II.  How Are Living Organisms Classified?

Upon first observing the diverse organisms maintained at the ASLC, you might feel a bit overwhelmed in trying to comprehend how these organisms are related to one another.  However, a brief examination of taxonomy (Greek: tasso, to arrange or classify; nomos, law), that system used by biologists to categorize living organisms, can help all of us to better understand the similarities and differences among living creatures.  This will in turn deepen our appreciation for the amazing ways that Alaska’s marine inhabitants interact with one another and the rest of their environment.

Let’s make the point right off that taxonomists do not always agree among themselves as to just how a particular organism should be classified.  Still, making use of physical characteristics, gene analysis, and fossil studies are just some of the ways that these scientists try to better establish the place of a particular organism amongst the estimated 3 to 30 million species presently inhabiting the earth.  As scientists learn more of the relationships between living and extinct organisms, the general trend is towards a more reliable taxonomic understanding of all living and once-living things.

Classification Categories

Biologists today classify living organisms according to the following categories, here listed from the most general (Domain) to the most specific (species):
· Domain

· Kingdom

· Phylum

( Class

( Order

( Family

( Genus

( Species
Due to recent discoveries, the higher ranks of classification have changed.  We now recognize three Domains: the Archaea (primitive bacteria), Bacteria, and Eukaryota.  While this text very briefly considers the Bacteria  and two of its representatives (see Chapter IV),  all other organisms are members of the Eukaryota, species whose cells contain membrane-bound organelles (e.g., the nucleus, mitochondria, and, in some cases, chloroplasts).
The following table summarizes the characteristics of the three Domains:

Table II.1  The Three Domains

	Domain Bacteria
	Characterisitcs

	
	· lack a nuclear envelope
· circular chromosome
· DNA lacks histones
· exclusively single-celled (e.g., bacteria)
· lacks membrane-enclosed organelles
· contain peptidoglycan (sugars cross linked with peptides) in cell wall
· growth inhibited in presence of antibiotics

	Domain Archaea
	Characteristics

	
	· lack a nuclear envelope

· circular chromosome

· histones associated with DNA

· exclusively single celled

· lacks membrane-enclosed organelles

· lack peptidoglycan (sugars cross linked with peptides) in cell walls

· growth not inhibited in presence of antibiotics

· some species thrive at temperatures in excess of 100 oC

	Domain Eukaryota
	Characteristics

	
	· have a nuclear envelope

· lacks circular chromosome

· histones associated with DNA

· includes both single celled and multicellular examples

· has membrane-enclosed organelles

· growth not inhibited by antibiotics


Note that all of the domains can be differentiated from one another based upon certain subcellular (i.e., some component out of which a cell is composed) traits.  Now, having considered the characteristics of the three domains, let’s turn our attention to the kingdoms contained within the Domain Eukaryota.  Indeed, more than 99% of the species represented in this book are members of this Domain.  The characteristics of the 6+ Kingdoms from the Domain Eukaryota are summarized in the following table:

Table II.2.  Kingdoms of the Domain Eukaryota

	1.  Kingdom Plantae
	· unicellular and multicellular forms

· nearly all phyla have a cell wall

· photosynthetic, utilizing light energy

· chloroplasts enclosed by 2 membranes

· pigments: chlorophyll a and accessory pigments that include either green chlorophyll b or the red and blue phycobilin pigments

· storage reserve is a form of starch (primarily α-1,4 linked glucans)

· sexual and/or asexual reproduction

· examples:  flowering plants, gymnosperms, green and red algae, stoneworts, mosses, ferns

	2.  Kingdom Chromista
	· unicellular and multicellular forms

· most phyla have a cell wall

· photosynthetic and non-photosynthetic forms

· in the photosynthetic forms, the chloroplasts enclosed by 3 membranes

· photosynthetic pigments: chlorophyll a and accessory pigments that include chlorophyll c and often fucoxanthin

· storage reserve is a form of laminarin (β-1,3-linked glucans)

· often with laterally biflagellate motile stages

· examples:  brown algae, diatoms, golden algae, water molds, labyrinthulids

	3.  Kingdom Amoebozoa
	· unicellular or colonial

· lack a cell wall

· obtain nutrients from the environment

· movement via cytoplasmic streaming.

· slime molds, some amoebae

	4.  Kingdom Fungi 

(Referred to as Opistokonts when grouped with the Metazoa, their closest relatives)
	· multicellular and unicellular forms 

· with a cell wall

· absorb nutrients from environment

· non motile except for reproductive cells

· sexual and asexual reproduction
· examples:  mushrooms, mildews, Candida

	5. Kingdom Metazoa

(True animals --  referred to in earlier texts as Animalia)

	· multicellular

· lack a true cell wall

· obtain nutrients from environment, often engulfing other organisms

· generally motile

· sexual reproduction generally occurs (with some exceptions)
· examples:  true animals such as sponges, vertebrates, invertebrates, tunicates, etc.

	6+.  Kingdoms of Protozoa

(6 or more kingdoms of Protozoa are reported to exist)
	· unicellular, assorted flagellates and amoebae 

· most often lack a true cell wall

· photosynthetic and non-photosynthetic forms

· often with sexual reproduction

· many parasitic forms

· examples: euglenoids, dinoflagellates, ciliates, trichomonads, foraminifera, radiolarians


Note that each Domain or Kingdom is characterized in accordance with unique features of the cell or cells comprising organisms belonging to that kingdom.  The idea of a cell being the basic unit of life is reflected in the classification of living things, especially at this most general level.

It should be observed that each higher classification level can contain anywhere from one to many of the subsequent, more specific category.  For example, the kingdom Metazoa (multicellular animals) contains some 14 phyla (plural of phylum), which collectively include the sponges, cnidarians, comb jellies, flat worms, ribbon worms, nematodes, rotifers, onychophorans, acorn worms, annelids, arthropods, echinoderms, and chordates.  Similarly, in Alaska there are five species of Pacific salmon (their common names are the pink, chum, silver, sockeye, and king salmon) within the genus Onchorhynchus.

We should also note that this classification system categorizes organisms within the same, specific taxonomic grouping based upon characters that are believed to reflect closer relationships.  Therefore, all organisms that  have a membrane-bound nucleus in each cell, a cell wall, and produce energy by capturing light from the sun (photosynthesis) are classified as belonging to the plant kingdom, a very broad category.  Similarly, all aquatic mammals with a length of 1.2 – 32 meters, a horizontal tail, a torpedo-shaped body, front limbs modified into flippers, a layer of blubber beneath the skin, externally opening nostrils, presence of a blowhole, no hind limbs, no sweat glands, and no external ears are members of the animal order Cetacea, a more specific taxonomic group that contains the whales, dolphins, and porpoises.

Just to make the taxonomic system clearer still, let’s consider the Domain through species categories for a human being, the china rockfish (a very attractive fish featured here at the ASLC), and a marine algal species.
Table II.3.  Classification of three organisms
maintained at the Alaska SeaLife Center

	
	Human


	China Rockfish


	Rockweed

	Domain
	Eukaryota
	Eukaryota
	Eukaryota

	Kingdom
	Metazoa
	Metazoa
	Chromista

	Phylum 
	Chordata
	Chordata
	Ochrophyta

	Class
	Mammalia
	Osteichthyes
	Phaeophyceae

	Order
	Primates
	Scorpaeniformes
	Fucales

	Family
	Hominidae
	Sebastidae
	Fucaceae

	Genus
	Homo
	Sebastes
	Fucus

	Species
	Homo sapiens
	Sebasters nebulosus
	Fucus gardneri


Binomial System of Naming Living Organisms
You may have wondered why biologists assign these seemingly impossible-to-pronounce, multi-syllabic, Latin names to a particular organism.  The reason for this is both historical and practical.  From a historical perspective, the first individuals who formalized taxonomy lived during the seventeenth century and were educated in the European tradition, which often required that students learn Greek and Latin.  It seemed natural to them that they should apply one of these scholarly  languages to their system of biological categorization. From a practical perspective, they also saw the benefits inherent in standardizing the name of a particular organism so that two different researchers from two different countries could be certain that they were discussing the same creature.   Latin, no longer a spoken language but one that was only written, was not subject to the inevitable changes that will occur in other, spoken languages.  

This is an important issue when one realizes that a common name in one country is not necessarily the same common name of that species in another country.  Indeed, common names can even vary within a country.  For example, in the United States, the freshwater game fish Esox lucius is usually referred to as “northern pike” or simply “pike.”  In Canada it is often called a “jack.”  In Florida and the Gulf states, the term “jack” is applied to large, powerful marine game fishes of the family carangidae (i.e., the jacks and pompanos).  We can therefore appreciate that the use of a common name can quickly lead to taxonomic confusion!  Thus in the seventeenth century arose a system of applying a specific Latin name to a particular species (we will discuss just what is meant by the term species a little bit later).  The famous naturalist who established the accepted method for this classification system was Carolus Linnaeus, a Swedish physician and botanist.

Linnaeus’ method of classification is known as the binomial, meaning two-part name, system.  The first name is the genus, a level of biological classification that may contain anywhere from one to many species.  The second name is the specific name (specific epithet), which refers to one species within  that genus.  Thus, for example, as human beings we are scientifically classified as belonging to the genus Homo and the species sapiens, thereby making us Homo sapiens.  Note that the genus name, Homo, is capitalized and italicized while the specific epithet, sapiens, is not capitalized but is italicized.  To illustrate that different species can be contained within the same genus, consider that former, now extinct members of the genus Homo include Homo erectus and Homo habilis.

Having emphasized the need for assigning a scientific name to a species, it should be mentioned that scientists do not themselves always use these cumbersome binomial names to refer to the particular organism they happen to be working with, especially when they do so informally.  For example, in working here at the Alaska Sea Life Center with Gorgonocephalus caryi, the basket sea star, most scientists are likely to refer to it as simply a basket star.  If a research paper about this species were being published, the scientific name would likely appear in the title and in the early sections of the paper.  However, once having established what species the paper is discussing, many scientists will subsequently refer to the animal by its common name (in this example, the basket star).  Thus, do not feel as though you are being unscientific if you use a common name to refer to any living organism.  Just make certain that you know what scientific name corresponds to the organism referred to by that common name.  Again, do appreciate that what constitutes a common name in one geographic locale does not necessarily constitute that species’ common name in another area.  If there is a question that what you are calling, for example, a basket star is not the same species as what someone else is calling a basket star, then you can refer to the scientific name to make sure that you and the other individual are talking about the same species.

What is a Species?

Organisms that display the following characteristics are said to belong to a particular species, the lowest level of taxonomic classification:

· share a common gene pool
· produce viable offspring

· produce offspring that can function under natural conditions

Let’s consider each of these species characteristics.  For an organism to share a common gene pool, it must be capable of contributing its own genes to that of all the genes collectively contained in a population.  Such genes constitute the gene pool.  Production of  viable offspring simply means that the offspring generated are themselves capable of reproducing.  For organisms to be functional in a natural environment, they must be capable of surviving in that environment. The giant pacific octopus, Enteroctopus dofleini, breeds with other giant pacific octopuses (shares a common gene pool by combining its genes, contained in egg or sperm, during reproduction) and the resulting progeny are themselves capable of reproducing (viable) and surviving in the natural marine environment (functional).  Thus, all giant pacific octopuses belong to the same species.  

Although a horse and a donkey can mate (again, share a common gene pool) and thereby produce a mule that can survive under natural conditions, the mule is sterile and hence non-viable.  Thus, the horse and the donkey belong to separate species.

The Alaskan brown bear, Ursus arctos, and the polar bear, Ursus maritimus, were, until very recently, regarded as separate species because although they were known to mate under zoo/un-natural conditions and produce viable offspring, those offspring were assumed to be incapable of surviving in a natural environment.  However, in 2006 a hunter in northern Canada shot and killed what he thought was a polar bear.  Upon up-close inspection of this animal, it was noted that it had a mix of physical characteristics, some unique to brown bears and some unique to polar bears.  DNA analysis confirmed that this bear was a natural hybrid between polar and brown bear parents.  Thus, the verdict remains out on whether or not polar and brown bears are separate species or whether they are more closely related and thus considered subspecies of a single species.  This example illustrates the challenges that taxonomists sometimes face in assigning proper phylogenetic status to an organism.
If you are feeling a bit overwhelmed with all of this taxonomy business right now, never fear!  Rest assured that if you can learn the names of the following animal phyla (see chapters on phyla), learn a few of the subphyla and classes within those phyla (and maybe even the occasional order within certain classes!), and then some of the common names of the species within those classes, you’ll be well on your way to understanding the classification of and relationships among the organisms featured here at the ASLC.  Then, as your natural curiosity gets you to inquire a bit about the habits of species within those classes,  you’ll be in a position to help other folks better understand the animals.  Who knows, maybe you’ll even be curious to learn of the various orders, families, genera, and even the species names within those genera.  Be forewarned not to overdo it on the scientific names when meeting with the average visitor; for example, instead of discussing a Eumetopias jubatus, you might be better off calling it a Steller sea lion, the common name of this marine mammal.  Still, this is not meant to imply that there isn’t a proper time and a place for the use of species names.

