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Textbook Reading

Classifying
Organisms using
Little Boxes

Imagine a little box of spoons.
Now, imagine on moving day that
that box of spoons is put into a
bigger box with all of the
silverware. Now, imagine that that
box of silverware is placed into an
even bigger box with all of the
kitchen stuff.

Now, imagine that the box of
kitchen stuff is placed in the
moving truck with all of the stuff
from your house. In the end the
within the truck is all of the stuff
from your house, within kitchen
box are all of the things from the
kitchen, and within the spoon box
are just the spoons.

In the same way, we will group
organisms according to their
physical appearance into
hierarchical categories.

In this unit we’re going to discuss
invertebrates by naming what
characteristics they have, and
placing them in categories
accordingly. For example, jellyfish
are placed in the Cnidarian
category due to their radial
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symmetry and stinging cells.
Meanwhile Cnidarians are placed in
the invertebrate category due to
their lack of a backbone.
Furthermore, invertebrates are
placed in the animal category
because they are multicellular,
eukaryotict, and heterotrophic®. In
this way, we classify animals; we
place them in categories according
to physical characteristics® they
have (radial symmetry, stinging
cells, and lack of backbone, for
example).

As you can see, the largest box or
category, “animals”, is much larger
than the tiny category “jellyfish”.
The number of organisms in each
category gets progressively fewer
as you classify things from animals
in general, to jellyfish in particular.
The categories follow this
structure:

Kingdom: The domain in which
living organisms are classified.

Phylum: The subdivision in which
all classes below have the same
body plan.

! Having cells containing true nuclei.

2 Required to eat molecules to survive: do not
produce their own food.

® It is important to note that modern biology
classifies organisms according to DNA similarity.
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Class: Organisms that share one
or more attributes.

Order: Containing one or more
families.

Family: Organisms descended
from the same ancestors sharing
relatively similar characteristics.

Genus: Groups of species that are
structurally similar or
phylogenetically related.

Species: Organisms capable of
mating with one another.

An easy way to remember the
order of the hierarchy is to think of
this pneumonic: Kings Play Cards
On Funny Green Stools—each first
letter stands for the first letter of a
level in the hierarchy (Kingdom,
phylum, etc).

| For example the

2 classification of the
| jellyfish the
Portuguese Man-O-
War (shown):

Kingdom: Animalia
| (Multicellular,
heterotrophic, eukaryotic)

Phylum: Cnidaria (Radial
symmetry, stinging cells)

Class: Hydrozoa (very small
predatory animals, mostly
saltwater, solitary and colonial)

Order: Siphonophora (Colonies of
specialized cells which could not
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survive on their own and resemble
one organism)

Family: Physaliidae (Organisms of
the genus Physalia)

Genus: Physalia (Colonies of
specialized cells which float on the
Indian or Pacific Oceans via gas-
filled bladders)

Species: P.
physalis
(Portuguese Man-
O-War)

s

B

Lesson 1:
Invertebrates

What are invertebrates?
Invertebrates are animals without
backbones. This is contrasted with
animals with backbones, or
vertebrates.

Examples of invertebrates are
jellyfish, star fish, insects, and
earthworms. An example of a
vertebrate is... Us (humans)!

Sponges and Cnidarians

Invertebrates
are organisms
without
backbones.
Let’s look at
two very
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simple types of invertebrates;
Sponges and Cnidarians.

Sponges (Phylum Porifera)

Sponges, found in oceans all over
the world are made up of colonies
of specialized cells—some help
push water through the sponge,
some help it feed, some are
responsible for reproduction, etc.
They feed by filtering water
through its pores. In this sense,
they are known as sessile filter
feeders. Sponges are attached to
the ground below them—they are
sessile (unable to move).

Besides their specialized cells,
sponges do not have any organs,
nerves, or even true tissues. They
are held together through the
cooperation of the colony.

Cnidarians (Phylum
Cnidaria)

Painful stinging cells, called
nematocysts, make the phylum
Cnidaria especially notable.
Jellyfish and sea anemones are just
two examples of these painful
creatures. The nematocysts are, in
fact, long hollow threads that are
used to trap prey. Additionally,
these nematocysts are triggered
externally, so even if you come
across a dead jellyfish don’t step
on it!
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Cnidarians also are radially
symmetrical. This means they
have a circular body plan such that
any way you cut them in half the
sides will be equal.

There are
two basic
body forms;
polyp and
medusa. The .
polyp is a
cup-shaped body—with the mout
facing upward (sea anemones, for
example). The medusa is bell-
shaped and has a downward-facing
mouth (jellyfish, for example).

A Cnidarian
with a polyp
body plan,
o g sea

~. | anemone,
Cnidarian with a medusa body
plan, a jellyfish. Notice the upward
facing mouth of the polyp, and the
downward facing one of the
jellyfish.

Cnidarians, unlike sponges, have
true tissues. They digest their food
in a gastrovascular cavity—a
large cavity containing digestive
enzymes. The digestive cavity also
has circulatory functions.

Cnidarians, like sponges, can form
colonies. Colonies of polyps form
the jellyfish the Portuguese Man-O-
War. Similarly, colonies of
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cnidarians form on calcium
carbonate skeletons to make coral
reefs.

worms

Here we’re
going to
discuss the differences between
three types of worms;

flatworms, roundworms, and
segmented worms. The word
“worm” is not, in fact, a scientific
name. It's an informal way of
classifying animals with long bodies
and no appendages (not including
snakes). They are bilaterally
symmetrical (the right and left
sides mirror each other). Worms
live in salt and fresh water, on
land, and inside other organisms as
parasites.

The differences between the three
types of worms we will discuss
depend on the possession of a
body cavity and segments.
Flatworms have neither a body
cavity nor segments. Roundworms
only have a body cavity, and
segmented worms have both a
body cavity and segments.

Flatworms (Phylum
Platyhelminthes)

Flatworms have incomplete
digestive systems. That means
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that their digestive system has
only one opening. The gas
exchange occurs on the surface of
their bodies. There are no blood
vessels or nervous systems in
flatworms. Some are non-parasitic,
like the Sea flat worm, and some
are parasitic, like the tapeworm.

Roundworms (Phylum
Nematoda)

Roundworms
have body
cavities—as
contrasted with
flatworms which
do not. The :
body cavity allows roundworms to
have complete digestive tracts
(both a mouth and an anus). The
mouth and anus are connected by
a gut—where the food is digested.
They also have a simple nervous
system and brain.

Roundworms can be parasites of
plants and animals. In dogs they
are often know to cause heart
problems. In humans roundworm
parasites can sometimes cause a
swelling disease called elephantitis.
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(which creates the shell).

Segmented Usually, they absorb
Worms (Phylum i oxygen from the water
Annalida) | using gills.

Segmented worms, the [ ge=% Only mollusks have a
most developed of the structure called a radula.
three, have both a body cavity and Radulae (the plural of radula) are
segments. Their body cavity helps composed mostly of chitin, and can
give them structure—it serves as a be as simple as a structure used to
hydroskeleton. scrape algae off rocks, to the beaks
By “segmented” it’s ”’T"“““*:‘“' 8 of octopuses.

meant that they are
divided into repeating
units. They can be
non-parasitic (i.e.
earthworms) or parasitic (i.e.
leeches). Interestingly, the giant
red leech only eats giant
earthworms.

Echinoderms (Phylum
Echinodermata)

Echinoderms,
meaning “spiny
skin”, are radial
symmetric marine animals. They

Mollusks (Phylum are found at all depths—both
shallow and deep water. They play

Mollusca) ) ) )

important roles in their
If you have ever gone searching ecosystems. Despite appearances,
though tide-pools at the beach, they do not have skeletons. The
you've probably seen your fair “spiny skin” is, in fact, skin
share of Mollusks. This is because covering a spiny endoskeleton
mollusks live mainly in the sea (in (internal skeleton).

the intertidal zone), although some

) ) How do echinoderms move? How
live in freshwater.

do they feed themselves?
Mussels, scallops snails, oysters

(from which we get pearls!), and
clams are only a few examples of
types of mollusks. The mollusk
body plan generally involves a
muscular foot for locomotion, a
body housing organs, a head with
eyes or tentacles, and a mantle

Echinoderms have a water
vascular system responsible for
gas exchange, movement, and
feeding. This system is an internal
network of fluid-filled canals.
Depending on the species, they
have various ways of getting food
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into their water vascular systems.
Some are filter feeders, while
others (such as starfish) are
predatory. They use this system in
place of gills, heart, and a closed
circulatory system. Although they
do not have brains, they do have
nerve nets responsible for
receiving and processing sensory
information.

Echinoderms are found worldwide,
and play important roles in their
environments. Primarily, they are
strong links in the food chain. For
example, they control the growth
of algae on
coral reefs
(making it
easier for the
reefs to filter-
feed), and
they serve as
food for other organisms (otters,
for example).

Arthropods (Phylum
Arthropoda)

Arthropods, or organisms in the
phylum arthropoda, are
organisms with segmented bodies
and appendages on at least one
segment. They use these
appendages for defense, feeding,
sensory perception, and
locomotion. We usually see them
everyday: fly on the wall, or
perhaps moth by the light. The
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phylum is
incredibly divers
and the

& organisms

® within it have
developed numerous adaptations
to deal with environments from
your kitchen counter to the
Amazon! Arthropoda is the largest
phylum in the animal kingdom.
Examples of Arthropods include:
scorpions, crabs and crayfish.

Arthropods are covered my hard
external skeletons. When they
grow they shed these skeletons in
a process called molting.

For gas exchange aquatic
arthropods have gills, while
terrestrial (land-based)
arthropods have either a tracheal
systems or book lungs. Tracheal
systems are air sacs fed by pores
in the exoskeleton. Book lungs are
gills modified to extract oxygen
from air.

Crustaceans

Six classes of crustaceans are
recognized in the
word, and almost
fifty two thousand
species. Most of
them are aquatic.
Interestingly,
they have a brain in the form of
ganglia (connections between
nerve cells).
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The phylum Mirapoda:
Centipedes and Millipedes

Over thirteen thousand species of
the phylum Myrapoda exist! All of
them live on land. Some species
have fewer than ten legs, while
some can have over seven hundred
and fifty!

Spiders and spider-like
creatures: Arachnids

Spiders (a type of Arachnid) are
found in the class Araneae and the
subphylum Chelicerata. This
subphylum includes scorpions,
mites, and ticks as well as spiders.
Arachnids characteristically have
four pairs of legs, a pair of
chelicerae (see table at the end of
this section), and a body organized
into the cephalothorax (a fusion of
the head, thorax, and abdomen).
There are eleven subgroups of
Arachnids.

Insects

Insects are not only the most
diverse subgroup of arthropods,
but with over a million discovered
species it is the most diverse group
of animals on earth. Although they
can’t all be as beautiful as a
butterfly, they all play important
roles in their ecosystems—just
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{ The segmented
exoskeletons of
insects have a hard, inner layer
called the cuticle, and a water-
resistant outside layer called the
exocuticle. Insects are divided
into two major groups: winged
insects and wingless insects. Air
is taken in through structures
called spirials, and delivered
directly to the body.

Most insects and are oviparous

o .
AW ¥
(hatch from eggs after the eggs
are laid).
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Lesson 2: Fishes, Amphibians & Reptiles

As you walk around your
neighborhood, you probably see
many other people, as well as
some birds flying around, maybe
some fish swimming down a local
stream, and perhaps even a lizard
darting behind a bush or a frog
sitting contently on top of a pond.

Most likely, you know that all of
these living things are animals, but
they are even more closely related
than that.

While all animals belong to the
same kingdom, which is a very
large group of living things sharing
common characteristics, all the
animals described above belong to
the phylum chordata.

Phyla (that’s the plural of phylum)
are groups of more closely related
living things in the same kingdom.
Moreover, the human being, fish,
bird, lizard, and frog, all belong to
a more specific group, or
subphylum, called vertebrata.

The subphylum vertebrata are
commonly called the vertebrates.
As you might have guessed, a
subphylum is a group of closely
related living things in the same
phylum.

Vertebrates can be identified
because they have a spinal column
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or backbone, as well as a brain
case called a cranium, and (with
one exception) an internal
skeleton.

The presence of a
backbone is one of
the defining features
of vertebrates.

Another characteristic
that unites
vertebrates is
cephalization.
Cephalization means
that most of the
nervous tissue is in one section of
the body. This leads to the
development of sensory organs,
most importantly eyes.

. \ Vertebrates are
hugely diverse,
ranging from a
tiny carp, less
than a
centimeter in
length, to the massive 110 foot
long blue whale. Vertebrates differ
dramatically in their size.

www.SciencelearningSpace.com



Unit 18: Biology Part 1

Introduction to Fish

There are 57,739 species of
vertebrates. The majority of these
vertebrates can be classified as
fish. This includes jawless species
of fish and cartilaginous fishes.
(Those are fish with skeletons
made of cartilage, the same
material that makes up your nose.)

Most fish, and more than half of
vertebrate species, however, (over
30,000) are jawed, bony fish.

We know fish are aquatic,
meaning they live in the water, but
so are whales and sea snakes, and
neither one of those are fish, so
there certainly is more to being a
fish than just that. In fact, fish
tend share many important
characteristics besides simply living
in the water.

First, fish are almost always
ectothermic. This means that the
body temperature of fish changes
based on the outside temperature.

This is different than other animals
(including humans) who keep a
constant body temperature no
matter the temperature outside.

Additionally, fish generally lay
eggs, have two paired fins, and
have scales. Finally, fish typically
have gills which allow them to get
oxygen from water, allowing them
to breathe while in their
underwater habitat.
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Notice that in the previous
paragraph we never said that all
fish have a certain characteristic.
That’s because there are plenty of
exceptions to these general
characteristics of fish.

Tuna, for example, have the ability
to warm their bodies so that their
body temperature is warmer than
the cool water in which they live.

Moray eels do not have scales. Not
all fish have paired fins. Even what
seems to be the most “fish-like”
characteristic of all, living in water,
is not something that all fish have
in common.

Mudskippers (image below), for
example, are fish that spend a
considerable amount of time on
land, living for several days at a
time on mudflats, where they
absorb oxygen through their skin
in order to breathe.

T N

The group agnatha, also known as
the jawless fish, make up one
group of fishes. There are about
100 species of jawless fish, which
can be placed into one of two
groups — the lampreys and the
hagfish. Interestingly, although
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these fish do belong to the
vertebrate subphylum, they do not
technically have vertebrae.

In fact, this group of fish is so
different than fish with jaws, it has
led some scientists to wonder if
they should be called “fish” at all.

Along with their lack of jaws, the
jawless fish are notably different
than other fish because they do not
have paired fins.

Agnatha do not have an identifiable
stomach, and don’t have a true
eye, instead having a light-
sensitive eye-like structure. These
fish have bodies made of cartilage
and have a heart with only two
chambers as opposed to the
normal four.

- =

Hagfish also produce a slimy
substance which has led some
people to call them “slime eels,”
although they are not eels at all.
The Pacific Hagfish is one example
of a jawless fish.

The cartilaginous fishes are a
group of about 1,000 species
separated into two groups. The
first group is the sharks, rays, and
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skates, and the second group is
the chimaera, sometimes called the
ghost sharks.

These two groups share many
things in common, including the
presence of jaws, paired fins, a
two-chambered heart, and bodies
made of cartilage.

As mentioned before, cartilage is
the same material that makes up
the outside of your ears and nose.

One of the challenges of having
bodies made of cartilage instead of
having bones is that the
cartilaginous fishes have no bone
marrow in which to produce red
blood cells. These cells are needed
to carry oxygen around the body,
so the cartilaginous fishes produce
them in other locations, including
the spleen, around the gonads, and
in a special organ called Leydig’s
Organ, found only in this group.

Additionally, the cartilaginous
fishes have dermal teeth, also
known as placoid scales. These
scales give the bodies of the
cartilaginous fishes a rough,
sandpaper-like feel.

This white fin
shark, like all
sharks, have
bodies made of
cartilage rather
than bone.
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By far the largest group of fish are
the bony fish. Eight species of
bony fish make up a small group
called lobe-finned fish, including
the lungfish, a fish with the ability
to breathe air, that can even drown
if it is kept in water too long.

Another 27,000 species make up
the ray-finned fish. Remember
from above that there are a total of
slightly less than 58,000 species of
all vertebrates. It is clear that
bony, ray-finned fish are the most
common vertebrates.

The lungfish is one of only eight
species of lobe-finned bony fish.

As with fish in
general, bony
fish vary
greatly in size
and weight,
from the 3.3
meter (11
foot) ocean
sunfish,
topping the
scales at over
5,000 pounds, to the tiny pygmy
goby, a mere 1.5 cm (0.6 in).
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In spite of the variation in size and
weight, bony fish have several
characteristics that group them
together and make them unique
amongst the fish.

First, these fish have the ability to
regenerate bone from cartilage
inside their body. Additionally,
ray-finned fish are the only fish
that can see in color.

Finally, all members of this group
have swim bladders, which they
are able to add oxygen to or
remove oxygen from. This allows
the fish to control its density.

Why would a fish want to do this?
As you may know, things that are
more dense than the fluid they are
in will sink, while things less dense
than the fluid will float. By
changing their density compared to
the fluid they are in (water), a fish
can cause itself to rise up higher or
sink down lower as needed.

There are a number of reasons why
fish are important to humans.

They provide a source of food,
especially for people who live in
areas near water. Fishing is also a
popular recreational activity, and
many people enjoy viewing these
beautiful animals in aquariums
every day.

Fish are important to more than
just humans however. The food
web of the oceans and lakes of the
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world are some of the most diverse
on the planet, and the wide variety
of fish that live in these
ecosystems play a crucial role in
maintaining a balance. Humans
have recognized this, and have
begun to restrict fishing and
recreational activities in areas
where too much human activity
could be harmful to the aquatic
ecosystem.

Introduction to
Amphibians

About 6,000 species of animals
belong to the class amphibia,
commonly called the amphibians.
A class is a group of living things
in the same phylum or sub-phylum
(in this case, vertebrata) that
share certain characteristics.

In the case of the amphibians, one
of the most important
characteristics they share is that
they begin life in the water, but
then spend most of their lives on
land.

Although amphibians inhabit many
environments, from tropical to
arctic climates, they cannot live in
saltwater, eliminating the oceans
as a place to find these animals.
Some amphibians do live in
brackish water, which is slightly
salty, but these animals generally
live in or near freshwater.
Amphibians are ectothermic and
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carnivorous, generally feeding on
bugs and other arthropods.

The life cycle of amphibians is one
of the most interesting of the
vertebrates. Adult animals lay a
shell-less egg, usually in a pond or
some other freshwater location. A
larva then hatches. The legless
larva lives in the water, breathing
through gills, as fish do. Slowly,
over time, the larva undergoes a
metamorphosis, or change in
body structure. During this
change, the larva takes on the
adult form, losing its gills, growing
four legs, and eventually becoming
completely terrestrial, meaning
that it lives only on land.

Tadpole

The lifecycle of the frog, in which
the larva is called a tadpole, is
typical of amphibians.

As part of
becoming
terrestrial,
amphibians must
undergo several
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changes. Their gills are replaced
with another respiratory organ, like
lungs, allowing them to breathe on
land. Their skin also undergoes a
change to keep them from losing
water and becoming dehydrated.
They develop eyelids to more
effectively see in a terrestrial
environment. Finally, an eardrum
develops separating the exterior
from the middle ear.

About 500 amphibian species are
salamanders. These animals are
generally characterized by tails,
short legs, and moist skin. The
moist skin of the salamander
requires them to live in or near
water more than many other
amphibians. In fact, some
salamanders live their whole lives
in water. Others live outside water
in the adult stage, but stay in
swamps, where the ground is
moist, and will not dehydrate their
skin.

The Eastern Mud Salamander is
found throughout eastern North
America.
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Salamanders are unique in both
their respiration and feeding.
Some salamanders have lungs and
breathe in a way similar to
mammals. Others keep their gills
into adulthood, and remain in the
water, breathing through their
gills. Still others have neither gills
nor lungs, and breathe through
valerian respiration in which air
is passed through the skin. In
terms of hunting, a muscle called
the hyoid muscle shoots out, along
with the tongue. The tongue of the
salamander is covered in mucus,
and prey is captured in this sticky
mucus. Salamanders are also the
only vertebrate that can
regenerate lost limbs.

Frogs and toads are members of
the same order, which is a group
of similar living things in the same
class. People sometimes
distinguish frogs and toads based
on the fact that toads usually live
in drier environments, and have
leathery skin to help them in this
environment.

However, there is really very little
difference between animals
referred to as “frogs” and “toads”
in this reading, other than the fact
that toads do not have any teeth
and must swallow their food whole.
To make things simpler in this
reading, we will just call this group
of animals “frogs.”
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Frogs can be characterized by long
legs and the absence of a tail.
They spend their adulthood out of
the water, breathing through
lungs. Frogs enter the water in the
adult stage only to reproduce.

Frogs have elongated ankle bones,
and with their long legs, they are
usually excellent jumpers. These
amphibians also tend to have weak
connective tissue, giving their skin
a leathery, warty appearance.
They also have three eyelids,
including a transparent eyelid
specifically for protecting the eye
while in the larval stage, known in
frogs as the tadpole stage. The
other eyelids act as the eyelids do
for many other terrestrial animals.

Frogs (believe it or not) are seen
as delicacies in many parts of the
world, and are used as a source of
food. They have also figured
prominently in stories and folklore.
The word salamander comes from
the word for “fire” because of the
fact that these amphibians often
live in old logs, and would come
out when there was a fire. This led
some people to believe the fire was
creating the salamanders.
Scientists view amphibians as
excellent indicators of the health of
an ecosystem because they are
generally are in the middle of the
food web. Finally, amphibians
have been considered a “model
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organism” for study in the
laboratory because their larval
forms can be fairly easily
manipulated and they generally
reproduce quickly.

Introduction to Reptiles

Reptiles don’t have the best
reputation. Whether it’'s a
poisonous snake or a vicious
crocodile, many people think of
these animals in negative terms.
As we will see, much of the
reputation is undeserved, based on
misunderstandings of these
animals. Indeed, reptiles fill an
important part of the ecosystems
in which they live.

Reptiles are spread out widely,
living on every continent except
Antarctica. These vertebrates are
characterized by breathing air,
being ectothermic, being
tetrapods (having four legs), and
being amniotes (meaning that
their embryos are surrounded in
amniotic fluid). Most reptiles lay
eggs, although some give birth to
live young. In all cases, the birth
process is more similar to
mammals than it is to amphibians
or fish in terms of both the
nourishment and care that parents
give the offspring.

Lizards and snakes make up the
largest order of the reptiles.
Although we often think of them
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differently, snakes are basically
legless lizards, from a biological
perspective.

Reptiles in this group are
characterized by having scales or
shields on their body and by having
a lower jawbone that can be
moved independently from the
braincase.

This allows snakes and lizards to
open their mouths very wide, a
trait that is especially noticeable
when snakes, which also have a
very flexible jaw, are eating
relatively large food, as you can
see below:

This snake is able to eat an egg
whole by moving its very flexible
jaw.

Besides the obvious lack of legs,
snakes are distinguished from
lizard by the lack of external ears.
Snakes are all carnivorous,
meaning they eat meat of other
animals. Snakes frequently eat
rodents, insects, eggs, and even
other snakes. Almost all snakes
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lay eggs, and they generally
abandon the eggs shortly after
laying them.

The somewhat unusual body
structure of snakes leads to some
unusual characteristics. As was
mentioned above, snakes have
very flexible jaws. This helps make
up for the fact that they cannot use
limbs to grasp prey, like most
animals do. Also, because their
bodies are so long and narrow, if a
snake has two of a certain organ,
such as the kidney, they are found
one in front of the other as
opposed to side by side.

Only a small minority of snakes
have venom. Of those that do,
venom is usually used to
immobilize and begin to digest
prey, rather than as a means of
self-defense. Nevertheless, snake
bites can be both painful and
dangerous, so it is always best to
steer clear of snakes (as well as
most other animals) in the wild.
Snakes without venom usually kill
prey by constricting, or wrapping
their bodies around the prey and
squeezing tightly.

Lizards can generally be
characterized by having four legs,
movable eyelids, and external ears.
Some lizards do not have legs, or
have legs that are so small they
are basically useless. These
reptiles can still be distinguished
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from snakes because of their
external ears. Most lizards are
insectivores, meaning they eat
insects. Most lizards lay eggs,
although some give birth to live
young.

Like most lizards, the Eastern
Fence Lizard has four legs and
external ears.

Many lizards have excellent vision,
including having the ability to see
in color, and they communicate
with each other using bright colors
and body language. Lizards also
use pheromones, or body scents,
as a method of communication.

Many lizards can regenerate their
tail, and will release their tail to
escape a predator. Other methods
for escaping predators including
climbing and running, both of
which lizards do very well. Some
lizards even have the ability to run
on only two legs.

Alligators and crocodiles are closely
related, and are both in the group
crocodilia. This group, is
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considered closely related to birds.
The crocodile body allows it to
spread its legs and move close to
the ground (the belly walk) or
bring its legs in and move more
upright (the high walk).

e l;-ﬁ\' ¥\ _:" _'||‘-'-..‘-"'--‘r=' N \ &, ,

The Nile Crocodile shows the basic
crocodile body plan.

Crocodiles have a number of
similarities to mammals. Unlike
any other reptile, but like
mammals, crocodiles have a four
chambered heart. They are also
similar to mammals in that they
have thecodont dentition. This
means that their teeth are in bony
sockets. However, their teeth and
heart differ from mammals in
important ways too. Crocodiles
have the ability to regenerate their
teeth throughout their lives. Also,
blood with and without oxygen mix
in crocodiles, something that never
happens in a healthy mammal.

Whether a crocodile is male or
female is not determined
genetically, as it is in most
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animals. Instead, it is based on
environmental factors. The
temperature surrounding an egg
shortly after it is laid determines if
a male or female crocodile will
hatch.

Crocodiles are well-suited for a hot,
aquatic environment. By holding
their mouths open, a process
known as gaping, crocodiles cool
off. Additionally, crocodiles can
breathe underwater. A set of
internal nostrils in the crocodile’s
throat, are closed off by the tongue
when the crocodile goes
underwater, allowing it to breathe.

There are about 500 species of
turtles, many of which are highly
endangered. Turtles are
characterized by having a large,
protective shell made of bone or
cartilage, which comes from their
ribs. Although many turtles live in
or near water, they lay their eggs
on land. Turtles also must come
up to the surface to breathe
through their lungs.

The shell of this Eastern Box Turtle
comes from its ribs.
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Turtles have excellent vision,
allowing them to see well at night
and see in color. Turtles living on
land generally have eyes that point
down, allowing them to see what is
right in front of them. Sea turtles
have eyes higher up. This allows
them to hide them from predators,
completely submerged except for
their eyes and nostrils. Sea turtles
can also cry salty tears, allowing
them to rid themselves of some of
the salt in the water they are in.

Turtles do not have teeth. Instead
they have ridges in their jaw. In
carnivorous turtles, these ridges
are sharp enough to rip apart prey.
Herbivorous turtles, or turtles
that eat plants, have ridges
designed for grinding and tearing
through tough plants.

Like most reptiles, turtles lay
leathery eggs. As we saw with
crocodiles, some species of turtles
have environmentally-determined
gender in offspring. Remember
that this meant that the
temperature early in the embryo’s
fertilization determined if the
offspring would be male or female.

Reptiles help humans in many
ways. Snakes and lizards prey on
many pests, from insects to
rodents. Having these reptiles
around keeps the number of pests
down, reducing disease. Snake
venom has also been used in the
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production of medicines. Many
reptiles make excellent pets.
Finally, as with the other animals
we have studied, reptiles
frequently make appearances in
stories and folklore, although this
is usually in a negative context.

The vertebrates are a highly
diverse group of animals, united by
the presence of a spinal cord or
column. Fish, amphibians, and
reptiles have some traits in
common, but also have important
differences. Frequently, these
differences help the animals to be
uniquely suited to their
environment. All these animals are
important to humans, and to the
other living things in their
ecosystem.

Lesson 3: Birds and
Mammals

It seems pretty easy to identify a
bird. When you hear the word
bird, you probably think of an
animal soaring gracefully through
the sky. It is true that birds have
lightweight skeletons and feathers,
allowing many of them to fly.
Nevertheless, from small
hummingbirds and jays, to large
ostriches and eagles, the variety of
birds is staggering. The 10,000
species in this group live in many
different places on all seven
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continents, with
the greatest
variation in the
tropics. They often
differ rather
dramatically in
appearance.

With all the

diversity amongst this group of
animals, what makes a bird a bird?
First off, birds are endothermic
vertebrates. Being endothermic
means that they keep a constant
body temperature whether the
temperature outside is hot or cold.
Being vertebrates means that birds
have backbones made of bones
called vertebrae. All birds are
also bipedal, meaning they walk
on two legs. Birds also have
feathers, and beaks with no teeth.
Finally, this
group of
animals is
united by
the fact that
they all
produce
offspring by laying eggs.

Although not all birds can fly, and
although some non-birds are able
to do so, flight is probably the
characteristic people most
associate with birds. The bird body
is lightweight, making it highly
suitable for flight, and the body
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contains cavities filled with air.
These cavities connect to the
respiratory system of birds, and
give them an even lighter weight
body for flight.

Birds also have wings, which make
flight possible. The wing is
important for both lift and thrust.
In other words, the wing helps the
bird get off the ground (lift) and
move forward (thrust.) If you
think about different type of wings,
you can see that birds use their
wings differently.

A larger
wing,
like that
of an
eagle or
hawk,
can be
spread
out. This provides enough lift to
allow the bird to soar without using
much energy. On the other hand,
the small wing of a sparrow or blue
jay will need to be flapped more to
create the thrust needed to keep
the bird off the ground. Although
this is an effective way of flying, it
requires more energy than soaring.

You certainly already know that
birds lay eggs. Bird eggs are often
a certain color so they will blend in
with their surroundings. This is an
example of camouflage, or
looking like some non-living thing
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around you, in order to avoid
predators.

Eggs are usually
found in nests.
Most bird nests
are very
elaborate,
although some
birds, such as
the albatross,
simply lay their
eggs in a scrape S
in the ground and others, including
the common guillemot, do not lay
eggs in nests at all.

About 100 species, including the
cuckoos, are brood parasites.
These birds lay their eggs in the
nests of other birds, referred to as
the host. When the parasite bird
is born, the host parent will care
for it, even though it may hurt
their own offspring. Some
parasites even have shorter
incubation times that hosts, so that
the parasite will hatch first, destroy
the eggs of the host, and ensure
that it gets the most resources
from the host parent.

The process of building a nest is
not something birds need to be
taught. Nest building is an innate
behavior, or instinct, which means
that the animal, (in this case a
bird) was born knowing how to do
it. Certain actions involved in
caring for the nest are also innate.
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For example, if a goose egg rolls
out of the nest, the goose will roll
it back in.

Generally, animals have instincts
because they help them survive.
However there can be problems
with innate behaviors. In the case
of geese mentioned above, the
goose will roll anything that looks
like an egg into the nest. There
have been examples of geese
rolling golf balls into their nests.
Although this may seem silly, the
reality is that spending time and
energy in this activity takes away
from time and energy that should
be spent caring for the goose’s
actual eggs.

Parents incubate the eggs by
sitting on nests. In 95% of bird
species, males and females are
monogamous. This means that
the male and female bird remain
together for the breeding season,
and sometimes even year after
year, until one mate dies. In such
species, the male and female share
responsibility for incubating the
young. In polygamous species,
where birds have multiple mating
partners during the breeding
season, one parent does all the
incubation.

Baby birds exhibit innate behavior
that helps them survive. Babies
will naturally open their mouths
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when they believe they are going
to be fed.

Parental care varies greatly
between species. Parents usually
care for the young until they
fledge, or are about to fledge,
meaning that they learn how to fly,
but there are exceptions. The
offspring of the murrelet follow
their parents out to sea
immediately after they are born to
avoid being eaten by predators on
land. Some birds, including the
magapodes, do not care for their
young at all. The young birds dig
their own way out of the nest and
begin to care for themselves right
away. On the other extreme is the
Great Frigatebird. Like many
seabirds, this species cares for
their young extensively. Young
frigatebirds take six months to
fledge. After this, the parent
continues to feed their offspring for
another 14 months. No other
species cares for young for this
length of time.
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One defining characteristic of birds
is the presence of a beak. The
many different types of beaks
reflect the fact that birds eat many
different things.

Some are carnivores, feeding on
meat, others are insectivores,
eating insects, while still others are
generalists who will eat a variety
of foods. Parrots have curved
hooked bills, which are ideal for
cracking nuts and seeds, while the
hooded warbler has a longer beak
with bristles around it, designed to
sense and eat insects. One of the
most distinct beaks is the long,
tubed beak of the hummingbird,
ideal for getting nectar from
flower.
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The beak of the finch (left) and
warbler (right) are designed for
different diets.

Just like birds have different types
of beaks based on where they live
and what they eat, they also have
feet suited to their lifestyle.

When you think of special feet, the
first thing that comes to mind
might be the webbed feet of ducks,
terns, and other waterfowl.

Along with webbed feet, some
birds, including herons, gallinules
and rails have four long spreading
toes. This type of toe is used for
walking delicately in the wetlands
in which they live. Carnivorous
birds often have sharp claws
needed for grasping their prey.

The four toes (shown above) on
the foot of a heron are well-suited
for life in the wetlands.

Many birds migrate from one
place to another. Often times,
birds living in the North will travel
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South to the tropics when the
weather becomes too cold. Birds
use natural landmarks such as
riverbeds, or look at the direction
of the sun to assist them in their
migration patterns. By doing this,
birds ensure that they follow the
same path every year.

Birds migrate South, in order to
find warmer weather.

Birds are useful to human beings in
a number of ways. Some, such as
turkeys and chickens are a food
source. Guano, which are bird
droppings, are used as a fertilizer,
both in a manufactured state and
naturally as birds lay their
droppings on the areas above
which they fly. Bird watching or
listening to birds sing provides a
source of recreation and fun for
many people.

Chickens can serve as an early
warning system for diseases such
as West Nile Virus. Mosquitoes
bite young chickens, infecting them
with the disease. Usually, about
three months later, an outbreak
will start in humans. By examining
the sick birds, public health officials
can prepare for humans to be
struck by the disease in advance.

Birds also help plants. Some birds,
such as hummingbirds, pollinate
plants by spreading pollen when
they drink plants’ nectar.
Frugivores, which are birds that
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eat fruit, help to spread seeds,
since they often fly to a different
location to eat the fruit they got
from a plant. This helps ensure
that plants are spread out, and less
likely to compete with each other
for limited resources, as they
would if they were all in the same
place.

Introduction to Mammals

Mammals are endothermic
vertebrates. They have many
characteristics in common,
including the presence of hair, the
presence of sweat glands, and the
presence of three middle ear
bones. They also have a four-
chambered heart and specialized
teeth for ripping, tearing, and
chewing foods. Finally, mammals
have a gland called a mammary
gland. This gland produces milk,
which adults provide for their
offspring.

One small group of relatively
primitive mammals are known as
the monotremes. These animals
share several characteristics with
birds and reptiles. Along with
having only one body opening for
urinating, defecating, and
reproduction, the monotremes
reproduce by laying eggs,
something no other mammals do.

The leathery eggs of monotremes
are similar to those laid by lizards
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and crocodiles. Like all mammals,
monotremes provide milk to their
offsrpring, however these animals
lack the nipples present on other
mammals, so milk is released by
the sweat glands. Monotremes
include the spiny anteater and the

platypus.

All other mammals can be
classified as either marsupial or
placental. Both of these groups of
mammals are viviparous, meaning
they give birth to live young.
Marsupials are characterized by
the presence of a pouch in the
female. The pouch contains the
mammary glands, which nourish
the young. The offspring of
marsupials remain in the pouch
until they are able to survive on
their own. The most well known
marsupials are probably kangaroos
and koalas, but there are a number
of other marsupials, many from
Australia.

The majority of mammals are
placental mammals. These
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mammals have
a placenta,
which provides
nourishment
and removes
waste while the
fetus is in the
mother’s womb.

Some mammals remain solitary
except when reproducing. This
mammals will interact with each
other only when the female is in
estrus. Other mammals live in
large groups, often with one
dominant male. This male will
mate with all the females in the
group, which are referred to as a
harem. Sea lions are one group of
mammals known for living in large
harems.

Mammals can be placed into
groups in many different ways. We
have already seen that method of
reproduction can be used to group
mammals into monotrems,
marsupials,
and placentals.
Since the
placental
group is so
large, it is
often helpful
to break it up
even further.

Within the
placental
group, animals are often separated
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based on what they eat. As was
mentioned earlier, carnivores, such
as dogs, cats, and bears, eat meat.
The sharp teeth seen in these
animals are useful in ripping and
tearing food. Insectivores, such as
shrews and moles, eat insects.
Other groups of mammals include
the lagomorphs, a group including
hares and rabbits, rodents, which
include mice and rats, and the
ungulates, or hoofed animals, such
as giraffes, elephants, goats, and
pigs. These animals are generally
herbivores, or plant eaters, and
have large flat teeth good for
grinding tough plant material. A
final group of mammals includes
the bats and primates. This is the
group in which humans are found.

Another method for grouping
mammals focuses on the
environment in which they live,

and their method of locomotion,
or movement, in their
environment. Animals, including
mammals, that live on land are
called terrestrial. Within
terrestrial mammals, several
methods of locomotion exist. Many
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marsupials and lagomorphs have
developed saltatory locomotion,
or leaping, as method for getting
from place to place. Dogs, horses,
and deer all move by running.
Elephants, hippopotamuses,
rhinoceroses, use graviportal
locomotion, in which they lumber
along on very thick legs.

Not all mammals live on land.
Aqguatic mammals, such as
dolphins, whales, and manatees,
live in the water. These mammals
have fins and tails where other
mammals
have arms
and legs.
Other
mammals,
including
many
monkeys,
are

_ r arboreal,
meaning they live mainly or
exclusively in trees. For these
animals long arms and a strong tail
assist with swinging as a
locomotion method. Still other
mammals, such as bats and some
primates, have wings for flying or
gliding.

In these cases of locomotion, and
in the description of teeth
described above, a basic idea of
biology, referred to as “form
follows function,” is seen.
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Basically, this idea means that the
way something looks on an animal
(its form) is based on what it does
(the function.) Monkeys have long
arms to swing from trees, whales
have fins to swim through the
ocean, and bats have wings to fly.
In each case, the animal is a
placental mammal, but the limb on
the animal is well-suited for the
environment in which they live and
the way they get around.

It is likely that you run into many
mammals (other than people)
every day. Mammals such as
dogs, cats, and some rodents are
kept as pets. Mammals like cows
and pigs are raised for food. In
some places, mammals such as
horses, elephants, and camels are
used for transportation.

People take advantage of the
intelligence of mammals in a
number of ways. Dogs perform a
variety of jobs including service
dogs for the blind and other people
with disabilities. Dolphins have
been used to rescue lost divers and
locate underwater mines. Mice and
rats are used in maze-running
experiments to test human
memory, and by studying the way
mammals learn, scientists have
been able to discover more about
human learning.

Mammals also play important roles
in the ecology of the areas in which
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they live. Some bats drink
nectar, giving them an important
role in the pollination of plants.
Fruit eating mammals help spread
seeds when they move to a new
location to eat.

Introduction to Primates

Primates are a group of mammals
which includes human beings.
Primates are related to either
lemurs, monkeys, or apes. These
mammals have a number of
characteristics that make them
unique. First, all primates are
pentadactyl, meaning they have
five fingers. One of these fingers,
the thumb, is opposable, allowing
it to touch the other four fingers.
This is very helpful in grasping
things. Primates also have a bone
running around the eye sockets
called a post-occipital bar.

The brains of primates are also
different than the brains of other
mammals. All mammal brains
have three parts — the cerebrum,

www.SciencelearningSpace.com



Unit 18: Biology Part 1

cerebellum, and brainstem. In
primates, the size of the cerebrum
is larger in comparison to the other
two parts. Since the cerebrum
controls things including thinking,
learning, and language, it is
thought that this larger cerebrum
explains the high intelligence of
primates, even compared to other
mammals. Primates show their
intelligence in their ability to learn
and have social interaction,
including playing and fighting.

Major Parts of the Brain

CarEnnsm f

Primates can be divided into three
groups, monkeys, prosimians, and
the apes. Prosimians include
lemurs and animals closely related
to lemurs. These animals live in
Madagascar, an island off the coast
of Africa, and a group of islands in
the Indian Ocean. Monkeys and
apes (except humans) are found in
Africa and in the Americas.

Apes and old world monkeys tend
to have sexual dimorphism,
meaning that the males and
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females are very different sizes.
Males are about twice as large as

f‘ "‘7

females. This may be because
males are polygamous, and try to
attract as many females as
possible. Some monkeys are
monogamous, and the males and
females work together to raise
their offspring are about the same
size.

Unlike other animals that typically
have a large number of offspring at
once, primates tend to only have
one baby at a time. They also
have a fairly long gestation time,
or time that the offspring spends in
the mother’s womb. The
advantage to this is that the baby
is born more advanced, and thus
more likely to survive.

Many primates are arboreal, and
most of those primates who are
not completely arboreal spend at
least some of their time in trees.
Very few species are able to live
completely on land. Arboreal
primates have many characteristics
that make them suited for life in
trees. With their opposable
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thumbs and long fingers and arms,
they are excellent at brachiation,
or swinging from tree to tree.

Primates tend to be omnivores,
which means that they will eat
both meat and plants. As you
might expect, primate teeth are
somewhere in between the sharp
teeth of carnivores and the flat
teeth of herbivores. Although they
will eat anything, most primates
prefer fruit as a food if it is
available.

Many animals communicate using
sound (think of birds using mating
calls) or smell, primates use sight
as a main communication tool.
Primates can express emotion that
can be understood by other
members of their species based on
a look on their face. As humans
who use facial expressions, we
may take something like this for
granted, but it makes primates
nearly unique in the animal
kingdom.
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Although most primate species are
qguadripedal, meaning they walk
on four legs, the arms of primates
are used for many things, including
gathering food and nesting
material. In some primates, arms
are used for making and holding
tools. For example, gorillas use
sticks to gauge the depth of water,
and chimpanzees sharpen sticks to
use as weapons in hunting, and
use stones like a hammer to break
things apart.

“Fishing”
for
termites
with a
stick is
an
example of using tools seen in
primates.

Birds and mammals, the two
endothermic groups of animals,
show a remarkable amount of
diversity. These animals have
found ways to survive in nearly
every environment on the planet,
eating a wide variety of foods and
moving from place to place in a
number of ways. Although their
reproductive strategies vary, they
are characterized by, for the most
part, caring for their young more
than many other kinds of animals.
As mammals ourselves, we can see
many familiar characteristics in
these animals.
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