Chapter 15 Lecture Outline

Introduction
Are Birds Really Dinosaurs with Feathers?

A.
Evolutionary biologists can learn much about the history of life on Earth from fossil records. John Ostrum raised the controversial question about the origin of birds and the relationship with dinosaurs as their predecessor.


B.
Through careful analysis of fossil records, Ostrum presented a convincing argument supporting the theory that birds are descendents of dinosaurs (Archaeopteryx, left page in text).


C.
More evidence was presented in support of Ostrum’s theory with the new method of evaluating evolutionary relationships called cladistic analysis.


D.
The current hypothesis of the origin of birds from dinosaurs is now widely accepted.


E.
Now the debate by the evolutionary biologist is, “How did dinosaurs learn to fly?” There are two common scenarios.


1.
Feathered dinosaurs used their feathers to assist when capturing prey or escaping predators.


2.
They used them to glide to the ground from trees.


F.
The second scenario has gained favor, particularly in light of the most recent discovery of a fossil (Microraptor, right page in text) that dates back to 120 million years. This fossil is a feathered, four-winged gliding dinosaur.


I.
Macroevolution and Earth’s History

Module 15.1 The fossil record chronicles macroevolution.



Review: The fossil record (Module 13.2).


A.
Macroevolution, the main events in the evolutionary history of life on Earth, is determined by comparing the fossil records in strata representing various ages, from various parts of Earth’s surface.


B.
Using the information gleaned from fossil sequences, a geologic record has been established by geologists. The geologic time scale is a standardized, hierarchical system of age categories (Table 15.1). Earth’s history is divided into three eons: Archaean, Proterozoic, and Phanerozoic. Archaean and Proterozoic are grouped together into the Precambrian, which lasted approximately 4 billion years. The Phanerozoic covers approximately the past 550 million years.


C.
The oldest fossils are of microorganisms from 3.5 billion years ago (bya) during the early Precambrian era. The oldest eukaryote fossils are from 2.2 bya and multicellular organism fossils are from 1.2 bya.


D.
Late Precambrian fossils show that animal life had diversified by 600 million years ago (mya).


E.
Early Paleozoic (542 mya) rocks bear fossils that gave rise to modern organisms, as well as fossils of extinct lineages.


F.
By 400 mya, during the middle Paleozoic (“ancient animal”) era, life had moved out of water and onto dry land.


G.
The Mesozoic (“middle animal”) era is the age of reptiles and cone-bearing plants. During this era, the first mammals, birds, and angiosperms appeared.


H.
The Cenozoic (“recent animal”) era began 65 mya and is the age of mammals and flowering plants.


I.
Homo sapiens arose during the Pleistocene epoch (100,000 to 200,000 years ago).



Preview: Human evolution is discussed in Chapter 19.

Module 15.2
The actual ages of rocks and fossils mark geologic time.


A.
The record of fossils in rock strata chronicles the relative ages of life.


B.
The actual ages of fossils can be obtained by radiometric dating. Radioactive isotopes “decay” at a known rate relative to other isotopes. For instance, half of an amount of 14C decays to 12C in 5,730 years. Measuring the relative amounts of the two isotopes in a sample (and comparing this ratio to the ratio known to have been in the original organism, that is, the ratio of 14C to 12C in the atmosphere) gives the actual age of the sample, with an error factor of about 10%. Elements with longer half-lives are used to date older fossils for example potassium-40 (40K) has a half-life of 1.3 billion years.

Module 15.3
Continental drift has played a major role in macroevolution.


A.
In 1912, Wegener proposed continental drift as a mechanism that accounts for the similarities of coastal outlines of present-day continents. The proposal was not accepted because geologists knew of no method that would cause continents to move.


B.
Continents are the above-water parts of crustal plates that “float” on the underlying mantle. New crust is formed along ocean ridges, and old crust is destroyed at the leading margins of the plates (Figure 15.3A).


C.
About 250 mya, the present continents were united as a single supercontinent called Pangaea. This must have made weather patterns and climate much different than they are now (Figure 15.3B).


D.
In the early Mesozoic (180 mya), Pangaea began to break apart, first forming northern (Laurasia) and southern (Gondwana) landmasses. This process was completed 135 mya (Figure 15.3B).


E.
About 65 mya, the beginnings of the modern continents could be seen (Figure 15.3B).


F.
Continental drift is an ongoing process. For example, the ongoing collision in the Himalayan region is creating forces that are splitting the Indo-Australian plate, resulting in Australia moving independently of India.


G.
Relative distributions of present-day life forms and their fossilized ancestors are explained by the proposed course of recent continental drift (Figures 15.3C and D).



NOTE: The example your students will be most familiar with is the California earthquakes (Module 15.4).

Module 15.4
Connection: Tectonic trauma imperils local life.


A.
The geologic processes that move Earth’s crustal plates are called plate tectonics.

B.
Earthquakes are the result of the movement of crustal plates (Figure 15.4A).


C.
Volcanic eruptions occur along plate margins or mid-ocean ridges and can build mountains or islands, such as the Galápagos (Figure 15.4B), and can pose a threat to local populations (Figure 15.4C).

Module 15.5
Mass extinctions were followed by diversification of life-forms.


A.
During the past 600 million years, there have been six mass extinction events. During these events, the extinction rate was massive, and two have been studied extensively.


B.
A major extinction occurred at the end of the Permian period, coinciding with the formation of Pangaea. At this time, more than 96% of all species of marine animals went extinct. The cause of this mass extinction coincides with an exceptionally active volcanic period in present-day Siberia.



NOTE: The ends of the major eras (Paleozoic and Mesozoic) discussed in Module 15.3 correspond to the major extinction events. The dividing lines between the periods correspond to other major changes in fossil assemblages.


C.
At the end of the Cretaceous period (65 mya), many lineages of terrestrial plants and animals and about half the marine animals, became extinct.


D.
Particularly noteworthy was the demise of the dinosaurs (within a span of less than 10 million years), which had dominated the land and air for 150 million years during the Mesozoic era.


E.
Several, not necessarily mutually exclusive, explanations have been proposed to account for this change: an asteroid impact in what is now the Caribbean Sea (Figure 15.5), slow changes in climate due to continental drift, and massive volcanic activity in India during the late Cretaceous that contributed to cooling.


F.
Mass extinction events are followed by huge increases in diversity as surviving organisms (apparently) exploit new environmental opportunities.


II.
Phylogeny and Systematics

Module 15.6 Phylogenies are based on homologies in fossils and living organisms.


A.
The evolutionary history of a group of organisms is called phylogeny (phylon is Greek for tribe, and genesis means origin).


B.
Systematics is the analytical approach to the study of the diversity of life and the evolutionary relationships of organisms.


C.
Fossil records, though incomplete, are reconstructed to gain insight into the phylogenic relationships of organisms.


D.
Other approaches such as morphologic and molecular similarities are used to study phylogeny. Organisms that share structural similarities may have common ancestral backgrounds and, therefore, can be described as having homologous structures.


E.
Organisms are not required to share common ancestors to have similar structures. In a process called convergent evolution, unrelated organisms can develop functionally and morphologically similar structures (Figure 15.6). Structural similarities of this type are referred to as analogous structures. Chance molecular similarities between two organisms that are not a result of common ancestry are called homoplasies.

Module 15.7 Systematics connects classification with evolutionary history.


A.
Reconstructing phylogenies, assigning scientific names, and classifying the names are all aspects of the biological science of systematics.


B.
Common names can be ambiguous because there are so many species and because different people use different names for the same species or the same name for different species. For example, crayfish (Cambarus pocatus) is also called a crawdad, stone crab, or mud bug. Panulirus argus is also called a crayfish but also goes by the names of spiny lobster, crawfish, rock lobster, and langouste. To add to the confusion, compare the following names: crayfish, jellyfish, and silverfish and note that none are fish.


C.
Linnaeus devised the binomial form for a species’ scientific name (genus name plus specific epithet—for example, Felis catus, the domestic cat) and a hierarchical system of progressively broader categories (Figure 15.7A).



NOTE: The species name is always italicized or underlined.


D.
Systematics reflects the hierarchical nature of biology. The major levels of classification, from most to least inclusive, from a lesser degree of relatedness to a greater degree of relatedness, are domain, kingdom, phylum, class, order, family, genus, and species.


NOTE: A good mnemonic for this hierarchy is “Dear King Phillip Come Out For Goodness’ Sake.”


E.
Ideally, the species taxon is based on a real group in nature (biological species), but all the other larger taxa are determined according to systematists’ understanding of relationships between and among species.


F.
Although identifying species often requires judgment calls, classifying species into higher taxa always does.


G.
It has always been a goal of taxonomists to have their taxonomic systems reflect the evolutionary relationships and phylogeny of whatever groups are in the phylogenetic tree (Figure 15.7B).

Module 15.8 Cladograms are diagrams based on shared characters among species.


A.
Cladistics is concerned only with the order of branching in phylogenetic lineages. Each branch on a cladogram represents the most recent ancestor common to all the taxa beyond that point. All the taxa above a branch share one or more homologous features. The result of this analysis should be clades (groupings) consisting of taxa that are monophyletic or from a “single tribe” (Figure 15.8A).


B.
Homologous characters shared by a group of species and their common ancestor are called shared primitive characters. For example, the common ancestor of all vertebrates had five toes; therefore, the presence of five toes is a primitive character.


C.
Homologous characters unique to each lineage are called shared derived characters. For example hair and mammary glands are derived characteristics that distinguish the mammalian lineage from other vertebrates.



NOTE: These shared derived characteristics are termed synapomorphies.


D.
The comparison of an in-group with an out-group aids in the determination of whether a character is primitive or derived. The in-group consists of the taxa being analyzed. The out-group, while having a known relationship to the in-group, is not a member of the 
in-group. Characters shared by the in-group and out-group are considered shared primitive characters; characters unique to the in-group are considered shared derived characters.


E.
Derived characteristics are used to identify branch points of a cladogram (the opposable thumb is a derived characteristic used to separate primates from other mammals).


F.
Cladistics is particularly well suited for analysis of the similarities and differences of molecular data, which may be done entirely objectively and parsimoniously. Parsimony seeks the simplest explanation of observed data.


G.
Cladistics has demonstrated that birds are a lineage of dinosaurs more closely related to crocodiles than are lizards and snakes (Figure 15.8B). This is the preferred classification of these groups that many biology textbooks (including this one) have adopted.

Module 15.9
Molecular biology is a powerful tool in systematics.


A.
Molecular systematics uses DNA and RNA to compare relatedness and is a useful tool for tracing evolutionary history. The closer the nucleic acid sequences are between two organisms, the more likely that they share a common ancestor.


B.
Bears and raccoons have long been recognized to be closely related mammals based on morphology, but such relationships can be clarified by analyzing DNA and proteins. This example is based on DNA and blood proteins. High amino acid or nucleotide sequence homology indicates similarities between species and recent divergence in the phylogenetic tree. Data suggest that lesser pandas may be more closely related to raccoons than to bears (Figure 15.9A).


C.
Molecular trees can cover both long and short periods of time. rRNA comparisons are used for analyses that date back hundreds of millions of years, while mtRNA is used for more recent molecular analyses. We are more closely related to fungi than to green plants (Figure 15.9B).


D.
Molecular comparisons using DNA pose challenges when homologous regions are aligned. DNA analysis is not difficult if the species being compared are closely related, differences may be only a few nucleotides. However, if the species are distantly related, the problem of DNA alignment requires computer-assisted analysis that seeks homologous regions; then alignments are made and homologies determined.


E.
Molecular clocks can be used to accurately measure the rate change in nucleotide sequences over time. Comparisons of known divergent events and molecular sequence changes correlate closely over time. For example, an analysis of the fossil record of sharks and tuna compared to the genes of these species indicates that sharks and tuna diverged much further back in time than perhaps bats and dolphins. Molecular divergence has kept better track of time than have morphological changes.



Review: Many molecular techniques are discussed in Chapter 12.


F.
Based on the molecular evidence gathered from entire genomes, it has been determined that we are more closely related to the chimpanzee than to the gorilla (Figure 15.9C).

Module 15.10
Arranging life into kingdoms is a work in progress.


A.
Linnaeus used a two-kingdom system to categorize life at the most inclusive level of classification.



Review: The diversity of life can be arranged into three domains (Module 1.5).


B.
In 1969, Whittaker proposed a five-kingdom system (Figure 15.10A): Monera (prokaryotes), Protista (unicellular eukaryotes), Plantae (multicellular eukaryotes, photosynthetic autotrophs with cell walls), Fungi (eukaryotic decomposers with cell walls), and Animalia (multicellular eukaryotes without cell walls, heterotrophs).



NOTE: The multicellular protists are highly variable in the degree to which their cells are cooperative/specialized. A sequence can be set up that reflects hypothesized intermediates from unicellularity to true multicellularity.


C.
The Protista comprise a polyphyletic group that will be split into several kingdoms.


D.
With the advent of molecular systematics and cladistics, the classification systems in current use will certainly undergo modifications.


E.
This text uses the three-domain system (Figure 15.10B): Bacteria and Archaea are composed of the prokaryotes, and Eukarya are the eukaryotes.


F.
Preview: As will be discussed in Module 16.8, Archaea are more closely related to Eukarya than they are to Bacteria.

