5.1 Evidence for Evolution

Essential idea: there is overwhelming evidence for the evolution of life on Earth

Key info to revise:
·  Evolution takes place when heritable characteristics of a species change
·  Evidence for evolution has come from fossils
·  Humans use selective breeding to produce domesticated animals and plants, and this too shows that artificial selection can cause the change
· Evolution of homologous structures by adaptive radiation explains similarities in structure where there is a difference in function
·  Populations of a species can gradually diverge into new species
· Continuous variation across the geographical range of related population supports the idea of gradual divergence

Understandings
· Evolution occurs when heritable characteristics of a species change
· Define evolution
· a change over time
· In living organisms, this change refers to the heritable characteristics of a species (biological evolution)
· Heritable characteristics are encoded for by genes and may be transferred between generations as alleles 
· Concise definition: A change in the allele frequency of a population’s gene pool over successive generations
· The fossil record provides evidence for evolution
· Define strata and paleontology
· Strata: the age of the rock layer 
· Each strata represents a variable length of time that is classified according to a geological timescale (eons, eras, periods)
· Sedimentary rock layers develop in a chronological order, such that lower layers are older and newer strata form on top
· law of fossil succession
· Different kinds of organisms are found in rocks of particular ages in a consistent order, indicating a sequence of development
· Prokaryotes appear in the fossil record before eukaryotes
· Ferns appear in the fossil record before flowering plants
· Invertebrates appear in the fossil record before vertebrate species
· Paleontology: 
· The scientific study of life of the geologic past that involves the analysis of plant and animal fossils, including those of microscopic size, preserved in rocks
· Explain three pieces of evidence that fossils provide that evolution has occurred
· Transitional fossils demonstrate the intermediary forms that occurred over the evolutionary pathway taken by a single genus
· They establish the links between species by exhibiting traits common to both an ancestor and its predicted descendents
· An example of a transitional fossil is archaeopteryx, which links the evolution of dinosaurs (jaws, claws) to birds (feathers)
· As new fossils are discovered, new evolutionary patterns are emerging and old assumptions are challenged
· Selective breeding of domesticated animals shows that artificial selection can cause
Evolution
· Use an example to explain how selective breeding has led to evolution in a species.
·  Dog Breeding[image: dog breeds]
· Dog breeds show an enormous amount of variety due to the targeted selection of particular traits by man
· Hunting dogs (e.g. beagles) were typically bred to be smaller in stature so as to enter foxholes
· Herding dogs (e.g. sheepdogs) were bred for heightened intelligence in order to follow herding commands
· Racing dogs (e.g. greyhounds) were specifically bred to be sleek and fast 
· Toy dogs (e.g. chihuahuas) were selectively bred for their diminutive size
· Explain the process of artificial selection using selective breeding.
· Selective breeding is a form of artificial selection, whereby man intervenes in the breeding of species to produce desired traits in offspring
· By breeding members of a species with the desired trait, the trait’s frequency becomes more common in successive generations
· Selective breeding provides evidence of evolution as targeted breeds can show significant variation in a (relatively) short period

· Selective breeding of plant crops has allowed for the generation of new types of foods from the same ancestral plant source
· Plants of the genus Brassica have been bred to produce different foods by modifying plant sections through artificial selection
· This includes broccoli (modified flower buds), cabbage (modified leaf buds) and kale (modified leaves)
· Evolution of homologous structures by adaptive radiation explains similarities in structure when there are differences in function
· Contrast analogous structures and homologous structures.
· Anatomical features that are similar in basic structure despite being used in different ways are called homologous structures
· The more similar the homologous structures between two species are, the more closely related they are likely to be
· Homologous structures illustrate adaptive radiation, whereby several new species rapidly diversify from an ancestral source, with each new species adapted to utilise a specific unoccupied niche 
·  State an example of homologous structures-pentadactyl limb 
· E.g. Mammals, birds, amphibians and reptiles all share a similar arrangement of bones in their appendages based on a five-digit limb 
· Human hands are adapted for tool manipulation (power vs precision grip)
· Bird and bat wings are adapted for flying
· Horse hooves are adapted for galloping
· Whale and dolphin fins are adapted for swimming
·  State an example of analogous structures.[image: Examples of Analogous Structures][image: pentadactyl limb]
· Contrast convergent evolution and adaptive radiation.
· Convergent evolution:  The process whereby organisms not closely related (not monophyletic), independently evolve similar traits as a result of having to adapt to similar environments or ecological niches.
· Adaptive radiation: The process in which organisms diversify rapidly from an ancestral species into a multitude of new forms
· particularly when a change in the environment makes new resources available, opens new environmental niches.
·  Definition- vestigial structure: an anatomical feature or behaviour that no longer seems to have a purpose in the current form of an organism of the given species
· Changes to the environment have rendered these organs redundant and so over time they have lost their functionality
· State an example of a vestigial structure.
· The human appendix
· The pelvic bone in whales – this bone suggests that whale ancestors were terrestrial mammals
· Populations of a species can gradually diverge into separate species by evolution
· Describe the process of gradual speciation.
· Within a population of any given species, there will be genetic variation (i.e. variation which is inheritable)
· Typically this variation will be continuous and follow a normal distribution curve as the rate of change is gradual and cumulative
· If two populations of a species become geographically separated then they will likely experience different ecological conditions
· Over time, the two populations will adapt to the different environmental conditions and gradually diverge from one another
· The degree of divergence will depend on the extent of geographical separation and the amount of time since separation occurred
· Populations located in close proximity that separated recently will show less variation (less divergence)
· Distant populations that separated a longer period of time ago will show more variation (more divergence)
· Continuous variation across the geographical range of related populations matches the concept of gradual divergence
· Explain how continuous variation across geographical ranges is evidence of evolutionary change.
· The degree of divergence between geographically separated populations will gradually increase the longer they are separated
· As the genetic divergence between the related populations increase, their genetic compatibility consequently decreases
· Eventually, the two populations will diverge to an extent where they can no longer interbreed if returned to a shared environment
· When two populations can no longer interbreed and produce fertile, viable offspring they are considered to be separate species
· The evolutionary process by which two related populations diverge into separate species is called speciation
· State an example of recognizably different populations of the same species across a geographical range.
[image: speciation]
Applications
· Development of melanistic insects in polluted areas
· Explain how natural selection leads to changes in the melanistic variety of insects in polluted areas
· Peppered moths (Biston betularia) exist in two distinct polymorphic forms – a light colouration and a darker melanic variant
· In an unpolluted environment, the trees are covered by a pale-coloured lichen, which provides camouflage for the lighter moth
· In a polluted environment, sulphur dioxide kills the lichen while soot blackens the bark, providing camouflage for the dark moth
· Before the industrial revolution, the environment was largely unpolluted and the lighter moth had a survival advantage
· Following the industrial revolution, the environment became heavily polluted, conferring a survival advantage to the darker moth
· Recent environmental policies in Europe are reducing pollution levels, altering the frequency of the two populations once again
· Comparison of the pentadactyl limb of mammals, birds, amphibians and reptiles with
different methods of locomotion
· Define pentadactyl limb.
· A five-digit limb 
· List the bone structures present in the pentadactyl limb.
· [image: Image result for pentadactyl limb]
· Identify pentadactyl limb structures in diagrams of amphibians, reptiles, birds and mammals. 
[image: pentadactyl limb]
· Relate differences in pentadactyl limb structures to differences in limb function
· Human hands are adapted for tool manipulation (power vs precision grip)
· Bird and bat wings are adapted for flying
· Horse hooves are adapted for galloping
· Whale and dolphin fins are adapted for swimming
.
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different evolutionary origins.
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