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Introduction
When I was in grammar school, about thirty years ago, I was taught that a
species was a group of animals that could mate and produce fertile
offspring. That seemed like a reasonable, simple definition and I was
content with it until recently.
My definition of species has been tested over the last few years, and it has
failed. While writing a polar bear unit study, available also at
www.UnitStudiesByGwen.com, I discovered that polar bears could mate
with brown bears and produce fertile offspring; however, polar bears are
grouped as a separate species.
Polar bears have longer necks than brown bears. Polar bears have smaller
ears and tails. Polar bears have re-developed their carnassial teeth and
primarily eat meat. Brown bears have lost their carnassial teeth and are
omnivores. Brown bears hibernate over the winter; polar bears never
actually hibernate. Brown bears cannot survive in the arctic and polar bears
do not fare well in warmer areas.
The two types of bears definitely have a pile of differences—but they can
mate and have fertile offspring.
So, "What is the modern definition of species" is a question that has been
nagging me since then. I have started researching the question, and
consequently you are now reading my latest unit study: What Is a Species?
Taxonomy: The Science of Classification.
Enjoy!
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Chapter 1: Why do we classify things?

Chapter objectives
1. Humans can work with about 7 (plus or minus 2) things at once in
memory.
2. Classification systems are used so we can deal with more information
than 7 things.
3. Taxonomy is the science of classification.
4. The same group of items can be classified many different ways.
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People like to classify. Classification seems to work naturally with our
brains; and, in fact, philosophers have discussed this at length.
One reason people like to classify things is that classification makes it so
we can deal with smaller pieces at a time. Since our working memory is
limited, this is useful.
Working memory is sometimes called short-term memory. However, shortterm memory is actually a part of working memory.
Short-term memory is a person’s ability to remember something for a few
minutes and then forget the information. An example of using short-term
memory would be to recite a phone number repeatedly while you walk to
the phone to dial it. Once you dial the number, you will probably forget the
number. Long-term memory, by contract, is actually learned and you can
recall the information days, months, or years later. An example of learned
information would be your ability to read.
Why do people like to classify things? We can only remember and think
about a little bit at a time.

A brief bit about working memory memory
In 1956, a psychologist by the name of Miller, a professor at Harvard, did a
study that revealed that humans could hold about 7 pieces of information in
short term memory at a time. This study was confirmed in other tests and
7±2 became known as Miller’s Magic Number.
We each have about a 7-slot workspace.
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It turns out that thinking takes one or more of the workspace slots, so when
you are thinking about something you will not be able to remember as
many items.

Therefore, even if your short-term memory is at the upper end of human
capacity and you can remember about nine things, if you need to think
about those items, your memory capacity will go down.
Here’s a fake phone number. Study it for a few seconds. Test yourself.
Can you remember the number? How did you remember it? Did you group
it and remember the area code separate from the other seven digits? Did
you remember three groups of numbers?

9018275309
One thing people do to help them remember large groups of things, is to
chunk the data into smaller groups. For example, the above number could
be chunked into (901) 827-5309. Try remembering the number using
chunking. Is it easier?
Now, look at the objects below for three or four seconds.
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Can you remember the objects? You can just repeat to yourself apple, ball,
carrot, and peach while you need to know the contents of that group of
objects.
Let’s try another group of object. Look at the objects below for 30 seconds
or so.

What about now? Were you able to remember the objects? You probably
could not remember all the items. There are about twice as many items in
the above group than you have slots available in your short-term memory.
Most people want to start classifying objects, things, and ideas when there
are more than seven of them. Classification makes it easier for us to wrap
our heads around large numbers.
Do you remember the number from the prior page?
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Learn more about working memory: Books
Author

Title

Klingberg, Torkel

The Overflowing Brain: Information Overload and the Limits of
Working Memory

Learn more about working memory: Web sites
Web Site

What

Title

URL

Scholarpedia

Article

Working
Memory

http://www.scholarpedia.org/article/Working_memory

The eLearning
Coach

Article

20 Facts You
Must Know
About
Working
Memory

http://theelearningcoach.com/learning/20-factsabout-working-memory/

YouTube

Video

Cogmed:
What is
Working
Memory

http://www.youtube.com/watch?v=adnOPRkQ9VY
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The human desire to classify relates to our memory capacity
Classification makes it easier for us to wrap our heads around large
numbers. Instead of remembering 15 things, we can remember a smaller
number of items that fit into our 7-slot mental
workspace.
Classify the group of objects. Use the box
below.
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How did you do it? There are varieties of “correct” ways to classify the
objects. Here is one way. With this method, you only need to remember
three (or it could be argued four) things: non-living things, plants, and
animals.
Other ways to classify the objects would include, but not be limited to,
shapes of the object, color of the object, and other ways.

Since we have limited slots in our short-term memory, and since thinking
takes up some of those slots, we naturally classify. Since there is so much
in the world around us, we can classify many things in many different ways.
Taxonomy studies these different classification schemes. Taxonomies are
artificial systems that people make up to try to understand the world around
them. Taxonomies are human attempts to understand the world.
Taxonomies are human attempts to make sense of the natural world.
Taxonomy is the science of classification.
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Chapter review – Why do we classify?
Define these words:

Classification

Taxonomy

Short-term memory

Miller’s magic number

Match the words on the left to the definitions on the right.

Taxonomy

7 ±2

Short-term Memory

The science of classification

Miller’s Magic Number

Memory that only lasts for a few
minutes.
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Describe different ways you can classify the objects below.
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Practice Classifying
Get permission from your parents before doing any of these activities.
Pick something to organize, and fill out the questions below while you
organize. Suggestions for large objects to organize include, but are not
limited to, the pantry, your closet, tools, books, CDs, or DVDs.
What are you going to organize?

What is the organization scheme?
 Shape and size
 Function (what the object is used for)
 Color
 Sentimental value  Alphabetical order
 Other

Classify some of your objects in the tree above.
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What are the rules you used to put the objects in the classification?
1. What’s the definition of your overall category? What properties do all the
things in your taxonomy have?

2. What is different about the objects in the categories at the second level?

3. What is different about the objects in the categories on the third level?
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Working memory crossword puzzle
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Working memory word search

Word Bank
categories category classification magic memory
miller seven short-term taxonomy working
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Chapter 2: History of zoological taxonomy

Chapter objectives
1. Aristotle is credited with the first taxonomy for living things.
2. Linnaeus is considered the father of modern taxonomy. He created
the genus and species naming system.
3. Darwin caused a shift in how organisms are placed in taxonomies.
4. Whittaker added three kingdoms to the already existing plants and
animals: Protista, monera, and fungi
5. Woese domains on top of the kingdom classification.
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Aristotle
Aristotle was a Greek philosopher who lived a long time ago, from 384 B.C.
to 322 B.C. He was a student under Plato,
another famous Greek philosopher, and
he taught Alexander the Great.
Philosophers spend a lot of time thinking.
Aristotle thought, and taught, about many
subjects. He thought about Physics,
Ethics, Logic, Zoology, Biology, and
Speech.
Aristotle developed taxonomy for living
things. He decided that living things were
either animals or plants. He then classified
animals by how they got around.
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Carolus Linnaeus

Linnaeus lived from 1707 to 1778.
He was a biologist, a doctor, and a zoologist.
He is called the “Father of Modern Taxonomy” for
a few reasons.
Firstly, he created the scientific naming scheme
for plants and animals. Names are Latin and have
two parts. The first part is the genus and the second part is the species.
The genus and species are two category groupings. Therefore, humans are
called Homo sapiens and bottlenose dolphins are called Tursiops
truncates.
Linnaeus classified living things by looks and observable traits.
Linnaeus had several different categories, many more than Aristotle.
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Charles Darwin

Charles Darwin lived from 1809 to 1882.
Darwin developed the theories of
evolution, natural selection, and genetic
drift.
Darwin’s theory started the Creation vs.
Evolution debates.
Regardless of your religious beliefs,
Dawn contributed to taxonomy. His
classification system was based on
adaptations and structure, as opposed to
shape and observable traits.

Darwin’s theory of evolution went something like this.
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Darwin’s taxonomy was based on the principal of evolution. All critters were
descended from other critters and if you go back far enough, all of the
critters can be traced to that single, initial spark of life.

Consequently, in Darwin’s taxonomy, Newts and Geckos are classified in
different categories. While both critters have similar lizard-like features,
newts are amphibians and geckos are reptiles. Newts spend some of their
life breathing water and some breathing air. Newts live around water.
Geckos are reptiles and are more similar to snakes than to newts–even
though they look so similar.
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Robert Whittaker
Robert Whittaker lived from 1920 to 1980. He was an ecologist and like
Linnaeus, was more interested in plants than in animals. Whittaker was the
first person to propose the five-kingdom system. Aristotle and Linnaeus had
two kingdoms in their taxonomies: plants and animals. Whittaker had
animals, plants, fungi, Protista, and monera.
(A picture of Robert Whittaker can be found here:
http://en.wikipedia.org/wiki/Robert_Whittaker )

Monera (a group that is not used anymore) contained organisms whose
cells did not have a nucleus.
Protista cells have a nucleus inside them. These are usually simple
organisms of one cell.
Fungi are a group of organisms made of multiple cells, and each cell has a
nucleus. Mushrooms, molds, and yeasts are fungi. Fungi are like plants in
that their cells have cell walls, but their cell walls are made of a completely
different substance.
Plants and animals make up Whittaker’s last two kingdoms. Animals have
multiple cells and eat food. Plants can usually make their own food.
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Carl Woese
(A picture of Carl Woese can be found here:
http://www.mikrobiokosmos.org/en/support.htm)
Carl Woese is still alive; he was born in 1928. Woese is a microbiologist.
He added a category above the prior five kingdoms that organized critters
by their cell types. It took a while, but Woese’s system is now used by most
scientists.

Woese’s biggest contribution was introducing of the Kingdom Archea. The
Archea are single-celled organisms that don’t have a cell nucleus and don’t
have any organelles (little organs).
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Different taxonomies
As there are different ways to classify the cans in your pantry, there are
different ways, or approaches, to classify living things.

Typological, morphological, or phenetic classification
Linnaeus used a typological species definition. In this method, species are
based on phenotypes--what you can see by watching the animals. In this
kind of taxonomy, newts and geckos can be grouped together.

Baraminology
Baraminology is a taxonomy that is a creationist alternative that
emphasizes reproductive isolation and uses design similarity.

Biological / reproductive species
This is the “old” definition of species. Two critters are the same species if
they can breed and produce fertile offspring. (Does this work for single
celled animals like yeast?)

Cladistic
This type of species definition can also be called the evolutionary
approach. After critters diverge enough, they are considered different
species.

Classical taxonomy
Classical taxonomy is a combination of cladistic and phenetics.

Mate‐recognition species
If critters recognize each other as mates, then they are the same species.

Genetic species
The genetic species concept works off of DNA and genetic fingerprinting.
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Which is the right taxonomy?
Scientists have not come to complete agreement on which taxonomy to
use; although, most papers and studies regarding current, existing species
seem to work with the genetic approach. Since we don’t have genetic
samples of most extinct species, the genetic approach isn’t used for extinct
species.
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Chapter review – The history of taxonomy
Put these famous names in taxonomy history in order.
Aristotle
Linnaeus
Woese
Whittaker
Darwin
Match the name to the contribution
Linnaeus

Kingdom Archaea

Whittaker

Scientific nomenclature for species:
Genus species

Darwin

Theory of evolution

Aristotle

Introduced the 5-kingdom taxonomy
system

Woese

Created the first taxonomy

Who do you think contributed the most to taxonomy and why?
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The history of taxonomy crossword puzzle
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Chapter 3: Background—A bit on genetics

Chapter objectives
1.
2.
3.
4.

Many traits are inherited from parents. These are called genetic traits.
Alleles for genetic traits are inherited from the mother and the father.
Some traits are dominant and some are recessive.
Long-term isolation from other populations of a species can create
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Since modern taxonomy is somewhat based on genetics, it’s helpful to
learn a bit about genetics.
Genetics is the study of how traits are inherited from one organism to
another, and how traits vary among organisms. For instance, studying how
eye color is inherited is a genetic study.

Gregor Mendel
Gregor Mendel was born in 1822 and died in 1884.
He was a monk in the 19th century. He is
considered the father of modern genetics. Genetics
is the science of hereditary.
My eyes are blue. My husband’s eyes are light
brown. One our children has light brown eyes and
one has blue eyes. Neither of our children have
green nor purple eyes. Eye color is a matter of
genetics. Eye color is hereditary. Eye color is a trait
your get from your parents, and your parents got
their eye color from your grandparents.
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Mendelian genetics

Mendel studied pea plants. He grew and bred plants, with control samples
and variations, kept notes, and recognized some rules.

Mendelian genetics and purple stars
Let’s learn how Mendelian genetics works with a fake organism, the purple
star.
A phenotype is how
something looks. For the
stars in these examples,
there are two different
possible phenotypes: dark
purple and light purple.
Two of these stars have the same dark purple phenotype, even though
they have a different genetic makeup.
© 2010, Gwen Nicodemus.
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A gene, or multiple genes, is responsible for some traits of organisms.
Genes are part of DNA.
The current system of taxonomy is based on the work that Linnaeus and
Darwin did. DNA sequencings and molecular schematics came about after
Linnaeus and Darwin had finished their work. These new technologies
have caused some animal placements in the taxonomy to be changed.
© 2010, Gwen Nicodemus.
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One way a new species can come about
There are different ways species can be created, and geography is one of
them. Consider the population of stars below. They start off as small stars
with three different colors. The population grows and some of the stars
decide to live over the mountain. The mountain is a big barrier, so those
stars don’t get back often to visit. The stars over the mountain experience
some mutation and get bigger and start to glow. Eventually, the stars on
the right side of the mountain are different enough from those on the left
side of the mountain that they are considered two different species.
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Chapter review

Describe one way a species can be created.

A black and white moth lived on trees in England. During the Industrial
Revolution, much soot, carbon, and dirt littered the air and the trees. The
trees changed colors because they were covered with dirt. What do you
think happened to the moths?

Match the word to the definition.
allele

Same

hetero

A variation of a trait that gets
masked by another variation.

homo

Different

Dominant

A variation of a trait

Recessive

A variation of allele that masks other
variations.
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Chapter 4: Background—what is alive? What is
life?

Chapter objectives
1.
2.
3.
4.

What is alive?
What is homeostasis?
What are the kingdoms life is classified into?
What are the differences between a plant and an animal?
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What is alive? Do rocks belong in the classification system? What
about trees? Is a virus alive?

What is the definition of life?
For something to be considered alive, it must have organization, maintain
some kind of homeostasis, have a metabolism, grow, adapt, respond to
stimuli, and reproduce. Some of those words are kind of big and you
probably don’t know what all of them mean. Let’s define them.

Organization—the basic unit of life
Living things are made of one or more cells. Cells are the basic unit of life.

Homeostasis—maintaining balance
Living things must be able to regulate their insides. For instance, many
animals can regulate their internal temperature. When humans get too hot,
they sweat. When dogs get to hot, they pant. If your body loses too much
fluid, you get thirsty.
Cells must keep the balance of electrolytes (ions) within the cell.

Metabolism—use energy
Living things require energy to live. We get our energy when we eat. The
stored energy in the plant is released and our bodies use it to maintain our
bodies.

Response to stimuli—move when you get poked
Stimuli are a change that you can detect, see, feel, hear, or somehow
notice. If someone pokes you with a stick, you have experienced a
stimulus. If you get thirsty, you are stimulated to drink.
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Are these alive?

Crystals can grow, but they aren’t alive. What are crystals missing to be
considered living creatures?

A river moves, but it is not alive. What is it missing to be considered alive?

Is an amoeba alive? Why?

Is a rock alive? Why?

Is a flower alive? Why?
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Cut the pictures out. Glue living items into the box labeled Alive. Glue nonliving things to the box labeled Non-Living.

Alive

© 2010, Gwen Nicodemus.
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The kingdoms
The number of kingdoms there are depends on what kind of taxonomy
you’re using. Six kingdoms are common today. The six kingdoms can be
broken up into Eukaryotes and non-eukaryotes. Different textbooks have
different kingdoms, and the kingdoms change as scientists learn more.

.
What is an eukaryote? Eukaryotes are organisms that are made up of
multiple cells and those cells have structures in them. Animal and plant
cells are examples of eukaryotes.
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What are plants?
Plants have multiple cells, cellulose, and can produce their own energy.
Plants have cells with cell walls outside of the cell membrane. Plants can
be land plants, green plants, red algae, and other algae.
The cell wall is outside of the cell membrane and helps the plant keep
control of pressure. Because of the cell wall, the plant cell has a fixed
shape. The cell wall is made of cellulose.
Here is an example of a plant cell.

This image is from the Wikipedia commons.

© 2010, Gwen Nicodemus.

Page 44

What are animals?
Animals have multiple cells and each of the cells has different organelles
(little organs) inside of it. Animals have a fixed body plan after they grow
up. Once a human is an adult, the human won’t grow any taller. Animals
can move. Animals can’t make their own food, so they eat plants and other
animals.
Animal cells can have different shapes since they don’t have a cell wall.
There are many different types of animal cells. Animal cells group into
tissues and together to do a job.
Here is an example of an animal cell.

This image is from the Wikipedia commons.
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What are Fungi?
Common fungi are yeast, molds, and mushrooms. Most fungi are too small
to be seen.
Fungi aren’t animals or plants. They have cell walls, but the cell walls aren’t
made of cellulose like plant cells. The cell walls are made of chitin.
Fungi are useful to people. Yeasts are used to make breads rise. Yeasts
are also used to make soy sauce, wine, and beer. Some fungi are used as
pesticides. Mushrooms help make pizza! Mold was used to make penicillin,
a medicine that has helped many people.
Fungi can be dangerous to people too. Molds, for instance, can cause
breathing problems.

Yeast cell

Mold growing on an orange

Mushrooms
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What are Eubacteria?
Eubacteria are eukaryotes, so they have organelles inside their cells. They
are also bacteria. Eubacteria are best known for making people sick, but
most Eubacteria are good for us. People who study living things that are
too small to be seen are microbiologists. Microbiologists that specialize in
Eubacteria are called bacteriologists.
Bacteria come in many different shapes, but they are all too small to be
seen with just your eyes.

This image is from the Wikipedia commons.
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What are Protista?
Protista are organisms that:
 Have one cell or multiple cells that aren’t specialized
 The cells are eukaryotes; the cells have organelles in them.
This kingdom is not always considered a kingdom. This kingdom is sort of a
“catch all” and is filled with organisms that have eukaryotic cells and no
specialized tissues.
Protozoa can cause disease in humans and other animals. Toxoplasma
gondii, for instance, is a protozoa disease that is often transferred from cat
feces to people.
Protista can have many different shapes, just like Eubacteria.

This image is from the Wikipedia commons.
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What are Archaebacteria?
Archaebacteria are single celled bacteria that don’t have a cell nucleus and
don’t have cell organelles.
Archaebacteria have similar shapes and sizes to Eubacteria.
Archaebacteria were first discovered in extreme environments, like heat
vents

What am I?

I am a single celled organism and I don’t have organelles. What am I?

I’m not an animal or a plant. I have a cell wall made of chitin. What am I?

I make my own food by converting the sun’s energy with my chloroplasts. I
have roots and I don’t move around very much. What am I?

I can run and swim. Once I’m an adult, my body stays about the same.
What am I?
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Define these words.

Homeostasis

Metabolism

Stimulus/Stimuli

Answer these questions.

What is the basic unit of life?

What is the difference between eukaryotes and non-eukaryotes?
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Chapter 5: Basic classification of animals

Chapter objectives
1. What is an animal?
2. What is a taxon?
3. What are the different taxons used to classify living things?
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Animals are usually multicellular (meaning they have more than one cell).
Animals are eukaryotic organism, which means that their cells have
organelles (specialized pieces) inside of them.
Animals have a fixed body plan in adulthood. While young, animals grow
and can change, but once they are adults, their basic body plan stays the
same. For instance, humans don’t grow extra arms and dogs don’t go into
cocoons.
Animals can move about on their own.
Animals can’t make their own food. Animals get their nutrition by eating
other animals.

Circle the animals in the pictures below.

Obviously, there are different kinds of animals. How is it that fish, worms,
lions, and humans are all grouped as animals?
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The animal kingdom is divided into phyla. Phyla are divided into classes.
Classes are divided into orders. Orders are divided into families, families
are divided into genera, and genera are divided into species. Each of these
groups is called a taxon. A taxon is a group of one or more organisms.
A couple of phyla are chordates and water bears.
Phylum: Chordates have a hollow dorsal nerve cord
(like a spinal cord) for at least some part of their lives.
Some classes in the Chordata phylum include
carnivores, marine mammals (cetaceans), and
primates.
Class: Primates have large brains, can usually climb
trees, have stereo vision and a poor sense of smell,
and opposable thumbs. Some primates have
prehensile tails, which means they can use their tails
like we use our hands. Primates have a longer lifespan
than other animals, but it takes longer to reach
adulthood.
Class: Cetacea is a class of animal that includes
marine mammals such as whales, dolphins, and
porpoises. Cetaceans have spindle shaped bodies,
flippers, and their tails have flukes. Cetaceans don’t
have a lot of hair and they have a thick layer of
blubber. Some cetaceans are highly intelligent.
Class: The class Carnivora consists of animals that
primarily eat meat, or they used to eat primarily meat.
(Some carnivores each an omnivorous diet and the
panda bear is almost a vegetarian.) Carnivores have
strong, sharp claws and big canine teeth.
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Family: The family Felidae is composed of small cats. These animals are
strict carnivores and this group includes the domestic house cat. Most
felids are solitary animals. Felids have large eyes and binocular vision.
They have good night vision. Felids have sensitive whiskers. Felids have
rough tongues and retractable claws.
Family: The family Mustelidae is also known as weasels. Weasels have
long bodies and short limbs. Weasels have short, round ears and thick fur.
Most weasels are solitary and don’t hibernate. Most weasels have anal
scent glands (the sea otter being an exception). Weasels are considered to
be more “dog-like” than “cat-like.”
Family: Bears are in the family Ursidae and are considered to be more
“dog-like” than “cat-like.” Bears have large bodies, long snouts, paws with
non-retractable claws. Bears can run quickly and are good climbers and
swimmers. Most species of bear hibernate.
Family: Dolphins are members of the family Delphinidae which means
toothed whale. Dolphins are the most intelligent animals in their class.
Dolphins are carnivores and eat mostly fish. These animals live in the
oceans.
Family: River dolphins are members of the super family Iniidae. These
animals have poor eyesight and live in the fresh water of rivers.
Family: The family Hominidae includes humans, gorillas, chimpanzees,
and orangutans. Hominids are tailless primates. The males tend to be
larger and stronger than the females, and hominids use their hands for
gathering food, using tools, and making nests.
Family: The super family, Platyrrhini, classes the new world monkeys.
New world monkeys have “flat noses” with side facing nostrils. New world
monkeys also have prehensile tails. New world monkeys have one mate
and take care of their young.
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Each family is further broken down into genera and species.

What am I?

I have a long snout and I mostly eat meat. I have claws, but they don’t
retract. What am I?

I have thick fur and little ears. I only eat meat and I can “poof” a stinky smell
when I get scared. What am I?

I only eat meat and I have retractable claws. I have good cutting teeth and
a rough tongue. What am I?

I live in rivers but I breathe air. My eyesight is poor. What am I?

I live in the ocean and I’m really smart. I pretty much just eat fish. What am
I?
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Largest to smallest

Put these in order of the largest group (contains the most number of other
groups or organisms) to the smallest group.
Order
Domain
Kingdom
Phylum
Super Family
Genus
Sub Order
Sub Family
Species
Class
Sub Class
Super Class
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Vocabulary words

Taxon
Phyla
Class
Order
Family
Species
Genus
DNA
Gene
Taxonomy
Classification
Working memory
Capacity
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In each set, circle the pair that is most closely related.

European polecat and stoat

Polar bear and new world monkey

Common dolphin and Ganges river
dolphin

Homo sapiens and puma

Least weasel and brown bear

Leopardus and sand cat

Seals and bears

River dolphins and hominids

Orca and bottlenose dolphin

Otters and mustela
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For further reading or research
URL

What

http://iczn.org/

This is the International Commission on
Zoological Nomenclature.

http://www.ncbi.nlm.nih.gov/sites/entrez?db=taxonomy

The NCBI Entrez Taxonomy Homepage. This
site has the taxonomy for animals that have
had at least one nucleotide or protein
sequenced.

http://101science.com/Taxonomy.htm

Another explanation on taxonomy.
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Chapter 6: Further research
The dichotomous key
A dichotomous key asks yes/no questions and can be used to classify
animals into their correct group. Research dichotomous keys. Look at this
site:
 http://www.biologyjunction.com/dichotomous_keying.htm
Create a taxonomy and a dichotomous key to organize the below.

© 2010, Gwen Nicodemus.

Page 61

Answers
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