Chapter 24


THE ORIGIN OF SPECIES
WHAT IS A SPECIES?

Species comes from the Latin word meaning "kind" or "appearance".

BIOLOGICAL SPECIES CONCEPT

A species is a population of organisms that have the potential to interbreed with one another in nature to produce viable, fertile offspring, but cannot produce viable, fertile offspring with members of another species. 

The emphasis is reproductive isolation.

Prezygotic and postzygotic barriers

Prezygotic barriers prevent mating between species or hinder the fertilization of ova if members of different species mate.

1. Habitat isolation: live in the same locality but in different habitats, e.g. primarily aquatic while the other mostly terrestrial.

2. Behavioral isolation: differences in courtship or life style.

3. Temporal isolation: reproductive period occurs at different time of the year.

4. Mechanical isolation: the anatomy prevents mating.

5. Gametic isolation: gamete recognition is based on the presence of specific molecules on the coats around the egg, which adhere only to complementary molecules in the sperm.

Postzygotic barriers prevent the hybrid zygote to develop into a viable, fertile adult.

1. Reduced hybrid viability: hybrid zygote dies in the early stages of development or fails to 

reach sexual maturity.

2. Reduced hybrid fertility: hybrid does not produce functional gametes.

3. Hybrid breakdown: offspring of hybrids fail to produce functional gametes or do not reach 

sexual maturity.

The biological species concept cannot be applied to fossils or to organisms that reproduce only asexually.

Alternate definitions

The ecological species concept defines the species in terms of its ecological role in the environment, its niche in the environment.

· It includes species that reproduce asexually.

The pluralistic species concept states that the factors that define a species vary.

In some cases, reproductive isolation is a useful concept. In other cases ecological niche is appropriate.

The morphological species concept is commonly used to distinguish specie. It uses appearance and structures to separate species.

The genealogical species concepts defines a species as a group of organisms with a unique genetic history. 

MODES OF SPECIATION

Speciation is the evolution of a new species from an ancestral population.

1. Allopatric speciation occurs when one population becomes geographically isolated from the rest of the species and subsequently diverges.

· It is the most common method of speciation.

· Animal species use it almost exclusively.

· Genetic drift and natural selection act on the gene pool.

· Genetic drift tends to result in rapid changes in allele frequencies in small isolated populations.

· The chances of allopatric speciation increase if the population is small and isolated.

Adaptive radiation occurs in groups of islands (archipelagos) where several species evolved from a single common ancestral population, and occupy different ecological niches.

· Recolonization of the first island leads to several closely related species living together but occupying different niches, e. g. Galapagos finches.

2. Sympatric speciation occurs in the same physical location.

· It is common in plants very unclear in animals.

· Polyploidy is a major factor on plant evolution.

· Spontaneous doubling of chromosomes before meiosis has been documented in plants and a few animal species.

· An autopolyploid is a polyploid that has an extra set of chromosomes all derived from a single species. The offspring may be viable and fertile.

· When polyploidy occurs in conjunction with hybridization is called allopolyploidy. Two species contribute to the making of the hybrid.

· Doubling of chromosomes (polyploidy) follows hybridization of two species. 

· Allopolyploids are reproductively isolated from both parents. They have different number of chromosomes.

Many of our food plants are polyploids.

Sympatric speciation occurs in animals but it is not well understood.

It relies on genetic mechanisms other than polyploid. 

Mutations and behavior are probably important. See page 475, mate selection in cichlids.

Other mechanisms at play could be change in habitat, food source or other resource not used by the parent population.

Reproductive isolation breaks down in hybrid zones.

Hybrid zones are areas of geographical overlap where interbreeding occurs.

Hybrid zones are usually narrow presumably because the hybrids are not well adapted to either parental environment.

PUNCTUATED EQUILIBRIUM

Paleontologists rarely find fossils that show a gradual transition from one species to the next.

New species appear in the fossil record rather abruptly.

According to this model, there are long periods of stasis (equilibrium) when no evolution occurs, punctuated or interrupted by short periods of rapid speciation possibly triggered by changes in the environment.

· Questions the idea that the fossil record is as incomplete as it is initially appeared.

· Allopatric and sympatric speciation can occur in very short time.

· It accounts for the abrupt appearance of new species in the fossil record.

· Transitional forms are absent for the most part.

Graudalism proposes that evolution occurs continually over long periods of time.

· Populations gradually diverge from one another by the accumulation of adaptive characteristics in each population.

· It is rarely observed in the fossil record because most organisms decompose without a trace.

There are transitional forms

FROM SPECIATION TO MACROEVOLUTION

Microevolution is a change over the generations in a population's allele frequencies, mainly by genetic drift and natural selection.

· Minor evolutionary events over a short period of time.

Speciation occurs when a population becomes reproductively isolated from the ancestral one.

Macroevolution refers to major evolutionary events viewed from the point of view of the geological time record.

Macroevolution includes the appearance of evolutionary novelties, which are so great that the new species are assigned to new genera or higher taxonomic categories.

It refers to dramatic changes that occur over long time spans in evolution.

· E. g. Appearance of wings with feathers in the evolution of birds from reptile.

Evolutionary novelties can arise by the gradual refinement of existing structures for new functions.

Usually the evolutionary novelties are derived from preexisting structures called preadaptations.

Preadaptations played a role in the life of the species but changed to fulfil another role.

· E. g. Air bladder of fishes became the lungs of amphibians.

· Structures that develop in one context and become modified for a different function are called exaptations.

Slight genetic changes in regulatory genes can cause dramatic changes in the phenotype.

Regulatory mutations can have significant developmental effects and probably account for important differences among various groups.

EVO-DEVO

Evo-devo refers to the interface of evolutionary biology and how organisms develop. 

Genes that control development play a major role in evolution.

The varied rate of growth of different parts of the body is called allometric growth.

Changes in allometric growth results in changes in the shape of an organism.

Evolution that results from allometric growth is an example of heterochrony.

· Evolutionary change in the rate and timing of evolutionary events.

Retention of juvenile characteristics, paedomorphosis, allows the organism to live in an environment different from its ancestors.

The rate of reproductive development accelerates compared to somatic development.

· E. g. the gills found in some adult salamanders allows them to live and reproduce in water.

Homeotic genes determine where body parts are going to appear, e. g. legs, fins, antennae.

The products of one class of homeotic genes called Hox genes provide positional information in an animal embryo. 

This information about position prompts cells to develop into structures appropriate for a particular location. 

Hox mutations and the appearance of vertebrates

1. A hypothesis proposes that a duplication of Hox genes in invertebrates occurred about 520 million years ago and set the stage for the development of the early vertebrates, e. g. appearance of the backbone.

2. A second duplication about 425 million years ago allowed for greater complexity like the appearance of limbs. 

3. The invertebrate and vertebrate Hox genes appear in the same linear order on chromosomes and they direct the sequential development of the same body regions. The vertebrate Hox complex appears to be homologous to the single Hox cluster in invertebrates. 

Changes in developmental dynamics, both temporal and spatial, played a role in macroevolution.

Evolutionary trends

The fossil record reveals trends in evolution of many species, e. g. trend towards larger size, single toe, etc.

The appearance of a trend is the product of species selection. 

The species that endure the longest and produces the largest number of daughter species, determine the direction of major evolutionary trends.

There is no intrinsic drive toward a preordained condition.  Evolution is the result of the interaction between organisms and their present environment.

