EVOLUTION & SPECIES DIVERSITY

· Geologists divide Earth's history into four eons: Hadean eon, the Archean eon, the Proterozoic eon, and the Phanerozoic eon. The Phanerozoic eon is divided into eras, which further subdivided into periods. The boundaries between these divisions are based on major differences in the fossils contained in successive layers of rocks.
· The atmosphere of early Earth was a reducing one; that is, it lacked free oxygen. Perhaps the most important environmental change since Earth cooled enough for water to condense on its surface is the largely uni- directional increase in atmospheric O2 concentrations that began in the Phanerozoic eon. The oxygen concentration increased because certain sulfur bacteria evolved the ability to use water as the source of hydrogen during photosynthesis. The cyanobacteria that evolved from these sulfur bacteria became very abundant. They liberated enough O2 to open the way for the evolution of oxidation reactions as the energy source for the synthesis of ATP.

· Unlike the largely unidirectional change in O2 concentration in Earth's atmosphere, most major changes on Earth have been characterized by irregular oscillations in the planet's internal processes, such as the activity of volcanoes arid the shifting and colliding of the  cotinents. External events, such as collision with meteorites, have also left their mark, sometimes causing major disruptions in the history of life.
· The movement of the plates and the continents they contain-a process known as continental drift has had enormous effects on climate/ sea levels, and the distribution of organisms. The positions and sizes of the continents influence ocean circulation patterns and sea levels. Mass extinctions of species, particularly marine organ- isms, have usually accompanied major drops in sea level (Figure 19.3). Through much of its history, Earth's climate was considerably warmer than it is today, and temperatures decreased more slowly toward the poles at other times, however, Earth was colder than it is today. Large areas were covered with glaciers during the late Proterozoic, the Carboniferous, the Permian, and the Quaternary, but these cold periods were separated by long periods of milder climates. Usually climates change slowly, but major climatic shifts have taken place over periods as short as 5,000 to 10,000 years, primarily as a result of changes in of volcanic eruptions.

· The hypothesis that the mass extinction of life at the end of the Cretaceous period, about 65 mya, might have been caused by the collision of Earth with a large meteorite was proposed in 1980 by Luis Alvarez and several of his colleages at the University of California, Berkeley. These scientists based their hypothesis on the finding of abnormally high concentrations of the element iridium in a thin layer separating rocks de- posited during the Cretaceous from those of the Tertiary (Figure 19.5). Iridium is abundant in some meterorites but is exceedingly rare on Earth's surface. This controversy has stimulated much activity. Some scientists have tried to locate the site of impact of the sup- posed meteorite. The theory was supported by the discovery of a circular crater 180 km in diameter buried beneath the north coast of the Yucatan Peninsula, Mexico, thought to have been formed by an impact 65 mya.
· Geological evidence is a major source of information about changes on Earth during the remote past. But the preserved remains of organisms that lived in the past, not the rocks themselves, are what have enabled geologists to order those events in time. Much of what we know about the history of life is derived from fossils-the preserved remains of organisms or impressions of organisms in materials that formed rocks. An organism is most likely to be preserved if it dies or is deposited in an environment that lacks O2. However, most organisms live in oxygenated environments and therefore decompose when they die. Thus many fossil assemblages are collections of organisms that were transported by wind or water to their final site.  The sample of fossils, although small in relation to the total number of extinct species, is better for some groups than for others. The record is especially good for marine animals that have hard skeletons. Occasionally, however, organisms are preserved where they lived. 
Summary of the History of Life on Earth
· Biological evolution is change over time in the genetic composition of members of a population.

Determining How Earth Has Changed

· Microevolutionary changes take effect over a small number of generations, macroevolutionary changes over centuries, millennia, or longer. The relative -ages of rock layers in Earth's crust were determined from their embedded fossils. The eons during which the rock layers were laid down are divided into the eras and periods of Earth's geological history. The boundaries between these units are based on differences between their fossil biotas. Review Table 19.1

· Radioisotopes supplied the key for assigning absolute ages to the boundaries between geological time units. 

Unidirectional Changes in Earth's Atmosphere

· The early atmosphere was a reducing atmosphere; it lacked free oxygen. Oxygen accumulated after prokaryotes evolved the ability to use water as their source of hydrogen ions in photosynthesis. Increasing concentrations of atmospheric oxygen made possible the evolution of eukaryotes and multicellular organisms. 
Processes of Major Change on Earth
· Physical conditions have changed dramatically and repeatedly during Earth's history. Review Table 19.1. Throughout Earth's history continents have drifted about, sometimes separating from one another, at other times colliding. Collisions typically have led to periods of massive volcanism, glaciations, and major shifts in sea levels and ocean currents. 

· External events, such as collisions with meteorites, also have changed conditions on Earth. A meteorite may have caused the abrupt mass extinction at the end of the Cretaceous period. Most other mass extinctions were apparently caused by events originating on Earth.

The Fossil Record of Life
· Much of what we know about the history of life on Earth comes from the study of fossils.

· The fossil record, although incomplete, reveals broad patterns in the evolution of life. About 300,000 fossil species have been described. The best record is that of hard-shelled animals fossilized in marine sediments.

· Fossils show that many evolutionary changes are gradual, but an incomplete record can falsely suggest or conceal times of rapid change. 
Life in the Remote Past
· The fossil record for Precambrian times is fragmentary, but fossils from Australia show that many lineages that evolved then may not have left living descendants.

Patterns of Evolutionary Change
· Truly novel features of organisms have evolved infrequently. Most evolutionary changes are the result of modifications of already existing structures. Striking changes in form can be caused by simple genetic changes that alter the rates of growth of different body parts. 
· Extinctions of major groups opened evolutionary opportunities for other groups of organisms. 
· Throughout evolution, organisms have increased in size and complexity. Predation rates have also increased, resulting the evolution of better armor among prey species. 
The Speed of Evolutionary Change

· After each mass extinction, the diversity of life rebounded within 7 million years, but the groups of organisms that dominated the new biotas differed markedly from those characteristic of earlier biotas.

· Rates of evolutionary change have been very uneven, but even the fastest rates are slow enough to have been caused by known evolutionary agents.

· Periods of rapid evolution have followed times of mass extinction. Rapid evolution also has been stimulated by the provincialization of biotas when continents drifted apart. 
The Future of Evolution
· The agents of evolution continue to operate today, but human intervention, whether deliberate or inadvertent, now plays an unprecedented role in the history of life.

Summary of the Mechanisms of Evolution
· Biological evolution is a chang overtime in the genetic composition of members of a population. 

· A population evolves when individuals having different genotypes survive or reproduce at different rates. 

· Biological evolution results from the actions of evolution ary agents over million of years. 
Variation in Populations 

· For a population to evolve, its members must possess genetic variation, which is the raw material on which agents of evolution act. High levels of genetic variation characterize nearly all natural populations. 
· Allele frequencies measure the amount of genetic variation in a population. Genotype frequencies show how a population's genetic variation is distributed among its members. . Biologists estimate allele frequencies by measuring a sample of individuals from a population. The sum of all allele frequencies at a locus is equal to 1. 

· Populations that have the same allele frequencies may nonetheless have different genotype frequencies. 
Preserving Genetic Variability: The Hardy-Weinberg Rule 
· A population that is not changing genetically is said to be in equilibrium. Hardy-Weinberg equilibrium is possible only if a population is very large, mating is random, and no evolutionary agents are acting on the population. 
· In a population at Hardy-Weinberg equilibrium, allele frequencies remain the same from generation to generation. In addition, genotype frequencies will remain in the propostionsp2(AA) + 2pq(Aa) + q2(aa) = 1. 
· Biologists can determine if an agent of evolution is acting on a population by comparing the genotype frequencies of that population with Hardy-Weinberg equilibrium frequencies. 

Changing the Genetic Structure of Populations 
· Changes in allele frequencies and genotype frequencies within populations are caused by the actions of several different evolutionary agents: mutation,gene flow, genetic drift, nonrandom mating, and natural selection. 
· The origin of genetic variation is mutation. Most mutations are harmful or neutral to their bearers, but some are advantageous, particularly if the environment changes. 

· The migration of individuals from one population to another followed by breeding in the new location, produces gene flow. Immigrants may add new alleles to a population or may change the frequencies of alleles already present. Emigrants  may remove alleles from a population when they leave.

· Genetic drift alters allele frequencies primarily in small population. Organisms that normally have large populations may pass through occasional periods (bottlenecks). when only a small number of individuals survive. New populations established by a few founding immigrants also have variation is gene frequencies that differ from those in the parent population. 
· When individuals mate more often with individuals that have the same or different genotypes than would be expected on random basis-that is when mating is not random-frequencies of homozygous and heterozygous genotypes differ from Hardy-Weinberg expectations.
· Self-fertilization, an extreme form of nonrandom mating reduces the frequencies of heterozygous individuals below Hardy-Weinberg expectations.

· Natural selection is the only agent of evolution that adapts populations to their environments. Natural selection may pre" serve allele frequencies or cause them to change with time.
· Stabilizing selection, directional selection, and disruptive selection change the distributions of phenotypes governed by more than one locus.
· Sexual recombination generates an endless variety of genotypic combinations that increases the evolutionary potential of populations, but it does not influence the frequencies of alleles. Rather it generates new combinations of genetic material on which natural selection can act.
· Biologists study adaptation by experimentally altering organisms or their environments and by comparing traits among species.
· Natural selection acts non-randomly, and adaptation by natural selection is a cumulative process extending over many generations. Cumulative evolutionary change results from directional selection acting on variation in populations over many generations.

· The fitness of a genotype or phenotype is its contribution to subsequent generations relative to the contributions of other genotypes or phenotypes. An individual may influence its fitness by producing offspring, which contributes to its individual fitness, and by helping the survival of relatives. Individual fitness and kin selection in combination determine the inclusive fitness of the individual.
· Maintaining Genetic Variation 

· Natural selection maintains genetic variation within a species when different traits are favored in different places and when the direction of selection changes over time in a 

· given place. Most species may vary geographically; the variation can be gradual or abrupt.

· Genetic variation within a population may be maintained by frequency-dependent selection.
· Short-Term versus long-Term Evolution 

· Patterns of macroevolutionary change can be strongly influenced by events that occur so infrequently or so slowly that they are unlikely to be observed during microevolutionary studies. Additional types of evidence must be gathered to understand macroevolution. 

Summary of the Species and their formation

What Are Species?
· Species are independent evolutionary units. A generally accepted definition is that "species are groups of actually or potentially interbreeding natural populations which are reproductively isolated from other such groups."

How Do New Species Arise?
· Not all evolutionary changes result in new species.

· Evolution creates two patterns across time and space: anagenesis and cladogenesis. In anagenesis, a single lineage changes through time. In cladogenesis (speciation), one species splits into two separate species.

· Species may form quickly sympatrically by a multiplication of chromosome numbers because polyploid offspring are sterile in crosses with members of the parent species.  Polyploidy has been a major factor in plant speciation but is rare among animals. 
· Allopatric (geographic) speciation is the most important means of speciation among animals and is common in other groups of organisms. 
· Species may form parapatrically where marked environmental changes prevent gene flow among individual living in adjacent but different environments. 
Reproductive Isolating Mechanisms
· When previously allopatric species become sympatric, reproductive isolating mechanisms may prevent the exchange of genes.

· Barriers to gene exchange may operate before fertilization (prezygotic barriers) or after fertilization (postzygotic barriers). Hybrid zones may develop if barriers to gene exchange failed to develop during allopatry. 
· Hybrids may form if barriers break down before sufficient genetic differences have accumulated. Hybrids tell us that the two hybridizing species are very similar genetically, but species that do not hybridize may also differ from one another very little genetically.
· Genetic differences between species are similar in kind to those found within species, although differences between species usually are greater than differences within species. 

Variation in Speciation Rates
· Rates of speciation differ greatly among lineages of organisms. Speciation rates are influenced by species diversity and range sizes, life history traits, environment, and generation times. 
Evolutionary Radiations: High Speciation and low Extinction
· Evolutionary radiations happen when speciation rates exceed extinction rates.
· High speciation rates often coincide with low extinction rates when species invade islands that have impoverished biotas or when a new way of exploiting the environment makes a different array of resources available to a species. 
Speciation and Evolutionary Change
· Speciation may stimulate rapid evolutionary change, leading to a pattern known as punctuated equilibrium. Nonetheless, many speciation events are not accompanied by large evolutionary changes.

The Significance of Speciation
· As a result of speciation, Earth is populated with millions of species, each adapted to live in a particular place and to use environmental resources in a particular way.

Summary of constructing and Using Phylogenies
· Classification systems improve our ability to explain relationships among things, aid our memory, and provide unique, universally used names for organisms.
The Hierarchical Classification of Species 
· Biological nomenclature assigns to each organism a unique combination of a generic and a specific name. In the universally employed classification system, species are grouped into higher-level units called genera, families, orders, classes, phyla, and kingdoms. 
Inferring Phylogenies 

· Systematists use data from fossils and the rich array of morphological and chemical data available from living organisms to determine evolutionary relationships. 

· An ancestral trait is shared with a common ancestor. A derived trait differs from its form in the ancestors of a lineage. . Homologous traits are descended from a common ancestor. Homoplastic traits evolved more than once. 
· Structures that perform similar functions but have resulted from convergent evolution are said to be analogous to one another. 
· Cladistic methods were developed to help biologists distinguish between homologous and analogous traits. 
· To determine true evolutionary relationships, systematists must distinguish between ancestral and derived traits within a lineage, as well as between homologous and homoplastic traits. This task is often difficult because divergent evolution may make homologous traits appear dissimilar and convergent evolution may make non-homologous traits appear similar. 
Constructing Phylogenies" 

· Structures in early developmental stages sometimes show evolutionary relationships that are not evident in adults, and such early stages are often available in fossil material. 

· The structures of proteins and base sequences of nucleic acids are important taxonomic data that can be obtained from living organisms. 

Biological Classification and Evolutionary Relationships . 

· Taxonomists agree that taxa should share a common ancestor and that polyphyletic taxa are inappropriate taxonomic units. However, they disagree about the utility of paraphyletic taxa, which include some but not all of the descendants of a particular ancestor. 

· Paraphyletic taxa may be retained to highlight the fact that members of some lineages evolved especially rapidly. 

The Future of Systematics 

· The development of molecular methods and powerful computers has ushered in a new era of systematics. 
· Phylogenies are useful in solving many kinds of biological problems. 

· The Three Domains and the Six Kingdoms 

· The domains are the most ancient divisions of the phylogenetic tree of life. They split more than 1,800 million years ago. 

· Subsequent splits within the domain Eukarya separated the ancestors of protists (kingdom Protista), plants (kingdom Plantae), fungi (kingdom Fungi), and animals (kingdom Animalia). 
Summary of Molecular Evolution
· The goals of the study of molecular evolution are to determine the patterns of evolutionary change in the molecules of which organisms are composed, to determine the processes that caused those changes, and to use those insights to help solve other biological problems. To achieve those goals, molecular evolutionists need to be able to determine the structures of molecules of living and fossil organisms.

Determining the Structure of Molecules
· The structure of DNA was deduced by combining data from X ray crystallography and base composition with three-dimensional models. The polymerase chain reaction method allows biologists to determine the sequence of DNA bases of organisms from their fossilized remains.

· Past molecular structures are inferred by comparison of molecules of existing organisms using cladistic techniques to identify ancestral and derived states.

· Changes evolve slowly in regions of molecules that are functionally significant, but more rapidly in regions where substitutions do not affect the functioning of the molecules. 
· Gene duplication, which frees one copy of a gene to evolve 1. a novel function, has been responsible for much of the evolution of molecular diversity. 
· Groups of genes that are aligned in the same order on chromosomes of distantly related species are likely to be chromosomes of one another. 
How Molecular Functions Change
· Changes in the functions performed by molecules are stimulated by gene duplication, and by the traits that molecules must have to function in different situations, such as the acidic environment of the stomach.

Genome Size: Surprising Variability 3.
· The genome sizes of organisms vary more than a hundredfold, but the amount of DNA that actually encodes protein varies much less. In general, eukaryotes have more Coding DNA than do prokaryotes, vascular plants and invertebrate animals have more coding DNA than do single celled organisms, and vertebrates have more coding DNA than do invertebrates. 
Molecular Clocks
· Neutral molecular variation often accumulates at a constant rate determined by the mutation rate. Such a process is referred to as the ticking of a molecular clock.

· Molecular clocks tick more slowly for molecules, or parts of molecules, that experience strong constraints on their evolution than they do for molecules or parts of molecules influenced by strong directional selection.
· We can assess the constancy of the ticking rates of molecular clocks by comparing the dates of lineage splits calculated assuming the operation of molecular clocks with those determined from accurately dated fossils. Typically these two estimates are reasonably similar, giving evolutionists confidence in using molecular clocks to date events for which there are no fossils.
Using Molecules to Infer Phylogenies
· Molecules are an important source of data that can be used to infer phylogenetic relationships among organisms.  For ancient splits and phylogenies of prokaryotes, molecular data are the only source of information about phylogenetic relationships.

· The steps in a molecular evolutionary analysis are: choosing molecules to study; determining sequences of amino acids or bases; comparing the molecules; and constructing a gene tree. 
· Molecules that have evolved slowly are useful for determining ancient lineage splits. Molecules that evolve rapidly are useful for determining more recent lineage splits.
Molecules and Human Evolution
· Comparisons of mtDNA from more than 100 ethnically distinct modem human populations strongly suggest that all modem humans share a common African ancestor no more than 200,000 years old. 

· Molecules provide useful information about human evolution, helping to clarify the relationships between different peoples.
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