.C.E. describe sea turtles as exotic delicacies in ancient China.
Historically, many coastal communities around the world have depended on sea turtles as a source of protein.
Turtle eggs are considered a delicacy in certain parts of the world. Collection of leatherback turtle eggs has lead
to the near extinction of the turtle in Southeast Asia. Close to 95% of leatherback turtles, the largest living turtle
species, have disappeared in the last two decades.
To a much lesser extent, specific species of marine turtles are targeted for their shells. Tortoiseshell, a traditionally
decorative and ornamental material used in Japan and China, is derived from the carapace scutes of hawksbill turtles.
Not all reptiles are dull-colored. Many arboreal species (live in trees or vegetation) are bright green like the tree
python in the Figure 1.105 or anoles. Other reptiles are brightly colored to warn potential predators that they are
poisonous. Some non-poisonous snakes, like milk snakes (also shown in Figure 1.105), have a striking resemblance
to poisonous coral snakes. This mimicry (known as Batesian mimicry) likely scares away potential predators.
FIGURE 1.105
Colorful reptiles. The green coloration of
this tree python (Morelia viridis) helps it
hide from its prey. The red milk snake
(Lampropeltis triangulum syspila) uses
mimicry to trick potential predators into
thinking it is a poisonous coral snake.

Reptiles and Research

Scientists are studying the immune systems of crocodiles, alligators, and komodo dragons to discover how they fight
off infections. These reptiles frequently get injured by prey or other members of their species, yet their wounds heal
quickly and rarely get infected. The antibacterial properties of crocodilian blood and komodo dragon blood could
help researchers develop new drugs against bacteria that are resistant to conventional antibiotics.
Recently, Dr. Mark Merchant of McNeese State University, in Louisiana, discovered that a specific peptide in the
blood of alligators can destroy many strains of bacteria. The peptide, which the researchers called alligacin, killed
23 strains of bacteria and also a disease-causing strain of yeast (Candida albicans). One of the bacterial strains
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destroyed by the alligator blood peptide was the methcillin resistant Saphlococcus aureus ( MRSA), a bacterium
that is resistant to many antibiotics and causes serious and sometimes fatal wound infections. See Alligator Blood
May Lead to Powerful New Antibiotics at http://news.nationalgeographic.com/news/2008/04/080407-alligator-blo
od.html for additional information.
Vocabulary

• diapsids: A group of tetrapods that developed two holes in each side of their skull.
• habitat destruction: The take over or destruction of a species home (habitat), usually by humans or other
species.
• invasive species: An introduced species that adversely affects the habitats and ecosystems they invade.
• MRSA: Methicillin-resistant Staphylococcus aureus. An antibiotic-resistant bacterium that is responsible for
several difficult-to-treat infections in humans.
Summary

• Living diapsids are extremely diverse and include all crocodiles, lizards, snakes, tuatara, and possibly even
turtles. Under modern classification systems, even birds are considered diapsids, since they evolved from
diapsid ancestors.
• Many species of reptiles, especially marine reptiles, are threatened with extinction due to habitat destruction,
over-hunting, and predation by invasive species.
• Scientists are studying the immune systems of crocodiles, alligators, and komodo dragons to discover how
they fight off infections.
Practice

Use these resources to answer the questions that follow.
• Ecological roles of reptiles at http://www.endangeredspeciesinternational.org/reptiles3.html .
• Extinct Reptiles at http://www.endangeredspeciesinternational.org/reptiles4.html .
1. What important role do some herbivorous reptiles play in their ecosystem?
2. Explain how American alligators play a critical role in modifying their habitat.
3. What has been the primary source of reptile extinctions in the last few centuries?
Practice Answers

1. Herbivorous reptiles have been known to act as important pollinators and seed dispersers. The blue-tailed day
gecko is the only pollinator of the rare Trochetia blackburniana plant.
2. American alligators dig gator holes that provide the only remaining aquatic habitats for animals during the dry
season. They serve as a refuge for fish, turtles, and other aquatic species.
3. Human activity, either through over-hunting or introducing predatory species, has contributed to almost all
known reptile extinctions in the last few centuries.
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Review

1. Why are some species of reptiles becoming endangered?
2. Why are scientists interested in the immune system of crocodiles and komodo dragons?
Review Answers

1. Many species of reptiles, especially marine reptiles, are threatened with extinction due to habitat destruction,
over-hunting, and predation by invasive species.
2. Scientists are studying the immune systems of crocodiles, alligators, and komodo dragons to discover how
they fight off infections. These reptiles frequently get injured by prey or other members of their species, yet
their wounds heal quickly and rarely get infected.
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1.31 Birds - Advanced
• Understand the characteristics of birds that distinguish them from other vertebrates.

Why is flight so important to birds?
One of the defining traits of many birds is the ability to fly. Obviously, flight is a major evolutionary advantage. But
with the ability to fly must come a number of structural modifications. What do you think these might be?
Characteristics of Birds

What is a bird? Birds are bipedal, endothermic, amniotic vertebrates that lay eggs. There are around 10,000 living
species of birds, making them the most numerous tetrapod vertebrates on Earth. They live in ecosystems across
the globe, from the Arctic to the Antarctic. Birds range in size from the 5 cm (2in) bee hummingbird to the 2.7m
(9ft) ostrich, which is shown in the Figure 1.106. See What is a Bird? at http://eol.org/info/439 for additional
information.
Modern birds are characterized by feathers, a beak with no teeth, the laying of hard-shelled eggs, and a high
metabolic rate. Feathers are the only distinguishing feature that only birds posses. Other vertebrates have beaks, lay
hard-shelled eggs, and have a high metabolic rate.
Birds also have a four-chambered heart and a lightweight, but strong, skeleton. All birds have forelimbs that are
modified as wings, and most birds can fly. There are some exceptions; birds such as the ratites, penguins, and
kakapos have lost the ability to fly. Birds also have unique digestive and respiratory systems that are highly adapted
for flight.
Vocabulary

• amniotes: Animals that lay eggs that are surrounded by an extensive amniotic membrane to facilitate gas
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FIGURE 1.106
Characteristics of birds. (left-right) The
Rufous Hummingbird (Selasphorus rufus)
is a small hummingbird, about 8 cm long,
that is native to North America. Hummingbirds are some of the smallest bird. Ostriches (Struthio camelus) are the largest
birds, at about 2.7m tall. Ostriches are
native to Africa.

Ostriches and hum-

mingbirds have feathers, toothless beaks,
a four-chambered heart, and lay eggs,
which are the characteristics of birds.

exchange and waste processing in a terrestrial environment.
• bipedal: An animal with two feet.
• endothermic: Of or relating to an animal that is able to regulate its body temperature from the inside through
metabolic or other physical changes. It is also known as warm-blooded.
• tetrapod: An animal that has four legs or limbs.
Summary

• Modern birds are characterized by feathers, a beak with no teeth, the laying of hard-shelled eggs, and a high
metabolic rate.
Practice

Use this resource to answer the questions that follow.
• Bird Characteristics at http://animals.about.com/od/birds/a/bird-characteristics.htm .
1.
2.
3.
4.

Are birds ectothermic or endothermic? What is the average temperature of a bird’s body?
What are feathers composed of? What are some benefits that birds gain from having feathers?
Why does food travel through a bird’s digestive system rather quickly?
What roles do the proventriculus and gizzard play in a bird’s digestive system?

Practice Answers

1. Birds are endothermic and maintain a body temperature ranging from 104 degrees Fahrenheit to 111 degrees
Fahrenheit, depending on a birds activity level.
2. Feathers are composed of the protein keratin and are used in flight, temperature regulation, and coloration.
3. Food is designed to travel through a bird’s digestive system rather quickly because a bird needs to reduce the
extra weight of undigested food in order to conserve energy during flight.
4. The proventriculus is the first chamber of a bird’s stomach, where enzymes break down food. The gizzard is
the second chamber, where food is ground up by strong muscles and small stones.
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Review

1. Can all birds fly?
2. What structures contribute to a bird’s ability to fly?
Review Answers

1. No, birds such as the ratites, penguins, and kakapos have lost the ability to fly.
2. Birds have a lightweight, but strong, skeleton. All birds have forelimbs that are modified as wings. Birds also
have unique digestive and respiratory systems that are highly adapted for flight.
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1.32 Bird Structure and Function - Advanced
• Understand the unique adaptations that have allowed birds to fly.
• Discuss the external and internal structures of birds.

What is significant about the structure-function relationship in birds?
Obviously, most birds are built to fly. In fact, there are only a handful of birds that don’t fly. But there is more to it
than that. Look at this eagle. What other structures are evident? What structures, in addition to the wings, allow this
bird to function as necessary?
Structure and Function in Birds

Compared with other vertebrates, birds have bodies that show many unusual adaptations - mostly to allow for flight.
Some of these adaptations are shown in the Figure 1.107 and the Figure below.
Skeleton and Muscles

The bones of a bird skeleton are very lightweight. The bones have large air-filled cavities, making them very light.
The skull bones are fused, as are many other bones in the bird skeleton. These fused bones give the bird skeleton
more rigidity than other animal skeletons, allowing for more stability during flight. Because of the many fused
bones, birds usually have fewer bones in their skeleton than other terrestrial vertebrates.
The spine of birds has a range of different movements. The vertebrae of the neck region are especially flexible,
but movement is reduced in the vertebrae of the chest area and absent in the lower vertebrae. Some of the last few
vertebrae are fused with the pelvic bones to form the synsacrum. The final few vertebrae are fused into a structure
called a pygostyle. The pygostyle supports the tail feathers and muscles. The ribs are flattened, and the sternum,
or breastbone, has an extension called a keel, to which the large flight muscles are attached. Flightless birds do not
have a keeled sternum; instead, their sternum is flat. The forelimbs (front legs) of birds are modified into wings.
Birds do not have teeth nor do they have a true jaw. They have evolved a lightweight beak instead.
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FIGURE 1.107
The external anatomy of birds. All birds
have a similar body plan to this blue tit
(Cyanistes caeruleus).

However, flight-

less birds do not have primary feathers.

FIGURE 1.108
A skeleton of a dove. Bird skeletons are
light, yet strong.

This skeleton shows

the many adaptations for flight such as
the keeled sternum for the attachment of
large flight muscles and the fused vertebrae of the synsacrum and pygostyle.
Pigeons are a type of dove.

Most birds have approximately 175 different muscles, mainly controlling the wings, skin, and legs. The largest
muscles in a bird are the pectorals, or the breast muscles, which control the wings and make up about 15 to 25
percent of a flighted bird’s body weight. They provide the powerful wing strokes that are essential for flight. The
muscles under the pectorals raise the wings between wing beats. Together, these flight muscles make up about 25 to
35% of the bird’s full body weight.
The skin muscles help a bird fly by adjusting the feathers, which are attached to the skin muscle and help the bird in
its flight maneuvers. There are only a few muscles in the trunk and the tail, but they are very strong and are essential
for the bird. The pygostyle controls all the movement in the tail and controls the feathers in the tail. This gives the
tail a larger surface area, which helps keep the bird in the air.

Feathers and Plumage

Feathers are among the most complex structural organs found in vertebrates. They are formed by the controlled
replication of epidermal (skin) cells that produce the protein keratin. Feathers, beaks, and claws (and the claws,
scales, and shells of reptiles) are made of b-keratin. The molecules in the b-keratin strands are bound and twisted
into very tough structures. This b-keratin structure is much tougher than the a-keratin of mammalian hair, horns,
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and hooves.
Feathers are a feature unique to birds. They allow flight, provide insulation that aids in thermoregulation, and are
used in display, camouflage, and signaling. There are several types of feathers, each having its own set of uses. The
arrangement and appearance of feathers on the body, called plumage, may vary within a species by age and sex.
Feathers are regularly molted. A small number of species, such as ducks and geese, lose all of their flight feathers at
once and are flightless for a time.
There are two basic types of feather: vaned feathers, which cover the exterior of the body, and down feathers,
which are underneath the vaned feathers. Flight feathers, which are vaned, are smooth and stiff and are much longer
than they are wide, as shown in the Figure below. Vaned feathers usually have two vanes, one on each side of
the rachis. Down feathers are fluffy and soft. They trap warm air close to the bird’s body and are therefore good
insulators.

FIGURE 1.109
This Tail feather has two vanes, one each
side of the rachis.

Barbs are a series of branches that are fused to the rachis (stem) of a feather. The barbs themselves also have
branches, called barbules, which have hooks that lock the barbs together. Barbules have many tiny hooks called
barbicels that interlock with the barbules of nearby barbs. When all the barbules are interlocked, the feather has a
smooth appearance, as can be seen in the Figure above.
The barbs of down feathers are not as stiff and straight as those of vaned feathers. They also do not have barbicles.
This is why down feathers, like the ones shown in the Figure 1.110, look and feel so fluffy.
Feathers need to be kept clean and tidy, so birds groom them daily. A bird uses its beak and head to brush away
both dirt and parasites and to apply waxy secretions from their uropygial gland, or preen gland. The preen gland is
found near the base of the tail of most birds. The gland secretes an oily substance called preen oil. While preening,
a bird will usually transfer this oil to its feathers by rubbing its head against the oil and then around the rest of its
body. Preen oil protects the feathers’ flexibility and acts as an antimicrobial agent, inhibiting the growth of featherdigesting bacteria. Some birds also place ants in their feathers in a behavior called anting. The ants produce formic
acid which kills bacteria and mites that may be parasitizing the bird. Other birds get rid of parasites by taking dust
baths.
Other theropods also had feathers. Fossils of Archaeopteryx include well-preserved feathers, but it was not until the
early 1990s that non-avian dinosaur fossils were discovered with preserved feathers. Today there are more than a
dozen genera of dinosaurs with fossil feathers.
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FIGURE 1.110
Down feathers. These fluffy feathers are
used primarily for insulation. You can see
the individual barbs as they puff out from
the rachis.

Respiratory System

Due to the high metabolic rate needed for flight, birds have a high oxygen demand. Birds have evolved one of the
most complex respiratory systems of all animal groups. They ventilate their lungs by means of air sacs, structures
that are unique to birds (and possibly dinosaurs). The air sacs do not play a direct role in gas exchange, but they store
air and act like a bellows, pushing air into the lungs. Therefore, the lungs maintain a fixed volume of oxygenated air.
Three distinct sets of organs perform respiration: the anterior air sacs, the lungs, and the posterior air sacs, shown in
the Figure 1.111. When the bird inhales, about 75% of the fresh air moves past the lungs and flows directly into air
sacs that are located around the lungs. The other 25% of the air goes directly into the lungs. When the bird exhales,
the used air flows out of the lungs and through the nostrils. The stored fresh air from the posterior air sac is forced
into the lungs. In this way, a bird’s lungs receive a constant supply of oxygenated air during both inhalation and
exhalation.
Bird lungs do not have alveoli as mammalian lungs do. Instead, they contain millions of tiny passages known as
parabronchi, connected at either end by the dorsobronchi and ventrobronchi, as shown in the Figure 1.111. Air
flows through the honeycombed walls of the parabronchi and into air capillaries where oxygen and carbon dioxide
are traded with cross-flowing blood capillaries.
Since fresh air flows through the lungs in only one direction, there is no mixing of oxygen-rich air and oxygen-poor,
carbon dioxide-rich air as in mammalian lungs. Birds have more efficient gas-exchange of both oxygen and carbon
dioxide than mammals do.
The posterior air sac extends from the lungs and connects with air spaces in the bones, filling the bones with air.
Birds also do not have a diaphragm. The entire body cavity acts as a bellows to move air through the lungs. The
active phase of respiration (requires muscle contraction) in birds is exhalation.
A recent study carried out by researchers at Ohio University and Harvard University showed the presence of a very
bird-like pulmonary (lung) system in predatory dinosaurs. Such findings provides more evidence of an evolutionary
link between dinosaurs and birds.
Nervous System and Sensory Organs

Birds have a large brain to body mass ratio. This is reflected in birds’ advanced and complex intelligence and behavior. The most developed part of the brain is the one that controls the flight-related functions, while the cerebellum
coordinates movement, and the cerebrum controls behavior patterns, navigation, mating, and nest building. Most
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FIGURE 1.111
Bird respiration. Birds’ lungs obtain fresh air during both exhalation and inhalation.
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birds have a poor sense of smell.
Sight

Birds usually have good eyesight. For example, hunting birds, like the raptors (eagles and hawks), have vision eight
times sharper than humans. Their eyes occupy a large part of their skull and are surrounded by a ring of tiny bones.
This ring of bones is a characteristic also seen in reptiles. Water birds have special flexible lenses, allowing them to
see in air and underwater. Birds have higher densities of photoreceptors in their retinas. Hawks can have up to one
million photoreceptors per square mm of retina, compared to 200,000 per square mm for humans. Birds also have
ultraviolet (UV) sensitive cone cells in their eyes, as well as green, red, and blue cone cells. This allows them to see
ultraviolet light. Many birds show plumage patterns in ultraviolet that are invisible to the human eye. Some birds
whose sexes appear similar to the naked eye look different under UV light. Kestrels can search for prey by detecting
the UV-reflective urine trail marks left on the ground by rodents.
The eye is lubricated by the nictitating membrane, shown in the Figure 1.112. The nictitating membrane is a third
eyelid that moves horizontally across the eyeball. The nictitating membrane also covers the eye and acts as a contact
lens in many aquatic birds when they dive underwater. Most birds cannot move their eyes, although there are
exceptions. Birds with eyes on the sides of their heads have a wide visual field, while birds with eyes on the front of
their heads, such as owls, have binocular vision and good depth perception.

FIGURE 1.112
The nictitating membrane of a black-crowned night heron. As the heron
blinks, the nictitating membrane can be seen moving across the eyeball.

Sound

The avian ear lacks external pinnae but is covered by feathers, although, in some birds, such as owls, these feathers
form tufts which resemble ears. The inner ear has a cochlea, but it is not spiral as in mammals.
Circulatory System

Like crocodiles and mammals, birds have four-chambered hearts. The septum between the left and right ventricles
is complete, which means oxygenated and deoxygenated blood does not mix. Bird hearts are relatively large for
their body size, compared to other vertebrates. These adaptations allow for efficient nutrient and oxygen transport
throughout the body and provide birds with enough energy to fly and exert high levels of activity. A Ruby-throated
Hummingbird’s heart beats up to 1,200 times per minute (about 20 beats per second). Larger birds have slower heart
rates. Unlike mammals, the red blood cells in birds have a nucleus.
Digestive System

The digestive system of birds is unique; a crop for storage and a gizzard that contains swallowed stones for grinding
food make up for the lack of teeth. To aid with flight, most birds are highly adapted for rapid digestion. Some
migratory birds have the ability to reduce parts of their intestines prior to migration.
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As birds have high metabolic rates, they need to eat often, and their food needs to be broken down efficiently and
quickly. Birds do not chew their food, though it may be torn up or crushed by their beak. Birds cannot swallow like
mammals can; instead, they have to tilt their heads back to move the food from their mouth to their esophagus. From
here the food moves through the bird by contractions of the smooth muscles of the digestive system. Many birds
have a muscular pouch, called a crop, along the esophagus. The crop functions to both soften food and regulate its
flow through the system by storing the food temporarily. The size and shape of the crop vary among bird species.
Birds possess a ventriculus, or gizzard, composed of four muscular bands that rotate and crush food by shifting the
food from one area to the next within the gizzard. The gizzard of some species contains small pieces of grit or stone
swallowed by the bird to aid in the grinding process of digestion, essentially serving the function of mammalian or
reptilian teeth. The use of gizzard stones is a similarity between birds and dinosaurs, which left gizzard stones called
gastroliths as trace fossils.
Many species of birds, such as owls, regurgitate pellets. A pellet is the mass of undigested parts of a bird’s food
that some bird species occasionally regurgitate. The contents of a bird’s pellet depend on its diet but can include the
exoskeletons of insects, indigestible plant matter, bones, fur, feathers, bills, claws, and teeth.
Passing pellets allows a bird to remove indigestible material from its proventriculus, or glandular stomach. In birds
of prey, the regurgitation of pellets serves the bird’s health in another way: by "scouring" parts of the digestive tract
including the gullet. Pellets are formed in the bird’s gizzard within six to ten hours of a meal.

FIGURE 1.113
Organ System Adaptations for Flight. The
intricate passageways in a bird’s lung are
adapted for efficient gas exchange. Find
the crop and gizzard in the digestive tract
diagram. What are their functions?

Excretory System

Like those of reptiles, birds’ kidneys extract nitrogenous waste from their bloodstream and excrete it as uric acid
instead of urea or ammonia. Uric acid is excreted along with feces as a semisolid waste, since birds do not have a
separate bladder or urethra. This material leaves the body through the bird’s cloaca. The cloaca is a multi-purpose
opening; waste passes out of the body through it, birds mate by joining cloaca, and females lay eggs from it.
Vocabulary

• barbs: A series of branches that are fused to the rachis (stem) of a feather.
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• barbules: Branches on the barbs that have hooks that lock the barbs together.
• cloaca (pl., cloacae): A compartment shared by the digestive, excretory, and reproductive organs; digestive
waste arriving from the intestine, excretory waste arriving from the kidneys, and eggs and sperm arriving from
the reproductive organs all exit the body through an opening in the cloaca.
• crop: A muscular pouch along the esophagus that functions to both soften food and regulate its flow through
the system by storing the food temporarily.
• down feathers: Feathers located underneath the vaned feathers; they are fluffy and soft, and they trap warm
air close to the bird’s body and are therefore good insulators.
• pellet: A mass of undigested parts of a bird’s food that some bird species occasionally regurgitate; the contents
depend on the diet but can include the exoskeletons of insects, indigestible plant matter, bones, fur, feathers,
bills, claws, and teeth.
• preen: To smooth or clean feathers with the beak or bill.
• preen gland: A gland found near the base of the tail of most birds; it secretes an oily substance, called preen
oil, that is used to groom; it is also known as the uropygial gland.
• pygostyle: A structure formed from the fusion of the final few vertebrae; it supports the bird’s tail feathers
and muscles.
• sternum: The breastbone, a flat bone that lies in the middle front part of the rib cage.
• synsacrum: A structure formed from the fusion of some of the last few vertebrae with the pelvic bones.
• vaned feathers: Feathers that cover the exterior of the body; these feathers are used for flight, are smooth and
stiff, and are much longer than they are wide.
Summary

•
•
•
•
•
•

Most of a bird’s unusual adaptations have to do with flight.
The bones of a bird skeleton are very lightweight.
The largest muscles in a bird are the pectorals, or the breast muscles, which control the wings.
The feathers, beaks, and claws of birds are made of b-keratin.
Birds’ lungs obtain fresh air during both exhalation and inhalation.
The digestive system of birds is unique; a crop for storage and a gizzard that contains swallowed stones for
grinding food make up for the lack of teeth.

Practice

Use this resource to answer the questions that follow.
• Bird Brain at http://www.pbs.org/wgbh/nova/sciencenow/3214/03-brain.html .
1.
2.
3.
4.

How have scientists’ views on bird brains changed over the past few decades?
What role does the basal ganglia play in a songbird’s brain?
How complicated is a songbird’s or parrot’s vocal learning ability?
Who was the first scientist to study bird brain anatomy?
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Practice Answers

1. Scientists used to believe that most of a bird’s brain was devoted to primitive and instinctual activity. Scientists
now believe that 75% of the brains of parrots and songbirds is made up of structures used for sophisticated
information processing.
2. Scientists believe that the basal ganglia is responsible for primitive operations. Now scientists such as Erich
Jarvis believe that a songbird’s basal ganglia is also involved in memory and general learning.
3. Some birds are able to learn hundreds or even thousands of different vocal noises. This level of intelligence is
only found in animals such as humans, bats, dolphins, whales, and elephants.
4. 19th century German scientist Ludwig Edinger was the first scientist to study bird brain anatomy, and his
views had been widely held until about 30 years ago.
Review

1.
2.
3.
4.
5.
6.
7.

What allows a bird’s skeleton to be light but also rigid enough for flight?
What are the largest muscles found in birds? Why is this?
How is the molecular structure of feathers different from mammalian hair?
What are the two types of feathers found in birds? Which category do flight feathers fall into?
How and why do birds preen?
Describe the unique structure of a bird’s respiratory system and how it functions.
Why do some birds regurgitate pellets?

Review Answers

1. A bird’s bones have large air-filled cavities, making them very light. Many bones in a bird’s skeleton are also
fused together, providing more rigidity than other animal skeletons and allowing for stability during flight.
2. The largest muscles in a bird are the pectorals, or the breast muscles, which control the wings and make up
about 15 to 25 percent of a flighted bird’s body weight. They provide the powerful wing strokes that are
essential for flight.
3. The feathers, beaks, and claws of birds are made of b-keratin. The molecules in the b-keratin strands are
bound and twisted into very tough structures. This b-keratin structure is much tougher than the a-keratin of
mammalian hair, horns, and hooves.
4. Birds have vaned feathers and down feathers. Vaned feathers usually have two vanes, one on each side of the
rachis. Down feathers are fluffy and soft. They trap warm air close to the bird’s body and are therefore good
insulators. Flight feathers are vaned feathers. They are smooth and stiff and are much longer than they are
wide.
5. A bird will usually transfer preen oil to its feathers by rubbing its head against the preen gland and then around
the rest of its body. Preen oil protects the feathers’ flexibility and acts as an antimicrobial agent, inhibiting the
growth of feather-digesting bacteria.
6. Birds have special structures known as air sacs that only store oxygenated air. When the bird inhales, about
75% of the fresh air moves past the lungs and flows directly into air sacs that are located around the lungs. The
other 25% of the air goes directly into the lungs. When the bird exhales, the used air flows out of the lungs
and through the nostrils. The stored fresh air from the posterior air sac is forced into the lungs. In this way, a
bird’s lungs receive a constant supply of oxygenated air during both inhalation and exhalation.
7. Passing pellets allows a bird to remove indigestible material from its proventriculus, or glandular stomach. In
birds of prey, the regurgitation of pellets serves the bird’s health in another way: by "scouring" parts of the
digestive tract including the gullet.
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1.33 Bird Reproduction - Advanced
• Understand the mating rituals of birds.
• Learn about how birds take care of their young.

Is this pair of birds actually a "couple?"
Yes. Birds do actually pair up each mating season, if not for life. And the male better be prepared to treat his female
properly. There is actually an elaborate process in which the female chooses her mate.
Reproduction in Birds

Breeding usually involves some form of courtship display, typically performed by the male. Most displays are rather
simple and involve some type of song. Some displays, however, are quite elaborate. Females are usually the ones
that choose a mate from competing males; however, there are species in which the male chooses from a group of
competing females.
For some interesting courtship displays, visit http://www.youtube.com/watch?v=L54bxmZy_NE (2:03).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/139418
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Although most male birds have no external sex organs, the males have two testes that become larger during the
breeding season to produce sperm. The female has two ovaries, although only the left ovary usually functions.
However, if the left ovary is damaged by infection or other problems, the right ovary will try to function.
During mating, the male passes his sperm to the female by pressing his cloaca to the female’s cloaca. This can
happen very fast, sometimes in less than half a second. The sperm is stored in the female’s sperm storage tubules
for a week to a year, depending on the species. Then, eggs will be fertilized individually as they leave the ovaries,
before being laid by the female. The eggs continue their development outside the female’s body.
Nesting and Parental Care

Ninety-five percent of bird species are socially monogamous. That is, a male and female bird will pair for at least
the length of the breeding season or, in some cases, for several years or until the death of one mate. Monogamy
allows for care of the fledglings by both parents. Some birds are polygamous; they have many mates in a breeding
season. Among most groups of animals, male parental care is rare. In birds, however, it is quite common —more so
than in any other vertebrate class.
Birds usually lay and incubate their eggs in a nest. While the term popularly refers to a structure made by the bird
itself, a nest can also be a shallow depression made in sand, a burrow dug into the ground, a chamber drilled into
a tree, or a mud dome with an entrance tunnel. Some species of cave swiftlets make their nests entirely from their
saliva, which dries and hardens to form a bracket on the cave wall into which the birds lay their eggs. Eggs are
usually incubated by the parents. Most birds have an extended period of parental care after hatching. The length and
nature of parental care varies widely amongst different orders and species.
Some bird species have no nests; the cliff-nesting Common Guillemot lays its eggs on bare rock, and male Emperor
Penguins incubate their single egg in a brood pouch between their body and feet. The absence of nests is especially
common in ground-nesting species, where the newly hatched young are able to take care of themselves after hatching.

FIGURE 1.114
These raptors have taken up home in
Bridgenorth, Ontario. Birds can as easily
nest in urban settings such as utility poles
and buildings. The nest is constructed of
twigs and lined with bark, pine needles, or
other plant material.

Eggs

All birds lay amniotic eggs with hard shells made mostly of calcium carbonate. Hole and burrow nesting species
tend to lay white or pale eggs, while open nesters tend to lay camouflaged eggs, as shown in the Figure 1.115.
Before nesting, the females of most bird species molt feathers from their belly area, developing a bare brood patch.
The skin of the brood patch is well supplied with blood vessels and is therefore warm, which helps to incubate eggs.
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Incubation, which maintains temperature for chick development, usually begins after the last egg has been laid.
In monogamous species, incubation duties are often shared, whereas in polygamous species, one parent is wholly
responsible for incubation. Warmth from the parents passes to the eggs through brood patches. Incubation can be an
energetically demanding process; adult albatrosses, for example, lose as much as 83 grams (2.9oz) of body weight
per day of incubation. Incubation periods range from 10 days (in woodpeckers, cuckoos, and passerine birds) to over
80 days (in albatrosses and kiwis).

FIGURE 1.115
Camouflaged eggs. The eggs of the western snowy plover (Charadrius alexandrinus nivosus), which are laid in nests on
the ground, are camouflaged to blend in
with a nest of salt and dirt.

Not all mother birds are very attentive to their chicks. Cuckoos (Cuculus canorus) leave the raising of their young to
other birds - a process called brood parasite behavior. The female cuckoo will lay her eggs in another bird’s nest,
usually a Reed Warbler (Acrocephalus scirpaceus). The cuckoo’s eggs are a similar color to the warbler’s eggs, so
they are not noticed by the mother warbler. When the young cuckoo hatches, it will push all other nestlings and eggs
out of the nest. The Reed Warbler will feed and raise the cuckoo chick as its own.
Hatchlings

There are two general types of hatchlings. Some newly hatched birds are naked and helpless and are called altricial
(shown in the Figure 1.116). Others are hatched precocial; they are feathered and able to walk and feed themselves
very soon after hatching (also shown in the Figure 1.116).
Birds that nest on the ground, such as ducks, chickens, and swans, have precocial broods. Birds that nest off the
ground, in trees, hedges, or buildings tend to have altricial young that need to be taken care of by the parents for a
relatively long time.
Male and female parents often share duties involved in raising young. These include territory and nest site defense,
incubation, and chick feeding. However, there are species in which one mate undertakes all or most of a particular
duty.
Migration

Many bird species migrate to take advantage of different seasonal temperatures in different parts of the world. The
migrations are usually triggered by the length of daylight as well as weather conditions. Before migration, birds
increase their body fat content and reduce the size of some of their organs.
Migrations vary among different groups of birds. The most common pattern involves flying north to breed in the
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FIGURE 1.116
The chicks on the left are hatched altricial.
They are blind, naked, and helpless and
need to be cared for by their parents.
Young domestic chickens (Gallus gallus),
on the right, are hatched precocial; they
are able to take care of themselves. Their
eyes are open, they have warm, downy
feathers, and they can walk and run quite
well.

temperate or Arctic summer, and then returning to wintering grounds in warmer regions to the south. The primary
advantage of migration is to conserve energy. The longer days of the northern summer provide greater opportunities
for breeding birds to feed their young. The extended daylight hours allow migratory birds to produce larger broods
than related, non-migratory species that remain in equatorial regions year-round. As autumn (fall) days shorten in
the Northern Hemisphere, the birds return south to warmer regions where the food supply is more plentiful.
Some birds in Northern latitudes migrate to more southern latitudes in winter. In this way, they can avoid the food
shortages. The Fieldfare (Turdus pilaris) is a member of the thrush family Turdida that breeds in woodlands and
scrubs in northern Europe and Asia. It is strongly migratory and flies to more southern latitudes, such as Great
Britain and Ireland, where winter weather is milder and food is more plentiful.
Many birds migrate long distances. Bar-tailed Godwits (Limosa lapponica) have the longest known non-stop
migration of any species: up to 10,200 km (6,300 miles) from Alaska to New Zealand.
Communication

Birds communicate using primarily visual and auditory signals. Birds sometimes use plumage to assess and assert
social dominance, to display breeding condition, or to make threatening displays. The Sunbittern’s mimicry of a
large predator, as shown in the Figure 1.117, is used to ward off hawks and protect young chicks. Variation in
plumage also allows for the identification of birds, particularly between species. Visual communication among birds
may also involve ritualized displays. The most elaborate displays occur during courtship, where "dances" are often
formed from complex combinations of many possible component movements.
Bird calls and songs, which are produced in the syrinx, are the major means by which birds communicate with
sound. The syrinx is the sound-producing, vocal organ of birds, located at the base of a bird’s trachea. As with the
mammalian larynx, sound is produced by the vibration of air flowing through the organ. This communication can
be very complex; some species can operate the two sides of the syrinx independently, allowing the simultaneous
production of two different songs. Calls are used for different reasons such as attracting a mate, to defend territories,
to identify family members (such as when parents look for chicks in colonies), and to warn others of potential
predators.
Vocabulary

• altricial: Refers to a pattern of growth and development in organisms that are incapable of moving around on
their own soon after hatching or being born.
• brood patch: A patch of featherless skin that is visible on the underside of birds during the nesting season; it
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FIGURE 1.117
A Sunbittern (Eurypyga helias) shows its
bright eyespots in red, yellow, and black.
This display is shown to other sunbitterns
in courtship and threat displays, or it is
used to startle potential predators.

is used to transfer heat to the eggs when incubating.
• precocial: Refers to species in which the young are relatively mature and mobile from the moment of birth or
hatching.
• syrinx: The sound-producing, vocal organ of birds, located at the base of a bird’s trachea.
Summary

•
•
•
•
•
•

Birds pair up each mating season, if not for life.
Breeding usually involves some form of courtship display, typically performed by the male.
During mating, the male passes his sperm to the female by pressing his cloaca to the female’s cloaca.
Most birds have an extended period of parental care after hatching.
All birds lay amniotic eggs with hard shells made mostly of calcium carbonate.
Some newly hatched birds are naked and helpless (altricial), while others are hatched feathered and able to
walk and feed themselves (precocial).

Practice

Use this resource to answer the questions that follow.
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• How Birds Mate at http://birding.about.com/od/Reproduction/a/How-Birds-Mate.htm .
1. What happens to a bird’s organs during mating season?
2. Why do some waterfowl have an actual phallus?
3. How do most birds mate?
Practice Answers

1. During the mating season, the cloacae of males and females swell and protrude slightly. The testes and ovaries
also swell and start producing sperm and ova.
2. Some waterfowl, such as swans, geese, and ducks, have an actual phallus that is an extension of the cloacal
wall. It allows for waterfowl to mate in the water without the sperm washing away.
3. Most birds mate by having the male bird balance on top of the female. Their cloacae touch in a "cloacal kiss"
and sperm is transferred.
Review

1.
2.
3.
4.
5.

Do male birds or female birds choose their mate?
How do birds mate?
Are birds mostly monogamous or polygamous?
What is the purpose of a brood patch?
What is the difference between altricial and precocial offspring? Which birds usually have which type of
hatchling?
6. How does migration aid in reproduction for birds?
Review Answers

1. Females are usually the ones that choose a mate from competing males; however, there are species in which
the male chooses from a group of competing females. Mates are usually chosen through a courtship display.
2. Male birds do not have any external sexual organs. During mating, the male passes his sperm to the female
by pressing his cloaca to the female’s cloaca. The sperm is stored in the female’s sperm storage tubules for a
week to a year, depending on the species. Then, eggs will be fertilized individually as they leave the ovaries,
before being laid by the female.
3. Ninety-five percent of bird species are socially monogamous. A male and female bird will pair for at least the
length of the breeding season or, in some cases, for several years or until the death of one mate. Monogamy
allows for care of the fledglings by both parents.
4. Before nesting, the females of most bird species molt feathers from their belly area, developing a bare brood
patch. The skin of the brood patch is well supplied with blood vessels and is therefore warm, which helps to
incubate eggs.
5. Some newly hatched birds are naked and helpless (altricial), while others are hatched feathered and able to
walk and feed themselves (precocial). Birds that nest on the ground, such as ducks, chickens, and swans, have
precocial broods. Birds that nest off the ground, in trees, hedges, or buildings tend to have altricial young that
need to be taken care of by the parents for a relatively long time.
6. The primary advantage of migration is to conserve energy. The longer days of the northern summer provide
greater opportunities for breeding birds to feed their young. The extended daylight hours allow migratory birds
to produce larger broods than related, non-migratory species that remain in equatorial regions year-round. As
autumn (fall) days shorten in the Northern Hemisphere, the birds return south to warmer regions where the
food supply is more plentiful.
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1.34 Bird Classification - Advanced
• Describe the major orders of birds.
• Understand some of the basic characteristics that define different bird groups.

Raptor vs. Landfowl. Any obvious differences?
Of course there are. That is like comparing a turkey to an owl. And there are also flightless birds, birds that live near
water, and parrots. With almost 10,000 species of birds, there are bound to be significant differences.
Classification of Birds

Traditionally, birds have been classified based on their morphology. Comparisons of their beak shape, foot shape,
feathers, and flying abilities have been used to classify them into about 29 orders. However, as with classifications of
other organisms, the phylogenetic classification of birds is a matter of debate. Since the mid-2000s, new fossil and
molecular data provide a clearer picture of the evolution of modern bird orders. With these data, we are beginning
to understand birds’ relationships to each other and to dinosaurs.
Phylogenetically, the bird class Aves is usually defined as all descendants of the most recent common ancestor of
a specific modern bird species, such as the western bluebird (Sialia mexicana), and either Archaeopteryx or a
prehistoric species more closely related to modern birds. However, scientists are doubtful that Archaeopteryx is a
direct ancestor of birds. Classifying modern birds with a direct ancestor avoids the problems caused by the unclear
link between Archaeopteryx and modern birds. If modern birds are grouped along with their prehistoric bird ancestor,
this larger group is termed Avialae.
All modern birds lie within the subclass Neornithes, which has two subdivisions: the Paleognathae, containing
mostly flightless birds like ostriches, and the diverse Neognathae, which contains all other birds. Depending on the
taxonomic viewpoint, the number of known living bird species varies anywhere from 9,800 to 10,050.
183

1.34. Bird Classification - Advanced

www.ck12.org

Infraclass Paleognathae

The Paleognathae, or paleognaths ("old jaws"), contain several living orders of birds: the Tinamiformes (tinamous),
the Apterygiformes (kiwis), Casuariiformes (cassowaries and emus), Rheiformes (rheas), and the Struthioniformes
(ostriches), some of which are shown in the Figure 1.118. There are also many examples of extinct paleognaths
such as the moas that lived in New Zealand and elephant birds that lived in Madagascar. Moas are also shown in the
Figure 1.118.
Most paleognaths have long necks and long legs and are specialized for running rather than flight. All but the
tinamous are flightless. Paleognaths, other than tinamous, are commonly known as ratites (from the Latin word for
raft: ratis) because they have a breastbone shaped like a raft.

FIGURE 1.118
Various ratite birds (clockwise from top
left):

Brown kiwi (Apteryx manteli),

Greater rhea (Rhea americana), doublewattled cassowary (Casuarius casuarius),
New Zealand moas being attacked by
an eagle, and a Masai ostrich (Struthio
camelus massaicus).

Infraclass Neognathae

The Neognathae, or neognaths (“new jaws”), include virtually all living birds. There are about 10,000 species of
living neognaths. Since the late Cretaceous period (from about 145 million years ago to 65 million years ago), from
when the earliest fossils are known, they have developed into very different bodyforms (especially the bills and feet)
and a diverse range of behaviors. Birds are divided into about 29 orders (listed below), depending on the type of
classification being followed, but we will focus on just a few of the most common orders.
• Superorder Galloanserae - fowl.
1. Anseriformes - waterfowl.
2. Galliformes - wildfowl/landfowl.
3. Gastornithiformes - diatrymas (fossil).
• Superorder Neoaves.
1. Charadriiformes - shorebirds/waders and allies.
2. Pteroclidiformes - sandgrouse.
3. Phoenicopteriformes - flamingos.
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Podicipediformes - grebes.
Gaviiformes - loons/divers.
Procellariiformes - tubenoses.
Sphenisciformes - penguins.
Pelecaniformes - pelicans and allies.
Ciconiiformes - storks and allies.
Gruiformes - cranes and allies.
Falconiformes - diurnal raptors.
Columbiformes - doves and pigeons.
Strigiformes - owls.
Caprimulgiformes - nightjars and allies.
Aegotheliformes - owlet-nightjars.
Apodiformes - swifts and hummingbirds.
Opisthocomiformes - Hoatzin.
Cuculiformes - cuckoos.
Psittaciformes - parrots, parakeets, and cockatoos.
Coliiformes - mousebirds.
Trogoniformes - trogons.
Coraciiformes - rollers and allies.
Piciformes - woodpeckers and allies.
Passeriformes - passerines/perching birds.

Superorder Galloanserae

The birds referred to as fowl belong to one of two orders: the gamefowl or landfowl (Galliformes) and the waterfowl
(Anseriformes). Studies of anatomical and molecular similarities suggest that these two groups are closely related.

Order Galliformes—Landfowl

Galliformes is an order containing turkeys, grouse, chickens, quails, and pheasants. About 256 species are found
worldwide. Galliformes vary in size from the small Asian Blue Quail (Coturnix chinensis), which is about 12.5 cm
(5 in) long and weighs 28 to 40 g (1 to 1.4 oz), to the largest galliform species: the North American Wild Turkey
(Meleagris gallopavo), show in the Figure 1.119. Some wild turkeys may weigh as much as 14 kg (about 30.5 lb)
and may exceed 120 cm (47in).
Most Galliformes have large bodies with thick necks, moderately long legs, and rounded wings. Adult male
Galliform birds have a sharp, horny spur on the back of each leg, which they use for fighting other males. Some
Galliformes are adapted to grassland habitats, and these genera are noted for their long, thin necks, long legs, and
large, wide wings. Thus, turkeys, pheasants, peafowl, and quail all have similar body types.

Order Anseriformes –Waterfowl

The order Anseriformes contains about 150 living species of birds, which include screamers, magpie geese, ducks,
geese, and swans. All species in the order are highly adapted for life on the water surface. All are web-footed for
efficient swimming, although some have also become mainly terrestrial. They nest on the ground, and their young
are hatched precocious. A magpie goose, a female and male mallard duck, and a crested screamer are shown in the
Figure 1.120.
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FIGURE 1.119
A male North American Wild Turkey (Meleagris gallopavo). Wild turkeys
are surprisingly agile fliers and are very intelligent, unlike domesticated
turkeys. Founding Father Benjamin Franklin praised the “character” of the
wild turkey. He said it would make a much better national symbol than the
Bald Eagle. Franklin called the turkey a courageous bird, a “true original
native of America” that is much more respectable than the eagle.

FIGURE 1.120
Anseriformes.
goose

(Left-right) A magpie

(Anseranas

semipalmata).

Magpie-geese are waterbirds found in
Australia and New Guinea.

A female

(brown feathers) and a male mallard
duck (Anas platyrhynchos). Mallards are
widespread; they are found in areas of
North America, Europe, Asia, and New
Zealand.

Crested screamers (Chauna

torquata) are native to South America.

Order Charadriiformes—Shorebirds and Waders

Charadriiformes is a diverse order of small to medium-large birds. It includes about 350 species and has members in
all parts of the world. Most Charadriiformes live near water and eat invertebrates or other small animals; however,
some are pelagic (sea birds), some occupy deserts, and a few are found in thick forests. Some of the most well-known
charadriiforms include gulls and puffins, which are shown in the Figure 1.121.
FIGURE 1.121
Charadriiformes.

(Left-right)

headed gull (Larus ridibundus).

BlackIn

summer, the gull’s head feathers are
dark brownish-black—hence its name.
Atlantic Puffins (Fratercula arctica), like
other puffins, form long-term pair bonds.
The female lays a single egg, and both
parents incubate the egg and feed the
chick.
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Order Sphenisciformes–Penguins

Penguins are a group of aquatic, flightless birds living almost exclusively in the Southern Hemisphere. The number
of penguin species is debated. Estimations on the number of penguin species vary between 17 and 20 living species.
Most penguins feed on krill, fish, squid, and other forms of sea-life caught while swimming underwater. They spend
half of their life on land and half in the oceans.
Most penguins, like the gentoo penguin in the Figure 1.122, lay two eggs in a clutch, although the two largest
species, the emperor and the king penguins, only lay one egg. The parents cooperate in caring for the clutch and the
young. During the cold season, on the other hand, the mates separate for several months to protect the egg. Usually,
the male stays with the egg and keeps it warm in a brood pouch between his feet, while the female goes to sea to
find food for the baby.

FIGURE 1.122
A gentoo penguin (Pygoscelis papua)
feeding its chick. Gentoo penguins are
found in Antarctica and some islands off
the coast of Antarctica.

Order Falconiformes-Diurnal Raptors

The order Falconiformes is a group of about 290 species of birds that include the diurnal birds of prey. Diurnal
refers to animals that are active in the day and sleep at night. Falconiformes includes falcons, hawks, eagles, and
vultures. Typically, falconiformes have a sharply hooked beak for tearing up prey, as shown in the Figure 1.123.
They also have strong legs, feet with hooked claws, and an opposable hind claw for capturing and holding onto prey.
Falconiformes are carnivorous, hunting by sight during the day or at twilight. They have excellent eyesight and are
exceptionally long-lived. Monogamy is the general rule, although an alternative mate is often selected if one dies.
Order Strigiformes–Owls (Nocturnal Raptors)

Owls are classified in the order Strigiformes, of which there are over 200 species. Most owls are solitary and
nocturnal birds of prey. However, not all owls are nocturnal. The burrowing owl, shown in the Figure 1.124, is
usually active during the day. Owls mostly hunt small mammals, insects, and other birds, although a few species
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FIGURE 1.123
A juvenile red-tailed hawk (Buteo jamaicensis) eating its prey, a California
meadow vole (Microtus californicus). Falconiformes use their powerful feet and
talons to snatch up prey and use their
hooked beaks to tear the prey into small
pieces before eating it.

specialize in hunting fish. They are found in all regions of Earth except Antarctica, most of Greenland, and some
remote islands.
Owls have large forward-facing eyes and ears, a hawk-like beak, and usually a circle of feathers called a facial disc
around each eye. Although owls have binocular vision, their large eyes are fixed in their sockets, as is the case with
other birds, and they must turn their entire head to look around.

FIGURE 1.124
The burrowing owl (Athene cunicularia) lives in grassy plains from Southern Canada to Mexico. It is unlike other owls in that it is usually active
during the day. It does not build its own living quarters. Instead, it shelters
in the abandoned burrows of prairie dogs.

Order Psittaciformes-Parrots, Parakeets, and Cockatoos

The order Psittaciformes is made up of parrots, parakeets, and cockatoos. The roughly 350 species in the order are
found in most warm and tropical regions. They are usually grouped into two families: the Psittacidae (true parrots)
and the Cacatuidae (cockatoos). Characteristic features of parrots include a strong, curved bill, an upright stance,
strong legs, and clawed four-toed feet with two toes facing forward and two facing back. Most parrots are green
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with other bright colors, and some species are multi-colored. Cockatoo species range from mostly white to mostly
black, and they have a mobile crest of feathers on the top of their heads.
Parrots, along with crows, jays, and magpies, are some of the most intelligent birds, and their ability to imitate
human voices makes them popular as pets. Trapping of wild parrots for the pet trade, as well as other hunting,
habitat loss, and competition from invasive species, has decreased wild populations, and more parrots are threatened
with extinction than any other group of birds.
Order Passeriformes-Perching Birds

A passerine is a bird of the large order Passeriformes. Passeriformes (perching birds) is the largest order of land
vertebrates, containing some 60% of living birds. Sometimes known as perching birds, the passerines form one
of the most diverse terrestrial orders of vertebrates, with about 5,400 species. Many passerines are songbirds and
have complex muscles to control their syrinx. Most passerines are smaller than members of other avian orders. The
heaviest and largest passerine is the thick-billed raven, shown in the Figure below, which can be 60-64 cm in length.
The foot of a passerine has three toes directed forward, without any webbing or joining, and one toe directed
backward, as shown in the Figure below. The hind toe joins the leg at the same level as the front toes. In other
orders of birds, the toe arrangement is different. Most passerines lay colored eggs, in contrast with non-passerines,
whose eggs are usually white.
The passerine family Corvidae, which includes crows, ravens, rooks, jackdaws, jays, and magpies, has been found
to contain the most intelligent birds. Based on the brain-to-body ratio, corvid brains are among the largest in birds.
Their brain size is equal to those of great apes and cetaceans and only slightly smaller than a human’s. When
compared to dogs and cats in an experiment testing the ability to seek out food according to clues, corvid birds did
better than the mammals.
Their intelligence is boosted by the length of time the young corvids stay with their parents. They are hatched atrical,
and, by remaining with their parents, the young have more opportunities to learn survival skills. Since most corvids
are cooperative brooders that live in large flocks, the young can learn from different members of the group.
FIGURE 1.125
Passerines are a large group of birds
commonly called perching birds.

(Left-

right) A male chaffinch (Fringilla coelebs).
The chaffinch is the most common finch
in western Europe.

Thick-billed ravens

(Corvus crassirostris) are native to Eritrea
and Ethiopia, in North Eastern Africa.

Flying Birds: Summary

Birds that are able to fly are divided into 29 orders that differ in their physical traits and behaviors. The Table below
describes seven of the most common orders. As shown in the table, the majority of flying birds are perching birds
like the honeyeater described in the last row of the table. The order of perching birds has more species than all the
other bird orders combined. In fact, this order of birds is the single largest order of land vertebrates.
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TABLE 1.5:
Order
Landfowl: turkeys, chickens, and
pheasants

Description
They are large in size, spend most
of their time on the ground, usually have a thick neck and short,
rounded wings, and their flight
tends to be brief and close to the
ground.

Example
Turkey

Waterfowl:
swans

ducks, geese, and

They are large in size, spend most of
their time on the water surface, have
webbed feet, and are good swimmers. Most are strong flyers.

Ducks

Shorebirds:
plovers

puffins, gulls, and

They range from small to large,
most live near the water, and some
are sea birds. They have webbed
feet and are good swimmers. Most
are strong flyers.

Puffin

Diurnal Raptors: hawks, falcons,
and eagles

They range from small to large, are
active during the day, and sleep during the night. They have a sharp,
hooked beak and strong legs with
clawed feet. They hunt by sight and
have excellent vision.

Hawk

Nocturnal Raptors: burrowing
owls, barn owls, and horned owls

They range from small to large,
are active during the night, and
sleep during the day. They have a
sharp, hooked beak and strong legs
with clawed feet. They have large
forward-facing eyes, excellent hearing, and can hunt with their sense of
hearing alone.

Burrowing owl

190

www.ck12.org

Chapter 1. Vertebrates - Advanced

TABLE 1.5: (continued)
Order
Parrots: cockatoos, parrots, and
parakeets

Description
They range from small to large, are
found in tropical regions, have a
strong, curved bill, and stand upright on strong legs with clawed
feet. Many are brightly colored and
are very intelligent.

Example
Cockatoo

Perching Birds: honeyeaters, sparrows, and crows

They are small in size, perch above
the ground in trees, buildings, and
wires, have four toes for grasping a
perch, and many are songbirds.

Honeyeater

The Golden Eagle

Although not as famous as their bald cousins, golden eagles are much easier to find in Northern California - one of
the largest breeding populations for golden eagles. The largest of the raptors, golden eagles weigh typically between
8 and 12 pounds, and their wing span is around 6 to 7 feet. These eagles dive towards earth to catch prey and can
reach speeds of up to 200 mph! Meet one of the largest birds of prey at http://www.kqed.org/quest/television/cool-cr
itters-the-golden-eagle (2:00).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/10202

The Great Horned Owl

Owls are amazing creatures. They have many adaptations that allow them to thrive in their environments. Their
claws are enormous and powerful, and they have both excellent hearing and fantastic vision in low light. And great
horned owls can fly almost silently due to "fringes" on their feathers that help break up the sound of air passing over
their wings. Learn more about the great horned owl at http://www.kqed.org/quest/television/cool-critters-great-hor
ned-owls- (2:18).
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/10203

Vocabulary

• Archaeopteryx: One of the most famous transition fossils; it has characteristics of both reptiles and birds.
• diurnal: Of or pertaining to the day; active or occurring in the daytime.
• fowl: Any of the various birds of the order Galliformes, especially the common chicken; it is also a commonly
used word for birds in general.
• landfowl: Heavy-bodied, ground-feeding birds, which include turkeys, grouse, and chickens; they are also
known as Galliformes.
• morphology: A branch of biology dealing with the study of the form and structure of organisms.
• nocturnal: Of or pertaining to the night; active or occurring at night
• phylogenetic classification: The classification of organisms on the basis of evolutionary relationships.
• waterfowl: Birds that are highly adapted for an aquatic existence at the water surface such as ducks, geese,
and swans; they are also known as Anseriformes.
Summary

• All modern birds lie within the subclass Neornithes, which has two subdivisions: the Paleognathae, containing
mostly flightless birds like ostriches, and the diverse Neognathae, which contains all other birds.
• Most paleognaths have long necks and long legs and are specialized for running rather than flight.
• The birds referred to as fowl belong to one of two orders: the gamefowl or landfowl (Galliformes) and the
waterfowl (Anseriformes).
• Charadriiformes is a diverse order of small to medium-large birds. It includes about 350 species and has
members in all parts of the world.
• Penguins are a group of aquatic, flightless birds living almost exclusively in the Southern Hemisphere.
• The order Falconiformes is a group of about 290 species of birds that include the diurnal birds of prey. Diurnal
refers to animals that are active in the day and sleep at night. Falconiformes includes falcons, hawks, eagles,
and vultures.
• Owls are classified in the order Strigiformes, of which there are over 200 species.
• The order Psittaciformes is made up of parrots, parakeets, and cockatoos. The roughly 350 species in the order
are found in most warm and tropical regions.
• Passeriformes (perching birds) is the largest order of land vertebrates, containing some 60% of living birds.
• The passerine family Corvidae, which includes crows, ravens, rooks, jackdaws, jays, and magpies, has been
found to be the most intelligent birds.
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Practice

Use this resource to answer the questions that follow.
• Bird Classifications at http://www.birds.com/species/classifications/ .
1. Which phylum and class do birds belong to?
2. Which is the largest order of birds?
3. Why are some birds divided into subspecies?
Practice Answers

1. Birds belong in the phylum Chordata and the class Aves.
2. More than half of all birds belong in the order Passeriformes.
3. Some birds are divided into subspecies because birds of the same species living in different geographical areas
may differ slightly.
Review

1.
2.
3.
4.
5.
6.
7.

What are some common characteristics of paleognaths?
Which two orders of birds are known commonly as fowl?
What do penguins usually eat?
What does diurnal mean? Which order of birds contains diurnal birds of prey?
What are some characteristic features of parrots?
What is the largest order of land vertebrates?
Which family of birds is the most intelligent?

Review Answers

1. Most paleognaths have long necks and long legs and are specialized for running rather than flight. All but
the tinamous are flightless. Paleognaths, other than tinamous, are commonly known as ratites (from the Latin
word for raft: ratis) because they have a breastbone shaped like a raft.
2. The birds referred to as fowl belong to one of two orders: the gamefowl or landfowl (Galliformes) and the
waterfowl (Anseriformes). Galliformes is an order containing turkeys, grouse, chickens, quails, and pheasants.
The order Anseriformes contains about 150 living species of birds, which include screamers, magpie geese,
ducks, geese, and swans.
3. Most penguins feed on krill, fish, squid, and other forms of sea-life caught while swimming underwater. They
spend half of their life on land and half in the oceans.
4. Diurnal animals are animals that are active in the day and sleep at night. The order Falconiformes is a group
of about 290 species of birds that include the diurnal birds of prey. Falconiformes includes falcons, hawks,
eagles, and vultures.
5. Characteristic features of parrots include a strong, curved bill, an upright stance, strong legs, and clawed fourtoed feet with two toes facing forward and two facing back. Most parrots are green with other bright colors,
and some species are multi-colored.
6. Passeriformes is the largest order of land vertebrates, containing some 60% of living birds. Sometimes known
as perching birds, the passerines form one of the most diverse terrestrial orders of vertebrates, with about
5,400 species.
7. The passerine family Corvidae, which includes crows, ravens, rooks, jackdaws, jays, and magpies, has been
found to be the most intelligent birds. Based on the brain-to-body ratio, corvid brains are among the largest in
birds. Their brain size is equal to those of great apes and cetaceans and only slightly smaller than a human’s.
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1.35 Bird Evolution - Advanced
• Understand how birds evolved from a specific group of dinosaurs.
• Discuss the origins of feathers and flight.
• Learn about the similarities between birds and their ancient ancestors.

Did birds really evolve from dinosaurs?
One is an ostrich, the other is a mononykus dinosaur. The structural relationship is obvious. Mononykus moved
about on two legs, was very nimble, and could run at high speeds—something that would have been useful in the
open desert plains where they lived. It had a small skull, and its teeth were small and pointed, suggesting that it ate
insects and small animals such as lizards and mammals.
Evolution of Birds

The origin of birds has been a topic of debate within evolutionary biology for many years, but, more recently,
a scientific consensus has emerged, holding that birds are a group of theropod dinosaurs that evolved during the
Mesozoic Era (from about 251.0 million years ago to 65.5 million years ago). The evolution of birds is thought to
have begun in the Jurassic Period (between about 199.6 and 145.4 million years ago), with the earliest birds evolved
from theropod dinosaurs.
Theropods (’beast feet’) are a group of bipedal dinosaurs. Among the features linking theropods to birds are
the three-toed foot, a furcula (wishbone), air-filled bones, and (in some cases) feathers and egg brooding. Today,
theropods are represented by the approximately 10,000 living species of birds, which evolved in the Late Jurassic
period from small coelurosaurian dinosaurs such as the Sinosauropteryx shown in the Figure 1.126. Sinosauropteryx
is the first and most primitive genus of dinosaur found with the fossilized impressions of feathers. Well-preserved
fossils of Sinosauropteryx show that they were covered with a furry down of very simple feathers. However, some
scientists believe that the “feathers” are just hairs.
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FIGURE 1.126
A fossil of Sinosaupteryx, a theropod dinosaur.

Scientists are able to create

life-like models of ancient animals based
on their fossilized remains. The largest
known sinosaupteryx are 1-1.2 m (3 ft) in
length, most of which was taken up by its
long tail.

A close relationship between birds and dinosaurs was first proposed in the nineteenth century after the discovery of
the primitive bird Archaeopteryx in Germany. Since the 1960s, this relationship has been confirmed by comparative
anatomy studies and the other evolutionary analyses.
Archaeopteryx lithographica, shown in the Figure 1.127, is the earliest known member of the class Aves, to which
birds belong. Archaeopteryx lived during the Late Jurassic period, around 155–150 million years ago. Despite
its small size, broad wings, and ability to fly, Archaeopteryx has more in common with small theropod dinosaurs
than it does with modern birds. In particular, it shares the following features with the deinonychosaurs (including
velociraptors and microraptors): jaws with sharp teeth, three fingers with claws, a long bony tail, second toes with a
curved claw, and feathers (which also suggests it may have been warm-blooded).
In the 1960s, American palaeontologist John Ostrom examined Deinonychus, a carnivorous theropod dinosaur that
lived during the early Creataceous period (121 to 98.9 million years ago). He discovered that Dienonychus had many
bird-like features and also had features similar to Archaeopteryx. The description in 1969 by Ostrom of Deinonychus
has been described as the single most important discovery of dinosaur paleontology in the mid 20th century. The
discovery of this clearly active, agile predator did much to change the scientific (and popular) idea of dinosaurs as
"cold-blooded," sluggish animals. Ostrom noted similarities between the forefeet of Deinonychus and those of birds.
This observation led him to revive the hypothesis that birds are descended from dinosaurs. Thirty years later, this
idea is almost universally accepted. At least phylogenetically, birds are dinosaurs.
Only a few scientists still debate the dinosaurian origin of birds. Those that do debate this origin suggest descent
from other types of lizard like creatures called Longisquama. This theory is contested by most other paleontologists
and experts in feather development and evolution.
The consensus in contemporary paleontology is that birds are the closest relatives of dinosaurs called dromaeosaurids.
Dromaeosauridae is a family of bird-like theropod dinosaurs. The name Dromaeosauridae means ’running lizards’
(from the Greek words dromeus, meaning ’runner,’ and sauros, meaning ’lizard’). Birds share hundreds of unique
skeletal features with dromaeosaurids. The dromaeosaurids were carnivorous dinosaurs that had a large sickleshaped talon on their second toes that they used to stab prey. Dromaeosauridae includes some of the most fearsome
killers of the Cretaceous Period such as Deinonychus, Velociraptor, and Microraptor. Dromaeosaurs are commonly
called raptors (after Velociraptor), which should not be confused with the use of the term to identify modern birds
of prey.
Deinonychus, shown in the Figure 1.128, was almost certainly feathered, since its close relative Velociraptor was
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FIGURE 1.127
A model of Archaeopteryx lithographica.

Scientists do not believe that Ar-

chaeopteryx is the direct ancestor of
modern birds. Archaeopteryx had many
reptilian characteristics, such as teeth and
a long bony tail, but it had feathers, which
would indicate it was endothermic (warm
blooded) and not exothermic like modern
reptiles.

shown in 2007 to have been feathered. Scientists found structures called quill knobs on the forearm of a Velociraptor.
Quill knobs show where feathers anchor in the skin of modern birds. This recent discovery added weight to already
strong theories that all dromaeosaurs were feathered. The ongoing discovery of feathered dinosaur fossils has shed
new light on the evolution of birds.
Although harder to identify in the fossil record, similarities in the digestive and cardiovascular systems, as well as
behavioral similarities and the shared presence of feathers, also link birds with dinosaurs.
Recent studies have indicated the presence of a very bird-like respiratory system in certain predatory dinosaurs such
as Majungasaurus crenatissimus (shown in the Figure 1.129). These findings give more evidence of an evolutionary
link between dinosaurs and birds. The presence of a pulmonary air sac system with flow-through ventilation similar
to modern birds suggests that this group of dinosaurs could have had a fast metabolism, which means they were
probably endothermic. The recent discovery of fossilized soft tissue within the bones of a Tyrannosaurus rex
specimen opens the possibility of comparing dinosaur soft tissues to the soft tissues of modern birds. The researchers
discovered minute amounts of the protein collagen within the leg bones of the T. rex.
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FIGURE 1.128
Dienonychus, whose name means “terrible claw,” had an unusually large sickleshaped talon on the second toe of each
foot, which was probably held up off the
ground while the dinosaur walked on the
third and fourth toes. Deinonychus could
reach 3.4meters (11.1ft) in length, much
bigger than Velociraptor.

FIGURE 1.129
Majungasaurus crenatissimus had a respiratory system that was very similar to
birds. This dinosaur lived in Madagascar
from 70 to 65 million years ago, at the end
of the Cretaceous Period.

Origin and Evolution of Flight

The origin of bird flight is a separate, but related, question to the origin of birds, and there are several proposed
answers. More information on flight can be found at Vertebrate Flight (http://www.ucmp.berkeley.edu/vertebrates
/flight/evolve.html ). Most birds can fly, which distinguishes them from almost all other vertebrates. Flight is used
by modern birds as a means of locomotion, feeding, and avoiding and escaping predators.
Comparing the structures of the wings of likely ancestors of birds would give the best evidence for how wings
evolved. But finding out why wings and flight evolved is also an active area of research among scientists. Different
hypotheses addressing why flight evolved have been put forward:

1. Wings evolved from arms used to capture small prey.
2. Wings evolved because bird ancestors leapt into the air to capture prey or to avoid predators, and wings helped
the animal leap higher.
3. Wings evolved from ancestors who lived in trees and glided from branch to branch. Flapping their gliding
structures (arms) helped them glide farther.

Scientists can investigate these hypotheses by studying other flying vertebrates: pterosaurs and bats. Pterosaurs (now
extinct) were the first vertebrates to evolve true flight.
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Origin of Feathers

Coelurosauria is a diverse group of theropod dinosaurs that includes tyrannosaurs, ornithomimosaurs, and maniraptors. Recall that the first and most primitive genus of dinosaur found with fossilized impressions of feathers,
Sinosauropteryx, was a coelurosaur. Maniraptora includes birds, the only coelurosaurs alive today. All feathered dinosaurs discovered so far have been coelurosaurs. In fact, some scientists believe that most members of
Coelurosauria had some kind of feathers. Some coelurosaurs, such as Tyrannosaurus, may have only had insulating,
downy feathers as hatchlings.
The recently discovered dromaeosaur called Microraptor has features that may have enabled it to glide or fly. At 55
to 77 cm (1.8 to 2.5 ft) long from its nose to the tip of its tail, Microraptor was among the smallest known dinosaurs.
It had a keeled sternum and bird-like ribs. Microraptor had two sets of wings, on both its fore and hind legs, which
can be seen in the Figure 1.130. The long feathers on the legs of Microraptor were true flight feathers like those seen
in modern birds. As in bird wings, Microraptor had both primary (anchored to the hand) and secondary (anchored
to the arm) flight feathers. Scientist believe that Microraptor lived in the trees and may have used its four wings to
glide from tree to tree.

FIGURE 1.130
A fossil of Microraptor. Microraptor had
a keeled sternum and bird-like ribs.

It

also had a pair of wings on both its fore
and hind legs, the feathers of which are
marked with white arrows.

Scientists are fairly certain that feather-bearing theropods existed by the mid-Jurassic Era (about 175.6 to 161.2
million years ago). It is likely that flight was "tried out" in several lineages of creatures, and by the mid-Cretaceous
Period (about 120 million years ago), some creatures, such as the crow-sized Confuciusornis, had some peculiar
bird-like features. For example, Confuciusornis’s long tail was unfit for steering, and its wing shape seems rather
specialized, although the arm skeleton was still quite dinosaur-like. However, Confuciusornis had a pygostyle
similar to those of modern birds.
Enantiornithes is an extinct group of primitive birds that were common in the Mesozoic Era. Almost all enantiornithes had teeth and clawed hands, like other primitive birds. Enantiornithines are thought to have left no living
descendants.
The Iberomesornis shown in the Figure 1.131 was an enantiornithes. It lived between 137-121 million years ago
in forested areas of what is now Spain. Iberomesornis romerali was more physically advanced than Archaeopteryx.
Most other birds from this time (around 135 million years ago) have reptilian characteristics such as a long tail. The
vertebral column of Iberomesornis ends in a pygostyle, just like in modern birds. Its wings still had claws, but the
thumb claw was reduced, and its spinal column was not as rigid as those of modern birds.
Iberomesornis was small, having a wingspan of 10-15 centimeters and weighing about 50 g (2 oz). Overall, it was
no bigger than a large modern sparrow, but it was well able to fly. It also probably hunted insects and small animals,
plucking them out of the air or from the ground.
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FIGURE 1.131
A model of the Cretaceous bird Iberomesornis, an enantiornith.

Vocabulary

• Archaeopteryx: One of the most famous transition fossils; it has characteristics of both reptiles and birds.
• endothermic: Of or relating to an animal that is able to regulate its body temperature from the inside, through
metabolic or other physical changes. It is also known as warm-blooded.
• paleontologist: A scientist who studies fossils.
• pygostyle: A structure formed from the fusion of the final few vertebrae; it supports the bird’s tail feathers
and muscles.
• theropods: A diverse group of bipedal saurischian dinosaurs; the word theropod means "beast-footed."
Summary

• The origin of birds has been a topic of debate within evolutionary biology for many years, but, more recently,
a scientific consensus has emerged, holding that birds are a group of theropod dinosaurs that evolved during
the Mesozoic Era.
• Among the features linking theropods to birds are the three-toed foot, a furcula (wishbone), air-filled bones,
and (in some cases) feathers and egg brooding.
• Sinosauropteryx is the first and most primitive genus of dinosaur found with fossilized impressions of feathers.
• Archaeopteryx lithographica is the earliest known member of the class Aves, to which birds belong.
• The consensus in contemporary paleontology is that birds are the closest relatives of dinosaurs called dromaeosaurids. Dromaeosauridae is a family of bird-like theropod dinosaurs.
• All feathered dinosaurs discovered so far have been coelurosaurs.
Practice

Use this resource to answer the questions that follow.
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• Bird Evolution at http://www.pbs.org/wgbh/evolution/library/03/4/l_034_01.html .
1. Why is evidence of bird evolution somewhat elusive in the fossil record?
2. What happened to the forelimbs and hands of theropods during the course of evolution?
3. When did birds start to rapidly diversify?
Practice Answers

1. Bird evolution is somewhat elusive in the fossil record because the light, hollow bones of birds decompose
rapidly.
2. The forelimbs and hands of theropods became longer as they evolved, and some theropods developed bones
in the wrist that allowed the joint to flex sideways.
3. The fossil record suggests that birds diversified rapidly during the Cretaceous.
Review

1.
2.
3.
4.
5.

Which dinosaurs have been discovered to have feathers?
When did the earliest birds evolve?
What similarities do birds share with theropods?
What species is the oldest known member of the class Aves? What features does it share with dinosaurs?
What evidence suggests that dinosaurs were endothermic like birds?

Review Answers

1. All feathered dinosaurs discovered so far have been coelurosaurs.
2. The evolution of birds is thought to have begun in the Jurassic Period, (between about 199.6 and 145.4 million
years ago) with the earliest birds evolved from theropod dinosaurs during the Mesozoic Era.
3. Among the features linking theropods to birds are the three-toed foot, a furcula (wishbone), air-filled bones,
and (in some cases) feathers and egg brooding.
4. Archaeopteryx lithographica is the earliest known member of the class Aves, to which birds belong. Archaeopteryx lived during the Late Jurassic period, around 155–150 million years ago. It shares the following
features with the deinonychosaurs (including velociraptors and microraptors): jaws with sharp teeth, three
fingers with claws, a long bony tail, second toes with a curved claw, and feathers.
5. The presence of a pulmonary air sac system with flow-through ventilation similar to modern birds suggests
this group of dinosaurs could have had a fast metabolism, which means they were probably endothermic.
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1.36 Bird Ecology - Advanced
• Understand the variety of habitats that birds inhabit.
• Discuss the crucial roles that birds play.
• Learn about how beak structure can determine a bird’s habitat and diet.

Where do birds live?
Practically anywhere they want. From some of the coldest regions on the planet to the warmest. Look at these
penguins. Would you want to live there?

Ecology of Birds

Birds occupy a wide range of ecological positions and are important members of every environment in which
they live. While some birds, such as crows, are generalists (they can eat many different things), others, such as
hummingbirds, are highly specialized in their food needs. Even within a single habitat, such as a forest, the niches
occupied by different species of birds vary, with some species feeding in the forest canopy, others beneath the
canopy, and still others on the forest floor. Forest birds may eat insects ( insectivores), fruit ( frugivores), and nectar
( nectarivores). Aquatic birds generally feed by fishing, eating plants, and stealing food from other birds—as frigate
birds are known to do. Birds of prey are carnivores that specialize in hunting mammals or other birds, while vultures
are specialized scavengers.
Some nectar-feeding birds are important pollinators, and many frugivores play a key role in seed dispersal. Plants
and pollinating birds often coevolve, and, in some cases, a flower’s primary pollinator is the only species capable of
reaching its nectar.
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Distribution

Birds live and breed in most terrestrial habitats and on all seven continents, reaching their southern extreme in the
snow petrel’s breeding colonies that are up to 440 km (270 miles) inland in Antarctica. The highest bird diversity
occurs in tropical regions. Several families of birds have adapted to life both on the world’s oceans and in them,
with some seabird species coming ashore only to breed and some penguins recorded diving up to 300 m (980 ft)
underwater.
Many bird species have established breeding populations in areas that they have been introduced to by humans. Some
of these introductions have been deliberate; the ring-necked pheasant, for example, has been introduced around the
world as a game bird. European house sparrows, shown in the Figure 1.132, were introduced to North America
and Australia by early settlers. The sparrows naturalized quickly, particularly in urban areas. Other introductions
have been accidental, such as the establishment of wild monk parakeets in several North American cities after their
escape from captivity. Some species, including the cattle egret and yellow-headed caracara, have spread naturally
far beyond their original ranges because agricultural practices have created suitable new habitats.

FIGURE 1.132
A house sparrow.

The range of the

house sparrow (Passer domesticus) has
expanded dramatically due to human activities.

Birds are often important to island ecology. Birds have frequently reached islands that mammals have not; on those
islands, birds may fulfill ecological roles typically played by larger animals. For example, in New Zealand, the now
extinct moas were important browsers, as are the kereru and kokako today. Today the plants of New Zealand retain
the defensive adaptations evolved to protect themselves from the extinct moa. Nesting seabirds may also affect
the ecology of islands and surrounding seas, principally through the concentration of large quantities of guano
(droppings), which may enrich the local soil and the surrounding seas.

Feeding

The shape of a bird’s beak and feet can tell scientists a lot about the bird’s habitat and diet. Beak shape can indicate
the type of diet a bird has. For example, raptors, such as hawks and eagles, have hooked beaks to tear their prey apart,
seed eaters, such as finches, have thick, short beaks to crack hard-shelled seeds, and nectar feeders have long, thin
beaks so that they can feed on the nectar inside flowers. Passerines, such as swallows and martins, are insectivores;
they eat mostly insects. Insectivores have sharp pointed beaks that can be opened wide to capture flying insects.
Swallows and martins have wings adapted to hunting insects; they have developed a slender, streamlined body, long
pointed wings, and short legs and feet, which they tuck into their feathers. Some birds, such as rooks and the skua
shown in the Figure 1.133, are generalists. Generalist feeders have beak shapes that allow them to eat many different
foods including the eggs of other birds, fruit, and carrion.
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FIGURE 1.133
The south polar skua (Stercorarius maccormicki) is a generalist predator; it is not
a picky eater. It may attack and kill birds,
rob fish from other seabirds, and it will
also steal and eat bird eggs. It will also
consume carrion. Its beak is shaped in a
way that allows it to feed on these many
different things.

FIGURE 1.134
Hummingbird Sipping Nectar.

A hum-

mingbird gets nectar from flowers and
pollinates the flowers in return. What type
of relationship exists between the bird and
the flowering plant?

Vocabulary

• frugivore: An animal which eats fruits and often disperses their seeds.
• generalist: An animal that can eat many different things.
• guano: The excrement of seabirds and bats.
• insectivore: An animal that eats insects.
• nectarivore: An animal who eats the nectar of flowering plants.
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Summary

• Birds occupy a wide range of ecological positions and are important members of every environment in which
they live.
• Forest birds may eat insects (insectivores), fruit (frugivores), and nectar (nectarivores). Aquatic birds generally
feed by fishing, eating plants, and stealing food from other birds—as frigate birds are known to do.
• Some nectar-feeding birds are important pollinators, and many frugivores play a key role in seed dispersal.
• Bird species have been introduced into new habitats deliberately by humans, accidentally as escaped pets, and
also through the spread of agriculture, which creates suitable new habitats.
• Birds are often important to island ecology.
• The shape of a bird’s beak and feet can tell scientists a lot about the bird’s habitat and diet.
Practice

Use this resource to answer the questions that follow.
• Australia’s Birds: Biology Ecology at http://www.birdlife.org.au/all-about-birds/australias-birds/biologyecology .
1. What are two ways that birds have adapted to become efficient at feeding on nectar?
2. What are the hooked bills of hawks and eagles designed for?
3. How do birds catch insects in the bark of trees?
Practice Answers

1. Some birds evolved long, slender, slightly-curved bills in order to probe deep into a flower and obtain nectar.
Other birds have adapted tongues shaped like brushes that gather nectar and pollen.
2. The hooked bills of hawks and eagles have a sharp point to pierce flesh and a curved profile that allows the
bird to exert lots of pressure in order to tear pieces of flesh.
3. Some birds, such as the varied sitella, catch insects inside bark by using their tweezers-like bills to probe
cracks, just like tweezers.
Review

1.
2.
3.
4.
5.

How does the diet of forest birds differ from aquatic birds?
Explain how some birds are important to the plant species in their habitat.
How have birds been introduced into new habitats by humans? Give examples.
How are birds important to island ecology?
Give examples of how beak shape can help determine the diet of birds.

Review Answers

1. Forest birds may eat insects (insectivores), fruit (frugivores), and nectar (nectarivores). Aquatic birds generally
feed by fishing, eating plants, and/or by stealing food from other birds.
2. Some nectar-feeding birds are important pollinators, and many frugivores play a key role in seed dispersal.
Plants and pollinating birds often coevolve, and, in some cases, a flower’s primary pollinator is the only species
capable of reaching its nectar.
3. Some birds have been introduced to new habitats deliberately by humans. The ring-necked pheasant, for
example, has been introduced around the world as a game bird. Others have been introduced accidentally
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by escaping from captivity, as was the case with the monk parakeets. Birds have also spread as a result
of agriculture, which opens up new habitable environments for birds. The cattle egret and yellow-headed
caracara have spread because of agriculture.
4. Birds are important to island ecology because they reach islands that mammals cannot. They then fill the
roles of larger animals: for example, becoming browsers such as the extinct moa. Nesting seabirds are also
important because their guano enriches the soil and surrounding water of islands.
5. Beak shape can indicate the type of diet a bird has. For example, raptors, such as hawks and eagles, have
hooked beaks to tear their prey apart, seed eaters, such as finches, have thick, short beaks to crack hard-shelled
seeds, and nectar feeders have long, thin beaks so that they can feed on the nectar inside flowers. Insectivores
have sharp pointed beaks that can be opened wide to capture flying insects.

205

1.37. Importance of Birds - Advanced

www.ck12.org

1.37 Importance of Birds - Advanced
• Understand the importance of birds, especially in relation to humans.

What bird was once trusted with important messages?
A carrier pigeon or messenger pigeon is a homing pigeon (specifically the domesticated rock pigeon, Columba livia)
that is used to carry messages. Most homing or racing type pigeons were used to carry messages. Carrier pigeons
were used to carry messages in World War I and World War II. Because of their importance to those war efforts,
thirty-two pigeons were presented with the Dickin Medal to honor the work of animals in war.
Relationship with Humans

Since birds are highly visible and common animals, humans have had a relationship with them for a very long
time. Sometimes, these relationships are mutualistic, like the cooperative honey-gathering among honeyguides and
African peoples such as the Borana. Other times, they may be commensal, as when species, such as the house
sparrow, have benefited from human activities. Several bird species have become commercially significant as food
sources, and others as agricultural pests. Human activities can also have a negative effect on birds, threatening
numerous bird species with extinction.
About 120–130 species have become extinct as a result of human activity since the 17th century—and hundreds
more before then. One famous example is the extermination of the passenger pigeon in the United States by hunting
and habitat destruction during the 19th century. The passenger pigeon was once the most common bird in North
America. Currently, about 1,200 species of birds are threatened with extinction by human activities, though efforts
are underway to protect them.
Economic Importance

Many species are of economic importance, mostly as sources of food acquired through hunting or farming. Some
species, particularly songbirds and parrots, are popular as pets. Other uses include the harvesting of guano (drop206
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pings) for use as a fertilizer. For more information on guano, visit Bird Poop and Its Surprising Uses at http://www.y
outube.com/watch?v=UKPn2lEUVYI (1:24).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57372

Domesticated birds, such as chickens and turkeys, are raised for meat and eggs. Chickens account for much of
human poultry consumption, although turkeys, ducks, and geese are also relatively common. Many species of birds
are also hunted for meat. Bird hunting is primarily a recreational activity, except in extremely undeveloped areas.
The most important birds hunted in North and South America are waterfowl; other widely hunted birds include
pheasants, wild turkeys, quail, doves, partridges, grouse, snipes, and woodcocks.
Other commercially valuable products from birds include feathers (especially the down feathers of geese and
ducks), which are used as insulation in clothing and bedding.
Some birds can act as vectors for spreading diseases, such as psittacosis, salmonellosis, campylobacteriosis, giardiasis, and cryptosporidiosis, over long distances. For example, feral pigeons are often considered pests, owing to
concerns that they spread diseases, such as psittacosis and salmonellosis, in their feces. Some also consider pigeons
an invasive species. Every year, millions of dollars are spent by cities to clean up pigeon feces and to “pigeon-proof”
buildings.
The red-billed quelea (Quelea quelea) is the world’s most numerous bird species (excluding domesticated species),
with an estimated adult breeding population of 1.5 billion. It is a small passerine bird of the weaver family Ploceidae.
Quelea are native to sub-Saharan Africa. They are regarded as pests by farmers because they feed on grain and rice,
and large flocks of quelea frequently destroy entire fields of cereal crops.

Study of Birds

Ornithology (from the Greek words ornis, meaning "bird," and logos, meaning "knowledge") is the branch of
zoology concerned with the study of birds. The science of ornithology has a long history, and studies of birds aided
the refinement of key concepts of biology. By studying birds, we have developed our understanding of speciation,
evolution, island biogeography, conservation, and even learning.

Vocabulary

• down feathers: Feathers located underneath the vaned feathers; they are fluffy and soft, and they trap warm
air close to the bird’s body and are therefore good insulators.
• guano: The excrement of seabirds and bats.
• invasive species: Introduced species that adversely affect the habitats and ecosystems they invade.
• ornithology: The branch of zoology concerned with the study of birds.
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Summary

• Since birds are highly visible and common animals, humans have had a relationship with them for a very long
time.
• About 120–130 species have become extinct as a result of human activity since the 17th century—and hundreds more before then.
• Many species are of economic importance, mostly as sources of food acquired through hunting or farming.
• Some birds can act as vectors for spreading diseases.
Practice

Use this resource to answer the questions that follow.
• The Importance of Birds at http://www.extension.iastate.edu/naturemapping/monitoring/Importance_Birds.h
tm .
1. How can birds spread other animals?
2. How do birds serve as bio-indicators?
Practice Answers

1. Birds have been known to spread fish by wading into fish eggs that get stuck to their body.
2. Birds are often affected by chemicals that are used in pesticides or insecticides. The birds become poisoned
from the insects that they eat. DDT was discovered to be harmful because of the death of American robins.
Review

1. Give examples of both beneficial relationships and harmful relationships between birds and humans.
2. What are the most important birds for hunting in North and South America?
3. What is the most numerous bird species?
Review Answers

1. Some birds have mutualistic relationships with humans, such as the cooperative honey-gathering among
honeyguides and African peoples such as the Borana. Human activities can also have a negative effect on
birds, threatening numerous bird species with extinction. The passenger pigeon was hunted to extinction in
North America.
2. The most important birds hunted in North and South America are waterfowl; other widely hunted birds include
pheasants, wild turkeys, quail, doves, partridges, grouse, snipes, and woodcocks.
3. The red-billed quelea (Quelea quelea) is the world’s most numerous bird species (excluding domesticated
species), with an estimated adult breeding population of 1.5 billion. It is a small passerine bird of the weaver
family Ploceidae.
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1.38 Mammals - Advanced
• Understand what distinguishes mammals from other animals.
• Learn about how scientists differentiate fossils of mammals.

One of these is not a mammal. Which one?
Mammals are a class of endothermic vertebrates. They have four limbs and produce amniotic eggs. Examples of
mammals include bats, whales, mice, and humans. Clearly, mammals are a very diverse group. Nonetheless, they
share many traits that set them apart from other vertebrates.
Characteristics of Mammals

Mammals make up a class of vertebrate animals that contains more than 4,500 living species. Examples of mammals
include bats, whales, elephants, anteaters, dogs, and humans. As these examples suggest, mammals make up a
diverse group of animals. Nonetheless, they share a number of characteristics that serve to set them apart from other
vertebrates. See What are Mammals? at http://imnh.isu.edu/digitalatlas/bio/mammal/main/mamintro.htm for more
information.
Characteristics that are most often used to define the mammalian class are the presence of mammary glands and
body hair. All female mammals possess mammary glands. Their function is to produce milk after the birth of an
offspring. Milk is a nutritious fluid that contains disease-fighting molecules, other important chemicals, and the
nutrients needed by baby mammals. The production of milk to feed the young is called lactation.
All mammals have hair (or fur) during some or all of their life. Hair can serve several functions. The most important
function usually is insulating the body to help conserve body heat (see the Mammals: Endothermy (Advanced)
concept). Hair can also be used for sensory perception. For example, cats use their whiskers to sense their
surroundings. In addition, hair can be used to communicate threats to a potential rival or predator. Many mammals,
like the cat in the Figure 1.135, can raise their fur to make themselves look larger and more threatening.
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FIGURE 1.135
By raising its fur, this cat looks bigger and
more threatening. This might discourage
a predator from attacking.

This is just

one of several functions of hair or fur in
mammals.

Other Traits of Mammals

Most mammals share several other traits. The traits in the following list are typical of, but not necessarily unique to,
mammals. For example, like mammals, birds are warm-blooded, and some fish and reptiles give birth to live young.
• Mammals are warm-blooded, meaning they can maintain a stable, relatively high body temperature. This is
called endothermy.
• The skin of many mammals has sweat glands.
• Mammalian lungs have millions of tiny air sacs called alveoli.
• The mammalian heart is divided into four chambers, or compartments.
• The brains of mammals are relatively large and have a covering called the neocortex.
• Most mammals give birth to live young. This is called vivipary.
Traits of Fossil Mammals

The presence of many of the mammalian traits is rarely observed in the fossil record. The traits involve soft tissues
that are unlikely to be preserved in fossils. Therefore, extinct mammals usually are identified on the basis of other
traits. These generally include traits of the bones and teeth, which are more likely to be preserved. Fossil mammals
may be identified based on the presence of one or more of the following traits:
• Three tiny bones (called the stirrup, hammer, and anvil) in the middle ear; these bones (shown in the Figure
1.136) give mammals exceptionally good hearing. They carry sound vibrations from the eardrum to the inner
ear (see the Nervous and Endocrine Systems concepts). In other vertebrates, these bones are part of the jaw
joint and are not involved in hearing.
• Two bony knobs (called occipital condyles) at the base of the skull; the knobs fit into the topmost bones of
the neck. In most other vertebrates, there is only one bony knob at the base of the skull. The two occipital
condyles may help mammals hold up their relatively heavy, big-brained head.
• Teeth with different shapes and functions; mammals generally have four different types of teeth. They have
sharp incisors that cut food, strong pointed canines that tear food, broad molars with several cusps (bumps
on the chewing surface) that grind food, and premolars with two cusps that function similarly to canines or
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molars.

FIGURE 1.136
This drawing shows the three bones of the mammalian middle ear, using
the human ear as an example. The bones are called the hammer, anvil,
and stirrup. Only mammals use these bones for hearing. In reptiles, the
three bones are part of the jaw joint.

Vocabulary

• alveoli: Multi-lobed sacs within the lungs where most of the gas exchange occurs.
• endothermy: The regulation of body temperature from the inside through metabolic or other physical changes.
• lactation: The production of milk to feed the young.
• mammals: A class of vertebrates that have mammary glands and body hair.
• mammary glands: Organs found in female mammals that produce milk to feed their young.
• neocortex: A region of the brain involved in higher neurological functions such as spatial reasoning, conscious
thought, and, in some species, language.
• occipital condyles: Two bony surfaces at the base of the mammalian skull; this is where your skull meets the
first bone (vertebra) of your spine.
• vivipary: When the embryo develops inside of the mother’s body, instead of laying eggs that develop outside
of the mother.
Summary

• Characteristics that are most often used to define the mammalian class are the presence of mammary glands
and body hair.
• The most important function of hair is insulating the body to help conserve body heat.
• Three tiny bones (called the stirrup, hammer, and anvil) in the middle ear give mammals exceptionally good
hearing.
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Practice

Use this resource to answer the questions that follow.
• Mammalia at http://animaldiversity.ummz.umich.edu/accounts/Mammalia/ .
1. How many species of mammals are there?
2. What were the incus and malleus bones originally used for?
3. What did mammary glands evolve from?
Practice Answers

1. There are about 5,000 different species in the class Mammalia.
2. The incus and malleus were originally bones in the jaws of mammalian ancestors that were converted into
transmitting sound.
3. Mammary glands are modified sweat glands that produce milk and are characteristic of mammals.
Review

1.
2.
3.
4.

What characteristics are most commonly used to identify mammals, especially living ones?
What functions does hair (or fur) serve for mammals?
Why is the presence of most mammalian traits not observed in fossils?
What are some defining characteristics of mammalian skeletons?

Review Answers

1. Characteristics that are most often used to define the mammalian class are the presence of mammary glands
and body hair.
2. Hair insulates the body and prevents heat loss, can be used for sensory perception, and can be used to
communicate hostility.
3. Most mammalian traits are associated with soft tissue that decomposes quickly.
4. Three tiny bones (called the stirrup, hammer, and anvil) in the middle ear give mammals exceptionally good
hearing. These bones are only used for hearing in mammals. Two bony knobs (called occipital condyles) at
the base of the skull fit into the topmost bones of the neck. In most other vertebrates, there is only one bony
knob at the base of the skull. The two occipital condyles may help mammals hold up their relatively heavy,
big-brained head.
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1.39 Endothermy in Mammals - Advanced
• Understand how mammals control their body temperature.
• Learn about the advantages and disadvantages of endothermy.

Is this bear cold?
Not really. Like all mammals, polar bears maintain a stable internal temperature. They do not need to stay warm by
lying in the sun. This allows them to live in cold climates.
Endothermy

Virtually all mammals are endothermic. Endothermy is the ability of an organism to generate and conserve heat
in order to maintain a stable, warm body temperature. This ability is commonly referred to as warm-bloodedness.
Another term that is used to refer to endothermic animals is homeothermy. Although homeothermy and endothermy
are often used interchangeably, their meanings are not exactly the same. Homeothermy is the ability of an organism
to maintain a constant internal body temperature, regardless of the temperature of the environment. This may require
the ability to lose excess heat as well as the ability to generate and conserve heat. Most mammals have both abilities.
Generating Heat

Mammals generate heat primarily by maintaining a high metabolic rate. The metabolic rate is the speed at which
chemical reactions occur in the cells of the body. A faster rate of chemical reactions in body cells results in the
production of more heat. For example, doubling the metabolic rate leads to an increase of about 10o C in body
temperature. How are mammals able to maintain such high metabolic rates? Mammalian cells have many more
mitochondria than the cells of other vertebrates. Mitochondria are the “power plants” of cells. They generate most
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of the cells’ ATP, which is their main source of chemical energy. Having more of these tiny power plants in their
cells enables mammals to produce the extra energy needed to maintain a high metabolic rate.
Mammals can also temporarily generate more heat by shivering. Shivering is involuntary muscular activity that
converts some of the body’s energy to heat. Like most responses that regulate body temperature in mammals,
shivering is controlled by the hypothalamus in the brain. The hypothalamus senses internal body temperature
directly. It also has input from temperature sensors in the skin. When the temperature is too low, the hypothalamus
signals muscles to contract. This muscular activity produces heat. The next time you shiver, notice how most of the
muscles in your body seem to tighten up all at at once. The many simultaneous muscle contractions can generate a
significant amount of heat.

FIGURE 1.137
Mammals raise their hair with tiny muscles in their skin. Even humans automatically contract these muscles when they
are cold. They cause “goosebumps,” as
shown here.

Conserving Heat

Generating heat is only part of the story. Conserving heat is also important for most mammals to maintain a warm
body temperature. In areas with cold weather, heat loss may be a major threat to homeothermy, especially in small
mammals. Heat is lost to the environment through the body’s surface when the environment is cooler than body
temperature. If the body’s surface area is large relative to overall body size, a greater proportion of heat will be
lost. Small animals have a large surface area relative to body size, so they lose relatively more body heat than large
animals.
There are several adaptations that help mammals reduce heat loss from their body surface. Hair or fur is one way.
It traps a layer of warm air next to the skin, which acts like insulation. Most mammals have the ability to make
their hair stand up on their skin (see the Figure 1.137), allowing a thicker layer of warm air to be trapped. This is
accomplished by tiny muscles, called erector muscles, which are attached to hair follicles. Did you ever get “goose
bumps” when you were cold? These tiny bumps are caused by the erector muscles lifting hair follicles in the skin.
Another form of insulation in mammals is fat. Unlike the skin of other vertebrates, the skin of mammals normally
has a layer of fat beneath it. This layer, called subcutaneous fat, helps insulate the body and hold in heat.
Mammals can also conserve heat by reducing blood flow to the surface of the body. Blood normally carries heat
from deep inside the body to the body’s surface. Therefore, reducing blood flow to the surface cools the surface and
reduces heat loss. Capillaries, which are the smallest blood vessels, can narrow, or constrict, when the body is too
cold. This process, called vasoconstriction, is controlled by the hypothalamus. It helps conserve body heat.
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In extremely cold conditions, excessive vasoconstriction can cause numbness and even frostbite in the extremities
such as the fingers, toes, nose, or ears. This is because excessive vasoconstriction shuts down virtually all blood flow
to the extremities. Without any blood flow, cells cannot function and quickly die.
Staying Cool

Most mammals also need to be able to cool down in order to avoid overheating when they are very active or their
environment is very warm. Did you ever get red in the face when you were physically active on a hot day? If you did,
then your skin was flushed, an indication that your body was trying to lose excess heat. The skin flushes, or reddens,
because more blood is flowing close to the surface. This happens because capillaries near the body’s surface widen,
or dilate. This process, called vasodilation, warms the skin and allows more heat to be lost to the environment. It is
the opposite of vasoconstriction. Like vasoconstriction, it is controlled by the hypothalamus.
Many mammals also lose excess heat by sweating. Sweat is a watery fluid produced by sweat glands in the skin.
When the skin is wet with sweat, evaporation of the sweat cools the body. This is because the process of evaporation
uses energy, which comes from heat in the skin. By using up excess heat, evaporation of sweat helps lower body
temperature. In humans and many other mammalian species, sweat glands cover most of the body surface. Sweating
is controlled by the hypothalamus, which stimulates sweat glands to either increase or decrease their sweat output,
depending on body temperature.
In mammals whose skin is covered with fur, sweating is not an efficient way to lose excess body heat. When skin
is not exposed to the air, sweat cannot evaporate. Instead, furry mammals usually rely on pantingto lose heat.
Panting involves rapid breathing, generally with the mouth open and tongue extended, as shown in the Figure 1.138.
Evaporation of water from the moist surfaces of the lungs, mouth, and tongue uses up heat energy and helps cool the
body.

FIGURE 1.138
This dog is overheated. It is losing excess body heat by panting.

Costs and Benefits of Endothermy

Constantly adjusting body temperature requires a lot of energy. Increasing the rate of metabolism is especially energy
intensive. As a result, endothermic animals typically need more food than ectothermic animals. Ectothermy means
controlling body temperature through external means, for example, by absorbing heat from sunlight. An endothermic
animal may require five to ten times as much food as an ectothermic animal of the same size. Endothermic animals
also require a food supply that is steady and reliable. During food shortages or in barren environments, endothermic
animals may be less likely to survive than ectothermic animals, which can get by with less energy.
The need for more food is one of the few drawbacks of endothermy. In general, endothermy is advantageous. One
advantage of endothermy is that it gives endothermic animals greater stamina than ectothermic animals. Because
of their faster metabolism, endothermic animals can quickly resupply muscles with energy and rapidly break down
muscular waste products. This enables endothermic predators to run down ectothermic prey and endothermic prey to
outrun ectothermic predators. Endothermy also allows mammals to remain active at temperatures that would cause
ectothermic animals to go into an immobile stupor. Endothermic animals can remain active to forage or hunt even in
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freezing cold conditions. This allows them to keep their intake of energy high enough to maintain a high metabolic
rate.
During the winter in many parts of the world, there may not be enough food available to let endotherms maintain
their high metabolic rates, so some mammals hibernate. Hibernation is a state of inactivity and lowered metabolism
that allows certain mammals to conserve energy during the winter. Mammals that hibernate include some species of
bats, squirrels, and hedgehogs. Hibernation helps them conserve energy by lowering their metabolic rates and body
temperature. In addition, many small mammals have a drop in body temperature at night when they do not need
to be active. This reduces the energy cost of maintaining a high body temperature. Human metabolism also slows
down slightly during sleep.
Vocabulary

• endothermy: The regulation of body temperature from the inside through metabolic or other physical changes.
• hibernation: A state of inactivity and lowered metabolism that allows certain mammals to conserve energy
during the winter.
• panting: Rapid breathing with the mouth open and tongue extended that helps cool the body in furry mammals.
• shivering: Involuntary muscular activity that converts some of the body’s energy to heat.
• sweat: A watery fluid produced by sweat glands in the skin that helps cool the body when it evaporates.
• vasoconstriction: The constriction of blood vessels (narrowing, becoming smaller in cross-sectional area) by
contracting the vascular smooth muscle in the vessel walls.
• vasodilation: A process by which blood vessels in the body become wider due to the relaxation of the smooth
muscle in the vessel wall.
Summary

•
•
•
•

Mammals generate heat primarily by maintaining a high metabolic rate.
If the body’s surface area is large relative to overall body size, a greater proportion of heat will be lost.
Constantly adjusting body temperature requires a lot of energy.
An advantage of endothermy is that it gives endothermic animals greater stamina than ectothermic animals.

Practice

Use this resource to answer the questions that follow.
• Endotherm at http://www.eoearth.org/view/article/152422/ .
1. How do mammals minimize heat loss?
2. Why is the term "warm-blooded" misleading?
3. Why might some crocodiles and other animals be considered endotherms?
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Practice Answers

1. Mammals minimize heat loss with their fur and thick layer of subcutaneous fat.
2. Sometimes ectotherms might have a higher body temperature than endotherms depending on their environment.
3. Some animals, such as crocodiles, might be considered endotherms because of their metabolic activity. Yet
they do not control their internal temperature and are still poikilotherms.
Review

1.
2.
3.
4.
5.

How do mammals generate so much heat?
Which part of the brain controls a mammal’s body temperature?
Why are smaller mammals more vulnerable in cold weather?
Why do humans get goosebumps?
What are the advantages and disadvantages of endothermy?

Review Answers

1. Mammals generate heat primarily by maintaining a high metabolic rate. Doubling the metabolic rate leads to
an increase of about 10 degrees Celsius in body temperature. Mammals usually have a higher metabolic rate
than most vertebrates.
2. Activities such as shivering, sweating, panting, and other forms of controlling body temperature are governed
by the hypothalamus.
3. If the body’s surface area is large relative to overall body size, a greater proportion of heat will be lost.
Small animals have a large surface area relative to body size, so they lose relatively more body heat than
large animals. Small mammals, therefore, have greater difficulty maintaining their body temperature in cold
weather.
4. Most mammals have the ability to make their hair stand up on their skin, allowing a thicker layer of warm air
to be trapped. Goosebumps are caused by erector muscles lifting hair follicles in the skin.
5. Constantly adjusting body temperature requires a lot of energy. As a result, endothermic animals typically
need more food than ectothermic animals. One advantage of endothermy is that it gives endothermic animals
greater stamina than ectothermic animals. Endothermy also allows mammals to remain active at temperatures
that would cause ectothermic animals to go into an immobile stupor.
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1.40 Mammal Structure and Function - Advanced
• Understand the unique structures found in mammals.
• Discuss how mammalian lungs, hearts, and brains differ from those of other vertebrates.

Does this mammal breathe like all other mammals?
Essentially, yes it does. A whale is a mammal, so it has a pair of lungs, not gills like fish. As shown here, whales
take oxygen out of the air, not out of the water.
Structure and Function in Mammals
Feeding and Digestion in Mammals

In order to maintain a stable, warm body temperature, mammals need a great deal of energy. Therefore, they require
a nutritious and plentiful diet. The earliest mammals probably ate insects, which are high in proteins and highcalorie fats and are also very plentiful. Insect eaters are carnivores, or animals that eat other animals. As mammals
underwent further evolution, some adapted to different types of diets. Some mammals became herbivores, or plant
eaters. Among herbivores, some mammals eat mainly fruits, and some eat mainly grasses. Other mammals are
omnivores, eating both animals and plants.
These various diets require differences in the digestive system. Carnivorous mammals have a relatively simple digestive system because their food consists mainly of proteins and fats that are easily and quickly digested. Herbivorous
mammals tend to have a more complex digestive system. This is because complex carbohydrates, such as cellulose,
which are found in plants, are difficult to digest. Herbivores may have more than one stomach in which food is
stored while it is slowly digested.
Which type of diet a mammal has depends, in part, on the animal’s size. Smaller mammals, such as mice and
chipmunks, have a greater problem with heat loss than larger mammals such as bears and elk. To compensate, they
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generally must have a very high metabolic rate to generate enough heat. Maintaining a very high metabolic rate
requires an easily-obtained, easily-digested, high-energy food source such as insects. Most small mammals could
not survive on a plant diet because it takes too long to gather and digest plant food. A plant diet would not provide
them with energy quickly enough to maintain their high metabolic rate.
The different types of teeth of mammals allow them to break down food by biting and chewing prior to swallowing.
Mammals also have a hard, bony palate that forms the roof of the mouth. This may help them chew food, as well
as allow them to breathe and swallow at the same time. By chewing food, mammals can more rapidly digest it and
release its energy. Thus, different types of teeth and a bony palate may help mammals maintain endothermy by
making the energy in food more quickly available.

TABLE 1.6:
Type of Diet

Foods Eaten

Examples of Mammals
with this Type of Diet
Rabbit, mouse, sea cow,
horse, goat, elephant, zebra, giraffe, deer, elk, hippopotamus, kangaroo, and
monkey.

Herbivorous diet: plants

Leaves, grasses, shoots,
stems, roots, tubers,
seeds, nuts, fruits, bark,
conifer needles,
and
flowers.

Carnivorous diet: animals

Other mammals, birds,
reptiles, amphibians, fish,
mollusks, worms, and insects.

Aardvark, anteater, whale,
hyena, dog, jackal, dolphin, wolf, weasel, seal,
walrus, cat, otter, and
mole.

Omnivorous diet: plants
and animals

Any of the foods eaten in
either the herbivorous or
carnivorous diets.

Bear, badger, mongoose,
fox, raccoon, human, rat,
chimpanzee, and pig.

Lungs and Heart

Maintaining a high metabolic rate requires a steady and plentiful supply of oxygen for cellular respiration. Cellular
respiration is the process in which energy is released from fuel molecules, such as glucose, in the presence of oxygen
(see the Cellular Respiration concepts). Mammalian traits of the lungs and heart help ensure that cells have enough
oxygen for the high cellular respiration demands of endothermy.
Lungs and Ventilation

Although other vertebrates also have lungs, the lungs of mammals are unique because they have alveoli. Alveoli
are tiny sac-like structures that are surrounded by a network of capillaries (see the Figure 1.140). Alveoli greatly
increase the surface area for gas exchange. For example, human lungs contain about 300 million alveoli, giving
the lungs a total internal surface area of 70 to 90 square meters. The network of capillaries around the alveoli is
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FIGURE 1.139
Mammalian Teeth (Human).

With their

different types of teeth, mammals can eat
a wide range of foods.

crucial for gas exchange. Oxygen from the air inside the alveoli diffuses across the thin capillary membranes into
the bloodstream. Carbon dioxide from the bloodstream diffuses across the capillary membranes into the alveoli.

FIGURE 1.140
Alveoli in mammalian lungs provide a far
larger surface area for gas exchange.
They are surrounded by capillaries that
have very thin walls across which gases
can diffuse.

Oxygen-poor blood enters

the lungs through the pulmonary artery
and picks up oxygen from the alveoli. Oxygen-rich blood leaves the lungs
through the pulmonary vein, which carries
the blood to the heart to be pumped to the
rest of the body.

Moving air into and out of the lungs is called ventilation or breathing. In mammals, ventilation is controlled by
alternating contractions and relaxations of a large muscle called the diaphragm. The diaphragm extends across
the bottom of the ribcage and separates the chest and abdominal cavities. Contraction of the diaphragm increases
the volume of the chest, which decreases pressure on the lungs. The decreased pressure allows air to flow into the
lungs. Relaxation of the diaphragm decreases the volume of the chest, which increases pressure on the lungs. The
increased pressure forces air out of the lungs. In other vertebrates, ventilation is controlled by different muscles and
is generally less efficient. For example, in some reptiles, ventilation is controlled by muscles that are also used for
running. As a result, these reptiles cannot breathe and run at the same time.
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FIGURE 1.141
Alveoli of Mammalian Lungs. Clusters of
alveoli resemble tiny bunches of grapes.
They are surrounded by many blood vessels for gas exchange.

Heart and Circulation of Blood

Mammals have a heart with four chambers, or compartments, separated by valves. The human heart, shown in the
Figure 1.142, is an example of a mammalian heart. Each time the heart muscles contract, blood is pumped into
arteries leaving the heart. The valves keep the blood flowing in just one direction. The only other vertebrates with
a four-chambered heart are birds, which are also endothermic. The four chambers allow the heart to pump blood in
two different directions. The right side of the heart pumps blood to the lungs to pick up oxygen. The left side of the
heart pumps blood containing oxygen to the rest of the body. Because of the dual pumping action of the heart, all
of the blood going to body cells is rich in oxygen. See the Circulatory System and Respiratory Systems concepts for
additional information.
The left ventricle of the heart pumps oxygen-rich blood to the body. It is larger and stronger than the other chambers,
and it pumps blood under high pressure into the aorta, which carries blood to the body. The aorta divides into
progressively smaller and smaller arteries, all the way down to tiny capillaries. The high pressure of blood leaving
the heart in the aorta is necessary to ensure adequate pressure to force blood through the capillaries. The high
pressure enables blood—and oxygen—to reach all the cells of the body. Endotherms, with their higher oxygen
requirements, have blood pressure that is up to three times higher than the blood pressure of ectotherms. The right
side of the heart pumps blood under relatively low pressure to the lungs. The lower pressure is necessary to prevent
fluid from being forced across capillary membranes into the alveoli of the lungs. The dual pumping action of the
four-chambered heart allows the two systems of circulation to operate under different pressures.
The mammalian heart must beat relatively quickly for cells to have enough oxygen to maintain endothermy. The
heart rate is the number of times the heart muscles contract per minute. In humans, the average heart rate is about
70 beats per minute. Smaller mammals, because of their higher metabolic rates, have higher heart rates than larger
mammals. For example, a chipmunk’s heart beats about 700 times per minute, whereas an elephant’s heart beats
only about 25 times per minute.
Nervous System, Intelligence, and Social Living

Like all vertebrates, mammals have a nervous system that is divided into a central nervous system (CNS) and a
peripheral nervous system (PNS). The CNS consists of the brain and spinal cord, and the PNS consists of nerves
that travel from the spinal cord to all parts of the body. The mammalian brain is the largest (relative to body size)
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FIGURE 1.142
This human heart, like the heart of other
mammals, has four chambers: the right
and left atria (singular, atrium) and the
right and left ventricles.

The superior

vena cava is a large vein that brings
oxygen-poor blood from the body into the
right atrium.

The right atrium pumps

blood to the right ventricle. From the right
ventricle, blood is pumped through the
pulmonary artery to the lungs, where it
drops off carbon dioxide and picks up oxygen. The pulmonary vein returns oxygenrich blood from the lungs to the left atrium,
which pumps it to the left ventricle. From
the left ventricle, blood is pumped to the
trunk and head through the large artery
called the aorta.

and most complex of all vertebrate brains. The front part of the brain, called the cerebrum, is especially large in
mammals. It is the part of the brain that controls most sensory perception, memory, and voluntary movement. The
Figure 1.143 shows the relative size of the brain and cerebrum in mammals and other vertebrates.
All mammalian brains have a unique layer of nerve cells called the neocortex. The neocortex makes up the top
layer of the cerebrum. It consists of grey matter, which surrounds the deeper white matter of the cerebrum. The
neocortex plays an important role in many complex brain functions including memory and perception. In humans,
it is involved in conscious thought and language, among other mental abilities. In small mammals, such as rats,
the neocortex is relatively smooth. In many large mammals, the neocortex has deep grooves and wrinkles (see the
Figure 1.144). These folds greatly increase the surface area of the neocortex. The larger the surface area, the greater
the mental abilities of the neocortex.

Intelligence and Learning

Not surprisingly, given their large complex brains, mammals are also very intelligent animals. In this context,
intelligence is defined as the ability to learn. Being able to learn allows mammals to be more flexible in their
behavior than most other animals. Young mammals spend a relatively long period of time dependent on their
mother for nourishment, which makes it possible for them to learn during this time. Learning permits the transfer of
knowledge between generations. By learning from the experiences of the previous generation, individual mammals
can make adaptive behavioral responses when environments change. Such behavioral responses to environmental
changes are far quicker than genetic responses (that is, biological evolution), which generally take many generations.
The ability of young mammals to learn from their elders is the main reason for the evolutionary advantage of the
large mammalian brain. It is also the main reason for the evolutionary success of mammals.
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FIGURE 1.143
Compared with other vertebrates, mammals have large brains. The area
of the brain called the cerebrum is especially large in mammals. Of
all mammals, humans have the largest brain relative to their body size.
Humans also have the most highly developed cerebrum.

FIGURE 1.144
In many species of mammals, the neocortex has grooves and wrinkles. Compare
the neocortex of the human brain with the
neocortex of the cat brain. The many folds
in the human neocortex greatly increase
its surface area and ability to function.

Social Living

Intelligence in animals is often associated with living in social groups, which is another characteristic of many
mammals including humans. Social groups may form for reproductive and defensive purposes. Living in groups is
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an effective survival strategy. For example, many large herbivores, such as zebras, form social groups called herds.
Adults in the herd surround and protect the young, who are most vulnerable to predators. Lions live in social groups
called prides. Adult females in the pride hunt cooperatively, which is more efficient than hunting alone, and then
share the food with the rest of the pride. Adult males patrol the pride’s territory and defend it from other predators.
Generally, a hierarchy of dominance prevails within mammalian social groups. A dominance hierarchy is an
arrangement of the individuals in a social group that determines how resources, such as food and mates, are
distributed within the group. In some dominance hierarchies, a single individual controls all the other individuals
in the social group. In other dominance hierarchies, each individual has a specific rank and is dominant to all those
lower in the hierarchy and subordinate to all those higher in the hierarchy. The ranking is typically based on physical
differences, such as differences in size, among individuals in the group. In many cases, dominance hierarchies are
maintained by behaviors that show aggression without actually involving physical combat, which wastes energy and
endangers survival. For example, chimpanzees may slap the ground, shake branches, and shriek loudly to display
their dominance over other members of their social group.
Dominant males in many mammalian social groups tend to have priority in mating. Therefore, they are likely to
father more offspring than less dominant males. As a result, the traits of dominant males are likely to increase in
frequency through time due to natural selection (see the Evolution (Advanced) concepts). Because dominant males
tend to be those that are largest and best able to fight, dominance often leads to the evolution of sexual dimorphism.
Sexual dimorphism is a marked difference between males and females of the same species in traits that are not
directly related to reproduction. It is typical of social mammals. For example, males may be much larger than
females of the same species, and they may have structures, such as antlers, that make them more threatening to other
males. Compare the male and female moose shown in the Figure 1.145. The male is bigger than the female and also
has antlers.
FIGURE 1.145
The male moose on the right is larger in overall body size than the female
moose on the left. The male also has antlers, whereas the female does
not. These differences are examples of sexual dimorphism.

Vocabulary

• alveoli: Multi-lobed sacs within the lungs where most of the gas exchange occurs.
• cerebrum: The part of the brain that controls conscious functions such as problem-solving and speech.
• diaphragm: A muscle that is found below the lungs; contraction of the diaphragm causes inhalation.
• dominance hierarchy: An arrangement of individuals in a social group that determines how resources are
distributed within the group.
• neocortex: A region of the brain involved in higher neurological functions such as spatial reasoning, conscious
thought, and, in some species, language.
• sexual dimorphism: The difference in form between individuals of different sexes in the same species.
• ventilation: Breathing, or moving of air into and out of the lungs.
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Summary

• In order to maintain a stable, warm body temperature, mammals need a great deal of energy.
• Carnivorous mammals have a relatively simple digestive system. Herbivorous mammals tend to have a more
complex digestive system.
• Maintaining a high metabolic rate requires a steady and plentiful supply of oxygen for cellular respiration.
• Although other vertebrates also have lungs, the lungs of mammals are unique because they have alveoli.
• The mammalian heart must beat relatively quickly for cells to have enough oxygen to maintain endothermy.
• All mammalian brains have a unique layer of nerve cells called the neocortex.
• Because dominant males tend to be those that are largest and best able to fight, dominance often leads to the
evolution of sexual dimorphism.
Practice

Use this resource to answer the questions that follow.
• Mammal Characteristics at http://animals.about.com/od/mammals/a/mammals-characteristics.htm .
1.
2.
3.
4.

Describe the structure of true hairs found only on mammals.
How do most young mammals obtain nutrients?
How are the jawbones of mammals different from those of other animals?
What is diphyodonty and polyphydonty? Do mammals exhibit diphyodonty or polyphydonty?

Practice Answers

1. Hair is composed of a rod of cells reinforced by keratin. Hair grows from skin cells known as follicles.
2. Most young mammals obtain nutrients by feeding on their mother’s milk. Mammals such as the platypus lack
nipples and secrete milk through ducts in their abdomen.
3. The jawbones of mammals are unique because they have a single lower jawbone, whereas other vertebrates
have jawbones composed of more than one bone.
4. Diphyodonty is when an animal only replaces its teeth once throughout its lifetime. Polyphydonty, on the
other hand, means that teeth are continuously replaced. Mammals exhibit diphyodonty.
Review

1. If you had to compare a random carnivorous mammal with a random herbivorous mammal, which digestive
system would probably be more complex?
2. Why are there almost no small mammals that are pure herbivores?
3. What is unique about mammalian lungs?
4. How is ventilation controlled by mammals? How is this different from other animals?
5. What are some advantages of having a dual-pumping, four-chambered heart?
6. What is unique about the mammalian brain?
7. Why is there usually sexual dimorphism in social mammals?
Review Answers

1. Carnivorous mammals have a relatively simple digestive system because their food consists mainly of proteins
and fats that are easily and quickly digested. Herbivorous mammals tend to have a more complex digestive
system. This is because complex carbohydrates, such as cellulose, which are found in plants, are difficult to
digest.
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2. Smaller mammals, such as mice and chipmunks, have a greater problem with heat loss than larger mammals.
To compensate, they generally must have a very high metabolic rate to generate enough heat. Maintaining a
very high metabolic rate requires an easily-obtained, easily-digested, high-energy food source such as insects.
Most small mammals could not survive on a plant diet because it takes too long to gather and digest plant
food.
3. Although other vertebrates also have lungs, the lungs of mammals are unique because they have alveoli.
Alveoli greatly increase the surface area for gas exchange. For example, human lungs contain about 300
million alveoli, giving the lungs a total internal surface area of 70 to 90 square meters.
4. In mammals, ventilation is controlled by alternating contractions and relaxations of a large muscle called the
diaphragm. In other vertebrates, ventilation is controlled by different muscles and is generally less efficient.
For example, in some reptiles, ventilation is controlled by muscles that are also used for running. As a result,
these reptiles cannot breathe and run at the same time.
5. Endotherms, with their higher oxygen requirements, have blood pressure that is up to three times higher than
the blood pressure of ectotherms. But blood cannot be pumped under high pressure to the lungs, otherwise
the animal risks having the fluid forced through the membranes of the lungs. The dual pumping action of the
four-chambered heart allows the two systems of circulation to operate under different pressures.
6. All mammalian brains have a unique layer of nerve cells called the neocortex. The neocortex makes up the
top layer of the cerebrum and plays an important role in many complex brain functions including memory and
perception.
7. Because dominant males tend to be those that are largest and best able to fight, dominance often leads to the
evolution of sexual dimorphism. Sexual dimorphism is a marked difference between males and females of the
same species in traits that are not directly related to reproduction. It is typical of social mammals.
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1.41 Locomotion in Mammals - Advanced
• Understand how different mammals move about.

What allows this cheetah to be so fast?
Do you think it has something to do with the placement of the limbs? Well, it does. Look closely at the cheetah’s
body. Can you describe why it is so fast?
Locomotion in Mammals

Mammals are noted for their diversity of modes of locomotion, or ways of moving about. Mammals are also noted
for their ability to move rapidly. Generally, the limbs of mammals are very mobile and capable of rotation. Another
feature of mammalian limbs is their placement beneath the body rather than out to the sides of the body, as in lizards
and most other reptiles. This is illustrated in the Figure 1.146. Different mammals may have specialized limbs or
other structure for running, hopping, climbing, flying, or swimming.
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FIGURE 1.146
Mammals differ from reptiles in the placement of their limbs.

In mammals, the

limbs are generally under the body rather
than out to the side of the body. This enables many mammals to hold their bodies
upright.

FIGURE 1.147
Limb Positions in Reptiles and Mammals.
The sprawling limbs of a reptile keep it
low to the ground. A mammal has a more
upright stance.

Terrestrial Mammals

Terrestrial, or ground-living, mammals have a variety of modes of locomotion. For example, some are specialized
for running and others for jumping. Some mammals that are specialized for running, such as horses and deer, have
hooves on their feet. Hooves are strong and resilient, allowing animals to move quickly over almost any type of
ground. Many mammals that are specialized for jumping, such as rabbits and kangaroos, have relatively large and
powerful hind legs, which let them hop with relatively little effort (see the kangaroo in the Figure 1.148).
Arboreal and Flying Mammals

Arboreal, or tree-living, mammals typically have five fingers or toes on their hands and feet, which help them
grasp the branches of trees. Certain arboreal species, including many species of New World monkeys, have a
prehensile tail, which is used like a fifth hand (see the spider monkeys pictured in the Figure 1.148). Brachiation,
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FIGURE 1.148
These illustrations depict some of the ways that mammals move about, demonstrating how they have adapted to
different modes of locomotion.
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or swinging from branch to branch, is another method of locomotion in certain arboreal mammals. Brachiating
mammals generally have long forelimbs that help them swing from one branch to another (see the gibbon in the
Figure 1.148). Some arboreal mammals (such as the tarsier in the Figure 1.148) have large pads on their fingers to
improve grasping. Other arboreal mammals have claws or well-developed nails to help them climb trees and grasp
branches.
Bats (like the one in the Figure 1.148) are the only truly flying mammals. Other “flying” mammals, such as flying
squirrels, are actually gliders. They climb trees and then glide from branch to branch or from branch to ground.
Aquatic Mammals

Some mammals are fully or mostly aquatic such as manatees, whales, seals, walruses, and dolphins (shown in the
Figure 1.148). These mammals have evolved many adaptations for life in the water. For example, some have
streamlined bodies to reduce drag when moving through the water, and they may have modified appendages, such
as flippers instead of legs, to help them swim. Seals and walruses spend most of their time in the water, but they
give birth to and nurse their young on land. Manatees, dolphins, and whales, on the other hand, are completely
helpless out of water. They depend on water both for mechanical support and for insulation from cold. Because
of the buoyancy provided by water, whales have evolved to be not only the largest mammals, but also the largest
vertebrates of any class.
Vocabulary

• arboreal: Of or relating to trees, specifically tree-living specimens or tree-living animals.
• brachiation: Arm swinging; this is a form of arboreal locomotion in which primates swing from tree limb to
tree limb using only their arms.
• locomotion: The act of moving from place to place.
• prehensile tail: The tail of an animal that has adapted to be able to grasp or hold objects.
• terrestrial: Of or relating to the ground, specifically ground-living animals.
Summary

•
•
•
•

Mammals are noted for their diversity of modes of locomotion, or ways of moving about.
Generally, the limbs of mammals are very mobile and capable of rotation.
Some mammals that are specialized for running, such as horses and deer, have hooves on their feet.
Arboreal, or tree-living, mammals typically have five fingers or toes on their hands and feet, which help them
grasp the branches of trees.
• Some mammals have also evolved fins and other adaptations for aquatic environments.
Practice

Use this resource to answer the questions that follow.
• Locomotion at http://www.earthlife.net/mammals/locomotion.html .
1. What is the difference between how dogs and bears walk?
2. Which mammals are bipedal?
3. How do most terrestrial mammals swim?
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Practice Answers

1. Dogs walk by moving diagonally opposing legs. Bears, on the other hand, use pacing, or the movement both
legs on one side and then both legs on the other side.
2. Humans, gibbons, gorillas, and chimpanzees can all walk on two legs. Kangaroos and jerboas are also known
to jump on two legs.
3. Many terrestrial mammals can swim and usually swim using the same motion as if they were walking.
Review

1.
2.
3.
4.

How are the limbs of mammals different from those of reptiles?
Discuss how mammals have adapted to running or jumping.
How are arboreal mammals adapted to their way of life?
What is brachiating?

Review Answers

1. Generally, mammalian limbs are placed directly under their body, whereas most reptiles have limbs out to the
sides of their bodies.
2. Some mammals that are specialized for running, such as horses and deer, have hooves on their feet. Hooves
are strong and resilient, allowing animals to move quickly over almost any type of ground. Many mammals
that are specialized for jumping, such as rabbits and kangaroos, have relatively large and powerful hind legs,
which let them hop with relatively little effort.
3. Arboreal, or tree-living, mammals typically have five fingers or toes on their hands and feet, which help them
grasp the branches of trees.
4. Brachiating, or swinging from branch to branch, is another method of locomotion in certain arboreal mammals.
Brachiating mammals generally have long forelimbs that help them swing from one branch to another.
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1.42 Placental Mammals - Advanced
• Understand the qualities unique to placental animals.
• Discuss the evolutionary advantages and disadvantages of long gestation periods.

Is this kangaroo a placental mammal?
You know that female kangaroos have a pouch for the final development of their babies. So no, kangaroos are not
placental mammals. What is a placental mammal?
Placental Mammals
Therian Mammals

Like other female vertebrates, all female mammals have ovaries. These are the organs that produce eggs (see the
Figure 1.149). Therian mammals also have two additional female reproductive structures that are not found in
other vertebrates. They are the uterus and vagina.
• The uterus (plural, uteri) is a pouch-like, muscular organ. The embryo or fetus develops inside the uterus.
Muscular contractions of the uterus push the offspring out during birth.
• The vagina is a tubular passageway through which the embryo or fetus leaves the mother’s body during birth.
The vagina is also where the male deposits sperm during mating.
Therian mammals are divided into two groups: placental mammals and marsupial mammals. Each group has a
somewhat different reproductive strategy.
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FIGURE 1.149
The Female Reproductive System of a Therian Mammal (Human). Therian mammals are viviparous, giving birth to an embryo or infant rather
than laying eggs. The female reproductive system of all therian mammals
is similar to that of humans.

Placental Mammals

Placental mammals are viviparous mammals in which a placenta develops during pregnancy to sustain the fetus
while it develops inside the uterus. The placenta is a spongy structure that nourishes and supports the developing
fetus. All modern placental mammals belong to the infraclass Eutheria. There are more than 4,000 species of
placental mammals in existence today. They are found on every continent and throughout the oceans. The infraclass
also includes extinct mammals that resembled modern placental mammals.

FIGURE 1.150
The Placenta of a Placental Mammal (Human). The placenta allows the
exchange of gases, nutrients, and other substances between the fetus
and the mother.

The Placenta

As shown in the Figure 1.151, the placenta consists of membranes from both the mother and the embryo. The
embryonic portion develops from the same sperm and egg cells that united to form the embryo. The fetal blood
passes through umbilical arteries to fetal placental structures called villi. The arteries branch repeatedly before they
enter the villi. Between the maternal and fetal membranes of the placenta are spaces, called intervillous spaces, that
fill with blood from the mother.
The mother’s blood enters the intervillous spaces through numerous arteries. Because blood in the arteries is
under pressure, it is forced deep into the intervillous spaces, where it bathes the villi. This allows fetal blood
and maternal blood to exchange substances without actually coming into contact. The placenta receives nutrients,
oxygen, antibodies, and hormones from the mother’s blood and passes out wastes from the fetus’ blood. It forms a
barrier, called the placental barrier, that filters out some substances that could harm the fetus. For example, white
blood cells and other immune system components in the mother’s blood cannot pass through the placental barrier
to the fetus. Thus, the placenta ensures that the mother’s immune system does not attack the embryo as a “foreign
invader.”
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FIGURE 1.151
Unlike other vertebrates, including reptiles and birds, placental mammals develop membranes that form a placenta
during pregnancy. The placenta consists
of both embryonic and maternal membranes.

It protects and nourishes the

developing embryo or fetus.

Why is the placenta so important that its presence is used to subdivide the therian mammals? By nourishing the fetus,
while protecting it from the mother’s immune system, the placenta allows an extended gestation period. Gestation
is the carrying of an embryo or fetus inside a female viviparous animal. The gestation period refers to how long
the fetus is carried inside the mother. Generally, the larger a placental mammal is, the longer its gestation period.
For example, domestic cats have a gestation period of about two months, humans about nine months, and elephants
almost two years.
Pros and Cons of Placental Reproduction

A longer gestation period means that offspring can become relatively large and well developed before they leave
the mother’s body. For example, in some species of placental mammals, especially herbivores, the young are very
mature at birth. Newborn horses, after an 11-month gestation period, can walk and even run within a few hours
of birth. Being so mature greatly improves the offspring’s chances of survival. This is especially important in
mammalian herbivores because most are prey animals that must be able to outrun predators to survive.
On the other hand, supporting a fetus during a long period of gestation can be very draining on the mother.
Placental mothers put a big investment into their young. For example, the average human female needs an extra
200 kilocalories of energy per day during the last three months of gestation when the fetus is growing rapidly in
size. Most nutrients, including proteins and vitamins, are also needed in significantly greater amounts to ensure the
health of both the mother and fetus. As the fetus grows larger, the mother becomes heavier and less mobile. Even
if food is scarce, she cannot abandon the infant growing inside her uterus. Giving birth to a large infant can also be
very risky for a mother. As many as 1 in 16 human females die during pregnancy or childbirth in areas where good
medical care and adequate food are lacking.
Vocabulary

• gestation: Carrying of an embryo or fetus inside a female viviparous animal.
• ovary: Small oval-shaped organs that lie on either side of the uterus; they are the egg-producing organs of the
female reproductive system; they are also part of the pistil which contains the ovules in angiosperms.
• placenta: A temporary organ in which nutrients and wastes are exchanged between the mother and the embryo
or fetus.
• placental mammals: One of the three major groups of mammals; viviparous mammals in which a placenta
develops during pregnancy to sustain the fetus while it develops inside the uterus.
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• therian mammals: Mammals that give birth to live young without using a shelled egg.
• uterus: A muscular organ where a fetus grows and develops until birth; it has a thick lining of tissues known
as the endometrium; the lower, narrower end of the uterus is called the cervix.
• viviparous: Describes animals that give birth to live young; the embryo develops inside the body of the
mother, as opposed to outside in an egg.
Summary

• Therian mammals have two additional female reproductive structures that are not found in other vertebrates:
the uterus and the vagina.
• Placental mammals are viviparous mammals in which a placenta develops during pregnancy to sustain the
fetus while it develops inside the uterus.
• The placenta consists of membranes from both the mother and the embryo.
• By nourishing the fetus, while protecting it from the mother’s immune system, the placenta allows an extended
gestation period.
• A longer gestation period means that offspring can become relatively large and well developed before they
leave the mother’s body.
Practice

Use this resource to answer the questions that follow.
• Eutheria, the Placental Mammals at http://www.ucmp.berkeley.edu/mammal/eutheria/placental.html .
1. What is the placenta derived from through evolution?
2. How do scientists recognize therian mammal fossils?
3. How does placental mammal development differ from that of marsupials?
Practice Answers

1. The placenta is actually derived from the same membranes that surround the embryos in the amniotic eggs of
reptiles, birds, and monotreme mammals.
2. Therian mammals may be recognized by the number, morphology, and replacement of their teeth.
3. Marsupials have offspring that are born not fully developed and must continue development in a special pouch.
Placental mammals are sometimes born hairless or blind and must be nurtured by their mothers. The offspring
of placental mammals, however, are much more developed than those of marsupials. Placental mammals also
lack the special pouch of marsupials.
Review

1.
2.
3.
4.
5.

What reproductive organs are unique to therian mammals?
What is a common feature in all animals belonging to the infraclass Eutheria that are alive today?
How does the placenta allow nutrients to pass from the mother to the offspring?
What is the role of the placental barrier?
What are the pros and cons of having a long gestation period?
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Review Answers

1. Therian mammals have two additional female reproductive structures that are not found in other vertebrates:
the uterus and the vagina. The uterus is a pouch-like organ where the fetus develops. The vagina is the
passageway through which the fetus leaves the mother’s body.
2. All living animals in the infraclass Eutheria have a placenta that develops during pregnancy and nourishes the
fetus.
3. The placenta is formed from both the mother and the embryo. The embryo’s blood passes through the
umbilical arteries into villi. The mother’s blood passes into the intervillous spaces surrounding the villi,
transfers nutrients, and removes waste.
4. The placental barrier is a barrier that filters out harmful substances before they can reach the fetus. For
example, white blood cells and other immune system components in the mother’s blood cannot pass through
the placental barrier to the fetus.
5. A longer gestation period means that offspring can become relatively large and well-developed before they
leave the mother’s body. Supporting a fetus during a long period of gestation, however, can be very draining
on the mother. Giving birth to a large infant can also be very risky for a mother.
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1.43 Marsupials - Advanced
• Discuss the unique method of reproduction present in marsupial mammals.
• Learn about the advantages and disadvantages of shorter gestation periods.

Is it really a bear?
Its a koala. Or sometimes called the koala bear. The koala is a marsupial native to Australia. And it is very different
from any bear.
Marsupials

Marsupial mammals are viviparous mammals in which the embryo is born at a very early stage and completes its
development outside the mother’s body. Marsupials belong to the infraclass of therian mammals called Metatheria,
which includes both living and extinct mammals. There are fewer than 300 hundred species of marsupials living
today. Examples of living marsupials include bandicoots, kangaroos, wombats, koalas, kolokolos, and opossums,
all of which are shown in the figures below. About two-thirds of living marsupials are found in Australia. Most
non-Australian marsupials are found in South America. They include the kolokolo and some species of opossum.
Like placental mammals, marsupials are endothermic, but they tend to have a slightly lower body temperature than
placental mammals.
The figures below are are all marsupials, or metatherian mammals.
Marsupial Reproduction

The best-known trait of marsupials is their method of reproduction. Offspring are born while they are still in the
embryonic stage, and they crawl to a pouch on the surface of their mother’s body. They remain in the pouch until
they complete their development. Because of the short gestation period, the marsupial mother does not need to
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FIGURE 1.152
From left to right starting at the top of
the image: Bandicoot, Kangaroo, Wombat, Koala, Monito del Monte, AKA Colocolo (South America), Virginia opossum
(North America).

develop a placenta to nourish the embryo. Instead of a placenta, she develops a large yolk sac in her uterus. The
yolk sac and secretions of the uterus are sufficient to nourish the embryo for the short period of time (typically three
to seven weeks) that the embryo remains in the uterus before leaving the uterus and moving to the pouch.
The short gestation period also means that the marsupial embryo is very small and immature when it enters the
pouch. However, it has relatively strong forelimbs that allow it to climb to a nipple inside the pouch (see the Figure
1.153). On the other hand, the embryo is too weak to suck, so the mother feeds it by contracting muscles over her
mammary glands. This causes milk to be released from the nipple. The developing marsupial offspring remains
attached to the nipple in the pouch for several months (about nine months in the case of most kangaroos). Then it
passes through a stage in which it temporarily leaves the pouch but returns periodically for warmth and nourishment.
This stage may last for several more months. Eventually, the young marsupial is mature enough to remain outside
of the pouch on its own. See Dasyurid marsupials at http://www.bbc.co.uk/nature/family/Dasyuridae for more
information.
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FIGURE 1.153
An embryonic kangaroo suckles a nipple inside its mother’s pouch.

Pros and Cons of Marsupial Reproduction

The very short gestation period of marsupials may be an adaptive advantage. It reduces the risk of the mother’s
immune system attacking the embryo as a “foreign invader.” This is a potential problem in placental mammals,
which have longer gestation periods, and is one reason for the development of the placenta. A marsupial mother
avoids this risk without using up the extra energy needed to form and maintain a placenta. The marsupial mother
also does not have the risks associated with an extended pregnancy and the birth of a large infant. In addition, she
can easily expel the embryo from her pouch if she is pursued by a predator or if there is not enough food available
to support both herself and the embryo.
On the other hand, the tiny newborn marsupial is at greater risk of death than a newborn placental mammal is. A
marsupial mammal is born at a less mature stage of development than a newborn placental mammal. Therefore, a
newborn marsupial is much smaller and more fragile than a newborn placental mammal.
The North American Marsupial: The Opossum

Most people think of opossums as scary creatures. Is this because they look kind of funny, walk kind of funny, have
beady eyes and sharp teeth, and can emit a very foul odor? Maybe. But what is so different about opossums is that
they are the only marsupial in North America.
Opossums can be beneficial to humans. They use their sharp teeth to crush bone –which means that they are good
at getting rid of unwanted rodents in your neighborhood. They have excellent immune systems, and they emit that
terrible odor for protection. Learn more about opossums at http://science.kqed.org/quest/video/cool-critters-opossu
ms/ (2:01) and http://www.kqed.org/quest/blog/2009/03/31/producers-notes-for-cool-critters-opossums/ .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/10204

Vocabulary

• gestation: Carrying of an embryo or fetus inside a female viviparous animal.
• marsupials: One of the three major groups of mammals; viviparous mammals in which the embryo is born at
a very early stage and completes its development outside the mother’s body.
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• marsupial mammals: Viviparous mammals in which the embryo is born at a very early stage and completes
its development outside the mother’s body.
• viviparous: Describes animals that give birth to live young; the embryo develops inside the body of the
mother, as opposed to outside in an egg.
• yolk sac: A membranous sac attached to an embryo, providing early nourishment in the form of yolk.
Summary

• Marsupials are most well-known for their method of reproduction.
• Offspring are born while they are still in the embryonic stage, and they crawl to a pouch on the surface of their
mother’s body. They remain in the pouch until they complete their development.
• The short gestation period means that the marsupial embryo is very small and immature when it enters the
pouch.
• The short gestation period of marsupials may be an adaptive advantage that reduces the risk of the mother’s
immune system attacking the embryo.
Practice

Use this resource to answer the questions that follow.
• Marsupial at http://www.britannica.com/EBchecked/topic/366719/marsupial .
1.
2.
3.
4.
5.
6.

Do all marsupials have pouches?
How does the intelligence of marsupials compare to placental mammals?
Do marsupials form social groups?
Where did marsupials originate?
How did marsupials get to Australia and become so dominant?
Why have several species of marsupials become extinct in Australia?

Practice Answers

1. Not all marsupials have pouches. Some species have fully exposed nipples or remnants of a pouch. The
offspring simply latch on to the nipples for a period in order to feed.
2. The intelligence of marsupials is notably less than that of placental mammals. Marsupial brains lack a corpus
callosum, which connects the two cerebral hemispheres. Their brains are also smaller relative to their body
size than the brains of placental mammals.
3. Many marsupials do not form social organizations. Some grazing marsupials may form groups called mobs,
but these associations have no hierarchy.
4. Fossil evidence suggests that marsupials first originated in the New World.
5. Scientists believe that marsupials arrived in Australia via a land connection with South America via Antarctica.
There is still debate over whether marsupials arrived before placental mammals or if placental mammals
simply died out in Australia. Due to the lack of placental mammals, marsupials diversified and became
dominant in Australia.
6. Human activities, such as hunting, land clearing, and the introduction of invasive species, have contributed to
the extinction or depletion of marsupials in Australia.
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Review

1.
2.
3.
4.

Describe how marsupial offspring grow and develop.
How do marsupial offspring receive nourishment from their mothers?
What are some advantages of marsupial development?
What are some disadvantages of marsupial development?

Review Answers

1. Marsupial offspring are born while they are still in the embryonic stage, and they crawl to a pouch on the
surface of their mother’s body. The offspring have relatively strong forelimbs that allow them to climb to a
nipple inside the pouch. The developing marsupial offspring remains attached to the nipple in the pouch for
several months. Then it passes through a stage in which it temporarily leaves the pouch but returns periodically
for warmth and nourishment. Eventually, the young marsupial is mature enough to remain outside of the pouch
on its own.
2. The short gestation period means that the marsupial embryo is very small and immature when it enters the
pouch. The embryo is too weak to suck, so the mother feeds it by contracting muscles over her mammary
glands. This causes milk to be released from the nipple.
3. The short gestation period of marsupials may be an adaptive advantage that reduces the risk of the mother’s
immune system attacking the embryo. A marsupial mother avoids this risk without using up the extra energy
needed to form and maintain a placenta. The marsupial mother also does not have the risks associated with
an extended pregnancy and the birth of a large infant. In addition, she can easily expel the embryo from her
pouch if she is pursued by a predator or if there is not enough food available to support both herself and the
embryo.
4. A marsupial mammal is born at a less mature stage of development than a newborn placental mammal.
Therefore, a newborn marsupial is much smaller and more fragile than a newborn placental mammal.
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1.44 Monotremes - Advanced
• Discuss the unique method of reproduction only seen in monotremes.
• Understand some of the unique characteristics of monotremes that distinguish them from all other mammals.

Can a mammal lay an egg?
This is a mammal. But it is unlike placental or marsupial mammals. If a mammal does not develop within a placenta
or a pouch, what type of development is left? Eggs!
Monotremes

Only five living species of mammals are not viviparous. They are called monotremes. Monotreme mammals
lay eggs instead of giving birth to live young. They are the only living order in the mammalian subclass called
Prototheria, which also includes several extinct orders. Living monotremes include one species of platypus and four
species of echidna (see the figures below). Modern monotremes are found only in Australia and New Guinea.
Like female therian mammals, female monotremes have ovaries that produce eggs. Unlike therian mammals,
monotremes lack a uterus and vagina. The word monotreme literally means “one hole.” The name refers to the
single body opening, or cloaca, that monotremes use for urination, defecation, and reproduction. The presence of a
cloaca is a trait that monotremes share with both lizards and birds.
Eggs and Lactation

Eggs produced by monotreme mammals leave the mother’s body through the cloaca. Monotreme eggs are similar to
the eggs of reptiles. For example, they have a leathery outer covering, like reptile eggs, rather than a hard, calcified
shell like the eggs of birds. However, unlike reptiles, female monotremes retain their eggs for some time (typically
for two or three weeks) and actively provide the eggs with nutrients. Female platypuses lay their eggs in burrows.
Echidna females have a pouch in which they store their eggs and later nurse their young.
Like other mammals, female monotremes have mammary glands that produce milk. However, female monotremes
do not have nipples. Instead, they feed their young by “sweating” milk from a patch on their belly.
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FIGURE 1.154
Platypus.

FIGURE 1.155
Long-beaked echidna.

FIGURE 1.156
Short-beaked echidna.

Pros and Cons of Monotreme Reproduction

The mother’s investment in reproduction is obviously less in monotremes than in therian mammals. The female
monotreme does not carry an embryo in a uterus while it develops. On the other hand, externally laid eggs are more
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difficult to protect than an embryo in a uterus or a pouch on the mother’s belly. Therefore, monotreme offspring may
be less likely to survive than the offspring of therian mammals.
Other Monotreme Traits

Monotremes have other traits that set them apart from both placental and marsupial mammals. For example, adult
monotremes lack teeth, whereas other mammals normally retain their teeth throughout adulthood. The monotreme
shoulder girdle is also different from those of other mammals, having an extra bone called the interclavicle. In
addition, monotremes have sprawling limbs extending along their sides rather than lying underneath the body as in
other mammals. This arrangement of limbs makes monotremes walk like lizards. Although monotremes have hair
and are endothermic, their body temperature is 5o to 10o C lower and their metabolic rate is more variable than those
of marsupial or placental mammals. See Monotremes at http://www.ucmp.berkeley.edu/mammal/monotreme.html
for additional information.
For more information on the unique platypus, visit Probing Platypus Evolution at http://www.youtube.com/watch
?v=OVneqhu9oZk (5:20).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57256

Vocabulary

• cloaca (pl., cloacae): A compartment shared by the digestive, excretory, and reproductive organs; digestive
waste arriving from the intestine, excretory waste arriving from the kidneys, and eggs and sperm arriving from
the reproductive organs all exit the body through an opening in the cloaca.
• endothermic: Of or relating to an animal that is able to regulate its body temperature from the inside through
metabolic or other physical changes. It is also known as warm-blooded.
• interclavicle: A bone located in front of the sternum and between the clavicles in certain vertebrates.
• mammary glands: Organs found in female mammals, which produce milk to feed their young.
• monotremes: One of the three major groups of mammals; mammals that lay eggs instead of giving birth to
live young.
• monotreme mammals: Mammals that lay eggs instead of giving birth to live young.
Summary

•
•
•
•
•
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Monotreme mammals lay eggs instead of giving birth to live young.
Unlike therian mammals, monotremes lack a uterus and vagina.
Similar to birds and reptiles, monotremes have a single body opening (the cloaca).
Monotreme eggs are similar to the eggs of reptiles.
Adult monotremes have many physical features that distinguish them from other mammals.
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Practice

Use this resource to answer the questions that follow.
• Monotremes at http://animals.about.com/od/monotremes/p/monotremes.htm .
1.
2.
3.
4.

How is the monotreme brain different from the brains of other mammals?
What sensory adaptation is unique to monotremes and not found in other mammals?
Describe some of the unique external features of a platypus.
What do echidnas feed on, and how do they feed?

Practice Answers

1. The monotreme brain lacks a corpus callosum that forms a connection between the left and right hemispheres
of the brain (marsupials also lack this).
2. Monotremes are the only mammals that can sense the electric fields generated by their prey’s muscle movements (this is known as electroreception). The platypus has the most sensitive level of electroreception because
of the electroreceptors located on its bill.
3. A platypus has a broad bill resembling that of a duck, a tail resembling that of a beaver, and webbed feet.
There is also a spur on the hind limbs of male platypuses that contains a venom unique to the platypus.
4. Echidnas usually feed on ants and termites. They rip apart rotten wood with their strong limbs and lick up ants
and insects with their sticky tongues.
Review

1.
2.
3.
4.
5.
6.

What distinguishes animals in the subclass Prototheria? Where are these animals found?
How is the reproductive system of monotremes similar to that of birds and some reptiles?
How do the monotreme eggs compare with other animal eggs?
What are some differences between reptile parental care and monotreme parental care?
How do monotremes feed their young?
What are some physical features that distinguish monotremes from other mammals?

Review Answers

1. Animals in the subclass Prototheria are known as the monotremes, and they are the only mammals that lay
eggs. Modern monotremes are found only in Australia and New Guinea.
2. Monotremes have a single body opening, known as the cloaca, that is used for urination, defecation, and
reproduction. They do not have a uterus or vagina like other mammals. Lizards and birds also have a cloaca.
3. Monotreme eggs are similar to the eggs of reptiles. The eggs have a leathery outer covering, like reptile eggs,
rather than a hard, calcified shell like the eggs of birds.
4. Monotremes retain their eggs for longer than most reptiles. Monotreme mothers also actively provide nutrients
for their young, whereas most reptiles do not.
5. Monotremes do not have nipples. They produce milk for their young and feed them by "sweating" milk from
a patch on their belly.
6. Adult monotremes lack teeth, whereas most mammals retain their teeth. Monotremes also have an extra bone
in their shoulder girdle known as the interclavicle. Lastly, monotremes have limbs that extend along their sides
instead of under their bodies (similar to reptiles).
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1.45 Ancestors of Mammals - Advanced
• Discuss the evolution of tetrapods into mammals.
• Understand the evolutionary timeline of when different mammalian characteristics arose.

Which mammalian trait evolved first? What was the first mammal like? When did the earliest mammal live?
Detailed answers to these questions are still in dispute, though it is probably safe to say the earliest mammals were
not like this giraffe. Obviously, the giraffe has some specialized traits.
Mammalian Ancestors

The evolutionary history and classification of mammals is currently an area of active research. At one time, there had
to be the first species of mammal. But what could it have been? Was it a rodent-like organism? Was it a reptilianlike mammal? Possibly. Keep in mind that evolution is a change. As additional data are analyzed, scientists gain
more knowledge of extinct mammalian species and a better understanding of how mammals evolved and how living
mammalian species are related to one another. This helps them reconstruct mammalian evolutionary history and
determine how best to classify mammals.
Which mammalian traits evolved first? What was the first mammal? When did the first mammal live? Specific
answers to these and other questions about mammalian evolution are still in dispute. Nonetheless, researchers
generally agree that animals similar to mammals first began evolving around 200–300 million years ago, during the
Permian Period of the Paleozoic Era, from ancestors called synapsids. The major events of mammalian evolution
are summarized in Table 1. Refer to the table as you read the rest of this concept.
Table 1 shows the parts of the Geologic Time Scale that are relevant to mammalian evolution. It includes only those
events that relate directly to the evolution of mammals. The events and their timing are subject to revision as more
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data, such as the discovery of additional fossils, become available.

TABLE 1.7:
Era
Cenozoic

Period
Neogene

Epoch
Holocene

-

-

Pleistocene

-

-

Pliocene

-

-

Miocene

-

Paleogene

Oligocene

-

-

Eocene

-

-

Paleocene

Mesozoic

Cretaceous

-

-

Jurassic

-

Major Events
Rise of human civilization. Spread and
dominance of modern humans.
Spread and then
extinction of many
large
mammals.
Appearance
of
modern humans.
Appearance
of
many
existing
genera of mammals
including the genus
Homo.
Appearance of the
remaining modern
mammal families.
Diversification
of
horses
and
mastodons.
First
apes.
Rapid evolution and
diversification
of
placental mammals.
Appearance of several modern mammal families. Diversification of primitive whales.
Appearance of the
first large mammals.
Emergence
of
monotreme,
marsupial,
and
placental mammals.
Possibly
the
first
appearance
of
four
clades
(superorders)
of
placental mammals
(Afrotheria,
Xenarthra,
Laurasiatheria,
and Supraprimates).
Spread of mammals,
which remain small
in size.

Start (mya)*
0.01

1.8

5.3

23.0

33.9

55.8

65.5
145.5

199.6
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TABLE 1.7: (continued)
Era
-

Period
Triassic

Epoch
-

Paleozoic

Permian

-

-

Carboniferous

-

Major Events
Evolution of cynodonts to become
smaller and more
mammal-like. Appearance of the first
mammals.
Evolution
and
spread of synapsids
(pelycosaurs
and
therapsids).
Appearance
of
amniotes, the first
fully
terrestrial
vertebrates.

Start (mya)*
251.0

299.0

359.0

• mya = millions of years ago.
Amniotes

The story of mammalian evolution actually begins with amniotes. Amniotes are animals that lay eggs with internal
membranes. The internal membranes keep water inside the eggs, so they do not dry out when exposed to air. This
allows amniotes to lay their eggs on dry land. Amniotes were the first fully terrestrial, or land-living, tetrapods
(four-legged vertebrates). The other tetrapods, the amphibians, produce eggs without internal membranes, so, in
most species, the eggs must be laid in water to avoid drying out. The need to return to water to lay eggs prevented
amphibians from becoming completely terrestrial.
As shown in Table 1, the first amniotes appeared in the Carboniferous Period of the Paleozoic Era, more than
300 million years ago. They spread across the land and became virtually the only terrestrial vertebrates. Within
a few million years, two important amniote lineages, or evolutionary lines, became distinct: the sauropsids and
the synapsids. The sauropsids were ancestors of dinosaurs, reptiles, and birds. The synapsids were ancestors of
mammals.
Synapsids

The early synapsids had a mix of mammalian and reptilian traits, so they are sometimes referred to as “mammal-like
reptiles.” However, they were not really reptiles, and they did not evolve into reptiles. Instead, it is believed that the
synapsids evolved into mammals. The evolution of mammals from their early synapsid ancestors most likely began
during the Permian Period, beginning at least 275 million years ago. It continued over the next 70 million years into
the Triassic Period of the Mesozoic Era. By the middle of the Triassic Period, there were many species that were
starting to resemble mammals.
All of the original synapsids are now extinct and are represented only by fossils. As shown in the Figure 1.157,
fossil skulls of synapsids can be distinguished from those of sauropsids by the number of pairs of holes in the skull
behind each eye. These holes, called temporal fenestrae (sing., fenestra), are found in most amniote skulls. They
make the skull lighter without sacrificing strength. This saves energy by not requiring as much bone. Synapsids had
one pair of temporal fenestrae placed low on the skull. Sauropsids, in contrast, had two pairs of temporal fenestrae
placed one above the other.
Fossils from the Permian Period indicate that animals in one particular synapsid group, called pelycosaurs, were the
248

www.ck12.org

Chapter 1. Vertebrates - Advanced
FIGURE 1.157
The synapsid skull on the left has a single
pair of temporal fenestrae behind the eye
holes (labeled A). Temporal fenestrae are
holes found in the skulls of most amniotes that make the bones lighter but
not weaker. The sauropsid skull on the
right has two pairs of temporal fenestrae behind the eye holes (labeled B and
C). This difference allows paleontologists
to distinguish synapsid fossil skulls from
sauropsid fossil skulls.

most common land vertebrates of the time. Pelycosaurs actually first appeared during the Carboniferous Period and
had become common by the early Permian. They remained the dominant land animals for about 40 million years.
A genus of pelycosaur called Dimetrodon is shown in the Figure 1.158. Fossils of Dimetrodon have been found in
North America and Europe.

FIGURE 1.158
This pelycosaur, belonging to the genus
Dimetrodon, lived during the Permian Period, between about 280 and 265 million
years ago.

It was up to three meters

in length.

The “sail” on its back was

probably used to help regulate its body
temperature. The large surface area of
the “sail” could gain or lose heat more
quickly than the body as a whole.

Like other pelycosaurs, Dimetrodon was not very mammal-like in many of its traits. It had a sprawling, bulky body,
and it walked like a lizard. It also had relatively small brain. However, pelycosaurs, like Dimetrodon, had started to
develop different types of teeth instead of having teeth that were all the same, as in sauropsids and modern reptiles.
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Dimetrodon, a predatory carnivore, had two types of teeth that could tear and cut meat into smaller pieces for easier
ingestion. This may have been the beginning of the evolution of the four types of teeth that characterize modern
mammals.
Therapsids

Some pelycosaurs were ancestral to a group of synapsids called therapsids, which arose in the middle of the
Permian Period, about 260 million years ago. Some therapsids, in turn, may have been ancestral to mammals.
These relationships are represented by the phylogenetic tree diagram in the Figure 1.159. You can read more about
phylogenetic trees and how they are constructed in the Classification: Phylogeny (Advanced) concept.

FIGURE 1.159
This diagram represents a simplified phylogenetic tree of the evolution of mammals, beginning with a tetrapod ancestor.

Descended from pelycosaurs, therapsids went through a series of evolutionary stages to become more and more like
mammals. When they first appeared in the middle of the Permian Period, they were very much like their pelycosaur
ancestors. Then, during their evolution, a number of traits that are found in modern mammals began to evolve. By
the end of the Permian Period, some therapsids could easily be mistaken for mammals. For example, therapsids
started to develop a bony palate in the roof of their mouths, and their legs were positioned more vertically beneath
their bodies than the sprawling legs of pelycosaurs were.
By the end of the Permian Period, therapsids were the dominant, large terrestrial animals. They were by far the
most abundant and diverse animals of that time. They had mainly replaced the pelycosaurs, which were becoming
rare. Therapsids included both herbivorous (plant-eating) and carnivorous (meat-eating) species. They were also
very diverse in size, ranging from less than a kilogram to more than a metric ton in weight.
Triassic Takeover

Between the Permian Period of the Paleozoic Era and the Triassic Period of the Mesozoic Era, a catastrophic mass
extinction occurred. The causes of this mass extinction are not known for certain, although large asteroids striking
Earth may have played a role. Regardless of the causes, the majority of organisms, including most vertebrates,
appear to have gone extinct in a relatively short period of time (also see the History of Life concepts). Only about a
quarter of all animal species survived.
Like other animals, most therapsids apparently went extinct at the end of the Permian Period. Their niches were taken
over by sauropsids, which had been relatively unimportant until then. Recall that sauropsids included ancestors of
dinosaurs, reptiles, and birds. This change in dominance, with sauropsids becoming more important than synapsids,
is often called the Triassic takeover. By the middle of the Triassic period, sauropsids had evolved into dinosaurs.
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Dinosaurs became increasing important throughout the Mesozoic Era and came to dominate most terrestrial niches.
This is why the Mesozoic Era is called the “Age of Dinosaurs” (see the Reptiles and Birds concepts).
Cynodonts

Ironically, the Triassic takeover may have helped the few remaining therapsids evolve into mammals. The surviving
therapsids were relatively small animals including therapsids called cynodonts (see the Figure 1.160). The cynodonts first appeared at the end of the Permian Period, and they flourished worldwide throughout the first half of the
Triassic Period. Some cynodonts were carnivores, probably eating mostly insects. The carnivorous forms became
progressively smaller as the Triassic Period progressed. The cynodonts were most likely nocturnal, meaning that
they were active during the night.

FIGURE 1.160
This small mammal-like creature was a
cynodont, a type of therapsid that may
have been ancestral to mammals. It was
about the size of a rat.

Being nocturnal may have saved the cynodonts from extinction at the end of the Permian Period, when most other
therapsids went extinct. A nocturnal niche was one of the few niches that the increasingly common and successful
dinosaurs did not come to dominate. Becoming better adapted to a nocturnal niche may have led to the evolution of
several of the mammalian traits of cynodonts:
• The ability to regulate body temperature might have been selected for because it allows nocturnal animals to
be active in the cool of the night.
• A good sense of hearing might have been selected for because it is more useful than good vision when hunting
in the dark.
Toward the end of the Triassic Period, cynodonts included tiny shrew-like animals that were quite mammal-like. For
example, their teeth were fully differentiated, they had relatively large brains, and many of them walked in an upright
manner. They also had the complete bony palate of mammals. Their middle ears contained the three tiny bones that
are found in the modern mammalian ear. The cynodonts had ribcages similar to those of modern mammals, so they
may have had diaphragms for breathing. Although it is not known for certain, they were probably endothermic and
may have had the ability to lactate.
The presence of hair is a defining trait of modern mammals. The earliest unambiguous fossil evidence of hair comes
from an extinct cynodont that lived about 165 million years ago, during the Jurassic Period. Although it does not
represent a true mammal, this fossil is important because it establishes the presence of hair at a relatively early date
in mammalian evolution.
Cynodonts are probably the ancestors of all mammals. Although the cynodonts themselves appeared to have died
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out during the Jurassic or Cretaceous Period of the Mesozoic Era, early mammals continued to evolve. In fact,
competition with early mammals may have led to the cynodont extinction.
For an interactive summary of mammalian ancestors and early mammals, visit How Did Mammals Evolve? at http
://www.mnh.si.edu/mammals/pages/how/ .
Vocabulary

• amniotes: An animal that lays eggs that are surrounded by an extensive amniotic membrane to facilitate gas
exchange and waste processing in a terrestrial environment.
• cynodonts: Small therapsids that survived the Triassic takeover and are probably the direct ancestors of all
mammals.
• pelycosaurs: The group of synapsids that were the most common land vertebrates of the Permian Period.
• sauropsids: A group of amniotes that includes all existing reptiles and birds and their fossil ancestors; this
group includes the dinosaurs.
• synapsid: A type of early amniote that evolved during the Carboniferous Period and eventually gave rise to
mammals.
• temporal fenestrae: Features of the skulls of several types of amniotes; they are characterised by bilaterally
symmetrical holes (fenestrae) in the temporal bone.
• tetrapod: An animal that has four legs or limbs.
• therapsids: The group of synapsids that may have been ancestral to mammals.
• Triassic takeover: The period in which therapsids and their mammaliform successors were forced to live as
small, mainly nocturnal insectivores; this forced further development and higher metabolic rates.
Summary

• The evolutionary history and classification of mammals is currently an area of active research.
• Researchers generally agree that animals similar to mammals first began evolving around 200–300 million
years ago, during the Permian Period of the Paleozoic Era, from ancestors called synapsids.
• The early synapsids had a mix of mammalian and reptilian traits, so they are sometimes referred to as
“mammal-like reptiles.”
• Fossils from the Permian Period indicate that animals in one particular synapsid group, called pelycosaurs,
were the most common land vertebrates of the time.
• Some pelycosaurs were ancestral to a group of synapsids called therapsids, which arose in the middle of the
Permian Period, about 260 million years ago. Some therapsids, in turn, may have been ancestral to mammals.
• After the Permian mass extinction, the surviving therapsids were relatively small animals including therapsids
called cynodonts.
• Cynodonts are probably the ancestors of all mammals.
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Practice

Use this resource to answer the questions that follow.
• Fossil of Ancient Hairy Creature Reveals Clues About Mammal Ancestors at http://www.livescience.c
om/38732-proto-mammal-fossil.html .
1. What time period did Megaconus mammaliaformis live in? Why is the discovery of a complete skeleton so
important?
2. Why is the presence of hair so important in the recently discovered fossil?
3. How did Megaconus mammaliaformis defend itself against predators?
Practice Answers

1. Megaconus mammaliaformis lived about 165 million years ago in a world dominated by early dinosaurs. The
recently discovered, intact skeleton shows that the animal was much more specialized than scientists had
predicted.
2. The presence of hair impressions in the fossil are one of the earliest pre-mammalian hairs to ever be discovered.
It suggests that Megaconus mammaliaformis had a fast metabolism like those of modern rodents.
3. Scientists found a spur on the back of the heel, suggesting that Megaconus mammaliaformis defended itself
with a poisonous spur similar to that of the platypus.
Review

1. When did the evolution of mammals begin?
2. Synapsids are sometimes referred to as "mammal-like reptiles." Why is this term misleading?
3. What role do the temporal fenestrae play? What is the difference between synapsid skulls and sauropsid
skulls?
4. What important adaptation occurred when pelycosaurs evolved?
5. What traits did therapsids share with modern mammals?
6. How did the Triassic takeover contribute to the evolution of mammals?
7. What mammalian characteristics were exhibited in cynodonts?
Review Answers

1. Researchers generally agree that animals similar to mammals first began evolving around 200–300 million
years ago, during the Permian Period of the Paleozoic Era, from ancestors called synapsids.
2. Synapsids were not really reptiles, and they did not evolve into reptiles. Instead, it is believed that the synapsids
evolved into mammals. The evolution of mammals from their early synapsid ancestors most likely began
during the Permian Period, beginning at least 275 million years ago.
3. Temporal fenestrae make the skull lighter without sacrificing strength. This saves energy by not requiring as
much bone. Synapsids had one pair of temporal fenestrae placed low on the skull. Sauropsids, in contrast, had
two pairs of temporal fenestrae placed one above the other.
4. Pelycosaurs, like Dimetrodon, had started to develop different types of teeth instead of having teeth that were
all the same, as in sauropsids and modern reptiles. Dimetrodon, a predatory carnivore, had two types of teeth
that could tear and cut meat into smaller pieces for easier ingestion. This may have been the beginning of the
evolution of the four types of teeth that characterize modern mammals.
5. Descended from pelycosaurs, therapsids went through a series of evolutionary stages to become more and
more like mammals. Therapsids started to develop a bony palate in the roof of their mouths, and their legs
were positioned more vertically beneath their bodies than the sprawling legs of pelycosaurs were.
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6. Between the Permian Period of the Paleozoic Era and the Triassic Period of the Mesozoic Era, a catastrophic
mass extinction occurred. Like other animals, most therapsids apparently went extinct at the end of the
Permian Period, and sauropsids became dominant. The surviving therapsids were relatively small animals
including therapsids called cynodonts. They had to adapt to nocturnal niches that were not occupied by
dinosaurs. The ability to regulate body temperature might have been selected for because it allows nocturnal
animals to be active in the cool of the night. A good sense of hearing might have been selected for because it
is more useful than good vision when hunting in the dark, leading to the three tiny bones found in mammalian
ears.
7. Cynodonts had many similarities with mammals. Cynodont teeth were fully differentiated. Cynodonts had
relatively large brains, and many of them walked in an upright manner. They also had the complete bony
palate of mammals. Their middle ears contained the three tiny bones that are found in the modern mammalian
ear. The cynodonts had ribcages similar to those of modern mammals, so they may have had diaphragms for
breathing. Although it is not known for certain, they were probably endothermic and may have had the ability
to lactate.

254

www.ck12.org

Chapter 1. Vertebrates - Advanced

1.46 Evolution of Mammals - Advanced
• Discuss when each group of mammals diverged from the others.
• Understand that the evolutionary path of mammals is currently under flux, and more fossils are needed to
prove phylogenetic predictions.

Could you argue that the duckbilled platypus has some characteristics of other species?
Like a bird or a fish? You could. This might suggest that an ancestor of this species may have been one of the early
mammals to evolve.
Mammalian Evolution

Once mammals emerged from a cynodont ancestor, they continued to evolve and become more like modern mammals. Monotreme mammals probably diverged from other mammals about 150 million years ago. Somewhat later,
the first marsupial and placental mammals appeared.
The Monotreme Divergence

The monotreme lineage probably diverged from other early mammals shortly after the start of the Cretaceous Period.
The earliest known monotreme fossils represent the genus Teinolophos, which lived in Australia almost 125 million
years ago. Another early monotreme genus, Steropodon, dates back about 110 million years ago and is also from
Australia. Steropodon is believed to be an early relative of the platypus and, like the platypus, probably had a bill
(see the Figure 1.161).
These early monotremes retained some of the traits of earlier therapsid ancestors—traits that that are still found in
modern monotremes but not in other mammals. These traits include an interclavicle bone in the shoulder girdle
and reproduction by egg laying. Other modern monotreme traits—including the presence of a cloaca and a lack of
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FIGURE 1.161
This early monotreme mammal belonged
to the genus Steropodon and is believed
to be an ancestor of the platypus. It lived
during the Cretaceous Period, about 110
million years ago.

nipples—have not been found preserved in fossils. Therefore, scientists can only assume that the earliest monotremes
probably had these traits as well.
Evolution of Marsupial Mammals

Recent phylogenetic analyses of molecular data from modern mammals suggest that marsupial mammals diverged
from other mammals between 130 and 150 million years ago. However, until recently, no marsupial fossils had
been found that were this old. The most ancient monotreme fossils came from about 110 milllion years ago and
were represented by just a few teeth and jaw fragments. More complete fossils of marsupials were known only from
about 90 to 65 million years ago.
Then, in 2003, a remarkable marsupial fossil was found in China. Given the genus name Sinodelphys, it is believed
to have lived about 125 million years ago. The fossil is remarkable because it is a nearly complete specimen, as
shown in the Figure 1.162. Tufts of hair and imprints of soft tissues were even preserved. Sinodelphys was probably
about 15 centimeters long and about 30 grams in weight. Its limb structure suggests that it was a climbing animal,
which may account for its success. It would have been able to take refuge from terrestrial predators by climbing into
trees. Scientists speculate that Sinodelphys probably lived on a diet of insects and worms.

FIGURE 1.162
The dark shapes on these two rock slabs
are two halves of the fossil named Sinodelphys.

The head is at the top of

the image and the legs point toward the
center.
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Evolution of Placental Mammals

The earliest known ancestor of eutherian mammals belongs to the extinct genus Eomaia, which is shown in the
Figure 1.163. Like Sinodelphys, Eomaia lived 125 million years ago in what is now China and was apparently a
tree climber. However, Eomaia was even smaller. It was only about 10 centimeters long and probably weighed less
than 25 grams. See Earliest Known Ancestor of Placental Mammals Discovered at http://news.nationalgeographic.c
om/news/2002/04/0423_020425_firstmammal.html for more information.

FIGURE 1.163
The genus Eomaia was comprised of
small mammals that may have been ancestral to placental mammals.

Eomaia had numerous traits of the teeth and bones that are found in eutherian mammals. However, the narrowness
of the hips of the Eomaia fossil suggests that it gave birth to young that were very small. This indicates that gestation
was short and suggests that the placenta had not yet fully evolved. Therefore, Eomaia was probably not a placental
mammal, but it is a likely ancestor of placental mammals. These intermediate features are consistent with recent
phylogenetic analyses of molecular data that suggest the placentals diversified about 110 million years ago, or about
15 million years after the date of the Eomaia fossil.

Marsupial and Placental Mammals in Australia

Early placental mammals were generally more successful than early marsupial mammals. On most continents,
placental mammals became the dominant mammals and marsupials died out. Only in Australia were marsupials the
most numerous and diverse mammals. Until recently, paleontologists thought that marsupials were successful in
Australia only because placental mammals did not reach the continent until about 5 million years ago, when rodents
from Asia made their way to Australia.
Paleontologists recently discovered the fossil of a possible placental mammal that lived in Australia about 115
million years ago. It was given the genus name Ausktribosphenos (see Shaking the Family Tree at http://www.s
ciam.com/article.cfm?id=shaking-the-family-tree ). Although this early mammal went extinct, it calls into question
the hypothesized late arrival of placental mammals in Australia. Some scientists suggest that, if placentals were
present there earlier, marsupials must have been able to outcompete them. They speculate that the slightly lower
body temperature of marsupials would have taken less energy to maintain and may have been an adaptive advantage.
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The Late Cretaceous Mass Extinction

At the close of the Cretaceous Period, about 65 million years ago, dinosaurs and most other species of large animals
went extinct. Scientists think that this mass extinction was due to the impact of a huge asteroid slamming into
what is now the Yucatán Peninsula of Mexico. The force of the impact is estimated to have been two million times
greater than the most powerful nuclear bomb ever tested. Debris from the impact would have blocked sunlight from
reaching Earth’s surface and hindered photosynthesis all over the planet.
Traditional Theory of the Diversification of Placental Mammals

Paleontologists have long assumed that the late Cretaceous mass extinction opened up many niches for mammals to
exploit and led to an explosive diversification of the placental mammals. This is why the Cenozoic Era is referred
to as the “Age of Mammals.” According to this view, most modern orders of placental mammals evolved very soon
after the dinosaurs died out, presumably because this left most terrestrial niches vacant for placental mammals to
take over. Although few mammal fossils from the early Cenozoic Era have been found to support this theory, it
was nonetheless widely accepted until very recently. See Dinosaur Extinction Didn’t Cause The Rise Of PresentDay Mammals, Claim Researchers at http://www.sciencedaily.com/releases/2007/03/070328155632.htm for more
information.
Ideas from the Mammalian “Supertree”

In 2007, an international team of scientists published an exhaustive phylogenetic analysis of mammalian molecular
data. The analysis included data from more than 99 percent of all known living species of mammals. It produced
a “supertree” of mammalian evolution that suggests a very different story about how the late Cretaceous mass
extinction affected mammalian evolution. See Mammals indifferent to dinosaurs at http://arstechnica.com/journals/
science.ars/2007/03/30/mammals-indifferent-to-dinosaurs for more information.
According to the “supertree” analysis, about 95 million years ago (or about 30 million years before the dinosaurs
went extinct), the placental mammals started to diversify. The cause of their diversification at this time may have
been a worldwide drop in temperatures coupled with the spread of flowering plants. Lower temperatures might have
favored endothermic mammals over ectothermic dinosaurs, and flowering plants may have provided a new and
plentiful food source for small mammals or their prey.
The “supertree” also suggests that, within about 10 million years of this early diversification event, most modern
orders of placental mammals had appeared. The relative lack of fossil evidence for modern mammal orders from this
far back in time may be due to the likelihood that these early mammals were still relatively uncommon. Being few
in number, they would not have left many fossils. These mammalian groups apparently survived the late Cretaceous
mass extinction. However, they did not start to diversify as soon as the dinosaurs were gone, as the traditional view
suggested. Instead, most new mammalian species that appeared right after the dinosaur extinction were species that
soon died out without leaving any modern descendants.
A major burst of speciation leading to modern families of mammals did occur, but not until about 50 million years
ago, or 15 million years after the dinosaur extinction. It obviously was not the extinction of the dinosaurs that allowed
modern placental mammals to diversify at this time. What was the cause? Scientists speculate that worldwide
climate change was again the answer. Earth’s temperature spiked around 50 million years ago, and this led to a
greater diversity of plants and presumably more food for mammals or their prey.
Vocabulary

• cynodonts: Small therapsids that survived the Triassic takeover and are probably the direct ancestors of all
mammals.
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• ectothermic: Of or relating to an animal that must regulate its body temperature from the outside through
behavioral changes such as basking in the sun. It is also known as cold-blooded.
• endothermic: Of or relating to an animal that is able to regulate its body temperature from the inside through
metabolic or other physical changes. It is also known as warm-blooded.
• marsupial mammals: Viviparous mammals in which the embryo is born at a very early stage and completes
its development outside the mother’s body.
• mass extinction: An extinction event in which many, if not most, species abruptly disappear from Earth.
• monotremes: One of the three major groups of mammals; mammals that lay eggs instead of giving birth to
live young.
• placental mammal: One of the three major groups of mammals; viviparous mammals in which a placenta
develops during pregnancy to sustain the fetus while it develops inside the uterus.
Summary

• Monotreme mammals probably diverged from other mammals about 150 million years ago. Somewhat later,
the first marsupial and placental mammals appeared.
• The earliest known monotreme fossils represent the genus Teinolophos, which lived in Australia almost 125
million years ago.
• Recent phylogenetic analyses of molecular data from modern mammals suggest that marsupial mammals
diverged from other mammals between 130 and 150 million years ago.
• The earliest known ancestor of eutherian mammals belongs to the extinct genus Eomaia.
• Paleontologists recently discovered the fossil of a possible placental mammal that lived in Australia about 115
million years ago.
• A recent phylogenetic analysis calls into question when mammals started to diversify.
Practice

Use this resource to answer the questions that follow.
• The First Mammals at http://dinosaurs.about.com/od/otherprehistoriclife/a/earlymammals.htm .
1. Why were early mammals so small in size?
2. Describe a few diversified forms of early mammals.
3. Why was the Cenozoic Era a good example of convergent evolution?
Practice Answers

1. Early mammals were very small because dinosaurs had already become dominant. Mammals filled ecological
niches that involved feeding on insects, hunting at night, and living high up in trees.
2. Early mammals were still quite diverse. The Fruitafossor had a pointed snout and mole-like claws that helped
it dig. The Castorocauda had a beaver-like tail and hydrodynamic legs. The Repenomamus was a much larger
mammal, at 25 pounds, and it fed on dinosaurs.
3. After dinosaurs went extinct after the K/T Extinction Event, the surviving mammals moved into new ecological roles and developed similar structures. The necks of giraffes can be compared to those of sauropods.
Mammalian megafauna also showed similar adaptations to those of large dinosaurs.
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Review

1.
2.
3.
4.
5.
6.

When did monotremes diverge from other mammals? How old is the oldest monotreme fossil?
What is the importance of the Sinodelphys fossil?
What genus did the ancestors of placental mammals belong to?
Why do scientists postulate that members of the genus Eomaia did not have fully developed placentae?
How has the dominance of marsupials in Australia come into question?
What does the "supertree" analysis tell us about the diversification of mammals?

Review Answers

1. Scientists believe that monotremes diverged from other mammals about 150 million years ago, before the first
marsupial and placental mammals appeared. The earliest known monotreme fossils, however, represent the
genus Teinolophos, which lived in Australia almost 125 million years ago.
2. The Sinodelphys fossil is the oldest marsupial fossil, dating back 125 million years ago. The fossil is a nearly
complete specimen and supports the theory that marsupials diverged from other mammals 130-150 million
years ago.
3. The earliest known ancestor of eutherian mammals belongs to the extinct genus Eomaia. Eomaia had numerous traits of the teeth and bones that are found in eutherian mammals. Like Sinodelphys, Eomaia lived 125
million years ago in what is now China and was apparently a tree climber.
4. The narrowness of the hips of the Eomaia fossil suggests that it gave birth to young that were very small. This
indicates that gestation was short and suggests that the placenta had not yet fully evolved. Therefore, Eomaia
was probably not a placental mammal, but it is a likely ancestor of placental mammals.
5. Originally, scientists believed that marsupials were dominant in Australia because placental mammals did
not arrive on the continent until 5 million years ago. Paleontologists recently discovered the fossil of a
possible placental mammal that lived in Australia about 115 million years ago. It was given the genus name
Ausktribosphenos. Some scientists suggest that, if placentals were present there earlier, marsupials must have
been able to outcompete them. They speculate that the slightly lower body temperature of marsupials would
have taken less energy to maintain and may have been an adaptive advantage.
6. According to the “supertree” analysis, about 95 million years ago (or about 30 million years before the
dinosaurs went extinct), the placental mammals started to diversify. The “supertree” also suggests that, within
about 10 million years of this early diversification event, most modern orders of placental mammals had
appeared. The relative lack of fossil evidence for modern mammal orders from this far back in time may be
due to the likelihood that these early mammals were still relatively uncommon. A major burst of speciation
leading to modern families of mammals did occur, but not until about 50 million years ago, or 15 million years
after the dinosaur extinction.
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1.47 Classification of Mammals - Advanced
• Understand the different methods used to classify mammals.

How would you classify this mammal?
Obviously, it is a camel, but is there more to it than that? There are 17 orders of placental mammals. But then these
mammals need to be further classified into families, genera, and finally species.
Classification of Mammals

In 1945, George Gaylord Simpson, a mammal expert and the foremost paleontologist of the 20th century, published
his now famous work, Principles of Classification and a Classification of Mammals. In this book, Simpson laid out
a detailed classification of all the living and extinct mammalian groups that were then known. His classification was
widely accepted for decades. In this classification, all living mammals are divided into two subclasses: Prototheria,
which includes monotremes, and Theria, which includes the infraclasses of metatherian (marsupials) and eutherian
(placentals) mammals. Simpson grouped placental mammals into about 30 orders, of which 17 were still living. This
classification is based on similarities in form and function among both fossil and living mammals. It stills appears
in many textbooks.
Traditional Classification

The most widely accepted traditional classification of mammals divides living placental mammals into 17 orders.
These orders are shown in the Table 1.8. This classification of mammals was widely accepted for more than 50
years. Placental mammals are still commonly placed in these orders. However, this classification is not very useful
for studies of mammalian evolution. That is because it groups together some mammals that do not seem to be closely
related by descent from a recent common ancestor.
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TABLE 1.8:
Order
Insectivora

Example
Mole

Edentata

Anteater

few or no teeth.

Pholidota

Pangolin

Large plate-like scales.

Chiroptera

Bat

Digits support membranous wings.

Carnivora

Coyote

Long,
teeth.

Rodentia

Mouse

Incisor teeth grow continuously.

Lagomorpha

Rabbit

Chisel-like incisor teeth.
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TABLE 1.8: (continued)
Order
Perissodactyla

Example
Horse

Example

Sample Trait
Odd-toed hooves.

Artiodactyla

Deer

Even-toed hooves.

Cetacea

Whale

Paddle-like forelimbs.

Primates

Monkey

Five digits on hands and
feet.

Proboscidea

Elephant

Tusks.

Hyracoidea

Hyrax

Rubbery pads on feet.

Dermoptera

Colugo

Membrane of skin between legs for gliding.
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TABLE 1.8: (continued)
Order
Pinnipedia

Example
Seal

Example

Sample Trait
Feet with fins.

Sirenia

Manatee

Paddle-like tail.

Tubulidentata

Aardvark

Teeth without enamel.

McKenna/Bell Classification

In 1997, a revised classification of mammals was proposed by paleontologists Malcolm McKenna and Susan Bell
of the American Museum of Natural History in New York. Their classification was soon accepted by most paleontologists. The McKenna/Bell classification places both the marsupial and the placental mammals in the same
infraclass, called Holotheria, which is subdivided into lower taxa called cohorts. Marsupials are placed in one
cohort and placentals in another. The placental cohort is subdivided, in turn, into about 30 orders of living and
extinct mammals, several of which are the same as those in Simpson’s earlier classification.
Phylogenetic Classification

Phylogenetic analyses of molecular data, especially the mammalian “supertree” referred to in the Mammals: Evolution (Advanced) concept, show that classifications based mainly on similarities of form and function sometimes
group together species that are not actually closely related. In some cases, mammals have been grouped together
in the same order because they have similar traits, but the traits appear to have evolved independently in different
species of the order. Phylogenetic classifications, in contrast, group together only those mammals that are closely
related because they share a common ancestor (see the Classification concepts). Based on molecular data, the
placental mammals are now generally placed in four superorders:
•
•
•
•

Afrotheria—aardvarks, elephants, and manatees.
Xenarthra—anteaters, sloths, and armadillos.
Laurasiatheria—bats, whales, hoofed mammals, and carnivores.
Supraprimates—primates, rabbits, and rodents.

All four superorders appear to have become distinct from one another before the dinosaurs disappeared at the end
of the Cretaceous period. Most phylogenetic estimates place the divergence of the four groups between about 85
and 105 million years ago. Some evidence suggests that the Laurasiatheria and Supraprimates superorders are
264

www.ck12.org

Chapter 1. Vertebrates - Advanced

more closely related to one another than to the other two superorders. However, the exact relationships among the
superorders are still controversial. Further revisions of mammalian classification are likely as more fossils are found
and additional phylogenetic analyses are performed.
Vocabulary

• cohort: A taxonomic ranking between class and order.
• eutherian: One of two mammalian clades with extant members that diverged in the Late Jurassic; it includes
placental mammals.
• metatherian: One of two mammalian clades with extant members that diverged in the Late Jurassic; it
includes marsupials.
• paleontologist: A scientist who studies fossils.
• placental mammals: One of the three major groups of mammals; viviparous mammals in which a placenta
develops during pregnancy to sustain the fetus while it develops inside the uterus.
Summary

• In 1945, George Gaylord Simpson, a mammal expert and the foremost paleontologist of the 20th century,
came out with his classification of mammals that is sometimes still used today.
• Simpson’s classification is not very useful for studies of mammalian evolution because it groups together some
mammals that do not seem to be closely related by descent from a recent common ancestor.
• In 1997, a revised classification of mammals was proposed by paleontologists Malcolm McKenna and Susan
Bell of the American Museum of Natural History in New York.
• Based on molecular data, the placental mammals are now generally placed in four superorders: Afrotheria,
Xenarthra, Laurasiatheria, and Supraprimates.
Practice

Use this resource to answer the questions that follow.
• Mammal Subclasses and Infraclasses at http://anthro.palomar.edu/animal/animal_5.htm .
1.
2.
3.
4.

What is a distinguishing feature of members of the subclass Prototheria?
What is a distinguishing feature of members of Metatheria?
What is a distinguishing feature of members of Eutheria?
Why have placental mammals been the most successful?

Practice Answers

1. Members of the subclass Prototheria lay eggs like most non-mammalian vertebrates.
2. Metatherian young are born very immature and cannot live without further development in the mother’s pouch.
3. Eutherian mothers carry their unborn children within their uteruses where they are nourished and protected
until an advanced stage is reached.
4. Placental mammals have been extremely successful in outcompeting monotremes and marsupials for ecological niches. This is mostly due to the fact that their babies are born more mature, which increases their chances
of survival.
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Review

1. Why is Simpson’s original classification of mammals insufficient for certain purposes?
2. How does the McKenna/Bell classification differ from Simpson’s classification of mammals?
3. How does phylogenetic classification place living placental mammals?
Review Answers

1. Simpson’s classification is not very useful for studying the evolution of mammals because the groups are based
on similar characteristics rather than a common ancestor.
2. The McKenna/Bell classification places both the marsupial and the placental mammals in the same infraclass,
called Holotheria, which is subdivided into lower taxa called cohorts. Marsupials are placed in one cohort and
placentals in another. The placental cohort is subdivided, in turn, into about 30 orders of living and extinct
mammals, several of which are the same as those in Simpson’s earlier classification. Simpson’s classification,
however, divided all mammals into two subclasses: Prototheria, which includes monotremes, and Theria,
which includes the infraclasses of metatherian (marsupials) and eutherian (placentals) mammals.
3. Based on molecular data, the placental mammals are now generally placed in four superorders: Afrotheria,
Xenarthra, Laurasiatheria, and Supraprimates. Some evidence suggests that the Laurasiatheria and Supraprimates superorders are more closely related to one another than to the other two superorders. However, the
exact relationships among the superorders are still controversial.

Summary
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