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Chapter 18

Branches of the Tree of Life
by Gail Gasparich and Lydia B. Daniels
Once, the classification of organisms (phylogeny) was simple: living things were either plants or animals. Classification became a little more complex when microorganisms were discovered, but scientists just grafted another branch, the protists, to the phylogenic tree. Another discovery—that there are only two kinds of cells, prokaryotic and eukaryotic—simplified things again and let us prune the tree back to two branches. Because scientists still tended to classify organisms based on physical characteristics, most found the two-branch tree too limiting, so the most commonly used phylogenetic tree actually had five branches: Animals, Plants, Protists, Bacteria, and Fungi. However, a group of bacteria newly recognized as a separate group, the Archaea, have us again asking how many branches there are on the Tree of Life. 

Archaeans were first isolated from the hot sulfur springs of Yellowstone National Park but have since appeared in some unexpected places, including 3.5-billion-year-old rocks from Australia and Africa. These fossils suggest that the Archaea are among the oldest organisms on Earth, even older than other bacteria. But this is very puzzling, because when scientists examined Archaean ribosomal RNA (http://www.fossilmuseum.net/Tree_of_Life/Domains_Archaea_Bacteria/Domains_Archaea_Bacteria.htm), they found them much more like the ribosomes of eukaryotic cells, which were thought to be evolutionarily "younger" organisms, rather than prokaryotic (bacterial) ribosomes. A dilemma arose: How could these Archaea be "older" than the other bacteria but have a "modern" ribosome? 

Based on the analysis of ribosomes, Dr. Carl Woese (http://www.life.uiuc.edu/micro/woese.html) suggests that the Archaea should be their own branch on the tree, which is called a domain. The bacteria would constitute a separate domain, as would the eukaryotes, bringing the number of branches back to three. This suggestion is controversial because using ribosomal RNA information to place other organisms, such as whales, on the phylogenetic tree doesn’t always give the same placement as when scientists use traditional methods, such as body structure. Until scientists learn how to reconcile molecular information with physical information, the Tree of Life will continue to be pruned and grafted. 

1. Why may the analysis of ribosomes be a better means of classifying organisms than the analysis of organism structures?
Web Investigations









Chapter 18
Origin of a Killer
Estimated time: 20 minutes

The search for the origins of the HIV viruses involves the often conflicting activities of evolutionary biologists, epidemiologists, clinicians, and social activists. Alternate theories, intricate data analyses, and contradictory conclusions are common. This exercise will explore popular theories and recent developments in HIV studies. 

1. Most researchers agree that both HIV viruses were originally transmitted from primates to humans. What they disagree about is how and when (http://www.avert.org/origins.htm) the transfer took place. What primate species were the "original" hosts? 


2. Edward Hooper has popularized the iatrogenic (medically caused) oral polio vaccine theory, i.e., HIV was passed to humans when HIV-1-contaminated chimpanzee cells were used to prepare vaccines (http://www.uow.edu.au/arts/sts/bmartin/dissent/documents/AIDS/River/Prospect.html). According to this theory, when should the first cases of HIV-1 have occurred? 

3. After extensive testing, researchers identified an African HIV-1-infected plasma sample (http://www.aegis.com/news/ads/1998/ad980242.html) originally collected in 1959. However these researchers think that HIV-1 evolved much earlier. Why? 

 4. In 2000, Belgian researchers presented evidence for an even earlier viral origin (http://www.aegis.com/news/newsday/2000/ND000710.html). How does this affect the polio vaccine theory? 

5. The Hunt for the Origin of AIDS (http://www.theatlantic.com/issues/2000/10/cohen2.htm) summarizes various theories and recent research, including HIV-2 data and possible chimp-to-human transmission mechanisms. How and when do you think HIV-1 and HIV-2 first infected humans? 
Issues in Biology










 Chapter 18
Classification Conundrums—What Is a Kingdom, Anyway?
As your textbook explains, the hierarchical classification system now used by biologists originated with Aristotle and was arranged in its modern format by Carolus Linnaeus (http://www.ucmp.berkeley.edu/history/linnaeus.html). The seven major categories of the hierarchy below the domain level—kingdom, phylum/division, class, order, family, genus, and species—are sometimes referred to as Linnaean categories.

Systematics involves naming organisms and categorizing them on the basis of their evolutionary relationships (that is, their phylogeny). As is true of any scientific discipline, systematic conclusions are only tentative. Whenever newer and more complete data on phylogeny are available, the systematic status of taxonomic groups will change. Why should anyone be surprised that a system developed at least a century before Darwin's time might be having problems? Both the techniques of data acquisition available to systematists and the procedures of their discipline have changed dramatically since even the 1950s, when Whittaker introduced the five-kingdom system that is now being challenged.

Why this is so important, and why it has such a dramatic effect on which classification scheme you learn, requires some knowledge of taxonomic philosophy. There are three currently available schools of taxonomy. Classical, or traditional (sometimes called evolutionary), taxonomy attempts to meld information on past evolutionary branching patterns with the degree of divergence of the considered taxonomic groups. Phenetic taxonomy is classification on the basis of morphological similarity. Cladistic (often called phylogenetic) taxonomy is based solely on what can be discerned of the past evolutionary branching patterns.

As the name implies, the traditional school was the dominant view of systematics for a long time. Currently, the cladistic school predominates. That this has consequences for the taxonomy and systematics of organisms can be illustrated by the classification of birds. Traditionalists have no problem with the vertebrate class Aves (birds), especially considering the novel features that birds evolved compared to most reptiles. Cladists, who are concerned only with branching patterns, recognize the birds as only one evolutionary lineage of dinosaurs and thus as unworthy of recognition as their own class (see "Dinosauricon") (http://dinosauricon.com/taxa/avialae.html).

Is it time to acknowledge that the goals of the science of systematics do not entirely correspond to the needs of an informed public (or of an introductory biology class)? In general, the goals of systematics are to have stability (that is, names that do not change over time), to demonstrate uniqueness (that is, one taxonomic category, one name), and to indicate relationships (named groups at a given taxonomic level should be closer relatives than are groups at other levels). These goals allow for maximum information retrieval capability. Traditionalists have long admitted the lack of correspondence between different taxonomic levels (consider two genera: the genus Solidago, goldenrods, has more than 100 species, whereas genus Pandion, the osprey, has only one species). Even allowing for extinctions over time, there can be little branching-sequence equivalence to these genera, although there may be an equivalent amount of divergence. As professional systematists place more significance on branching relationships, the Linnaean categories have less usefulness. However, perhaps it is no more reasonable to expect the general public to follow the currents in professional systematics, or to learn each new category or branching sequence that is uncovered, than it was to expect the general public to keep up with each twist and turn of biological nomenclature (http://www.inform.umd.edu/PBIO/nomcl/indx.html).

Given the current concerns about biodiversity and its loss, perhaps it is most reasonable to adopt a standardized taxonomy of common names—one based on reasonable and apparent properties of the organisms. This does not necessarily void the goals of the professionals, but it adds a goal of accessibility for the nonprofessional. It is not really a novel idea; it has had a long tradition in ornithology. The American Ornithologists' Union (http://www.aou.org/) is responsible for maintaining a list of standardized common names of the birds of North America. The Society for the Study of Amphibians and Reptiles (http://www.ssarherps.org/) has been doing the same for North American species for years. Standardized common names can be reasonable for indicating relatedness, too (for example, woodpeckers or water snakes), and such names are more widely used and understood outside the profession. It would also allow for the reasonable consideration of, for example, the algae within the plant kingdom, with no apologies. What is a kingdom, indeed? 

1. What other examples of classification problems can you think of? 

2. In what way is domain-level and kingdom-level organization useful? How does knowledge of an organism's domain differ from knowledge of its genus or species? 

3. Do you think that a standardized classification of common names could be more stable than the scientific classifications have become? 
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Chapter 18
1. What contributions did Aristotle, Linnaeus, and Darwin each make to modern taxonomy?

2. What features would you study to determine whether a dolphin is more closely related to a fish or to a bear?

3. What techniques might you use to determine whether the extinct cave bear is more closely related to a grizzly bear or to a black bear?

4. Only a small fraction of the total number of species on Earth has been scientifically described. Why?

5. In England, “daddy long-legs” refers to a long-legged fly, but the same name refers to a spider-like animal in the United States. How do scientists attempt to avoid such confusion?

Applying the Concepts









Chapter 18: 

1. There are many areas of disagreement about the classification of organisms. For example, there is no consensus about whether the red wolf is a distinct species or about how many kingdoms are within the domain Bacteria. What difference does it make whether biologists consider the red wolf a species, or into which kingdom a bacterial species falls? As Shakespeare put it, “What’s in a name?”
2. The pressures created by human population growth and economic expansion place storehouses of biological diversity such as the Tropics in peril. The seriousness of the situation is clear when we consider that probably only 1 out of every 20 tropical species is known to science at present. What arguments can you make for preserving biological diversity in poor and developing countries, such as those in many areas of the Tropics? Does such preservation require that these countries sacrifice economic development?  Suggest some solutions to the conflict between the growing demand for resources and the importance of conserving biodiversity.
3. During major floods, only the topmost branches of submerged trees may be visible above the water. If you were asked to sketch the branches below the surface of the water solely on the basis of the positions of the exposed tips, you would be attempting a reconstruction somewhat similar to the “family tree” by which taxonomists link various organisms according to their common ancestors (analogous to branching points). What sources of error do both exercises share? What advantages do modern taxonomists have?
4. The Florida panther, found only in the Florida Everglades, is currently classified as an endangered species, protecting it from human activities that could lead to its extinction. It has long been considered a subspecies of cougar (mountain lion), but recent mitochondrial DNA studies have shown that the Florida panther may actually be a hybrid between American and South American cougars. Should the Florida panther be protected by the Endangered Species Act?
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Chapter 18

1. What is the scientific reasoning behind shifting from a two-domain to a three-domain classification? 

2. Under what conditions is the "biological species definition" difficult or impossible for systematists to apply to a population of organisms? 

3. What does the phrase "phylogenetic species concept" mean? 

4. Why can't systematists use physical similarity as the only criterion for inferring relatedness between species? 

5. What anatomical features are useful to systematists in determining relationships between species? 

6. What inherited features of a species are useful to systematists in determining relatedness? 

7. Why was the five-kingdom system of classification proposed by Whittaker in 1969 an improvement over the older two-kingdom system? 

8. There are currently four kingdoms in the domain Eukarya. Why are systematists now considering adding more kingdoms to the classification system? 


9. Why is it that most of the species described by biologists are animals? 


10. What problems are there in trying to determine the number of species of bacteria? 


11. Do you think that birds should be categorized apart from reptiles? Why or why not? 


12. What does the genetic variability among human populations suggest about the place of origin of humans? 
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Chapter 18
Figure 18-8 Reptiles are not a monophyletic group

Question: Consider the following list of groups: (1) protists, (2) fungi, (3) great apes (chimpanzee, pygmy chimpanzee, gorilla, orangutan, and gibbon), (4) seedless plants (ferns, mosses, and liverworts), (5) prokaryotes (bacteria and archaea), (6) animals. Using Figures 18-5, 18-6, E18-1, and 21-1 for reference, identify the monophyletic groups on the list.

1. The science of reconstructing evolutionary history is: 

a. ethology.
b. archaeology.
c. anthropology.
d. systematics.
e. systems analysis.

2. The scientific name is composed of two classification categories, the: 

a. Domain and Kingdom.

b. antonym and homonym.

c. genus and species.

3. Classification categories are arranged into a ___________, where each successive category is increasingly narrow and specifies a group whose common ancestor is increasingly recent. 

a. ladder

b. hierarchy

c. stairway

d. checkerboard

1. The most inclusive (largest) classification category is the: 

a. Domain.
b. Phylum.

c. Kingdom.

d. Species.
e. Class.

2. The least inclusive (smallest) classification category is the: 

a. Domain.
b. Phylum.

c. Kingdom.

d. Species.
e. Class.

3. The correct sequence of the taxonomic hierarchy is: 

a. Domain, Kingdom, Class, Phylum, Order, Family, Genus, Species.
b. Domain, Kingdom, Phylum, Order, Class, Family, Genus, Species.
c. Domain, Kingdom, Phylum, Class, Family, Order, Species, Genus.
d. Kingdom, Domain, Order, Phylum, Class, Family, Genus, Species.
e. Domain, Kingdom, Phylum, Class, Order, Family, Genus, Species.

4. The category that is always italicized and capitalized is: 

a. Species.
b. Genus.

c. Family.

d. Phylum.
e. Class.

5. The category that is always italicized but never capitalized is: 

a. Species.
b. Genus.

c. Family.

d. Phylum.
e. Class.

6. Humans belong to the Family: 

a. Primates.

b. Hominidae.

c. Homo.

d. Eukarya.
e. Mammalia.

7. Humans belong to the Order: 

a. Primates.

b. Hominidae.

c. Homo.

d. Eukarya.
e. Mammalia.

8. Humans belong to the Genus: 

a. Primates.

b. Hominidae.

c. Homo.

d. Eukarya.
e. Mammalia.

9. Humans belong to the Class: 

a. Primates.

b. Hominidae.

c. Homo.

d. Eukarya.
e. Mammalia.

10. Humans belong to the Domain: 

a. Primates.

b. Hominidae.

c. Homo.

d. Eukarya.
e. Mammalia.

1. What is the most inclusive of the major taxonomic categories? 

a. genus

b. order

c. phylum

d. kingdom

e. domain

2. What is the least inclusive of the major taxonomic categories? 

a. species

b. order

c. phylum

d. division
e. class

3. Which kingdom comprises eukaryotic organisms that are typically unicellular? 

a. Animalia

b. Fungi

c. Archaea

d. Plantae
e. Protista

4. Which kingdom comprises eukaryotic organisms that are multicellular and autotrophic and possess cell walls? 

a. Animalia

b. Fungi

c. Archaea

d. Plantae
e. Protista

5. Which kingdom comprises eukaryotic organisms that are multicellular and heterotrophic and do not possess cell walls? 

a. Animalia

b. Fungi

c. Archaea

d. Plantae
e. Protista

6. Which of these scientific names of species is correctly written? 

a. Aneides Aeneus (the green salamander)

b. Crotalus horridus (the timber rattlesnake)
c. falco peregrinus (the peregrine falcon)

d. Marmota monax (the woodchuck)
e. Salmo (the rainbow trout)

7. In the following sequence what is missing from the hierarchy of major taxonomic categories (please list in order): species–_______–family–_______–class. 

a. genus, domain

b. genus, order

c. kingdom, order
d. order, genus
e. order, division



f. phylum, genus

8. Pretend that you could divide a funnel into seven horizontal layers and then you put all of the taxonomic categories into the funnel. Which taxonomic categories, representing individual species, would trickle out of the bottom of the funnel, one at a time? 

a. kingdoms and phyla

b. phyla and classes

c. classes and families
d. families and genera

e. genus and species (or genus species, i.e., the scientific name)

9. Which of the following is NOT used by taxonomists (biologists who classify organisms) to distinguish one species from another? 

a. genetic characteristics
b. similar features due to convergent evolution acting on distantly related species
c. distinguishing features seen in organisms during the development of an organism
d. external anatomical features

10. What is a domain? 

a. the broadest taxonomic category, of which there are three
b. the taxonomic category that contains insects, birds, and mammals
c. the taxonomic category that contains all living species of humans
d. a synonym for the taxonomic category, kingdom

11. Why can classification schemes (taxonomies) change from year to year? 

a. A population of individuals of one species evolves into a new species.
b. New species are discovered.
c. New data about previously described species is discovered.

d. all of the above
e. Both the second and third answers are correct.

12. Which of the following statements about biodiversity is (are) true? 

a. Bottled water is more biodiverse than pond water.
b. Tropical forests are more biodiverse than temperate forests.
c. Arthropods exhibit more biodiversity than mammals.
d. Both the second and third answers are correct.

13. How does molecular genetics help us to distinguish and evaluate the degree of evolutionary relatedness among species? 

a. by allowing us to compare nucleotide sequences of DNA from the same chromosomal regions from different species
b. by allowing us to compare DNA sequences from different chromosomal regions between two closely related species


c. The first two answers are both correct.


d. Neither of the first two answers are correct.

14. Anatomical features of species may not always be useful for determining species relationships because of 

a. convergent evolution
b. homologous structures

c. adaptation
d. common ancestry

15. Changes at the domain or kingdom levels of classification __________. 

a. never occur
b. rarely occur
c. occur about every five years
d. occur very frequently
16. The phylogenetic species concept stresses ______________ as the criterion for assigning individuals to the same species. 

a. anatomical similarity


b. recent common ancestry
c. potential for interbreeding

d. similarity in behavior

17. Some systematists would like to remove the class Reptilia from the classification system because __________. 

a. reptiles have evolved since the classification was established
b. reptiles have been found to consist of distantly related groups
c. reptiles are now extinct
d. there are other closely related groups that are currently not classified with the reptiles
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18. Identify the four kingdoms illustrated in the branch of the evolutionary tree seen on the left.
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19. The evolutionary tree above demonstrates the term monophyletic. Identify that portion that is monophyletic and that which is not monophyletic. 
[image: image3.png]



20. Using the evolutionary chart on the right as a guide, indicate which species of primate are most closely related. Start with the chimp as number 1 and continue to number the rest of the primates in descending order as they diverge farther and farther from the chimp. 
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