Chapter 3


PATTTERNS OF EVOLUTION
Phylogenetic and systematic studies enable us to describe past changes in genes, genomes, biochemical and physiological features, development and morphology, and life histories and behavior, as well as associated changes in geographic distribution, habitat associations, and ecological interactions between different species. 

Phylogeny allows us to infer the history of changes in the characteristics of organisms, even in the absence of a fossil record.

EVOLUTIONARY HISTORY AND CLASSIFCATION

Evolution has two major features: cladogenesis, the branching of a lineage into two or more descendant lines, and anagenesis, the evolutionary change in each of the characteristics in each of the descendants.

· Polyphyletic group: taxonomic groups that are the result of parallel evolution due to different ancestral groups evolving into the same level of organization and function.

e. g. different groups of therapsids evolved independent of one another into the mammalian level of organization. Gymnosperm conifers, cycads and ginkgoes.

· Monophyletic group: all organisms within a group or taxon are derived from a single ancestral population.

· Paraphyletic group:  a taxon, phylogenetic tree or gene tree whose members are all derived from a single ancestor (monophyletic), but which does not include all the descendants of that ancestor. The taxon is monophyletic except that some of the descendants of the common ancestor have been placed in other taxa, e.g. the family Pongidae includes the orangutans, gorillas and chimpanzees, but humans, the closest relatives of the chimpanzees, have been placed in the family Hominidae, therefore, the Pongidae is a paraphyletic taxon.

More and more, systematists have adopted the idea that taxa should be monophyletic and thus reflect a common ancestry.

The cladistic method or phylogenetic analysis focuses on the branching of one group from another in the course of evolution.

· It attempts to identify monophyletic groups.

· The groups or clades are identified by the possession of unique features called shared derived character states: synapomophorphies.

· Widespread features are called ancestral or preexisting character states: plesiomorphies.

· The analysis results in a cladogram.

There are practical difficulties, for example, an extinct group of species early in evolutionary time, which may be termed a stem group, such as the mammal-like reptiles called Therapsida, gives rise to a later group with distinctive derived characters referred to as a crown group, such as the Mammalia. Any name for the stem group that excludes the crown group would be designated paraphyletic taxon, and, therefore, unacceptable in cladistics.

The decision to split a monophyletic group or to lump all its members into one taxon can be very arbitrary and there is no consensus in many cases.

INFERRING THE HISTORY OF CHARACTER EVOLUTION

Systematic studies that parsimoniously map changes in character states onto a phylogeny that has been derived from other have yielded information on common patterns and principles of character evolution.

SOME PATTERNS OF EVOLUTIONARY CHANGE INFERRED FROM SYSTEMATICS

COMPARATIVE ANATOMY – most features of organisms have been modifies from 

    pre-existing features.

An important principle of evolution is that features  of organisms almost always evolve from pre-existing features of their ancestors. They do not arise de novo.

Structures with a similar underlying plan can be explained by relationship through common ancestry.

Homologous vs. analogous.

Homologous structures have been derived from a common ancestor. 

Homologous features have the same basic structural pattern, even though the structure may be used differently.

Homologous structures are considered to indicate evolutionary affinity among organisms possessing them.

A character may be homologous among species, but a give character state may not be. 

Homoplasy is common.

Homoplasy, the independent evolution of a character or character state in different taxa, includes convergent evolution and evolutionary reversal. 

Homoplastic or analogous features have similar function but lack the basic pattern of homologous structures, e.g. wings of birds and insects; the eyes of vertebrates and cephalopod mollusks.

Homoplastic features show what is called convergent evolution.

It is due to the selection for similar habitats in different evolutionary lineages.

Parallelism: a similar feature occurs in different species but their immediate common ancestor was different and did not have the feature. The similar feature occurs in different species, but it is not present in their immediate common ancestor. They are functional adaptations.

· Similar developmental mechanisms are one possible explanation for this phenomenon.

· The distinction between parallelism and convergent evolution may be arbitrary because there is no rule to specify how far back in the past one can establish a common ancestor for parallel evolution, and even convergent lineages have common, albeit distant, ancestors. 

· E.g. the development of maxillipeds on the first thoracic segment in some crustaceans rather than on the head segments; this is due to the loss of expression of the Ubx and abdA genes in the first thoracic segment. See page 53.
Evolutionary reversal involves the return from an advanced or derived character state to a more primitive or ancestral state. 

· e.g. all frogs lack teeth in the lower jaw, but frogs are descended from ancestors that have teeth. One genus of frogs, Amphignathodon, re-evolved teeth in the lower jaw; its immediate ancestor lacked teeth in the lower jaw. 

· E.g. winged insects evolved from wingless ancestors but some lineages of insects have lost their wings in the course of evolution.

Homoplasious features are often but not always adaptations by different lineages to similar environmental conditions.

The correlation of the homoplasious feature and the niche of organisms is often the first evidence of the feature adaptive significance.

Mimicry is an example of convergent evolution.

Mimicry is the close resemblance of one organism, the mimic, to another organism, the model, in order to deceive a third, the operator.

· The model and the mimic are not closely related.

· Both live in the same area.

It is usually presumed that mimicry is an evolutionary development in animals but there is evidence that animals in search for food may have stimulated mimicry in plants.

· e. g. Butterfly Heliconius may have stimulated mimicry in its food plant, the passionflower (Passiflora) species to resemble species inedible to Heliconius larvae.

1. Batesian mimicry is when an edible mimic resembles a poisonous model.

2. Mullerian mimicry occurs when several poisonous or distasteful organisms resemble each other. It is advantageous to both.

Rates of character evolution differ.

Different characters evolve at different rates. 

Conservative characters remain unchanged over long periods of time among the many descendants of an ancestor, e.g. humans conserve the pentadactyl limb (five digits) that first evolved in amphibians; body size evolves rapidly.

The rate of DNA sequence evolution varies among genes, among segments within genes, and among the three positions within amino acid-coding triplets of bases (codons). 

Evolution of different characters at different rates within a lineage is called mosaic evolution.

A species evolved not as a whole but in piecemeal. 

There are exceptions to the independent rate of character evolution; characters that function together may evolve in concert. 

Species have a mixture of primitive and advanced features as a result of mosaic evolution. 

Because of mosaic evolution it is inaccurate to consider one species more advanced than another.

Evolution is often gradual
Darwin proposed that evolution takes place in small changes over a long period of time; this is called gradualism.

Others have proposed that evolution takes place in large leaps: saltation.

Gradation among living species is common and provides support for gradual evolution.

Many higher taxa that diverged in the distant past are not bridged by intermediate forms, either among living species or in the fossil record.

· Examples of these are the animal phyla, and many order of insects and mammals.

Change in form is often correlated with change in function

As function changes, characters change thus producing a great variety of form in homologous characters. 

· Plants that have evolved the climbing habit, roots, leaves and stems have been modified into clinging organs. 

· The sting of wasps and bees is a modified ovipositor organ that other hymenopterans use to insert eggs into plants or animal hosts. 

Similarity between species changes throughout ontogeny.

Baer, Karl Ernst Von.  1792-1876, Estonian naturalist and embryologist.

One of the founders of the modern science of development and one of his era's most influential scientists. He proposed what is now called Von Baer's Law. 

· Von Baer's Law states that structures that are present early in development are widely distributed among animals, while structures that are present late in development are less widely distributed.

· Features common to a more inclusive taxon (higher taxa: subphylum Vertebrata) often appear in ontogeny (development) before the specific characters of lower-level taxa (orders and families). 

· Example: tetrapod vertebrate embryos have gill slits, paddle-like limb buds, notochord and segmentation appear before features typical of their class and order.

Ernst Haeckel (1834-1919) proposed in 1866 the Biogenetic Law.

· Biogenetic Law: Ontogeny recapitulates phylogeny.

Species are often more similar as embryos than as adults.

The development of the individual repeats the ancestral sequence that occurred during evolution, the evolutionary history of the species.

The biogenetic law seldom holds true and is not an infallible guide to the evolutionary history of the species.

Development underlies some common patterns of morphological evolution.

In the past, classification and phylogenetic studies relied chiefly on analyses of morphological characters, including changes during embryological development.

Underlying developmental changes explain patterns in the evolution of species.

One of the most active research area concerns the genetic and developmental basis of such evolutionary changes

1. INDIVIDUALIZATION

The bodies of many organisms consist of distinct unit that have distinct genetic specifications, developmental patterns, locations, and interactions with other units. These units are called modules. 

Some modules lack individual identities and may be considered aspects of a single character; they are  repeated along the body axis.

Such structures are called serially homologous is they are located along the axis of the body, e.g. vertebrae, teeth, leaves. 

Homonymous structures are not arrayed along the body axis.

Individualization occurs when these different units acquire their own identities, which in turn is an important basis for mosaic evolution. 

· E.g., teeth of reptiles are fairly uniform but acquired their own identity as incisors, premolars and molars during the evolution of mammals. 

2. HETEROCHRONY

Heterochrony is an evolutionary change in the timing or rate of development events.

Somatic features may be altered relative to the time of maturation of gonads.

Organisms that reproduce while retaining juvenile characteristics, e.g. axolotl. 

Paedomorphosis is the term used for reproducing juvenilized organisms; evolution of a juvenilized morphology of a reproducing adult.

Forms of paedomorphosis:

· Neoteny: caused by a reduction in the growth rate without changing the duration of growth. 

· Progenesis: a cessation of growth altogether at an earlier age before reaching the adult form.

· Peramorphosis is the delaying of maturity while the development of the adult is extended. 

3. ALLOMETRY

Allometry or allometric growth refers to the differential rate of growth of different parts or dimensions of an organism during its ontogeny. 

· In humans the head grows at a slower rate than the rest of the body, and the legs at a faster rate; digits in the wings of the bats. 

Allometry is “local heterochrony” that alters the shape of one or several characters.

Allometric growth is described by the formula: y = bxa.

Where x and y are two measurements, such as the height and width of a tooth; a is the allometric coefficient.

If a = 1, the growth is isometric, meaning that the two structures grow at the same rate. 

If y increases faster than x, as for human leg length relative to body size or weight, a > 1, positive allometry; if the increase is relatively slowly as for human head size, a < 1, negative allometry. 

See graphs, fig. 3.18 and 3.19 on page 62.

· Progenesis: a form of paedomorphosis caused by the cessation of growth at an early age.

· Neoteny: a form of paedomorphosis caused by reducing the growth rate of y. 

4. HETEROTOPY

Heterotopy is an evolutionary change in the position within an organism at which a phenotypic character is expressed. 

· e.g. leaves are the photosynthetic organs of plants, but in cactus, the stems carry on photosynthesis. 

      5. INCREASES AND DECREASES IN COMPLEXITY

Earlier organisms must have had very few genes and have had a simple form.

Many phylogenetic and paleontological studies show that there have been great increases in complexity during the history of life.

· The eukaryotic cell is more complex than the prokaryotic.

Reduction and loss of structures, simplification of morphology, is a common trend in clades. 

Many of these changes can be ascribed to increased functional efficiency.

PHYLOGENETIC ANALYSIS DOCUMENTS EVOLUTIONARY TRENDS

The term evolutionary trend can  refer to a succession of changes of a character in the same direction, either within a single lineage or in many lineages independently. 

· Among flowering plants the following trends are observed in many different groups: low to high chromosome number and DNA content, from many to few flower parts (stamens, petals, etc.), from separate to fused flower parts, from radial to bilateral symmetry of the flower, from animal to wind pollination, and from woody to herbaceous structure. 

MANY CLADES DESPLAY ADAPTIVE RADIATION

The divergent evolution of numerous related lineages in a relatively short time is called adaptive radiation.

· A common ancestor.

· Modified for different ways of life: occupy different niches in the environment.

· No directional trend; evolved in many directions.

· In a geographic region.

· Galapagos finches; cichlids of the Great Lakes of Eastern Africa; Hawaiian silverswords; Hawaiian drosophilid flies, Anolis lizards in the Caribbean Islands, etc.

Radiation is possibly the most common pattern in long-term evolution.

PATTERNS IN GENES AND GENONOMES

Phylogenetic and comparative studies also reveal aspects of the evolution of genes and genomes.

Genome size

Genome size is normally measured in picograms, pg.

· 1 pg = 1 Gb (gigabase or 1 billion base pairs).

The amount of DNA per genome is called the C-value.

There is a lack of correspondence between genome size and phenotypic complexity in eukaryotes. This is called the C-value paradox.

Eukaryotic genomes contain large amount of non-coding DNA, highly repetitive sequences. 

As protein-coding sequences are identified, it is possible to compare the number of functional genes between species, instead of simply the amount of DNA. These studies are beginning to shed some light on the evolution of genome size.

Duplicate genes and genomes

Gene duplication occurs when a gene arises as a copy of an existing gene. The descendent now has two loci representing the same gene because two copies of that gene now exist.

The two genes will undergo different evolutionary changes so they can be distinguished.

· Paralogous genes: originated from the duplication of a common ancestral gene.

· Orthologous genes: diverged from a common ancestral gene

This process occurs repeatedly over evolutionary time creating gene families.

· In the human genome, the twelve genes that code for myoglobin and several ( and ( chains of hemoglobin form a gene family.

· The ( and ( hemoglobin chains arose in jawed vertebrates, while the jawless vertebrates (e.g. lampreys) have only a single hemoglobin chain.

· See fig. 3.29, page 69.

Many genes are duplicated as parts of chromosomal blocks called paralogous regions.

· The Hox genes, which play a major role in the embryonic development of animals, is represented by one set of genes in nonvertebrate chordates, four sets in most vertebrates, and seven sets in teleost fishes.

In polyploidy the entire genome is duplicated. It commonly occurs in plants.

