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South Dakota Science Standards
9-12 L.1.2  Students are able to classify organisms using characteristics and evolutionary relationship of major taxa.

9-12 L 2.2  Students are able to describe how genetic recombination, mutations, and natural selection lead to adaptations, evolution, extinction, or emergence of a new species.
	Prefix/Suffix
	Definition

	-nomial
	name

	Eu-
	true

	Pro-
	Before, refers to early organisms

	Archae-
	Ancient, old

	-pod
	Foot

	-derm
	Skin


	Top Vocabulary Terms:

1. Domain
2. Kingdom
3. Species
4. Cladogram
5. Taxonomy
6. Phylogeny
7. Binomial Nomenclature
8. Taxa


I.  History of Life on Earth
Introduction
Earth formed 4.6 billion years ago, and life first appeared about 4 billion years ago. The first life forms were microscopic, single-celled organisms. From these simple beginnings, evolution gradually produced the vast complexity and diversity of life today. The evolution of life on Earth wasn’t always smooth and steady—far from it. Living things had to cope with some astounding changes. Giant meteorites struck Earth’s surface. Continents drifted and shifted. Ice ages buried the planet in snow and ice for millions of years at a time. At least five times, many, if not most, of Earth’s living things went extinct. Extinction occurs when a species completely dies out and no members of the species remain. But life on Earth was persistent. Each time, it came back more numerous and diverse than before.

Earth in a Day

It’s hard to grasp the vast amounts of time since Earth formed and life first appeared on its surface. It may help to think of Earth’s history as a 24-hour day, as shown in Figure below. Humans would have appeared only during the last minute of that day. 
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History of Earth in a Day. In this model of Earth
Earliest Cells
The earliest cells were prokaryotes and were probably heterotrophs. Most likely they got their energy from other molecules in the organic “soup.” However, by about 3 billion years ago, a new way of obtaining energy evolved. This new way was photosynthesis. Through photosynthesis, organisms could use sunlight to make food from carbon dioxide and water. These organisms were the first autotrophs. They provided food for themselves and for other organisms that began to consume them. After photosynthesis evolved, oxygen started to accumulate in the atmosphere. This has been dubbed the “oxygen catastrophe.” Why? Oxygen was toxic to most early cells because they had evolved in its absence. As a result, many of them died out. The few that survived evolved a new way to take advantage of the oxygen. This second major innovation was cellular respiration. It allowed cells to use oxygen to obtain more energy from organic molecules. 
Evolution of Eukaryotes
The first eukaryotic cells probably evolved about 2 billion years ago. This is explained by endosymbiotic theory. As shown in Figure 2, endosymbiosis came about when large cells engulfed small cells. The small cells were not digested by the large cells. Instead, they lived within the large cells and evolved into cell organelles.
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Fig 2. From Independent Cell to Organelle. The endosymbiotic theory explains how eukaryotic cells evolved.
The large and small cells formed a symbiotic relationship in which both cells benefited. Some of the small cells were able to break down the large cell’s wastes for energy. They supplied energy not only to themselves but also to the large cell. They became the mitochondria of eukaryotic cells. Other small cells were able to use sunlight to make food. They shared the food with the large cell. They became the chloroplasts of eukaryotic cells. With their specialized organelles, eukaryotic cells were powerful and efficient. They would go on to evolve additional major adaptations. These adaptations include sexual reproduction, cell specialization, and multicellularity. Eventually, eukaryotic cells would evolve into the animals, plants, and fungi we know today. 

II.  Classification

Introduction
The science of classifying and naming organisms is called taxonomy. Classification is an important step in understanding the present diversity and past evolutionary history of life on Earth. Why do biologists classify organisms? The major reason is to make sense of the incredible diversity of life on Earth. Scientists have identified millions of different species of organisms. Among animals, the most diverse group of organisms is the insects. More than one million different species of insects have already been described. An estimated nine million insect species have yet to be identified.  As diverse as insects are, there may be even more species of bacteria, another major group of organisms. Clearly, there is a need to organize the tremendous diversity of life. Classification allows scientists to organize and better understand the basic similarities and differences among organisms. This knowledge is necessary to understand the present diversity and the past evolutionary history of life on Earth. 

Linnaean Classification
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All modern classification systems have their roots in the Linnaean classification system. It was developed by Swedish botanist Carolus Linnaeus in the 1700s. He tried to classify all living things that were known at his time. He grouped together organisms that shared obvious physical traits, such as number of legs or shape of leaves. For his contribution, Linnaeus is known as the “father of taxonomy.” The Linnaean system of classification consists of a hierarchy of groupings, called taxa (singular, taxon). Taxa range from the kingdom to the species (see Figure 3). The kingdom is the largest and most inclusive grouping. It consists of organisms that share just a few basic similarities. Examples are the plant and animal kingdoms. The species is the smallest and most exclusive grouping. It consists of organisms that are similar enough to produce fertile offspring together. Closely related species are grouped together in a genus. 
Fig 3. Linnaean Classification System: Classification of the Human Species. This chart shows the taxa of the Linnaean classification system. Each taxon is a subdivision of the taxon below it in the chart. For example, a species is a subdivision of a genus. The classification of humans is given in the chart as an example.

The classification in Figure 3 includes a few more taxa than Linnaeus identified. However, it follows the same general plan as Linnaeus’ original taxonomy. The taxa are below: 

· Kingdom—This is the highest taxon in Linnaean taxonomy, representing major divisions of organisms. Kingdoms of organisms include the plant and animal kingdoms. 

· Phylum (plural, phyla)—This taxon is a division of a kingdom. Phyla in the animal kingdom include chordates (animals with an internal skeleton) and arthropods (animals with an external skeleton). 

· Class—This taxon is a division of a phylum. Classes in the chordate phylum include mammals and birds. 

· Order—This taxon is a division of a class. Orders in the mammal class include rodents and primates. 

· Family—This taxon is a division of an order. Families in the primate order include hominids (apes and humans) and hylobatids (gibbons). 

· Genus—This taxon is a division of a family. Genera in the hominid family include Homo (humans) and Pan (chimpanzees). 

· Species—This taxon is below the genus and the lowest taxon in Linnaeus’ system. Species in the Pan genus include Pan troglodytes (common chimpanzees) and Pan paniscus (pygmy chimpanzees).



To remember the order of the taxa in Linnaean taxonomy, it may help to learn a mneumonic, a sentence to help remember a list, in which the words begin with the same letters as the taxa: k, p, c, o, f, g, and s. One sentence you could use is: King Philip came over for green sugar. Can you think of others? 



Although Linnaeus grouped organisms according to their physical similarities, he made no claims about relationships between similar species. Linnaeus lived a century before Charles Darwin, so the theory of evolution had not yet been developed. Darwin explained how evolution, or changes in species over time, can explain the diversity of organisms (see the Evolutionary Theory chapter). In contrast, Linnaeus (like Aristotle before him) thought of each species as an unchanging "ideal type." Individual organisms that differed from the species’ ideal type were considered deviant and imperfect. 
Which taxon is the broadest?

Which taxon is the most specific?

Binomial Nomenclature
Perhaps the single greatest contribution Linnaeus made to science was his method of naming species. This method, called binomial nomenclature, gives each species a unique, two-word Latin name consisting of the genus name and the species name. An example is Homo sapiens, the two-word Latin name for humans. It literally means “wise human.” This is a reference to our big brains. Why is having two names so important? It is similar to people having a first and a last name. You may know several people with the first name Michael, but adding Michael’s last name usually pins down exactly whom you mean. In the same way, having two names uniquely identifies a species. 

As another example, consider the group of organisms called Panthera. This is a genus in the cat family. It consists of all large cats that are able to roar. Within the genus Panthera, there are four different species that differ from one another in several ways. One obvious way they differ is in the markings on their fur as shown in following illustration, Panthera leo (lion species) has solid-colored fur, Panthera tigris (tiger species) has striped fur, and the other two Panthera species have fur with different types of spots. As this example shows, the genus name Panthera narrows a given cat’s classification to big cats that roar. Adding the species name limits it to a single species of cat within this genus. 
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Both words in a scientific name are Latin words or words that have been given Latin endings. The genus name is always written first and starts with an upper-case letter. The species name is always written second and starts with a lower-case letter. Both names are written in italics. 

Scientific names do not always need to be descriptive.  Other ways of naming include geography (where the species is found), commemorative (in honor of someone), or humorous (to be funny). 
Revisions in Linnaean Classification
[image: image9.png]Phylogentic Tree

. Pyrodicticum
Bacteria
Thermoproteus
Cyanobacteria
Planctomyces

Green ;
Filamentous Spirochetes
Bacteria

Proteobacteria
Bacteroids
Cytophage

Gram
Positives

Aquifex ‘

Thermotoga

Archaea

Entomoebae

. Slime Molds
Methanosarcina

Eukaryota

Methanobacterium

Plants Trichomonads

Animals Fungi

Diplomonads

Halophiles Ciliates

T. Celer

Methanococcus
Flagellates

Microsporidia




Linnaeus published his classification system in the 1700s. Since then, many new species have been discovered. The biochemistry of organisms has also become known. Eventually, scientists realized that Linnaeus’s system of classification needed revision. A major change to the Linnaean system was the addition of a new taxon called the domain. A domain is a taxon that is larger and more inclusive than the kingdom. Most biologists agree there are three domains of life on Earth: Bacteria, Archaea, and Eukarya (see Figure 4). Both Bacteria and Archaea consist of single-celled prokaryotes. Eukaryota consists of all eukaryotes, from single-celled protists to humans. This domain includes the Animalia (animals), Plantae (plants), Fungi (fungi) and Protista (protists) kingdoms.

Fig 4. Three-Domain Classification. This diagram shows the three domains of organisms that currently live on Earth.

Phylogenetic Classification
Linnaeus classified organisms based on obvious physical traits. Basically, organisms were grouped together if they looked alike. After Darwin published his theory of evolution in the 1800s, scientists looked for a way to classify organisms that showed phylogeny. Phylogeny is the evolutionary history of a group of related organisms. It is represented by a phylogenetic tree, like the one in Figure 5.
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Fig 5. Phylogenetic Tree. This phylogenetic tree shows how three hypothetical species are related to each other through common ancestors. 

One way of classifying organisms that shows phylogeny is by using the clade. A clade is a group of organisms that includes an ancestor and all of its descendants. Clades are based on cladistics. This is a method of comparing traits in related species to determine ancestor-descendant relationships. Clades are represented by cladograms, like the one in Figure 6. This cladogram represents the mammal and reptile clades. The reptile clade includes birds. It shows that birds evolved from reptiles. Linnaeus classified mammals, reptiles, and birds in separate classes. This masks their evolutionary relationships.
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Figure 6.  Mammal and Reptile Clades. This cladogram classifies mammals, reptiles, and birds in clades based on their evolutionary relationships.
What does phylogenetic classification tell us that Linnaean classification does not?

III. Generating Cladograms 
How do scientists construct cladograms like the one in Figure 6? The starting point is a set of data on traits of a group of related species. The traits could be physical traits, genetic traits, or both (see Evidence for Evolutionary Relationships below). The next step is deciding which traits were inherited from the common ancestor and which traits evolved only in a descendant species after splitting off from the common ancestor. Traits inherited from a common ancestor are called ancestral traits. Traits that evolved since two groups shared a common ancestor are called derived traits. 

Ancestral and Derived Traits in Cladistic Analysis
Consider birds as an example. A derived trait in birds is feathers. The trait is present only in birds and was not inherited from a common ancestor of birds and other organisms. An example of an ancestral trait in birds is the presence of eyes. Eyes are present not only in birds but also in many other groups of animals that share a common ancestor with birds. Therefore, the presence of feathers can identify an organism as a bird, but the presence of eyes cannot. In cladistics, the sharing of derived traits is the most important evidence for evolutionary relationships. Organisms with the same derived traits (such as feathers) are grouped in the same clade. 
A derived trait is not necessarily an entirely new trait. More often it is a modified form of an ancestral trait. For example, birds evolved feathers from the scales that were already present in their reptile ancestor. Similarly, mammals evolved fur from the scales of their reptile ancestor.
More than one possible cladogram usually can be created from the same set of data. In fact, the number of possible cladograms increases exponentially with the number of species included in the analysis. Only one cladogram is possible with two species. More than 100 cladograms are possible with five species. With nine species, more than two million cladograms are possible! Figure 6 shows just six of the many possible cladograms that can be generated for five species. 
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         Figure 7.  Possible cladograms w five taxa.
The same set of data on five related species may generate over 100 possible cladograms. Just six are shown here. In cladogram 1 (top, left), D and E share a more recent common ancestor than either shares with C. In cladogram 2 (top, middle), C and D share a more recent common ancestor than either shares with E. Compare how each of the remaining cladograms differs from the others.
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How do scientists know which of many possible cladograms is the “right” one? There is no right or wrong cladogram. However, some cladograms fit the facts better than others. Statistical methods can be used to determine which cladogram best fits a particular data set. An important deciding factor is parsimony. Parsimony means choosing the simplest explanation from among all possible explanations. In cladistics, parsimony usually means choosing the cladogram with the fewest branching points. 
According to the cladogram on the right, which species is most closely related to species A? 

IV.  Phylogenetic Classification 
A cladogram shows how species may be related by descent from a common ancestor. A classification of organisms on the basis of such relationships is called a phylogenetic classification. A phylogenetic classification involves placing organisms in a clade with their common ancestor. Consider the cladogram in Figure 6. It groups birds in the same clade as reptiles, because a variety of evidence suggests that birds evolved from a reptile ancestor. The cladogram places mammals in a separate clade, because evidence suggests that mammals evolved from a different ancestor. 

Figure 8 shows the phylogenetic classification of reptiles, birds, and mammals based on the cladogram in Figure 6. Birds are grouped with reptiles in one clade, called the Sauropsids. Mammals and their reptile-like ancestor are grouped in a separate clade, called the Synapsids. Compare this phylogenetic classification with the Linnaean classification, also shown in Figure 8. In the Linnaean classification, reptiles, birds, and mammals are all placed in separate classes based on differences in physical traits. This classification artificially separates both birds and mammals from their reptilian ancestors. It also illustrates the difficulty of showing evolutionary relationships with Linnaean taxonomy. 

Figure 8.  Phylogenetic and Linnaean Classifications of Reptiles, Birds, and Mammals 
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Both phylogenetic and Linnaean classification systems have advantages and drawbacks (see the point by point comparison in the two lists, next page). As an overall approach, most biologists think that phylogenetic classification is preferable to Linnaean classification. This is because it is based on evolutionary relationships and not just similarities in physical traits that may or may not have evolutionary significance. However, both approaches have a place in the classification of organisms. Linnaean binomial names are still needed to identify species, because phylogenetics does not include a method for naming species. In addition, many higher taxa in the Linnaean system, such as birds and mammals, remain useful in phylogenetic classifications. This is because they are also clades. 

Phylogenetic Classification

1. Treats all levels of a cladogram as equivalent. 

2. Places no limit on the number of levels in a cladogram. 

3. Primary goal is to show the process of evolution. 

4. It is limited to organisms that are related by ancestry. 

5. Does not include a method for naming species. 
Linnaean Classification

1. Treats each taxa uniquely and has a special name or each (e.g., genus, species). 

2. Has fixed numbers and types of taxa. 

3. Primary goal is to group species based on similarities in physical traits. 

4. Can include any organisms without regard to ancestry. 

5. Has a method for giving unique names to species. 
List a benefit and drawback of both phylogenetic and Linnaean classification.
Evidence for Evolutionary Relationships 
Traditionally, evidence for evolutionary relationships included similarities in physical traits of form or function. For example, in Linnaean taxonomy, homeothermy (warm-bloodedness) is one of the traits used to separate both birds and mammals from other animals (see Figure 8). However, this trait is not suitable for showing evolutionary relationships between birds and mammals. This is because birds and mammals did not inherit the trait of homeothermy from a common ancestor. Both groups independently evolved the trait. The presence of homeothermy in both birds and mammals is an example of convergent evolution (see the History of Life chapter). In general, convergent evolution may make two groups seem to be more closely related than they really are. Using such traits for phylogenetic analysis can lead to misleading phylogenetic classifications. 

Similarities among nucleic acid base sequences provide some of the most direct evidence of evolutionary relationships.  Nucleic acids directly control genetic traits and copies of nucleic acids are actually passed from parents to offspring. Therefore, similarities in these traits are likely to reflect shared ancestry. By the 1960s, scientists had found ways to sequence the bases in nucleic acids. This coincided with the growing popularity of cladistics. In cladistic analysis, similar nucleic acid base sequences are assumed to indicate descent from a common ancestor. The more similar the sequences, the more recently two groups are assumed to have shared a common ancestor. 

Explain how emerging technology helps us to understand evolutionary relationships.
V.  Kingdoms and Domains
When Linnaeus first began the science of taxonomy, all life was classified into two kingdoms: plantae and animalia.  Between 1866 and 1977, a total of four new kingdoms were added to the original plant and animal kingdoms. The new kingdoms include Protista (protists), Fungi, Monera (initially all prokaryotes, now divided into eubacteria and archea), and Archaea (formerly known as archaebacteria). Table 2 identifies the scientists who introduced the kingdoms and the dates the kingdoms were introduced. The table starts with the two-kingdom system introduced by Linnaeus in 1735. 

	Kingdoms in the Classification of Organisms

	Number of Kingdoms
	Two 
	Three 
	Four 
	Five 
	Six 

	Scientist
	Linnaeus 
	Haeckel 
	Copeland 
	Whittaker 
	Woese 

	Date
	1735 
	1866 
	1956 
	1969 
	1977 

	Names of Kingdoms
	Animalia

Plantae
	Protista 

Animalia 

Plantae 
	Monera 

Protista 

Animalia 

Plantae 
	Monera 

Fungi 

Protista 

Animalia 

Plantae 
	Archaea 

Eubacteria 

Fungi 

Protista 

Animalia 

Plantae 


Table 2. History of kingdom classification. (Source: http://en.wikipedia.org/wiki/Kingdom_%28biology%29, License: GNU Free Documentation) 

The Animal Kingdom 
In the early days of classification, little was known about the structure of cells.  Initially animals were classified based on their ability to move in contrast to the stationary plants.  We now have a much more scientific and detailed description of the animal kingdom.  All animals are multicellular eukaryotes (containing nucleus and membrane-bound organelles), obtain energy by consuming other living things or organic molecules (heterotrophs), lack any cell wall and require oxygen in respiration.  
The Plant Kingdom 
As with the kingdom Animalia, the criteria for placing organisms into the kingdom Plantae has been modified often since the early days of classification.  We now recognize all plants as being eukaryotes able to obtain their energy from inorganic sources (autotroph, specifically through the process of photosynthesis).  Plants have a cell wall consisting of the carbohydrate cellulose.  The vast majority of plants are multicellular; however, it is now recognized that most green algae are properly placed in the plant kingdom so there are some unicellular plants.
The Protist Kingdom 
When Linnaeus created his taxonomy, microorganisms were almost unknown. As scientists began studying single-celled organisms under the microscope, they generally classified them as either plants and or animals. For example, bacteria are single-celled organisms, some of which make their own food. They were classified as plants, which also make their own food. Protozoa are single-celled organisms that can move on their own. They were classified as animals, which are organisms that have independent movement. 

As more single-celled organisms were identified, many didn’t seem to fit in either the plant or the animal kingdom. As a result, scientists could not agree on how to classify them. To address this problem, in 1866, biologist Ernst Haeckel created a third kingdom for all single-celled organisms. He called this kingdom Protista. We now recognize many multicelled organisms don’t fit into the plant or animal kingdoms.  The Protist kingdom has come to include such a wide variety of organisms that it is now difficult to define clear limits to the kingdom.  The Protists largely consist of the eukaryotic organisms that don’t clearly fit in the plant, animal or fungi kingdoms.  Most are single-celled eukaryotes.
The Bacteria Kingdom 
Haeckel’s protist kingdom represented all known single-celled organisms, including both bacteria and protozoa. In the early 1900s, scientists discovered that bacterial cells are very different not only from plant and animal cells but also from the cells of many protists. Figure 9 shows a bacterial cell, a protozoan cell, and an animal cell. When you compare the three cells, what differences do you see? The major difference is that, unlike the protozoan and animal cells, the bacterial cell does not contain a nucleus surrounded by a nuclear membrane. Instead, its DNA is found in the cytoplasm of the cell. Organelles in the bacterial cell also lack surrounding membranes.  
Which kingdom is comprised of multicellular, eukaryotes that are heterotrophic and lack a cell wall?
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Figure 9. Prokaryote and eukaryote cells differ significantly in their structure. Unlike prokaryote cells (top), eukaryote cells (middle is a protist cell; lower is an animal cell) have a nucleus, which is separated by membranes from the cytoplasm of the cell. Their organelles also have membranes. 

In the 1920s, microbiologist Edouard Chatton gave bacteria the name prokaryotes. He defined prokaryote as an organism whose cells lack nuclei. He gave the name eukaryotes to all other organisms. He defined eukaryote as an organism whose cells have nuclei. 

Over the next several decades, scientists learned more about the tremendous number and diversity of bacteria. They started to see a need for a separate bacteria kingdom. By 1956, biologist Herbert Copeland proposed placing bacteria in a new kingdom called Monera. With the addition of the Monera kingdom, Linnaean taxonomy became a four-kingdom system. 

Bacteria are the most numerous organisms on Earth. In a single gram of soil, there are typically 40 million bacterial cells. The human body also contains 10 times as many bacterial cells as human cells. Most of these bacteria are on the skin or in the digestive tract.
The Fungi Kingdom 
In the late 1960s, ecologist Robert Whittaker proposed adding a fifth kingdom to Linnaean taxonomy to represent fungi. Fungi are eukaryote organisms such as mushrooms and molds. Up until then, fungi had been classified in the plant kingdom. Whittaker separated fungi from plants on the basis of differences in metabolism. Plants make their own food in the process of photosynthesis, whereas fungi obtain nutrients by breaking down dead organisms. Separating fungi from plants resulted in five kingdoms. The five-kingdom system soon became widely accepted. 

Two Bacterial Kingdoms 
By the 1970s, scientists had started to classify organisms in ways that reflected evolutionary relationships. They had also started using nucleic acid base sequences to identify these relationships. Nucleic acid sequence data are especially useful for studying bacteria. These organisms are so small that they have few physical traits. 

Studies have bacterial nucleic acid sequences have yielded some surprising results. For example, in their research on ribosomal RNA base sequences, microbiologist Carl Woese and his colleagues discovered that bacteria actually include two very different groups of organisms. They called the two groups Eubacteria and Archea. Although the two types of organisms are similar in appearance, their ribosomal RNA sequences are very different. In 1977, Woese and his colleagues suggested that the original bacteria kingdom (monera) should be divided into two new kingdoms, called Eubacteria and Archea. This resulted in a six-kingdom taxonomy that has been widely accepted for many years. 

Domains 
Woese wasn’t completely happy with the six-kingdom system. It didn’t show that all four eukaryote kingdoms are more closely related to each other than to the two bacteria kingdoms. It also didn’t show that the two bacteria kingdoms are as different from each other as they are from the eukaryote kingdoms. To show these similarities and differences, Woese introduced a new taxon called the domain. He defined domain as a taxon higher than the kingdom. 

The Three-Domain System 
In 1990, Woese and his colleagues proposed a new classification system containing three domains: Bacteria, Archea, and Eukarya. See Figure 10. The Eukarya domain includes all four eukaryote kingdoms: plants, animals, protists, and fungi. The three-domain system emphasizes the similarities among eukaryotes and the differences among eukaryotes, bacteria, and archea. By using domains, Woese was able to show these relationships without replacing the popular six-kingdom system. 

What does the domain system tell us that the 6 kingdoms do not?

Which domain do humans fall under?
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Figure 10. This diagram shows how the three-domain system of classification is related to the six-kingdom system. Both Eubacteria and Archaebacteria kingdoms are raised to the level of domains (Bacteria and Archaea domains, respectively) in the three-domain system. The other four kingdoms make up the third domain (Eukarya domain).

Archea were first found in extreme environments. For example, they were found in the hot water geysers in Yellowstone National park. Archea have since been found in all of Earth’s habitats. They are now known to be present everywhere in high numbers. They may contribute as much as 20 percent to Earth’s total biomass. 

Woese’s three-domain system was quickly adopted by many other biologists. There were some critics, however, who argued that the system put too much emphasis on the uniqueness of Archea. Later studies confirmed how different Archea are from other organisms. For example, organisms belogning to Archea were found to differ from both Eukarya and Bacteria in the composition of their cell membranes and the system they use for DNA replication. These differences convinced most critics that the three-domain system was justified. After its introduction in 1990, the three-domain system became increasingly popular. Within a decade of its introduction, it had largely replaced earlier classifications. 

Identifying Species
Although you will probably not be involved in the creation of a phylogenetic tree, it is important to recognize the difference between organisms.  One tool that is used to identify organisms that have already been classified is a dichotomous key.  This uses physical features to distinguish between organisms of a similar genus.  You may have used a dichotomous key without realizing it.  Most guide books used to identify plants, birds, and insects use a dichotomous key of sorts to help you identify the species you are looking at.  
Major Phyla
As discussed earlier, all living things can be grouped in to six kingdoms.  After an organism is grouped into a kingdom, it is then divided into phyla.  As you can imagine, there are many different phyla under each kingdom.  If kingdoms are separated by cell type and structure, phyla are separated by physical features.  The table on page 14 lists the major phyla into which the animal kingdom is broken down.  Although there are many more phyla than those listed, these are the most common:

	Phylum
	Characteristics
	Example

	Chordates
	Have a spinal cord, separated into vertebrates and invertebrates.
	Humans, fish, birds, clams…

	Annelida
	Segmented worms
	Earthworms

	Arthropod
	Invertebrate, exoskeleton, jointed appendages
	Arachnids, insects, crustaceans

	Cnidaria
	Invertebrates, aquatic, stinging cells
	Jellyfish

	Mollusca
	Invertebrate, bilateral symmetry
	Gastropod, bivalves, cephalopod

	Echinoderm
	Invertebrate, usually aquatic, spiny skin
	Sea stars, sea urchins


Table 3: Major phyla of the animal kingdom.
Which phylum would an octopus be classified under?

Vocabulary 

Ancestral traits: Traits inherited from a common ancestor. 
Autotroph: An organism capable of self-nourishment.
Archea: Domain that was formerly the Archaebacteria kingdom. 

Bacteria: Domain that was formerly the Eubacteria kingdom. 

Binomial nomenclature: Linnaeus’ method of naming species using a unique two-word name made up of the genus and species names. 

Clade: Group of organisms that includes an ancestor species and all of its descendants. 

Cladogram: Diagram showing evolutionary relationships within one or more clades. 
Common ancestor: Last ancestral species that two descendant species shared before they took different evolutionary paths. 

Derived traits: Traits that evolved since two groups shared a common ancestor.
Dichotomous Key: a tool used to identify previously classified species.
 Domain: Taxon higher than the kingdom.
Endosymbiotic theory: a theory that describes how large cells engulfed large cells leading the creation of eukaryotes. 

Eukarya: Domain that includes all four eukaryote kingdoms: plants, animals, protists, and fungi. 

Eukaryote: Organisms whose cells have nuclei. 

Fossils: The preserved remains of organisms that lived in the past.
Fungi: Kingdom of eukaryote organisms such as mushrooms and molds. 

Genus: Taxon that is a division of a family. 

Kingdom: Major grouping of organisms, such as plants or animals. 
Linnaean Classification System: A system of dividing organisms into categories based on physical features.
Molecular clock: uses DNA sequences to estimate how long it has been since related species diverged from a common ancestor.
Monera: Original name of the kingdom that included all bacteria. 

Parsimony: Choosing the simplest explanation from among all possible explanations. 

Phylogenetic classification: Classification of organisms on the basis of evolutionary relationships. 

Phylogenetic tree: Diagram representing a phylogeny. 

Phylogeny: Evolutionary history of a group of genetically related organisms. 

Prokaryote: Organism whose cells lack nuclei. 

Protista: Kingdom of single-celled, eukaryote organisms such as protozoa, often called “protists.” 

Species: Group of organisms that are similar enough to mate and produce offspring together. 

Taxa: Categories of organisms in a taxonomy. 

Taxonomy: Method of organizing living things into groups. 
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