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Chapter 1  

Population 

A population is a summation of all the organisms of the same group orspecies, who live in the 

same geographical area, and have the capability of interbreeding.  

In ecology, the population of a certain species in a certain area is estimated using the Lincoln 

Index. The area that is used to define a sexual population is defined as the area where inter-

breeding is potentially possible between any pair within the area. The probability of 

interbreeding is greater than the probability of cross-breeding with individuals from other areas. 

Under normal conditions, breeding is substantially more common within the area than across the 

border.  

In sociology, population refers to a collection of human beings. Demography is a social science 

which entails the statistical study of human populations. This article refers mainly to human 

population. 

Population genetics (ecology) 

In population genetics a sexual population is a set of organisms in which any pair of members 

can breed together. This means that they can regularly exchange gametes to produce normally-

fertile offspring, and such a breeding group is also known therefore as a gamodeme. This also 

implies that all members belong to the same of species, such as humans. If the gamodeme is very 

large (theoretically, approaching infinity), and all gene alleles are uniformly distributed by the 

gametes within it, the gamodeme is said to be panmictic. Under this state, allele (gamete) 

frequencies can be converted to genotype (zygote) frequencies by expanding an appropriate 

quadratic equation, as shown by Sir Ronald Fisher in his establishment of quantitative genetics. 

Unfortunately, this seldom occurs in nature : localisation of gamete exchange – through dispersal 

limitations, or preferential mating, or cataclysm, or other cause – may lead to small actual 

gamodemes which exchange gametes reasonably uniformly within themselves, but are virtually 

separated from their neighbouring gamodemes. However, there may be low frequencies of 

exchange with these neighbours. This may be viewed as the breaking up of a large sexual 



population(panmictic)into smaller overlapping sexual populations. This failure of panmixia leads 

to two important changes in overall population structure: 

 (1).the component gamodemes vary (through gamete sampling) in their allele frequencies when 

compared with each other and with the theoretical panmictic original (this is known as 

dispersion, and its details can be estimated using expansion of an appropriate binomial equation); 

and  

(2). the level of homozygosity rises in the entire collection of gamodemes. The overall rise in 

homozygosity is quantified by the inbreeding coefficient (f or φ). Note that all homozygotes are 

increased in frequency – both the deleterious and the desirable! The mean phenotype of the 

gamodemes collection is lower than that of the panmictic "original" – which is known as 

inbreeding depression. It is most important to note, however, that some dispersion lines will be 

superior to the panmictic original, while some will be about the same, and some will be inferior. 

The probabilities of each can be estimated from those binomial equations. In plant and animal 

breeding, procedures have been developed which deliberately utilise the effects of dispersion 

(such as line breeding, pure-line breeding, back-crossing). It can be shown that dispersion-

assisted selection leads to the greatestgenetic advance (ΔG = change in the phenotypic mean), 

and is much more powerful than selection acting without attendant dispersion. This is so for both 

allogamous (random fertilization) and autogamous (self-fertilization) gamodemes 

World human population 

As of today's date, the world population is estimated by the United States Census Bureau to be 

7.141 billion. The US Census Bureau estimates the 7 billion number was surpassed on 12 March 

2012. According to a separate estimate by the United Nations, Earth’s population exceeded 

seven billion in October 2011, a milestone that offers unprecedented challenges and 

opportunities to all of humanity, according to UNFPA, the United Nations Population Fund.  

According to papers published by the United States Census Bureau, the world population hit 6.5 

billion on 24 February 2006. The United Nations Population Fund designated 12 October 1999 

as the approximate day on which world population reached 6 billion. This was about 12 years 

after world population reached 5 billion in 1987, and 6 years after world population reached 5.5 



billion in 1993. The population of some countries, such as Nigeria, is not even known to the 

nearest million, so there is a considerable margin of error in such estimates.  

Researcher Carl Haub calculated that a total of over 100 billion people have probably been born 

in the last 2000 years.  

The years taken for every billion people to be added to the world's population, and the years that 

population was reached. (with future estimates). See also alt. chart 

Population growth increased significantly as the Industrial Revolution gathered pace from 1700 

onwards.  The last 50 years have seen a yet more rapid increase in the rate of population 

growth,due to medical advances and substantial increases in agricultural productivity, 

particularly beginning in the 1960s, made by the Green Revolution. In 2007 the United Nations 

Population Division projected that the world's population will likely surpass 10 billion in 2055.  

In the future, the world's population is expected to peak, after which it will decline due to 

economic reasons, health concerns, land exhaustion and environmental hazards. According to 

one report, it is very likely that the world's population will stop growing before the end of the 

21st century. Further, there is some likelihood that population will actually decline before 2100. 

Population has already declined in the last decade or two in Eastern Europe, the Baltics and in 

the Commonwealth of Independent States.  

The population pattern of less-developed regions of the world in recent years has been marked 

by gradually declining birth rates. These followed an earlier sharp reduction in death rates.  This 

transition from high birth and death rates to low birth and death rates is often referred to as the 

demographic transition.  

Control 

Human population control is the practice of artificially altering the rate of growth of a human 

population. Historically, human population control has been implemented by limiting the 

population's birth rate, usually by government mandate, and has been undertaken as a response to 

factors including high or increasing levels of poverty, environmental concerns,religious reasons, 

and overpopulation. While population control can involve measures that improve people's lives 



by giving them greater control of their reproduction, many programs have exposed them to 

exploitation. 

Worldwide, the population control movement was active throughout the 1960s and 1970s, 

driving many reproductive health and family planning programs. In the 1980s, tension grew 

between population control advocates and women's health activists who advanced women's 

reproductive rights as part of a human rights-based approach. Growing opposition to the narrow 

population control focus led to a significant change in population control policies in the early 

1990s.  

Geographic coordinate system 

  A graticule on a sphere or anellipsoid. The lines from pole to pole are lines of constant 

longitude, ormeridians. The circles parallel to the equator are lines of constant latitude, 

orparallels. The graticule determines the latitude and longitude of position on the surface 

A geographic coordinate system is a coordinate system that enables every location on the Earth 

to be specified by a set of numbers or letters. The coordinates are often chosen such that one of 

the numbers represents vertical position, and two or three of the numbers represent horizontal 

position. A common choice of coordinates is latitude, longitude and elevation. 

  

Geographic latitude and longitude 

The "latitude" (abbreviation: Lat., φ, or phi) of a point on the Earth's surface is the angle between 

the equatorial plane and the straight line that passes through that point and is normal to the 

surface of a reference ellipsoid which approximates the shape of the Earth. This line passes a few 

kilometers away from the center of the Earth except at the poles and the equator where it passes 

through Earth's center. Lines joining points of the same latitude trace circles on the surface of the 

Earth called parallels, as they are parallel to the equator and to each other. The north pole is 90° 

N; the south pole is 90° S. The 0° parallel of latitude is designated the equator, the fundamental 

plane of all geographic coordinate systems. The equator divides the globe into Northern and 

Southern Hemispheres. 



The "longitude" (abbreviation: Long., λ, or lambda) of a point on the Earth's surface is the angle 

east or west from a reference meridianto another meridian that passes through that point. All 

meridians are halves of great ellipses (often improperly called great circles), which converge at 

the north and south poles. 

A line passing near the Royal Observatory, Greenwich (a suburb of London, UK) has been 

chosen as the international zero-longitude reference line, the Prime Meridian. Places to the east 

are in the eastern hemisphere, and places to the west are in the western hemisphere. The 

antipodal meridian of Greenwich is both 180°W and 180°E. The zero/zero point is located in the 

Gulf of Guinea about 625 km south of Tema, Ghana. 

In 1884 the United States hosted the International Meridian Conference and twenty-five nations 

attended. Twenty-two of them agreed to adopt the location of Greenwich as the zero-reference 

line. The Dominican Republic voted against the adoption of that motion, while France and Brazil 

abstained. To date, there exist organizations around the world which continue to use historical 

prime meridians which existed before the acceptance of Greenwich became common-place.  

The combination of these two components specifies the position of any location on the planet, 

but does not consideraltitude nor depth. This latitude/longitude "webbing" is known as the 

graticule. 

UTM and UPS systems 

Main articles: Universal Transverse Mercator and Universal Polar Stereographic 

The Universal Transverse Mercator (UTM) and Universal Polar Stereographic (UPS) coordinate 

systems both use a metric-based cartesian grid laid out on a conformally projectedsurface to 

locate positions on the surface of the Earth. The UTM system is not a single map projection but a 

series of map projections, one for each of sixty 6-degree bands of longitude. The UPS system is 

used for the polar regions, which are not covered by the UTM system. 

Stereographic coordinate system 

During medieval times, the stereographic coordinate system was used for navigation purposes. 

The stereographic coordinate system was superseded by the latitude-longitude system. 



Although no longer used in navigation, the stereographic coordinate system is still used in 

modern times to describe crystallographic orientations in the fields of 

crystallography,mineralogy and materials science. 

Geodetic height 

To completely specify a location of a topographical feature on, in, or above the Earth, one has to 

also specify the vertical distance from the centre of the Earth, or from the surface of the Earth. 

Because of the ambiguity of "surface" and "vertical", it is more commonly expressed relative to a 

precisely defined vertical datum which holds fixed some known point. Each country has defined 

its own datum. For example, in the United Kingdom the reference point is Newlyn, while in 

Canada, Mexico and the United States, the point is nearRimouski, Quebec, Canada. The distance 

to Earth's centre can be used both for very deep positions and for positions in space. 

Cartesian coordinates 

Every point that is expressed in ellipsoidal coordinates can be expressed as an x y z (Cartesian) 

coordinate. Cartesian coordinates simplify many mathematical calculations. The origin is usually 

the center of mass of the earth, a point close to the Earth's center of figure. 

With the origin at the center of the ellipsoid, the conventional setup is the expected right-hand: 

Z-axis along the axis of the ellipsoid, positive northward 

X- and Y-axis in the plane of the equator, X-axis positive toward 0 degrees longitude and Y-axis 

positive toward 90 degrees east longitude. 

An example is the NGS data for a brass disk near Donner Summit, in California. Given the 

dimensions of the ellipsoid, the conversion from lat/lon/height-above-ellipsoid coordinates to X-

Y-Z is straightforward—calculate the X-Y-Z for the given lat-lon on the surface of the ellipsoid 

and add the X-Y-Z vector that is perpendicular to the ellipsoid there and has length equal to the 

point's height above the ellipsoid. The reverse conversion is harder: given X-Y-Z we can 

immediately get longitude, but no closed formula for latitude and height exists. See "Geodetic 

system." Using Bowring's formula in 1976 Survey Review the first iteration gives latitude 



correct within   degree as long as the point is within 10000 meters above or 5000 meters below 

the ellipsoid. 

Shape of the Earth 

The Earth is not a sphere, but an irregular shape approximating a biaxial ellipsoid. It is nearly 

spherical, but has an equatorial bulge making the radius at the equator about 0.3% larger than the 

radius measured through the poles. The shorter axis approximately coincides with axis of 

rotation. Map-makers choose the true ellipsoid that best fits their need for the area they are 

mapping. They then choose the most appropriate mapping of the spherical coordinate system 

onto that ellipsoid. In the United Kingdom there are three common latitude, longitude, height 

systems in use. The system used by GPS, WGS84, differs at Greenwich from the one used on 

published maps OSGB36 by approximately 112m. The military system ED50, used by NATO, 

differs by about 120m to 180m. 

Though early navigators thought of the sea as a flat surface that could be used as a vertical 

datum, this is far from reality. The Earth has a series of layers of equal potential energywithin its 

gravitational field. Height is a measurement at right angles to this surface, roughly toward the 

centre of the Earth, but local variations make the equipotential layers irregular (though roughly 

ellipsoidal). The choice of which layer to use for defining height is arbitrary. The reference 

height that has been chosen is the one closest to the average height of the world's oceans. This is 

called the geoid.  

The Earth is not static as points move relative to each other due to continental plate motion, 

subsidence, and diurnal movement caused by the Moon and the tides. The daily movement can 

be as much as a metre. Continental movement can be up to 10 cm a year, or 10 m in a century. A 

weather system high-pressure area can cause a sinking of5 mm. Scandinavia is rising by 1 cm a 

year as a result of the melting of the ice sheets of the last ice age, but neighbouring Scotland is 

rising by only 0.2 cm. These changes are insignificant if a local datum is used, but are 

statistically significant if the global GPS datum is used. 

Expressing latitude and longitude as linear units 

Main articles: Length of a degree of latitude and Length of a degree of longitude 



On the GRS80 or WGS84 spheroid at sea level at the equator, one latitudinal second measures 

30.715 metres, one latitudinal minute is 1843 metres and one latitudinal degree is110.6 

kilometres. The circles of longitude, meridians, meet at the geographical poles, with the west-

east width of a second naturally decreasing as latitude increases. On theequator at sea level, one 

longitudinal[contradiction] second measures 30.92 metres, a longitudinal minute is 1855 metres 

and a longitudinal degree is 111.3 kilometres. At 30° a longitudinal second is 26.76 metres, at 

Greenwich (51° 28' 38" N) 19.22 metres, and at 60° it is 15.42 metres. 

On the WGS84 spheroid, the length in meters of a degree of latitude at latitude φ (that is, the 

distance along a north-south line from latitude (φ - 0.5) degrees to (φ + 0.5) degrees) is about 

(Those coefficients can be improved, but as they stand the distance they give is correct within a 

centimeter.) 

To estimate the length of a longitudinal degree at latitude   we can assume a spherical Earth (to 

get the width per minute and second, divide by 60 and 3600, respectively): 

where Earth's average meridional radius   is 6,367,449 m. Since the Earth is not spherical that 

result can be off by several tenths of a percent; a better approximation of a longitudinal degree at 

latitude   is 

where Earth's equatorial radius   equals 6,378,137 m and  ; for the GRS80 and WGS84 

spheroids, b/a calculates to be 0.99664719. (  is known as the reduced (or parametric) latitude). 

Aside from rounding, this is the exact distance along a parallel of latitude; getting the distance 

along the shortest route will be more work, but those two distances are always within 0.6 meter 

of each other if the two points are one degree of longitude apart. 

Longitudinal length equivalents at selected latitudes 

Latitude City Degree Minute Second ±0.0001° 

60° Saint Petersburg 

55.80 km 0.930 km 15.50 m 5.58 m 

51° 28' 38" N Greenwich 



69.47 km 1.158 km 19.30 m 6.95 m 

45° Bordeaux 

78.85 km 1.31 km 21.90 m 7.89 m 

30° New Orleans 

96.49 km 1.61 km 26.80 m 9.65 m 

0° Quito 

111.3 km 1.855 km 30.92 m 11.13 m 

Latitude and longitude values can be based on different geodetic systems or datums, the most 

common being WGS 84, a global datum used by all GPS equipment. Other datums are 

significant because they were chosen by a national cartographical organisation as the best 

method for representing their region, and these are the datums used on printed maps. The latitude 

and longitude on a map may not be the same as on a GPS receiver. Coordinates from the 

mapping system can sometimes be roughly changed into another datum using a simple 

translation. For example, to convert from ETRF89 (GPS) to the Irish Grid add 49 metres to the 

east, and subtract 23.4 metres from the north.  More generally one datum is changed into any 

other datum using a process called Helmert transformations. This involves converting the 

spherical coordinates into Cartesian coordinates and applying a seven parameter transformation 

(translation, three-dimensional rotation), and converting back.  

In popular GIS software, data projected in latitude/longitude is often represented as a 

'Geographic Coordinate System'. For example, data in latitude/longitude if the datum is the North 

American Datum of 1983 is denoted by 'GCS North American 1983' 

Geostationary coordinates 

Geostationary satellites (e.g., television satellites) are over the equator at a specific point on 

Earth, so their position related to Earth is expressed in longitude degrees only. Theirlatitude is 

always zero, that is, over the equator. 

On other celestial bodies 



Similar coordinate systems are defined for other celestial bodies such as: 

• A similarly well-defined system based on the reference ellipsoid for Mars. 

• Selenographic coordinates for the Moon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 

Lincoln index 

The Lincoln index is a statistical measure used in several fields to estimate the number of cases 

that have not yet been observed, based on two independent sets of observed cases. Described by 

Frederick Charles Lincoln in 1930, it is also sometimes known as the Lincoln-Petersen method 

after C.G. Johannes Petersen who was the first to use the related mark and recapture method.  

Applications 

Consider two observers who separately count the different species of plants or animals in a given 

area. If they each come back having found 100 species but only 5 particular species are found by 

both observers, then each observer clearly missed at least 95 species (that is, the 95 that only the 

other observer found). Thus, we know that both observers miss a lot. On the other hand, if 99 of 

the 100 species each observer found had been found by both, it is fair to expect that they have 

found a far higher percentage of the total species that are there to find. 

The same reasoning applies to mark and recapture. If some animals in a given area are caught 

and marked, and later a second round of captures is done: the number of marked animals found 

in the second round can be used to generate an estimate of the total population. 

Another example arises in computational linguistics for estimating the total vocabulary of a 

language. Given two independent samples, the overlap between their vocabularies enables a 

useful estimate of how many more vocabulary items exist but did not happen to show up in 

either sample. A similar example involves estimating the number of typographical errors 

remaining in a text, from two proofreaders' counts. 

Formulation 

The Lincoln Index formalizes this phenomenon. If E1 and E2 are the number of species (or 

words, or other phenomena) observed by two independent methods, and S is the number of 

observations in common, then the Lincoln Index is simply 

  



If S = 0 (that is, if there is no overlap), then the Lincoln Index is undefined and no estimate is 

justified. This can arise if the observers only find a small percentage of the actual species 

(perhaps by not looking hard enough or long enough), if the observers are using methods that are 

not statistically independent (for example if one looks only for large creatures and the other only 

for small), or in other circumstances. 

Limitations 

The Lincoln Index is merely an estimate. For example, the species in a given area could tend to 

be either very common or very rare, or tend to be either very hard or very easy to see. Then it 

would be likely that both observers would find a large share of the common species, and that 

both observers would miss a large share of the rare ones. Such distributions would throw off the 

consequent estimate. However, such distributions are unusual for natural phenomena, as 

suggested by Zipf's Law). 

T. J. Gaskell and B. J. George propose an enhancement of the Lincoln Index that claims to 

reduce bias.  

Hybrid (biology) 

In biology and specifically, genetics, the term hybrid has several meanings, all referring to the 

offspring of sexual reproduction. 

1. In general usage, hybrid is synonymous with heterozygous: any offspring resulting from 

the mating of two genetically distinct individuals 

2. a genetic hybrid carries two different alleles of the same gene 

3. a structural hybrid results from the fusion of gametes that have differing structure in at 

least one chromosome, as a result of structural abnormalities 

4. a numerical hybrid results from the fusion of gametes having different haploid numbers 

of chromosomes 

5. a permanent hybrid is a situation where only the heterozygous genotype occurs, because 

all homozygous combinations are lethal. 



From a taxonomic perspective, hybrid refers to: 

1. Offspring resulting from the interbreeding between two animals or plants of different 

species. 

2.  Hybrids between different subspecies within a species (such as between the Bengal tiger 

and Siberian tiger) are known as intra-specific hybrids. Hybrids between different species within 

the same genus (such as between lions and tigers) are sometimes known as inter specific hybrids 

or crosses. Hybrids between different genera (such as between sheep and goats) are known 

asintergeneric hybrids. Extremely rare interfamilial hybrids have been known to occur (such as 

the guineafowl hybrids). Nointerordinal (between different orders) animal hybrids are known. 

3. The third type of hybrid consists of crosses between populations, breeds or cultivars 

within a single species. This meaning is often used in plant and animal breeding, where hybrids 

are commonly produced and selected because they have desirable characteristics not found or 

inconsistently present in the parent individuals or populations. This flow of genetic material 

between populations or races is often called hybridization. 

Etymology 

According to the Oxford English Dictionary, the word is derived from Latin hybrida, meaning 

the "offspring of an tame sow and a wild boar", "child of a freeman and slave", etc.The term 

entered into popular use in English in the 19th century, though examples of its use have been 

found from the early 17th century. 

Types of hybrids 

Depending on the parents, there are a number of different types of hybrids; 

• Single cross hybrids — result from the cross between two true breeding organisms and 

produces an F1 generation called an F1 hybrid (F1 is short for Filial 1, meaning "first 

offspring"). The cross between two different homozygous lines produces an F1 hybrid that is 

heterozygous; having two alleles, one contributed by each parent and typically one is dominant 

and the other recessive. Typically, the F1 generation is also phenotypically homogeneous, 

producing offspring that are all similar to each other. 



• Double cross hybrids — result from the cross between two different F1 hybrids.[ 

• Three-way cross hybrids — result from the cross between one parent that is an F1 hybrid 

and the other is from an inbred line. 

• Triple cross hybrids — result from the crossing of two different three-way cross hybrids. 

• Population hybrids — result from the crossing of plants or animals in a population with 

another population. These include crosses between organisms such as interspecific hybrids or 

crosses between different races. 

• Stable hybrid - a horticultural term which typically refers to an annual plant that, if grown 

and bred in a small monoculture free of external pollen (e.g., an air-filtered greenhouse) will 

produce offspring that are "true to type" with respect to phenotype; i.e., a true breeding organism. 

• Hybrid species - results from hybrid populations evolving reproductive barriers against 

their parent species through hybrid speciation.  

Interspecific hybrids 

Inter specific hybrids are bred by mating two species, normally from within the same genus. The 

offspring display traits and characteristics of both parents. The offspring of an inter specific cross 

are very often sterile; thus, hybrid sterility prevents the movement of genes from one species to 

the other, keeping both species distinct. Sterility is often attributed to the different number of 

chromosomes the two species have, for example donkeys have 62 chromosomes, while horses 

have 64 chromosomes, and mules and hinnieshave 63 chromosomes. Mules, hinnies, and other 

normally sterile interspecific hybrids cannot produce viable gametes, because differences in 

chromosome structure prevent appropriate pairing and segregation during meiosis, meiosis is 

disrupted, and viable sperm and eggs are not formed. However, fertility in female mules has been 

reported with a donkey as the father.  

Most often other processes occurring in plants and animals keep gametic isolation and species 

distinction. Species often have different mating or courtship patterns or behaviors, the breeding 

seasons may be distinct and even if mating does occur antigenic reactions to the sperm of other 



species prevent fertilization or embryo development. Hybridisation is much more common 

among organisms that spawn indiscriminately, like soft corals and among plants. 

While it is possible to predict the genetic composition of a backcross on average, it is not 

possible to accurately predict the composition of a particular backcrossed individual, due to 

random segregation of chromosomes. In a species with two pairs of chromosomes, a twice 

backcrossed individual would be predicted to contain 12.5% of one species' genome (say, species 

A). However, it may, in fact, still be a 50% hybrid if the chromosomes from species A were 

lucky in two successive segregations, and meiotic crossovers happened near the telomeres. The 

chance of this is fairly high:   (where the "two times two" comes about from two rounds of 

meiosis with two chromosomes); however, this probability declines markedly with chromosome 

number and so the actual composition of a hybrid will be increasingly closer to the predicted 

composition. 

Hybrids are often named by the portmanteau method, combining the names of the two parent 

species. For example, a zeedonk is a cross between a zebra and a donkey. Since the traits of 

hybrid offspring often vary depending on which species was mother and which was father, it is 

traditional to use the father's species as the first half of the portmanteau. For example, a liger is a 

cross between a male lion and a female tiger, while a tiglon is a cross between a male tiger and a 

female lion. 

Domestic and wild hybrids 

Hybrids between domesticated and wild animals in particular may be problematic. Breeders of 

domesticated species discourage crossbreeding with wild species, unless a deliberate decision is 

made to incorporate a trait of a wild ancestor back into a given breed or strain. Wild populations 

of animals and plants have evolved naturally over millions of years through a process of natural 

selection in contrast to human controlled selective breeding or artificial selection for desirable 

traits from the human point of view. Normally, these two methods of reproduction operate 

independently of one another. However, an intermediate form of selective breeding, wherein 

animals or plants are bred by humans, but with an eye to adaptation to natural region-specific 

conditions and an acceptance of natural selection to weed out undesirable traits, created many 

ancient domesticated breeds or types now known as landraces. 



Many times, domesticated species live in or near areas which also still hold naturally evolved, 

region-specific wild ancestor species and subspecies. In some cases, a domesticated species of 

plant or animal may become feral, living wild. Other times, a wild species will come into an area 

inhabited by a domesticated species. Some of these situations lead to the creation of hybridized 

plants or animals, a cross between the native species and a domesticated one. This type of 

crossbreeding, termed genetic pollution by those who are concerned about preserving the genetic 

base of the wild species, has become a major concern. Hybridization is also a concern to the 

breeders of purebred species as well, particularly if the gene pool is small and if such 

crossbreeding or hybridization threatens the genetic base of the domesticated purebred 

population. 

The concern with genetic pollution of a wild population is that hybridized animals and plants 

may not be as genetically strong as naturally evolved region specific wild ancestors wildlife 

which can survive without human husbandry and have high immunity to natural diseases. The 

concern of purebred breeders with wildlife hybridizing a domesticated species is that it can 

coarsen or degrade the specific qualities of a breed developed for a specific purpose, sometimes 

over many generations. Thus, both purebred breeders and wildlife biologists share a common 

interest in preventing accidental hybridization. 

Hybrid species 

While not very common, a few animal species have been recognized as being the result of 

hybridization. The Lonicera fly is an example of a novel animal species that resulted from 

natural hybridization. The American red wolf appears to be a hybrid species between gray wolf 

and coyote. The European edible frog appears to be a species, but is actually a semi-permanent 

hybrid between pool frogs and marsh frogs. The edible frog population is dependent on the 

presence of at least one of the parents species to be maintained.                                                          

Hybrid species of plants are much more common than animals. Many of the crop species are 

hybrids, and hybridization appear to be an important factor in speciation in some plant groups.  

Mammalian hybrids     

• Equid hybrids 



• Mule, a cross of female horse and a male donkey. 

• Hinny, a cross between a female donkey and a male horse. Mule and hinny are examples 

of reciprocal hybrids. 

• Zebroids 

• Zeedonk or Zonkey, a zebra/donkey cross. 

• Zorse, a zebra/horse cross 

• Zony or Zetland, a zebra/pony cross ("zony" is a generic term; "zetland" is specifically a 

hybrid of the Shetland pony breed with a zebra) 

• Bovid hybrids 

• Dzo, zo or yakow; a cross between a domestic cow/bull and a yak. 

• Beefalo, a cross of an American bison and a domestic cow. This is a fertile breed; this 

along with genetic evidence has caused them to be recently reclassified into the same 

genus, Bos. 

• Zubron, a hybrid between wisent (European bison) and domestic cow. 

• Sheep-goat hybrid is the cross between a sheep and a goat, which belong to different 

genera. 

• Ursid hybrids, such as the grizzly-polar bear hybrid, occur between black bears, brown 

bears, and polar bears. 

• Felid hybrids 

• Savannah cats are the hybrid cross between an African serval cat and a domestic cat 

• A hybrid between a Bengal tiger and a Siberian tiger is an example of an intra-specific 

hybrid. 

• Ligers and Tiglons (crosses between a lion and a tiger) and other Panthera hybrids such 

as the lijagulep. Various other wild cat crosses are known involving the lynx, bobcat, 

leopard, serval, etc. 

• Liligers are the hybrid cross between a male lion and a ligress. 

• Bengal cat, a cross between the Asian leopard cat and the domestic cat, one of many 

hybrids between the domestic cat and wild cat species. The domestic cat, African wild cat 

and European wildcat may be considered variant populations of the same species (Felis 

silvestris), making such crosses non-hybrids. 



• Fertile canid hybrids occur between coyotes, wolves, dingoes, jackals and domestic dogs. 

• Hybrids between black and white rhinoceroses have been recognized. 

• Hybrid camel, a cross between a two-humped, Bactrian camel and a single-humped, 

dromedary camel, just like the mule a more powerful creature than its parents.  

• Cama, a cross between a camel and a llama, also an intergeneric hybrid. 

• Wholphin, a fertile but very rare cross between a false killer whale and a bottlenose 

dolphin. 

• At Chester Zoo in the United Kingdom, a cross between an African elephant (male) and 

an Asian elephant (female). The male calf was named Motty. It died of intestinal 

infection after twelve days. 

• Homininae hybrids 

• Hybrids between modern humans and with "at least two groups" of ancient humans: 

Neanderthals and Denisovans 

• Humanzee, hypothetical cross between a human and a chimpanzee 

• Humilla, hypothetical cross between a human and a gorilla 

• Koolakamba, alleged cross between a gorilla and a chimpanzee 

• Avian hybrids 

• Hybrids between spotted owls and barred owls 

• Cagebird breeders sometimes breed hybrids between species of finch, such as goldfinch × 

canary. These birds are known as mules. 

• The Perlin is a Peregrine falcon - Merlin hybrid. 

• Gamebird hybrids, hybrids between gamebirds and domestic fowl, including chickens, 

guineafowl and peafowl, interfamilial hybrids. 

• Numerous macaw hybrids and lovebird hybrids are also known in aviculture. 

• Red kite × black kite: five bred unintentionally at a falconry center in England. (It is 

reported that the black kite (the male) refused female black kites but mated with two 

female red kites.) 

• The mulard duck, hybrid of the domestic pekin duck and domesticated muscovy ducks. 

• In Australia, New Zealand and other areas where the Pacific Black Duck occurs, it is 

hybridised by the much more aggressive introduced Mallard. This is a concern to wildlife 



authorities throughout the affected area, as it is seen as Genetic pollution of the Black 

Duck gene pool. 

• Hybridisation in gulls is a reasonably frequent occurrence in the wild. 

• Reptilian hybrids 

• Hybrid Iguana, a single‐cross hybrid resulting from natural interbreeding between male 

marine iguanas and female land iguanas since the late 2000s. 

• Crestoua, a cross between a Rhacodactylus Ciliatus (crested gecko) and a Rhacodactylus 

Chahoua. 

• Colubrid snakes of the tribe Lampropeltini have been shown to produce fertile hybrid 

offspring. 

• Hybridization between the endemic Cuban crocodile (Crocodilus rhombifer) and the 

widely distributed American crocodile (Crocodilus acutus) is causing conservation 

problems for the former species as a threat to its genetic integrity. 

• Saltwater crocodiles (Crocodylus porosus) have mated with Siamese crocodiles 

(Crocodylus siamensis) in captivity producing offspring which in many cases have grown 

over 20 feet (6.1 metres) in length. It is likely that wild hybridization occurred 

historically in parts of southeast Asia. 

• Many species of boas and pythons are known to produce hybrids,such as carball (a cross 

between a ball python and a carpet python) or a bloodball (a cross between a blood 

python and a ball python) however, most of these only occur in captivity. Contrary to 

popular belief, boa-python hybrids are not possible due to their differing reproductive 

functions. Boas only produce hybrids with other species of boas, and pythons only 

produce hybrids with other species of pythons. 

• Piscine hybrids 

• Blood parrot cichlid, which is probably created by crossing a red head cihclid and a 

Midas cichlid or red devil cichlid 

• A group of about 50 hybrids between Australian blacktip shark and the larger common 

blacktip shark was found by Australia's East Coast in 2012. This is the only known case 

of hybridization in sharks. 

• Silver bream and Common bream commonly produce sterile hybrids. 

• Tiger muskie is a sterile hybrid between Northern pike and Muskellunge. 



• Insect hybrids 

• Killer bees were created in an attempt to breed tamer and more manageable bees. This 

was done by crossing a european honey bee and an african bee, but instead the offspring 

became more aggressive and highly defensive. 

• The Colias eurytheme and C. philodice butterflies have retained enough genetic 

compatibility to produce viable hybrid offspring.  

Hybrids should not be confused with genetic chimeras such as that between sheep and goat 

known as the geep. Wider interspecific hybrids can be made via in vitro fertilization or somatic 

hybridization, however the resulting cells are not able to develop into a full organism. An 

example of interspecific hybrid cell lines is humster (hamster × human) cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 3 

Hybrid Plants 

Many hybrids are created by humans, but natural hybrids occur as well. Plant species hybridize 

more readily than animal species, and the resulting hybrids are more often fertile hybrids and 

may reproduce, though there still exist sterile hybrids and selective hybrid elimination where the 

offspring are less able to survive and are thus eliminated before they can reproduce. A number of 

plant species are the result of hybridization and polyploidy with many plant species easily cross 

pollinating and producing viable seeds, the distinction between each species is often maintained 

by geographical isolation or differences in the flowering period. Since plants hybridize 

frequently without much work, they are often created by humans in order to produce improved 

plants. These improvements can include the production of more or improved seeds, fruits or 

other plant parts for consumption, or to make a plant more winter or heat hardy or improve its 

growth and/or appearance for use in horticulture. Much work is now being done with hybrids to 

produce more disease resistant plants for both agricultural and horticultural crops. In many 

groups of plants hybridization has been used to produce larger and more showy flowers and new 

flower colors. 

Many plant genera and species have their origins in polyploidy. Autopolyploidy results from the 

sudden multiplication in the number of chromosomes in typical normal populations caused by 

unsuccessful separation of the chromosomes during meiosis. Tetraploids (plants with four sets of 

chromosomes rather than two) are common in a number of different groups of plants and over 

time these plants can differentiate into distinct species from the normal diploid line. In Oenothera 

lamarchiana the diploid species has 14 chromosomes, this species has spontaneously given rise 

to plants with 28 chromosomes that have been given the name Oenothera gigas. When hybrids 

are formed between the tetraploids and the diploid population, the resulting offspring tend to be 

sterile triploids, thus effectively stopping the intermixing of genes between the two groups of 

plants (unless the diploids, in rare cases, produce unreduced gametes). 

Another form of polyploidy called allopolyploidy occurs when two different species mate and 

produce polyploid hybrids. Usually the typical chromosome number is doubled, and the four sets 

of chromosomes can pair up during meiosis, thus the polyploids can produce offspring. Usually, 



these offspring can mate and reproduce with each other but cannot back-cross with the parent 

species. Allopolyploids may be able to adapt to new habitats that neither of their parent species 

inhabited. 

Sterility in a non-polyploid hybrid is often a result of chromosome number; if parents are of 

differing chromosome pair number, the offspring will have an odd number of chromosomes, 

leaving them unable to produce chromosomally balanced gametes.While this is undesirable in a 

crop such as wheat, where growing a crop which produces no seeds would be pointless, it is an 

attractive attribute in some fruits.Triploid bananas and watermelons are intentionally bred 

because they produce no seeds (and are parthenocarpic). 

Heterosis 

Hybrids are sometimes stronger than either parent variety, a phenomenon most common with 

plant hybrids, which when present is known as hybrid vigor (heterosis) or heterozygote 

advantage.  A transgressive phenotype is a phenotype displaying more extreme characteristics 

than either of the parent lines. Plant breeders make use of a number of techniques to produce 

hybrids, including line breeding and the formation of complex hybrids. An economically 

important example is hybrid maize (corn), which provides a considerable seed yield advantage 

over open pollinated varieties. Hybrid seed dominates the commercial maize seed market in the 

United States, Canada and many other major maize producing countries.  

Examples of plant hybrids 

The multiplication symbol × (not italicised) indicates a hybrid in the Latin binomial 

nomenclature. Placed before the binomial it indicates a hybrid between species from different 

genera (intergeneric hybrid):- 

• × Fatshedera lizei, a hybrid between Hedera helix and Fatsia japonica 

• × Heucherella, a hybrid genus between Heuchera and Tiarella 

• × Philageria veitchii is a hybrid between Lapageria rosea and Philesia magellanica; it is 

more similar in appearance to the former 

• Leyland cypress, hybrid between Monterey cypress and Nootka cypress 

• × Urceocharis, a hybrid between Eucharis and Urceolina 



• Interspecific plant hybrids include: 

• Dianthus × allwoodii (Dianthus caryophyllus × Dianthus plumarius) 

• Limequat Citrus × floridana, key lime Citrus aurantiifolia and kumquat Citrus japonica 

hybrid 

• Loganberry Rubus × loganobaccus, a hybrid between raspberry Rubus idaeus and 

blackberry Rubus ursinus 

• London plane (Platanus orientalis × Platanus occidentalis), thus forming Platanus × 

acerifolia 

• Magnolia × alba (Magnolia champaca × Magnolia montana) 

• Peppermint, a hybrid between spearmint and water mint 

• Quercus × warei (Quercus robur × Quercus bicolor) 'Nadler' (marketed in the United 

States under the trade name Kindred Spirit hybrid oak) 

• Tangelo, a hybrid of a Mandarin orange and a pomelo which may have been developed in 

Asia about 3,500 years ago 

• Triticale, a wheat–rye hybrid 

• Wheat; most modern and ancient wheat breeds are themselves hybrids. Bread wheat is a 

hexaploid hybrid of three wild grasses; durum (pasta) wheat is a tetraploid hybrid of two 

wild grasses 

• Grapefruit, hybrid between a pomelo and the Jamaican sweet orange 

• Some natural hybrids: 

• Iris albicans, a sterile hybrid which spreads by rhizome division 

• Evening primrose, a flower which was the subject of famous experiments by Hugo de 

Vries on polyploidy and diploidy 

Hybrids in nature 

Hybridisation between two closely related species is actually a common occurrence in nature but 

is also being greatly influenced by anthropogenic changes as well. Hybridization is a naturally 

occurring genetic process where individuals from two genetically distinct populations mate.  As 

stated above, it can occur both intraspecifically, between different distinct populations within the 

same species, and interspecifically, between two different species. Hybrids can be either 

sterile/not viable or viable/fertile. This affects the kind of effect that this hybrid will have on its 



and other populations that it interacts with. Many hybrid zones are known where the ranges of 

two species meet, and hybrids are continually produced in great numbers. These hybrid zones are 

useful as biological model systems for studying the mechanisms of speciation (Hybrid 

speciation). Recently DNA analysis of a bear shot by a hunter in the North West Territories 

confirmed the existence of naturally-occurring and fertile grizzly–polar bear hybrids.[28] There 

have been reports of similar supposed hybrids, but this is the first to be confirmed by DNA 

analysis. In 1943, Clara Helgason described a male bear shot by hunters during her childhood. It 

was large and off-white with hair all over its paws. The presence of hair on the bottom of the feet 

suggests it was a natural hybrid of Kodiak and Polar bear. 

Anthropogenic hybridization 

Changes to the environment caused by humans, such as fragmentation and Introduced species, 

are becoming more widespread.his increases the challenges in managing certain populations that 

are experiencing introgression, and is a focus of conservation genetics. 

Introduced species and habitat fragmentation 

Humans have been introducing species world wide to environments for a long time both directly 

such as establishing a population to be used as a biological control and indirectly such as 

accidental escapes of individuals out of agriculture. This causes drastic global effects on various 

populations with hybridization being one of the reasons introduced species can be so 

detrimental.When habitats become broken apart, one of two things can occur, genetically 

speaking. The first is that populations that were once connected can be cut off from one another, 

preventing their genes from interacting. Occasionally, this will result in a population of one 

species breeding with a population of another species as a means of surviving such as the case 

with the red wolves. Their population numbers being so small, they needed another means of 

survival. Habitat fragmentation also led to the influx of generalist species into areas where they 

would not have been, leading to competition and in some cases interbreeding/incorporation of a 

population into another. In this way, habitat fragmentation is essentially an indirect method of 

introducing species to an area. 

 



The hybridization continuum 

There is a kind of continuum with three semi-distinct categories dealing with anthropogenic 

hybridization: hybridization without Introgression, hybridization with widespread introgression, 

and essentially a Hybrid swarm.Depending on where a population falls along this continuum, the 

management plans for that population will change. Hybridization is currently an area of great 

discussion within Wildlife management and habitat management fields. Global climate change is 

creating other changes such as difference in population distributions which are indirect causes 

for an increase in anthropogenic hybridization. 

Consequences 

Hybridization can be a less discussed way toward extinction than within detection of where a 

population lies along the hybrid continuum. The dispute of hybridization is how to manage the 

resulting hybrids. When a population experiences hybridization with substantial introgression, 

there still exists parent types of each set of individuals. When a complete hybrid swarm is 

created, all the individuals are hybrids. 

 

Management of hybrids 

Conservationists disagree on when is the proper time to give up on a population that is becoming 

a hybrid swarm or to try and save the still existing pure individuals. Once it becomes a complete 

mixture, we should look to conserve those hybrids to avoid their loss.Most leave it as a case-by-

case basis, depending on detecting of hybrids within the group. It is nearly impossible to regulate 

hybridization via policy because hybridization can occur beneficially when it occurs "naturally" 

and there is the matter of protecting those previously mentioned hybrid swarms because if they 

are the only remaining evidence of prior species, they need to be conserved as well. 

 In some species, hybridisation plays an important role in evolutionary biology. While most 

hybrids are disadvantaged as a result of genetic incompatibility, the fittest survive, regardless of 

species boundaries. They may have a beneficial combination of traits allowing them to exploit 

new habitats or to succeed in a marginal habitat where the two parent species are disadvantaged. 

This has been seen in experiments on sunflower species. Unlike mutation, which affects only one 



gene, hybridisation creates multiple variations across genes or gene combinations 

simultaneously. Successful hybrids could evolve into new species within 50-60 generations. This 

leads some scientists to speculate that life is a genetic continuum rather than a series of self-

contained species. 

Where there are two closely related species living in the same area, less than 1 in 1000 

individuals are likely to be hybrids because animals rarely choose a mate from a different species 

(otherwise species boundaries would completely break down). In some closely related species 

there are recognized "hybrid zones". 

Some species of Heliconius butterflies exhibit dramatic geographical polymorphism of their 

wing patterns, which act as aposematic signals advertising their unpalatability to potential 

predators. Where different-looking geographical races abut, inter-racial hybrids are common, 

healthy and fertile. Heliconius hybrids can breed with other hybrid individuals and with 

individuals of either parental race. These hybrid backcrosses are disadvantaged by natural 

selection because they lack the parental form's warning coloration, and are therefore not avoided 

by predators. 

A similar case in mammals is hybrid White-Tail/Mule Deer. The hybrids don't inherit either 

parent's escape strategy. White-tail Deer dash while Mule Deer bound. The hybrids are easier 

prey than the parent species. 

In birds, healthy Galapagos Finch hybrids are relatively common, but their beaks are 

intermediate in shape and less efficient feeding tools than the specialised beaks of the parental 

species so they lose out in the competition for food. Following a major storm in 1983, the local 

habitat changed so that new types of plants began to flourish, and in this changed habitat, the 

hybrids had an advantage over the birds with specialised beaks - demonstrating the role of 

hybridization in exploiting new ecological niches. If the change in environmental conditions is 

permanent or is radical enough that the parental species cannot survive, the hybrids become the 

dominant form. Otherwise, the parental species will re-establish themselves when the 

environmental change is reversed, and hybrids will remain in the minority. 

Natural hybrids may occur when a species is introduced into a new habitat. In Britain, there is 

hybridisation of native European Red Deer and introduced Chinese Sika Deer. Conservationists 



want to protect the Red Deer, but the environment favors the Sika Deer genes. There is a similar 

situation with White-headed Ducks and Ruddy Ducks. 

Expression of parental traits in hybrids 

When two distinct types of organisms breed with each other, the resulting hybrids typically have 

intermediate traits (e.g., one parent has red flowers, the other has white, and the hybrid, pink 

flowers).Commonly, hybrids also combine traits seen only separately in one parent or the other 

(e.g., a bird hybrid might combine the yellow head of one parent with the orange belly of the 

other).Most characteristics of the typical hybrid are of one of these two types, and so, in a strict 

sense, are not really new. However, an intermediate trait does differ from those seen in the 

parents (e.g., the pink flowers of the intermediate hybrid just mentioned are not seen in either of 

its parents). Likewise, combined traits are new when viewed as a combination. 

In a hybrid, any trait that falls outside the range of parental variation is termed heterotic. 

Heterotic hybrids do have new traits, that is, they are not intermediate. Positive 

heterosisproduces more robust hybrids, they might be stronger or bigger; while the term negative 

heterosis refers to weaker or smaller hybrids. Heterosis is common in both animal and plant 

hybrids. For example, hybrids between a lion and a tigress ("ligers") are much larger than either 

of the two progenitors, while a tigon (lioness × tiger) is smaller. Also the hybrids between the 

Common Pheasant (Phasianus colchicus) and domestic fowl (Gallus gallus) are larger than either 

of their parents, as are those produced between the Common Pheasant and hen Golden Pheasant 

(Chrysolophus pictus). Spurs are absent in hybrids of the former type, although present in both 

parents.  

When populations hybridize, often the first generation (F1) hybrids are very uniform. Typically, 

however, the individual members of subsequent hybrid generations are quite variable. High 

levels of variability in a natural population, then, are indicative of hybridity. Researchers use this 

fact to ascertain whether a population is of hybrid origin. Since such variability generally occurs 

only in later hybrid generations, the existence of variable hybrids is also an indication that the 

hybrids in question are fertile. 

 



Genetic mixing and extinction 

Regionally developed ecotypes can be threatened with extinction when new alleles or genes are 

introduced that alter that ecotype. This is sometimes called genetic mixing.Hybridization and 

introgression of new genetic material can lead to the replacement of local genotypes if the 

hybrids are more fit and have breeding advantages over the indigenous ecotype or species. These 

hybridization events can result from the introduction of non native genotypes by humans or 

through habitat modification, bringing previously isolated species into contact. Genetic mixing 

can be especially detrimental for rare species in isolated habitats, ultimately affecting the 

population to such a degree that none of the originally genetically distinct population remains.  

Effect on biodiversity and food security 

In agriculture and animal husbandry, the Green Revolution's use of conventional hybridization 

increased yields by breeding "high-yielding varieties". The replacement of locally indigenous 

breeds, compounded with unintentional cross-pollination and crossbreeding (genetic mixing), 

has reduced the gene pools of various wild and indigenous breeds resulting in the loss of genetic 

diversity. Since the indigenous breeds are often well-adapted to local extremes in climate and 

have immunity to local pathogens this can be a significantgenetic erosion of the gene pool for 

future breeding. Therefore, commercial plant geneticists strive to breed "widely adapted" 

cultivars to counteract this tendency.  

Limiting factors 

A number of conditions exist that limit the success of hybridization, the most obvious is great 

genetic diversity between most species. But in animals and plants that are more closely related 

hybridization barriers can include morphological differences, differing times of fertility, mating 

behaviors and cues, physiological rejection of sperm cells or the developing embryo. 

In plants, barriers to hybridization include blooming period differences, different pollinator 

vectors, inhibition of pollen tube growth, somatoplastic sterility, cytoplasmic-genic male sterility 

and structural differences of the chromosomes. 

 



Mythical, legendary and religious hybrids 

Ancient folktales often contain mythological creatures, sometimes these are described as hybrids 

(e.g., Hippogriff as the offspring of a griffin and a horse, and the Minotaur which is the offspring 

of Pasiphaë and a white bull). More often they are kind of chimera, i.e., a composite of the 

physical attributes of two or more kinds of animals, mythical beasts, and often humans, with no 

suggestion that they are the result of interbreeding, e.g., Harpies, mermaids, and centaurs. 

In the Bible, the Old Testament contains several passages which talk about a first generation of 

hybrid giants who were known as the Nephilim. The Book of Genesis (6:4) states that "the sons 

of God went to the daughters of humans and had children by them". As a result, the offspring 

was born as hybrid giants who became mighty heroes of old and legendary famous figures of 

ancient times. Several verses later the writer states that God saw that "all flesh had corrupted his 

way upon the earth." In addition, the Book of Numbers (13:33) says that the descendants of 

Anak came from the Nephilim, whose bodies looked exactly like men, but with an enormous 

height. According to the "apocryphal"Book of Enoch and some theological interpretations, the 

hybrid Nephilim were wicked sons of "fallen angels" who had lusted with attractive women.  

Demography 

Demography is the statistical study of human populations. It can be a very general science that 

can be applied to any kind of dynamic living population, i.e., one that changes over time or space 

(see population dynamics). It encompasses the study of the size, structure, and distribution of 

these populations, and spatial and/or temporal changes in them in response to birth, migration, 

aging and death. 

“Demo” means “the people” and “graphy” means “measurement”.   

Demographic analysis can be applied to whole societies or to groups defined by criteria such as 

education, nationality, religion and ethnicity. Institutionally, demography is usually considered a 

field of sociology, though there are a number of independent demography departments.Formal 

demography limits its object of study to the measurement of populations processes, while the 

broader field of social demography population studies also analyze the relationships between 

economic, social, cultural and biological processes influencing a population. 



The term demographics refers to characteristics of a population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

Methods 

There are two types of data collection — direct and indirect — with several different methods of 

each type. 

Direct methods 

Direct data come from vital statistics registries that track all births and deaths as well as certain 

changes in legal status such as marriage, divorce, and migration (registration of place of 

residence). In developed countries with good registration systems (such as the United States and 

much of Europe), registry statistics are the best method for estimating the number of births and 

deaths. 

A census is the other common direct method of collecting demographic data. A census is usually 

conducted by a national government and attempts to enumerate every person in a country. 

However, in contrast to vital statistics data, which are typically collected continuously and 

summarized on an annual basis, censuses typically occur only every 10 years or so, and thus are 

not usually the best source of data on births and deaths. Analyses are conducted after a census to 

estimate how much over or undercounting took place. These compare the sex ratios from the 

census data to those estimated from natural values and mortality data. 

Censuses do more than just count people. They typically collect information about families or 

households in addition to individual characteristics such as age, sex, marital status, 

literacy/education, employment status, and occupation, angraphical location. They may also 

collect data on migration (or place of birth or of previous residence), language, religion, 

nationality (or ethnicity or race), and citizenship. In countries in which the vital registration 

system may be incomplete, the censuses are also used as a direct source of information about 

fertility and mortality; for example the censuses of the People's Republic of China gather 

information on births and deaths that occurred in the 18 months immediately preceding the 

census. 

 



Indirect methods 

Indirect methods of collecting data are required in countries and periods where full data are not 

available, such as is the case in much of the developing world, and most of historical 

demography. One of these techniques in contemporary demography is the sister method, where 

survey researchers ask women how many of their sisters have died or had children and at what 

age. With these surveys, researchers can then indirectly estimate birth or death rates for the entire 

population. Other indirect methods in contemporary demography include asking people about 

siblings, parents, and children. Other indirect methods are necessary in historical demography. 

There are a variety of demographic methods for modeling population processes. They include 

models of mortality(including the life table, Gompertz models, hazards models, Cox proportional 

hazards models, multiple decrement life tables, Brass relational logits), fertility (Hernes model, 

Coale-Trussell models, parity progression ratios), marriage (Singulate Mean at Marriage, Page 

model), disability (Sullivan's method, multistate life tables),population projections (Lee Carter, 

the Leslie Matrix), and population momentum (Keyfitz). 

Common Rates and Ratios 

• The crude birth rate, the annual number of live births per 1,000 people. 

• The general fertility rate, the annual number of live births per 1,000 women of 

childbearing age (often taken to be from 15 to 49 years old, but sometimes from 15 to 

44). 

• age-specific fertility rates, the annual number of live births per 1,000 women in particular 

age groups (usually age 15-19, 20-24 etc.) 

• The crude death rate, the annual number of deaths per 1,000 people. 

• The infant mortality rate, the annual number of deaths of children less than 1 year old per 

1,000 live births. 

• The expectation of life (or life expectancy), the number of years which an individual at a 

given age could expect to live at present mortality levels. 

• The total fertility rate, the number of live births per woman completing her reproductive 

life, if her childbearing at each age reflected current age-specific fertility rates. 



• The replacement level fertility, the average number of children a woman must have in 

order to replace herself with a daughter in the next generation. For example the 

replacement level fertility in the US is 2.11. This means that 100 women will bear 211 

children, 103 of which will be females. About 3% of the alive female infants are expected 

to decease before they bear children, thus producing 100 women in the next generation.  

• The gross reproduction rate, the number of daughters who would be born to a woman 

completing her reproductive life at current age-specific fertility rates. 

• The net reproduction ratio is the expected number of daughters, per newborn prospective 

mother, who may or may not survive to and through the ages of childbearing. 

• A stable population, one that has had constant crude birth and death rates for such a long 

period of time that the percentage of people in every age class remains constant, or 

equivalently, the population pyramid has an unchanging structure.  

• A stationary population, one that is both stable and unchanging in size (the difference 

between crude birth rate and crude death rate is zero).  

A stable population does not necessarily remain fixed in size. It can be expanding or shrinking.  

Note that the crude death rate as defined above and applied to a whole population can give a 

misleading impression. For example, the number of deaths per 1,000 people can be higher for 

developed nations than in less-developed countries, despite standards of health being better in 

developed countries. This is because developed countries have proportionally more older people, 

who are more likely to die in a given year, so that the overall mortality rate can be higher even if 

the mortality rate at any given age is lower. A more complete picture of mortality is given by a 

life table which summarises mortality separately at each age. A life table is necessary to give a 

good estimate of life expectancy. 

The fertility rates can also give a misleading impression that a population is growing faster than 

it in fact is, because measurement of fertility rates only involves the reproductive rate of women, 

and does not adjust for the sex ratio. For example, if a population has a total fertility rate of 4.0 

but the sex ratio is 66/34 (twice as many men as women), this population is actually growing at a 

slower natural increase rate than would a population having a fertility rate of 3.0 and a sex ratio 

of 50/50. This distortion is greatest in India and Myanmar, and is present in China as well. 



Basic equation 

Suppose that a country (or other entity) contains Populationt persons at time t. What is the size of 

the population at time t + 1 ? 

 Natural increase from time t to t + 1: 

 Net migration from time t to t + 1: 

 This basic equation can also be applied to subpopulations. For example, the population size of 

ethnic groups or nationalities within a given society or country is subject to the same sources of 

change. However, when dealing with ethnic groups, "net migration" might have to be subdivided 

into physical migration and ethnic reidentification (assimilation). Individuals who change their 

ethnic self-labels or whose ethnic classification in government statistics changes over time may 

be thought of as migrating or moving from one population subcategory to another.  

More generally, while the basic demographic equation holds true by definition, in practice the 

recording and counting of events (births, deaths, immigration, emigration) and the enumeration 

of the total population size are subject to error. So allowance needs to be made for error in the 

underlying statistics when any accounting of population size or change is made. 

 History 

Demographic thoughts can be traced back to antiquity, and are present in many civilisations and 

cultures, like Ancient Greece, Ancient Rome, India and China.In ancient Greece, this can be 

found in the writings of Herodotus, Thucidides, Hippocrates, Epicurus, Protagoras, Polus, Plato 

and Aristotle. In Rome, writers and philosophers like Cicero,Seneca, Pliny the elder, Marcus 

Aurelius, Epictetus, Cato and Collumella also expressed important ideas on this ground.  

In the Middle ages, Christian thinkers devoted much time in refuting the Classical ideas on 

demography. Important contributors to the field were William of Conches, Bartholomew of 

Lucca, William of Auvergne, William of Pagula, and Ibn Khaldun.  

The Natural and Political Observations ... upon the Bills of Mortality (1662) of John Graunt 

contains a primitive form of life table. Mathematicians, such as Edmond Halley, developed the 

life table as the basis for life insurance mathematics. Richard Price was credited with the first 



textbook on life contingencies published in 1771, followed later byAugustus de Morgan, ‘On the 

Application of Probabilities to Life Contingencies’ (1838).  

At the end of the 18th century, Thomas Malthus concluded that, if unchecked, populations would 

be subject to exponential growth. He feared that population growth would tend to outstrip growth 

in food production, leading to ever-increasing famine and poverty (see Malthusian catastrophe). 

He is seen as the intellectual father of ideas of overpopulation and the limits to growth. Later, 

more sophisticated and realistic models were presented by Benjamin Gompertz and Verhulst. 

The period 1860-1910 can be characterized as a period of transition wherein demography 

emerged from statistics as a separate field of interest. This period included a panoply of 

international ‘great demographers’ like Adolphe Quételet (1796–1874), William Farr (1807–

1883), Louis-Adolphe Bertillon (1821–1883) and his son Jacques (1851–1922), Joseph Körösi 

(1844–1906), Anders Nicolas Kaier (1838–1919), Richard Böckh (1824–1907), Émile Durkheim 

(1858-1917), Wilhelm Lexis (1837–1914) and Luigi Bodio (1840–1920) contributed to the 

development of demography and to the toolkit of methods and techniques of demographic 

analysis.  

The figure in this section shows the latest (2004) UN projections of world population out to the 

year 2150 (red = high, orange = medium, green = low). The UN "medium" projection shows 

world population reaching an approximate equilibrium at 9 billion by 2075. Working 

independently, demographers at the International Institute for Applied Systems Analysisin 

Austria expect world population to peak at 9 billion by 2070. Throughout the 21st century, the 

average age of the population is likely to continue to rise. 

Science of population 

Populations can change through three processes: fertility, mortality, and migration. Fertility 

involves the number of children that women have and is to be contrasted with fecundity (a 

woman's childbearing potential).  Mortality is the study of the causes, consequences, and 

measurement of processes affecting death to members of the population. Demographers most 

commonly study mortality using the Life Table, a statistical device which provides information 

about the mortality conditions (most notably the life expectancy) in the population.  



Migration refers to the movement of persons from a locality of origin to a destination place 

across some pre-defined, political boundary. Migration researchers do not designate movements 

'migrations' unless they are somewhat permanent. Thus demographers do not consider tourists 

and travelers to be migrating. While demographers who study migration typically do so through 

census data on place of residence, indirect sources of data including tax forms and labor force 

surveys are also important. 

Demography is today widely taught in many universities across the world, attracting students 

with initial training in social sciences, statistics or health studies. Being at the crossroads of 

several disciplines such as sociology, economics, epidemiology, geography, anthropology and 

history, demography offers tools to approach a large range of population issues by combining a 

more technical quantitative approach that represents the core of the discipline with many other 

methods borrowed from social or other sciences. Demographic research is conducted in 

universities, in research institutes as well as in statistical departments and in several international 

agencies. Population institutions are part of the Cicred (International Committee for 

Coordination of Demographic Research) network while most individual scientists engaged in 

demographic research are members of the International Union for the Scientific Study of 

Population, or a national association such as the Population Association of America in the United 

States, or affiliates of the Federation of Canadian Demographers in Canada.  

Population genetics 

Population genetics is the study of allele frequency distribution and change under the influence 

of the four main evolutionary processes: natural selection, genetic drift, mutation and gene flow. 

It also takes into account the factors of recombination, population subdivision and population 

structure. It attempts to explain such phenomena as adaptation and speciation. 

Population genetics was a vital ingredient in the emergence of the modern evolutionary 

synthesis. Its primary founders were Sewall Wright,J. B. S. Haldane and R. A. Fisher, who also 

laid the foundations for the related discipline of quantitative genetics. 

Traditionally a highly mathematical discipline, modern population genetics encompasses 

theoretical, lab and field work. Computational approaches, often using coalescent theory, have 

played a central role since the 1980s. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5 

Fundamentals 

Population genetics is the study of the frequency and interaction of alleles and genes in 

populations.A sexual population is a set of organisms in which any pair of members can breed 

together. This implies that all members belong to the same species and live near each other.  

For example, all of the moths of the same species living in an isolated forest are a population. A 

gene in this population may have several alternate forms, which account for variations between 

the phenotypes of the organisms. An example might be a gene for coloration in moths that has 

two alleles: black and white. A gene pool is the complete set of alleles for a gene in a single 

population; the allele frequency for an allele is the fraction of the genes in the pool that is 

composed of that allele (for example, what fraction of moth coloration genes are the black 

allele). Evolution occurs when there are changes in the frequencies of alleles within a population; 

for example, the allele for black color in a population of moths becoming more common. 

Hardy–Weinberg genotype frequencies for two alleles: the horizontal axis shows the two allele 

frequencies p and q and the vertical axis shows the genotype frequencies. Each curve shows one 

of the three possible genotypes. 

Hardy–Weinberg principle 

Natural selection will only cause evolution if there is enough genetic variation in a population. 

Before the discovery of Mendelian genetics, one common hypothesis was blending inheritance. 

But with blending inheritance, genetic variance would be rapidly lost, making evolution by 

natural selection implausible. The Hardy–Weinberg principle provides the solution to how 

variation is maintained in a population withMendelian inheritance. According to this principle, 

the frequencies of alleles (variations in a gene) will remain constant in the absence of selection, 

mutation, migration and genetic drift. The Hardy–Weinberg "equilibrium" refers to this stability 

of allele frequencies over time. 

A second component of the Hardy–Weinberg principle concerns the effects of a single 

generation of random mating. In this case, the genotype frequencies can be predicted from the 



allele frequencies. For example, in the simplest case of a single locus with two alleles: the 

dominant allele is denoted A and the recessive a and their frequencies are denoted by p and q; 

freq(A) = p; freq(a) = q; p + q = 1. If the genotype frequencies are in Hardy–Weinberg 

proportions resulting from random mating, then we will have freq(AA) = p2 for the AA 

homozygotes in the population, freq(aa) = q2 for the aahomozygotes, and freq(Aa) = 2pq for the 

heterozygotes. 

The four processes 

Natural selection 

Natural selection is the fact that some traits make it more likely for an organism to survive and 

reproduce. Population genetics describes natural selection by defining fitness as a propensity or 

probability of survival and reproduction in a particular environment. The fitness is normally 

given by the symbol w=1-s where s is the selection coefficient. Natural selection acts on 

phenotypes, or the observable characteristics of organisms, but the genetically heritable basis of 

any phenotype which gives a reproductive advantage will become more common in a population 

(see allele frequency). In this way, natural selection converts differences in fitness into changes 

in allele frequency in a population over successive generations. 

Before the advent of population genetics, many biologists doubted that small differences in 

fitness were sufficient to make a large difference to evolution. Population geneticists addressed 

this concern in part by comparing selection to genetic drift. Selection can overcome genetic drift 

when s is greater than 1 divided by the effective population size. When this criterion is met, the 

probability that a new advantageous mutant becomes fixed is approximately equal to 2s. The 

time until fixation of such an allele depends little on genetic drift, and is approximately 

proportional to log(sN)/s.  

Genetic drift 

Genetic drift is a change in allele frequencies caused by random sampling.  That is, the alleles in 

the offspring are a random sample of those in the parents. Genetic drift may cause gene variants 

to disappear completely, and thereby reduce genetic variability. In contrast to natural selection, 

which makes gene variants more common or less common depending on their reproductive 



success,  the changes due to genetic drift are not driven by environmental or adaptive pressures, 

and may be beneficial, neutral, or detrimental to reproductive success. 

The effect of genetic drift is larger for alleles present in few copies than when an allele is present 

in many copies. Scientists wage vigorous debates over the relative importance of genetic drift 

compared with natural selection. Ronald Fisher held the view that genetic drift plays at the most 

a minor role in evolution, and this remained the dominant view for several decades. In 1968 

Motoo Kimura rekindled the debate with hisneutral theory of molecular evolution which claims 

that most of the changes in the genetic material are caused by neutral mutations and genetic drift. 

The role of genetic drift by means of sampling error in evolution has been criticized by John H 

Gillespie and Will Provine, who argue that selection on linked sites is a more important 

stochastic force. 

The population genetics of genetic drift are described using either branching processes or a 

diffusion equation describing changes in allele frequency.These approaches are usually applied 

to the Wright-Fisher and Moran models of population genetics. Assuming genetic drift is the 

only evolutionary force acting on an allele, after t generations in many replicated populations, 

starting with allele frequencies of p and q, the variance in allele frequency across those 

populations is 

Mutation 

Mutation is the ultimate source of genetic variation in the form of new alleles. Mutation can 

result in several different types of change in DNA sequences; these can either have no effect, 

alter the product of a gene, or prevent the gene from functioning. Studies in the fly Drosophila 

melanogaster suggest that if a mutation changes a protein produced by a gene, this will probably 

be harmful, with about 70 percent of these mutations having damaging effects, and the remainder 

being either neutral or weakly beneficial.  

Mutations can involve large sections of DNA becoming duplicated, usually through genetic 

recombination.  These duplications are a major source of raw material for evolving new genes, 

with tens to hundreds of genes duplicated in animal genomes every million years. Most genes 

belong to larger families of genes of shared ancestry. Novel genes are produced by several 

methods, commonly through the duplication and mutation of an ancestral gene, or by 



recombining parts of different genes to form new combinations with new functions. Here, 

domains act as modules, each with a particular and independent function, that can be mixed 

together to produce genes encoding new proteins with novel properties. For example, the human 

eye uses four genes to make structures that sense light: three for color vision and one for night 

vision; all four arose from a single ancestral gene.  Another advantage of duplicating a gene (or 

even an entire genome) is that this increases redundancy; this allows one gene in the pair to 

acquire a new function while the other copy performs the original function. Other types of 

mutation occasionally create new genes from previously noncoding DNA.  

In addition to being a major source of variation, mutation may also function as a mechanism of 

evolution when there are different probabilities at the molecular level for different mutations to 

occur, a process known as mutation bias. If two genotypes, for example one with the nucleotide 

G and another with the nucleotide A in the same position, have the same fitness, but mutation 

from G to A happens more often than mutation from A to G, then genotypes with A will tend to 

evolve. Different insertion vs. deletion mutation biases in different taxa can lead to the evolution 

of different genome sizes. Developmental or mutational biases have also been observed in 

morphological evolution. For example, according to the phenotype-first theory of evolution, 

mutations can eventually cause the genetic assimilation of traits that were previously induced by 

the environment.  

Mutation bias effects are superimposed on other processes. If selection would favor either one 

out of two mutations, but there is no extra advantage to having both, then the mutation that 

occurs the most frequently is the one that is most likely to become fixed in a population. 

Mutations leading to the loss of function of a gene are much more common than mutations that 

produce a new, fully functional gene. Most loss of function mutations are selected against. But 

when selection is weak, mutation bias towards loss of function can affect evolution. For 

example, pigments are no longer useful when animals live in the darkness of caves, and tend to 

be lost. This kind of loss of function can occur because of mutation bias, and/or because the 

function had a cost, and once the benefit of the function disappeared, natural selection leads to 

the loss. Loss of sporulationability in a bacterium during laboratory evolution appears to have 

been caused by mutation bias, rather than natural selection against the cost of maintaining 

sporulation ability. When there is no selection for loss of function, the speed at which loss 



evolves depends more on the mutation rate than it does on the effective population size, 

indicating that it is driven more by mutation bias than by genetic drift. 

Evolution of mutation rate 

Due to the damaging effects that mutations can have on cells, organisms have evolved 

mechanisms such as DNA repair to remove mutations.Therefore, the optimal mutation rate for a 

species is a trade-off between costs of a high mutation rate, such as deleterious mutations, and 

the metabolic costs of maintaining systems to reduce the mutation rate, such as DNA repair 

enzymes. Viruses that use RNA as their genetic material have rapid mutation rates,which can be 

an advantage since these viruses will evolve constantly and rapidly, and thus evade the defensive 

responses of e.g. the human immune system.  

Gene flow and transfer 

Gene flow is the exchange of genes between populations, which are usually of the same species.  

Examples of gene flow within a species include the migration and then breeding of organisms, or 

the exchange of pollen. Gene transfer between species includes the formation of hybrid 

organisms and horizontal gene transfer. 

Migration into or out of a population can change allele frequencies, as well as introducing 

genetic variation into a population. Immigration may add new genetic material to the established 

gene pool of a population. Conversely, emigration may remove genetic material. Population 

genetic models can be used to reconstruct the history of gene flow between populations.  

Reproductive isolation 

As barriers to reproduction between two diverging populations are required for the populations 

to become new species, gene flow may slow this process by spreading genetic differences 

between the populations. Gene flow is hindered by mountain ranges, oceans and deserts or even 

man-made structures such as the Great Wall of China, which has hindered the flow of plant 

genes. 

Depending on how far two species have diverged since their most recent common ancestor, it 

may still be possible for them to produce offspring, as with horses and donkeys mating to 



produce mules. Such hybrids are generally infertile, due to the two different sets of chromosomes 

being unable to pair up during meiosis. In this case, closely related species may regularly 

interbreed, but hybrids will be selected against and the species will remain distinct. However, 

viable hybrids are occasionally formed and these new species can either have properties 

intermediate between their parent species, or possess a totally new phenotype.  The importance 

of hybridization in creating new species of animals is unclear, although cases have been seen in 

many types of animals, with the gray tree frog being a particularly well-studied example.  

Hybridization is, however, an important means of speciation in plants, since polyploidy (having 

more than two copies of each chromosome) is tolerated in plants more readily than in animals. 

Polyploidy is important in hybrids as it allows reproduction, with the two different sets of 

chromosomes each being able to pair with an identical partner during meiosis. Polyploids also 

have more genetic diversity, which allows them to avoid inbreeding depression in small 

populations.  

Genetic structure 

Because of physical barriers to migration, along with limited tendency for individuals to move or 

spread (vagility), and tendency to remain or come back to natal place (philopatry), natural 

populations rarely all interbreed as convenient in theoretical random models (panmixy) (Buston 

et al., 2007). There is usually a geographic range within which individuals are more closely 

related to one another than those randomly selected from the general population. This is 

described as the extent to which a population is genetically structured (Repaci et al., 2007). 

Genetic structuring can be caused by migration due to historical climate change, species range 

expansion or current availability of habitat. 

Horizontal Gene Transfer 

Horizontal gene transfer is the transfer of genetic material from one organism to another 

organism that is not its offspring; this is most common among bacteria. In medicine, this 

contributes to the spread of antibiotic resistance, as when one bacteria acquires resistance genes 

it can rapidly transfer them to other species. Horizontal transfer of genes from bacteria to 

eukaryotes such as the yeast Saccharomyces cerevisiae and the adzuki bean beetle 

Callosobruchus chinensis may also have occurred. An example of larger-scale transfers are the 



eukaryotic bdelloid rotifers, which appear to have received a range of genes from bacteria, fungi, 

and plants. Viruses can also carry DNA between organisms, allowing transfer of genes even 

across biological domains. Large-scale gene transfer has also occurred between the ancestors of 

eukaryotic cells and prokaryotes, during the acquisition of chloroplasts and mitochondria.  

Complications 

Basic models of population genetics consider only one gene locus at a time. In practice, epistatic 

and linkage relationships between loci may also be important. 

Epistasis 

Because of epistasis, the phenotypic effect of an allele at one locus may depend on which alleles 

are present at many other loci. Selection does not act on a single locus, but on a phenotype that 

arises through development from a complete genotype. 

According to Lewontin (1974), the theoretical task for population genetics is a process in two 

spaces: a "genotypic space" and a "phenotypic space". The challenge of a completetheory of 

population genetics is to provide a set of laws that predictably map a population of genotypes 

(G1) to a phenotype space (P1), where selection takes place, and another set of laws that map the 

resulting population (P2) back to genotype space (G2) where Mendelian genetics can predict the 

next generation of genotypes, thus completing the cycle. Even leaving aside for the moment the 

non-Mendelian aspects of molecular genetics, this is clearly a gargantuan task. Visualizing this 

transformation schematically: 

 (adapted from Lewontin 1974, p. 12). XD 

T1 represents the genetic and epigenetic laws, the aspects of functional biology, or development, 

that transform a genotype into phenotype. We will refer to this as the "genotype-phenotype 

map". T2 is the transformation due to natural selection, T3 are epigenetic relations that predict 

genotypes based on the selected phenotypes and finally T4 the rules of Mendelian genetics. 

In practice, there are two bodies of evolutionary theory that exist in parallel, traditional 

population genetics operating in the genotype space and the biometric theory used in plantand 

animal breeding, operating in phenotype space. The missing part is the mapping between the 



genotype and phenotype space. This leads to a "sleight of hand" (as Lewontin terms it) whereby 

variables in the equations of one domain, are considered parameters or constants, where, in a 

full-treatment they would be transformed themselves by the evolutionary process and are in 

reality functions of the state variables in the other domain. The "sleight of hand" is assuming that 

we know this mapping. Proceeding as if we do understand it is enough to analyze many cases of 

interest. For example, if the phenotype is almost one-to-one with genotype (sickle-cell disease) 

or the time-scale is sufficiently short, the "constants" can be treated as such; however, there are 

many situations where it is inaccurate. 

Linkage 

If all genes are in linkage equilibrium, the effect of an allele at one locus can be averaged across 

the gene pool at other loci. In reality, one allele is frequently found in linkage disequilibrium 

with genes at other loci, especially with genes located nearby on the same chromosome. 

Recombination breaks up this linkage disequilibrium too slowly to avoidgenetic hitchhiking, 

where an allele at one locus rises to high frequency because it is linked to an allele under 

selection at a nearby locus. This is a problem for population genetic models that treat one gene 

locus at a time. It can, however, be exploited as a method for detecting the action of natural 

selection via selective sweeps. 

In the extreme case of primarily asexual populations, linkage is complete, and different 

population genetic equations can be derived and solved, which behave quite differently to the 

sexual case. Most microbes, such as bacteria, are asexual. The population genetics of 

microorganisms lays the foundations for tracking the origin and evolution of antibiotic resistance 

and deadly infectious pathogens. Population genetics of microorganisms is also an essential 

factor for devising strategies for the conservation and better utilization of beneficial microbes 

(Xu, 2010). 

History 

Population genetics began as a reconciliation of the Mendelian and biometrician models. A key 

step was the work of the British biologist and statistician R.A. Fisher. In a series of papers 

starting in 1918 and culminating in his 1930 book The Genetical Theory of Natural Selection, 

Fisher showed that the continuous variation measured by the biometricians could be produced by 



the combined action of many discrete genes, and that natural selection could change allele 

frequencies in a population, resulting in evolution. In a series of papers beginning in 1924, 

another British geneticist, J.B.S. Haldane worked out the mathematics of allele frequency change 

at a single gene locus under a broad range of conditions. Haldane also applied statistical analysis 

to real-world examples of natural selection, such as the evolution of industrial melanism in 

peppered moths, and showed that selection coefficients could be larger than Fisher assumed, 

leading to more rapid adaptive evolution.  

The American biologist Sewall Wright, who had a background in animal breeding experiments, 

focused on combinations of interacting genes, and the effects of inbreeding on small, relatively 

isolated populations that exhibited genetic drift. In 1932, Wright introduced the concept of an 

adaptive landscape and argued that genetic drift and inbreeding could drive a small, isolated sub-

population away from an adaptive peak, allowing natural selection to drive it towards different 

adaptive peaks. 

The work of Fisher, Haldane and Wright founded the discipline of population genetics. This 

integrated natural selection with Mendelian genetics, which was the critical first step in 

developing a unified theory of how evolution worked. John Maynard Smith was Haldane's pupil, 

whilst W.D. Hamilton was heavily influenced by the writings of Fisher. The American George 

R. Price worked with both Hamilton and Maynard Smith. American Richard Lewontin and 

Japanese Motoo Kimura were heavily influenced by Wright. 

Modern evolutionary synthesis 

The mathematics of population genetics were originally developed as the beginning of the 

modern evolutionary synthesis. According to Beatty (1986), population genetics defines the core 

of the modern synthesis. In the first few decades of the 20th century, most field naturalists 

continued to believe that Lamarckian and orthogenic mechanisms of evolution provided the best 

explanation for the complexity they observed in the living world. However, as the field of 

genetics continued to develop, those views became less tenable. During the modern evolutionary 

synthesis, these ideas were purged, and only evolutionary causes that could be expressed in the 

mathematical framework of population genetics were retained. Consensus was reached as to 



which evolutionary factors might influence evolution, but not as to the relative importance of the 

various factors. 

Theodosius Dobzhansky, a postdoctoral worker in T. H. Morgan's lab, had been influenced by 

the work on genetic diversity by Russian geneticists such as Sergei Chetverikov. He helped to 

bridge the divide between the foundations of microevolution developed by the population 

geneticists and the patterns of macroevolution observed by field biologists, with his 1937 book 

Genetics and the Origin of Species. Dobzhansky examined the genetic diversity of wild 

populations and showed that, contrary to the assumptions of the population geneticists, these 

populations had large amounts of genetic diversity, with marked differences between sub-

populations. The book also took the highly mathematical work of the population geneticists and 

put it into a more accessible form. Many more biologists were influenced by population genetics 

via Dobzhansky than were able to read the highly mathematical works in the original.  

Selection vs. genetic drift 

Fisher and Wright had some fundamental disagreements and a controversy about the relative 

roles of selection and drift continued for much of the century between the Americans and the 

British. 

In Great Britain E.B. Ford, the pioneer of ecological genetics, continued throughout the 1930s 

and 1940s to demonstrate the power of selection due to ecological factors including the ability to 

maintain genetic diversity through genetic polymorphisms such as human blood types. Ford's 

work, in collaboration with Fisher, contributed to a shift in emphasis during the course of the 

modern synthesis towards natural selection over genetic drift.  

Recent studies of eukaryotic transposable elements, and of their impact on speciation, point 

again to a major role of non adaptive processes such as mutation and genetic drift. Mutation and 

genetic drift are also viewed as major factors in the evolution of genome complexity. 

Genetic drift 

Genetic drift or allelic drift is the change in the frequency of a gene variant (allele) in a 

population due to random sampling. The alleles in the offspring are a sample of those in the 

parents, and chance has a role in determining whether a given individual survives and 



reproduces. A population's allele frequency is the fraction of the copies of one gene that share a 

particular form. Genetic drift may cause gene variants to disappear completely and thereby 

reduce genetic variation. 

When there are few copies of an allele, the effect of genetic drift is larger, and when there are 

many copies the effect is smaller. Vigorous debates occurred over the relative importance of 

natural selection versus neutral processes, including genetic drift. Ronald Fisher held the view 

that genetic drift plays at the most a minor role in evolution, and this remained the dominant 

view for several decades. In 1968, Motoo Kimura rekindled the debate with his neutral theory of 

molecular evolution, which claims that most instances where a genetic changespreads across a 

population (although not necessarily changes in phenotypes) are caused by genetic drift. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6 

Analogy with marbles in a Jar 

The process of genetic drift can be illustrated using 20 marbles in a jar to represent 20 organisms 

in a population. Consider this jar of marbles as the starting population. Half of the marbles in the 

jar are red and half blue, and both colors correspond to two different alleles of one gene in the 

population. In each new generation the organisms reproduce at random. To represent this 

reproduction, randomly select a marble from the original jar and deposit a new marble with the 

same color as its "parent" into a new jar. (The selected marble remains in the original jar.) Repeat 

this process until there are 20 new marbles in the second jar. The second jar then contains a 

second generation of "offspring", consisting of 20 marbles of various colors. Unless the second 

jar contains exactly 10 red and 10 blue marbles, a random shift occurred in the allele frequencies. 

Repeat this process a number of times, randomly reproducing each generation of marbles to form 

the next. The numbers of red and blue marbles picked each generation fluctuates: sometimes 

more red, sometimes more blue. This fluctuation is analogous to genetic drift – a change in the 

population's allele frequency resulting from a random variation in the distribution of alleles from 

one generation to the next. 

It is even possible that in any one generation no marbles of a particular color are chosen, 

meaning they have no offspring. In this example, if no red marbles are selected the jar 

representing the new generation contains only blue offspring. If this happens, the red allele has 

been lost permanently in the population, while the remaining blue allele has becomefixed: all 

future generations are entirely blue. In small populations, fixation can occur in just a few 

generations. 

Probability and allele frequency 

The mechanisms of genetic drift can be illustrated with a simplified example. Consider a very 

large colony of bacteria isolated in a drop of solution. The bacteria are genetically identical 

except for a single gene with two alleles labeled A and B. Half the bacteria have allele A and the 

other half have allele B. Thus both A and B have allele frequency 1/2. 



A and B are neutral alleles—meaning they do not affect the bacteria's ability to survive and 

reproduce. This being the case, all bacteria in this colony are equally likely to survive and 

reproduce. The drop of solution then shrinks until it has only enough food to sustain four 

bacteria. All the others die without reproducing. Among the four who survive, there are sixteen 

possible combinations for the A and B alleles: 

(A-A-A-A), (B-A-A-A), (A-B-A-A), (B-B-A-A), 

(A-A-B-A), (B-A-B-A), (A-B-B-A), (B-B-B-A), 

(A-A-A-B), (B-A-A-B), (A-B-A-B), (B-B-A-B), 

(A-A-B-B), (B-A-B-B), (A-B-B-B), (B-B-B-B). 

If each of the combinations with the same number of A and B respectively are counted, we get 

the following table. The probabilities are calculated with the slightly faulty premise that the peak 

population size was infinite. 

The probability of any one possible combination is 

  

where 1/2 (the probability of the A or B allele for each surviving bacterium) is multiplied four 

times (the total sample size, which in this example is the total number of surviving bacteria). 

As seen in the table, the total number of possible combinations to have an equal (conserved) 

number of A and B alleles is six, and its probability is 6/16. The total number of possible 

alternative combinations is ten, and the probability of unequal number of A and B alleles is 

10/16. 

The total number of possible combinations can be represented as binomial coefficients and they 

can be derived from Pascal's triangle. The probability for any one of the possible combinations 

can be calculated with the formula 

  



where N is the number of bacteria and k is the number of A (or B) alleles in the combination. 

The function '()' signifies the binomial coefficient and can be expressed as "N choosek". Using 

the formula to calculate the probability that between them the surviving four bacteria have two A 

alleles and two B alleles. 

Genetic drift occurs when a population's allele frequencies change due to random events. In this 

example the population contracted to just four random survivors, a phenomenon known as 

population bottleneck. The original colony began with an equal distribution of A and B alleles 

but chances are that the remaining population of four members has an unequal distribution. The 

probability that this surviving population will undergo drift (10/16) is higher than the probability 

that it will remain the same (6/16). 

Mathematical models of genetic drift 

Mathematical models of genetic drift can be designed using either branching processes or a 

diffusion equation describing changes in allele frequency in an idealised population. 

Wright–Fisher model 

Consider a gene with two alleles, A or B. In diploid populations consisting of N individuals there 

are 2N copies of each gene. An individual can have two copies of the same allele or two different 

alleles. We can call the frequency of one allele p and the frequency of the other q. The Wright–

Fisher model (named after Sewall Wright and Ronald Fisher) assumes that generations do not 

overlap. For example, annual plants have exactly one generation per year. Each copy of the gene 

found in the new generation is drawn independently at random from all copies of the gene in the 

old generation. The formula to calculate the probability of obtaining k copies of an allele that had 

frequency p in the last generation is thenwhere the symbol "!" signifies the factorial function. 

This expression can also be formulated using the binomial coefficient, 

 Moran model 

The Moran model assumes overlapping generations. At each time step, one individual is chosen 

to reproduce and one individual is chosen to die. So in each timestep, the number of copies of a 

given allele can go up by one, go down by one, or can stay the same. This means that the 

transition matrix is tridiagonal, which means that mathematical solutions are easier for the Moran 



model than for the Wright–Fisher model. On the other hand, computer simulations are usually 

easier to perform using the Wright–Fisher model, because fewer time steps need to be calculated. 

In the Moran model, it takes N timesteps to get through one generation, where N is the effective 

population size. In the Wright–Fisher model, it takes just one. 

In practice, the Moran model and Wright–Fisher model give qualitatively similar results, but 

genetic drift runs twice as fast in the Moran model. 

Other models of drift 

If the variance in the number of offspring is much greater than that given by the binomial 

distribution assumed by the Wright–Fisher model, then given the same overall speed of genetic 

drift (the variance effective population size), genetic drift is a less powerful force compared to 

selection. Even for the same variance, if higher moments of the offspring number distribution 

exceed those of the binomial distribution then again the force of genetic drift is substantially 

weakened.  

Random effects other than sampling error 

Random changes in allele frequencies can also be caused by effects other than sampling error, 

for example random changes in selection pressure.  

One important alternative source of stochasticity, perhaps more important than genetic drift, is 

genetic draft. Genetic draft is the effect on a locus by selection on linked loci. The mathematical 

properties of genetic draft are different from those of genetic drift. The direction of the random 

change in allele frequency is autocorrelated across generations.  

 

 

 

 

 



Chapter 7 

Drift and fixation 

The Hardy–Weinberg principle states that within sufficiently large populations, the allele 

frequencies remain constant from one generation to the next unless the equilibrium is disturbed 

by migration, genetic mutation, or selection.  

Populations do not gain new alleles from the random sampling of alleles passed to the next 

generation, but the sampling can cause an existing allele to disappear. Becauserandom sampling 

can remove, but not replace, an allele, and because random declines or increases in allele 

frequency influence expected allele distributions for the next generation, genetic drift drives a 

population towards genetic uniformity over time. When an allele reaches a frequency of 1 

(100%) it is said to be "fixed" in the population and when an allele reaches a frequency of 0 (0%) 

it is lost. Once an allele becomes fixed, genetic drift comes to a halt, and the allele frequency 

cannot change unless a new allele is introduced in the population via mutation or gene flow. 

Thus even while genetic drift is a random, directionless process, it acts to eliminate genetic 

variation over time.  

Rate of allele frequency change due to drift 

Assuming genetic drift is the only evolutionary force acting on an allele, after t generations in 

many replicated populations, starting with allele frequencies of p and q, the variance in allele 

frequency across those populations is 

 Time to fixation or loss 

Assuming genetic drift is the only evolutionary force acting on an allele, at any given time the 

probability that an allele will eventually become fixed in the population is simply its frequency 

in the population at that time. For example, if the frequency p for allele Ais 75% and the 

frequency q for allele B is 25%, then given unlimited time the probability A will ultimately 

become fixed in the population is 75% and the probability that B will become fixed is 25%. 

The expected number of generations for fixation to occur is proportional to the population size, 

such that fixation is predicted to occur much more rapidly in smaller populations. Normally the 



effective population size, which is smaller than the total population, is used to determine these 

probabilities. The effective population (Ne) takes into account factors such as the level of 

inbreeding, the stage of the lifecycle in which the population is the smallest, and the fact that 

some neutral genes are genetically linked to others that are under selection. The effective 

population size may not be the same for every gene in the same population.  

One forward-looking formula used for approximating the expected time before a neutral allele 

becomes fixed through genetic drift, according to the Wright–Fisher model, is 

  

where T is the number of generations, Ne is the effective population size, and p is the initial 

frequency for the given allele. The result is the number of generations expected to pass before 

fixation occurs for a given allele in a population with given size (Ne) and allele frequency (p).  

The expected time for the neutral allele to be lost through genetic drift can be calculated as 

  

When a mutation appears only once in a population large enough for the initial frequency to be 

negligible, the formulas can be simplified to 

  

for average number of generations expected before fixation of a neutral mutation, and 

  

for the average number of generations expected before the loss of a neutral mutation.   

 

Time to loss with both drift and mutation 

The formulae above apply to an allele that is already present in a population, and which is 

subject to neither mutation nor selection. If an allele is lost by mutation much more often than it 

is gained by mutation, then mutation, as well as drift, may influence the time to loss.  



where   is equal to Euler's constant. The first approximation represents the waiting time until the 

first mutant destined for loss, with loss then occurring relatively rapidly by genetic drift, taking 

time Ne<<1/m. The second approximation represents the time needed for deterministic loss by 

mutation accumulation. In both cases, the time to fixation is dominated by mutation via the term 

1/m, and is less affected by the effective population size. 

Genetic drift versus natural selection 

The law of large numbers predicts little change over time due to genetic drift when the 

population is large. When the reproductive population is small, however, the effects ofsampling 

error can alter the allele frequencies significantly. Genetic drift is therefore considered to be a 

consequential mechanism of evolutionary change primarily within small, isolated populations. 

Although both processes affect evolution, genetic drift operates randomly while natural selection 

functions non-randomly. While natural selection has a direction, guiding evolution towards 

heritable adaptations to the current environment, genetic drift has no direction and is guided only 

by the mathematics of chance. As a result, drift acts upon thegenotypic frequencies within a 

population without regard to their phenotypic effects. In contrast, selection favors the spread of 

alleles whose phenotypic effects increase survival and/or reproduction of their carriers, lowers 

the frequencies of alleles that cause unfavorable traits, and ignores those that are neutral. 

In natural populations, genetic drift and natural selection do not act in isolation; both forces are 

always at play. However, the degree to which alleles are affected by drift or selection varies 

according to population size. The magnitude of drift on allele frequencies per generation is larger 

in small populations. The magnitude of drift is large enough to overwhelm selection when the 

selection coefficient is less than 1 divided by the effective population size. As a result, drift 

affects the frequency of more alleles in small populations than in large ones. 

When the allele frequency is very small, drift can also overpower selection—even in large 

populations. For example, while disadvantageous mutations are usually eliminated quickly in 

large populations, new advantageous mutations are almost as vulnerable to loss through genetic 

drift as are neutral mutations. Not until the allele frequency for the advantageous mutation 

reaches a certain threshold will genetic drift have no effect 



The mathematics of genetic drift depend on the effective population size, but it is not clear how 

this is related to the actual number of individuals in a population. Genetic linkageto other genes 

that are under selection can reduce the effective population size experienced by a neutral allele. 

With a higher recombination rate, linkage decreases and with it this local effect on effective 

population size. This effect is visible in molecular data as a correlation between local 

recombination rate and genetic diversity, and negative correlation between gene density and 

diversity at noncoding sites. Stochasticity associated with linkage to other genes that are under 

selection is not the same as sampling error, and is sometimes known as genetic draft in order to 

distinguish it from genetic drift. 

Population bottleneck 

Changes in a population's allele frequency following a population bottleneck: the rapid and 

radical decline in population size has reduced the population's genetic variation. 

A population bottleneck is when a population contracts to a significantly smaller size over a 

short period of time due to some random environmental event. In a true population bottleneck, 

the odds for survival of any member of the population are purely random, and are not improved 

by any particular inherent genetic advantage. The bottleneck can result in radical changes in 

allele frequencies, completely independent of selection. 

The impact of a population bottleneck can be sustained, even when the bottleneck is caused by a 

one-time event such as a natural catastrophe. After a bottleneck, inbreeding increases. This 

increases the damage done by recessive deleterious mutations, in a process known as inbreeding 

depression. The worst of these mutations are selected against, leading to the loss of other alleles 

that are genetically linked to them, in a process ofbackground selection.  

For recessive harmful mutations, this selection can be enhanced as a consequence of the 

bottleneck, due to genetic purging.This leads to a further loss of genetic diversity. In addition, a 

sustained reduction in population size increases the likelihood of further allele fluctuations from 

drift in generations to come. 

A population's genetic variation can be greatly reduced by a bottleneck, and even beneficial 

adaptations may be permanently eliminated. The loss of variation leaves the surviving population 



vulnerable to any new selection pressures such as disease, climate change or shift in the available 

food source, because adapting in response to environmental changes requires sufficient genetic 

variation in the population for natural selection to take place. 

There have been many known cases of population bottleneck in the recent past. Prior to the 

arrival of Europeans, North American prairies were habitat for millions of greater prairie 

chickens. In Illinois alone, their numbers plummeted from about 100 million birds in 1900 to 

about 50 birds in the 1990s. The declines in population resulted from hunting and habitat 

destruction, but the random consequence has been a loss of most of the species' genetic diversity. 

DNA analysis comparing birds from the mid century to birds in the 1990s documents a steep 

decline in the genetic variation in just in the latter few decades. Currently the greater prairie 

chicken is experiencing low reproductive success. 

Over-hunting also caused a severe population bottleneck in the northern elephant seal in the 19th 

century. Their resulting decline in genetic variation can be deduced by comparing it to that of the 

southern elephant seal, which were not so aggressively hunted. 

Founder effect 

When very few members of a population migrate to form a separate new population, the founder 

effect occurs. For a period after the foundation, the small population experiences intensive drift. 

In the figure this results in fixation of the red allele. 

The founder effect is a special case of a population bottleneck, occurring when a small group in a 

population splinters off from the original population and forms a new one. The random sample of 

alleles in the just formed new colony is expected to grossly misrepresent the original population 

in at least some respects. It is even possible that the number of alleles for some genes in the 

original population is larger than the number of gene copies in the founders, making complete 

representation impossible. When a newly formed colony is small, its founders can strongly affect 

the population's genetic make-up far into the future. 

A well documented example is found in the Amish migration to Pennsylvania in 1744. Two 

members of the new colony shared the recessive allele for Ellis–van Creveld syndrome. 

Members of the colony and their descendants tend to be religious isolates and remain relatively 



insular. As a result of many generations of inbreeding, Ellis-van Creveld syndrome is now much 

more prevalent among the Amish than in the general population. 

The difference in gene frequencies between the original population and colony may also trigger 

the two groups todiverge significantly over the course of many generations. As the difference, or 

genetic distance, increases, the two separated populations may become distinct, both genetically 

and phenetically, although not only genetic drift but also natural selection, gene flow, and 

mutation contribute to this divergence. This potential for relatively rapid changes in the colony's 

gene frequency led most scientists to consider the founder effect (and by extension, genetic drift) 

a significant driving force in the evolution of new species. Sewall Wright was the first to attach 

this significance to random drift and small, newly isolated populations with his shifting balance 

theory of speciation. Following after Wright, Ernst Mayr created many persuasive models to 

show that the decline in genetic variation and small population size following the founder effect 

were critically important for new species to develop. However, there is much less support for this 

view today since the hypothesis has been tested repeatedly through experimental research and 

the results have been equivocal at best Founder effect was first well investigated in USSR by 

Soviet scientists Lisovskiy V.V., Kuznetsov M.A. and Nikolay Dubinin. 

 

History of the concept 

The concept of genetic drift was first introduced by one of the founders in the field of population 

genetics, Sewall Wright. His first use of the term "drift" was in 1929, though at the time he was 

using it in the sense of a directed process of change, or natural selection. Random drift by means 

of sampling error came to be known as the "Sewall–Wright effect", though he was never entirely 

comfortable to see his name given to it. Wright referred to all changes in allele frequency as 

either "steady drift" (e.g. selection) or "random drift" (e.g. sampling error)."Drift" came to be 

adopted as a technical term in the stochastic sense exclusively. Today it is usually defined still 

more narrowly, in terms of sampling error, although this narrow definition is not universal. 

Wright wrote that the "restriction of "random drift" or even "drift" to only one component, the 

effects of accidents of sampling, tends to lead to confusion." Sewall Wright considered the 



process of random genetic drift by means of sampling error equivalent to that by means 

ofinbreeding, but later work has shown them to be distinct. 

In the early days of the modern evolutionary synthesis, scientists were just beginning to blend the 

new science of population genetics with Charles Darwin's theory of natural selection. Working 

within this new framework, Wright focused on the effects of inbreeding on small relatively 

isolated populations. He introduced the concept of an adaptive landscape in which phenomena 

such as cross breeding and genetic drift in small populations could push them away from 

adaptive peaks, which in turn allow natural selection to push them towards new adaptive peaks. 

Wright thought smaller populations were more suited for natural selection because "inbreeding 

was sufficiently intense to create new interaction systems through random drift but not intense 

enough to cause random non adaptive fixation of genes." 

Wright's views on the role of genetic drift in the evolutionary scheme were controversial almost 

from the very beginning. One of the most vociferous and influential critics was colleague Ronald 

Fisher. Fisher conceded genetic drift played some role in evolution, but an insignificant one. 

Fisher has been accused of misunderstanding Wright's views because in his criticisms Fisher 

seemed to argue Wright had rejected selection almost entirely. To Fisher, viewing the process of 

evolution as a long, steady, adaptive progression was the only way to explain the ever-increasing 

complexity from simpler forms. But the debates have continued between the "gradualists" and 

those who lean more toward the Wright model of evolution where selection and drift together 

play an important role. 

In 1968, population geneticist Motoo Kimura rekindled the debate with his neutral theory of 

molecular evolution, which claims that most of the genetic changes are caused by genetic drift 

acting on neutral mutations. 

The role of genetic drift by means of sampling error in evolution has been criticized by John H 

Gillespie and Will Provine, who argue that selection on linked sites is a more important 

stochastic force. 

 

 



Modern evolutionary synthesis 

The modern evolutionary synthesis is a 20th-century union of ideas from several biological 

specialties which provides a widely accepted account of evolution. It is also referred to as the 

new synthesis, the modern synthesis, the evolutionary synthesis, millennium synthesisand the 

neo-Darwinian synthesis. 

The synthesis, produced between 1936 and 1947, reflects the consensus about how evolution 

proceeds. The previous development ofpopulation genetics, between 1918 and 1932, was a 

stimulus, as it showed that Mendelian genetics was consistent with natural selectionand gradual 

evolution. The synthesis is still, to a large extent, the current paradigm in evolutionary biology. 

The modern synthesis solved difficulties and confusions caused by the specialisation and poor 

communication between biologists in the early years of the 20th century. At its heart was the 

question of whether Mendelian genetics could be reconciled with gradual evolution by means of 

natural selection. A second issue was whether the broad-scale changes (macroevolution) seen by 

palaeontologists could be explained by changes seen in local populations (microevolution). 

The synthesis included evidence from biologists, trained in genetics, who studied populations in 

the field and in the laboratory. These studies were crucial to evolutionary theory. The synthesis 

drew together ideas from several branches of biology which had become separated, particularly 

genetics, cytology, systematics, botany, morphology, ecology and paleontology. 

Julian Huxley invented the term, when he produced his book, Evolution: The Modern Synthesis 

(1942). Other major figures in the modern synthesis include R. A. Fisher, Theodosius 

Dobzhansky, J. B. S. Haldane, Sewall Wright, E. B. Ford, Ernst Mayr, Bernhard Rensch,Sergei 

Chetverikov, George Gaylord Simpson, and G. Ledyard Stebbins. 

 

 

 

 



Chapter 8 

Summary of the modern synthesis 

The modern synthesis bridged the gap between the work of experimental geneticists and 

naturalists, and paleontologists. It states that:  

1. All evolutionary phenomena can be explained in a way consistent with known genetic 

mechanisms and the observational evidence of naturalists. 

2. Evolution is gradual: small genetic changes regulated by natural selection accumulate 

over long periods. Discontinuities amongst species (or other taxa) are explained as originating 

gradually through geographical separation and extinction. This theory contrast with the saltation 

theory of Bateson (1894). 

3. Natural selection is by far the main mechanism of change; even slight advantages are 

important when continued. The object of selection is the phenotype in its surrounding 

environment. 

4. The role of genetic drift is equivocal. Though strongly supported initially by 

Dobzhansky, it was downgraded later as results from ecological genetics were obtained. 

5. Thinking in terms of populations, rather than individuals, is primary: the genetic diversity 

existing in natural populations is a key factor in evolution. The strength of natural selection in 

the wild is greater than previously expected; the effect of ecological factors such as niche 

occupation and the significance of barriers to gene flow are all important. 

6. In palaeontology, the ability to explain historical observations by extrapolation from 

microevolution to macroevolution is proposed. Historical contingency means explanations at 

different levels may exist. Gradualism does not mean constant rate of change. 

The idea that speciation occurs after populations are reproductively isolated has been much 

debated. In plants, polyploidy must be included in any view of speciation. Formulations such as 

'evolution consists primarily of changes in the frequencies of alleles between one generation and 

another' were proposed rather later. The traditional view is that developmental biology ('evo-



devo') played little part in the synthesis, but an account of Gavin de Beer's work by Stephen J. 

Gould suggests he may be an exception. 

Developments leading up to the synthesis 

1859–1899 

Charles Darwin's On the Origin of Species was successful in convincing most biologists that 

evolution had occurred, but was less successful in convincing them that natural selection was its 

primary mechanism. In the 19th and early 20th centuries, variations of Lamarckism, orthogenesis 

('progressive' evolution), and saltationism (evolution by jumps) were discussed as alternatives.[9] 

Also, Darwin did not offer a precise explanation of how new species arise. As part of the 

disagreement about whether natural selection alone was sufficient to explain speciation, George 

Romanes coined the term neo-Darwinism to refer to the version of evolution advocated by 

Alfred Russel Wallace and August Weismann with its heavy dependence on natural selection. 

Weismann and Wallace rejected the Lamarckian idea of inheritance of acquired characteristics, 

something that Darwin had not ruled out. 

Weismann's idea was that the relationship between the hereditary material, which he called the 

germ plasm (German, Keimplasma), and the rest of the body (the soma) was a one-way 

relationship: the germ-plasm formed the body, but the body did not influence the germ-plasm, 

except indirectly in its participation in a population subject to natural selection. Weismann was 

translated into English, and though he was influential, it took many years for the full significance 

of his work to be appreciated. Later, after the completion of the modern synthesis, the term neo-

Darwinism came to be associated with its core concept: evolution, driven by natural selection 

acting on variation produced by genetic mutation, andgenetic recombination  

1900–1915 

Gregor Mendel's work was re-discovered by Hugo de Vries and Carl Correns in 1900. News of 

this reached William Bateson in England, who reported on the paper during a presentation to the 

Royal Horticultural Society in May 1900[ It showed that the contributions of each parent 

retained their integrity rather than blending with the contribution of the other parent. This 

reinforced a division of thought, which was already present in the 1890s. The two schools were: 



• Saltationism (large mutations or jumps), favored by early Mendelians who viewed hard 

inheritance as incompatible with natural selection 

• Biometric school: led by Karl Pearson and Walter Weldon, argued vigorously against it, 

saying that empirical evidence indicated that variation was continuous in most organisms, not 

discrete as Mendelism predicted. 

The relevance of Mendelism to evolution was unclear and hotly debated, especially by Bateson, 

who opposed the biometric ideas of his former teacher Weldon. Many scientists believed the two 

theories substantially contradicted each other. This debate between the biometricians and the 

Mendelians continued for some 20 years and was only solved by the development of population 

genetics. 

T. H. Morgan began his career in genetics as a saltationist, and started out trying to demonstrate 

that mutations could produce new species in fruit flies. However, the experimental work at his 

lab with Drosophila melanogaster, which helped establish the link between Mendelian genetics 

and the chromosomal theory of inheritance, demonstrated that rather than creating new species in 

a single step, mutations increased the genetic variation in the population.  

The foundation of population genetics 

The first step towards the synthesis was the development of population genetics. R.A. Fisher, 

J.B.S. Haldane, and Sewall Wright provided critical contributions. In 1918, Fisher produced the 

paper "The Correlation Between Relatives on the Supposition of Mendelian Inheritance".  which 

showed how the continuous variation measured by the biometricians could be the result of the 

action of many discrete genetic loci. In this and subsequent papers culminating in his 1930 book 

The Genetical Theory of Natural Selection, Fisher was able to show how Mendelian genetics 

was, contrary to the thinking of many early geneticists, completely consistent with the idea of 

evolution driven by natural selection. During the 1920s, a series of papers by J.B.S. Haldane 

applied mathematical analysis to real world examples of natural selection such as the evolution 

of industrial melanism in peppered moths. Haldane established that natural selection could work 

in the real world at a faster rate than even Fisher had assumed.  



Sewall Wright focused on combinations of genes that interacted as complexes, and the effects of 

inbreeding on small relatively isolated populations, which could exhibit genetic drift. In a 1932 

paper he introduced the concept of an adaptive landscape in which phenomena such as cross 

breeding and genetic drift in small populations could push them away from adaptive peaks, 

which would in turn allow natural selection to push them towards new adaptive peaks. Wright's 

model would appeal to field naturalists such as Theodosius Dobzhansky and Ernst Mayr who 

were becoming aware of the importance of geographical isolation in real world populations.  The 

work of Fisher, Haldane and Wright founded the discipline of population genetics. This is the 

precursor of the modern synthesis, which is an even broader coalition of ideas. One limitation of 

the modern synthesis version of population genetics is that it treats one gene locus at a time, 

neglecting genetic linkage and resulting linkage disequilibrium between loci. 

The modern synthesis 

Theodosius Dobzhansky, a Ukrainian emigrant, who had been a postdoctoral worker in Morgan's 

fruit fly lab, was one of the first to apply genetics to natural populations. He worked mostly with 

Drosophila pseudoobscura. He says pointedly: "Russia has a variety of climates from the Arctic 

to sub-tropical... Exclusively laboratory workers who neither possess nor wish to have any 

knowledge of living beings in nature were and are in a minority." Not surprisingly, there were 

other Russian geneticists with similar ideas, though for some time their work was known to only 

a few in the West. His 1937 work Genetics and the Origin of Species was a key step in bridging 

the gap between population geneticists and field naturalists. It presented the conclusions reached 

by Fisher, Haldane, and especially Wright in their highly mathematical papers in a form that was 

easily accessible to others. It also emphasized that real world populations had far more genetic 

variability than the early population geneticists had assumed in their models, and that genetically 

distinct sub-populations were important. Dobzhansky argued that natural selection worked to 

maintain genetic diversity as well as driving change. Dobzhansky had been influenced by his 

exposure in the 1920s to the work of a Russian geneticist named Sergei Chetverikov who had 

looked at the role of recessive genes in maintaining a reservoir of genetic variability in a 

population before his work was shut down by the rise of Lysenkoism in the Soviet Union. 

 Edmund Brisco Ford's work complemented that of Dobzhansky. It was as a result of Ford's 

work, as well as his own, that Dobzhansky changed the emphasis in the third edition of his 



famous text from drift to selection. Ford was an experimental naturalist who wanted to test 

natural selection in nature. He virtually invented the field of research known asecological 

genetics. His work on natural selection in wild populations of butterflies and moths was the first 

to show that predictions made by R.A. Fisher were correct. He was the first to describe and 

define genetic polymorphism, and to predict that human blood group polymorphisms might be 

maintained in the population by providing some protection against disease. 

Ernst Mayr's key contribution to the synthesis was Systematics and the Origin of Species, 

published in 1942. Mayr emphasized the importance of allopatric speciation, where 

geographically isolated sub-populations diverge so far that reproductive isolation occurs. He was 

skeptical of the reality of sympatric speciation believing that geographical isolation was a 

prerequisite for building up intrinsic (reproductive) isolating mechanisms. Mayr also introduced 

the biological species concept that defined a species as a group of interbreeding or potentially 

interbreeding populations that were reproductively isolated from all other populations. Before he 

left Germany for the United States in 1930, Mayr had been influenced by the work of German 

biologist Bernhard Rensch. In the 1920s Rensch, who like Mayr did field work in Indonesia, 

analyzed the geographic distribution ofpolytypic species and complexes of closely related 

species paying particular attention to how variations between different populations correlated 

with local environmental factors such as differences in climate. In 1947, Rensch published 

Neuere Probleme der Abstammungslehre: die Transspezifische Evolution (English translation 

1959: Evolution above the Species level). This looked at how the same evolutionary mechanisms 

involved in speciation might be extended to explain the origins of the differences between the 

higher leveltaxa. His writings contributed to the rapid acceptance of the synthesis in Germany.  

George Gaylord Simpson was responsible for showing that the modern synthesis was compatible 

with paleontology in his book Tempo and Mode in Evolution published in 1944. Simpson's work 

was crucial because so many paleontologists had disagreed, in some cases vigorously, with the 

idea that natural selection was the main mechanism of evolution. It showed that the trends of 

linear progression (in for example the evolution of the horse) that earlier paleontologists had 

used as support for neo-Lamarckism and orthogenesis did not hold up under careful examination. 

Instead the fossil record was consistent with the irregular, branching, and non-directional pattern 

predicted by the modern synthesis.  



The botanist G. Ledyard Stebbins was another major contributor to the synthesis. His major 

work, Variation and Evolution in Plants, was published in 1950. It extended the synthesis to 

encompass botany including the important effects of hybridization and polyploidy in some kinds 

of plants.  

Further advances 

The modern evolutionary synthesis continued to be developed and refined after the initial 

establishment in the 1930s and 1940s. The work of W. D. Hamilton, George C. Williams,John 

Maynard Smith and others led to the development of a gene-centered view of evolution in the 

1960s. The synthesis as it exists now has extended the scope of the Darwinian idea of natural 

selection to include subsequent scientific discoveries and concepts unknown to Darwin, such as 

DNA and genetics, which allow rigorous, in many cases mathematical, analyses of phenomena 

such as kin selection, altruism, and speciation. 

In The Selfish Gene, author Richard Dawkins asserts the gene is the only true unit of selection. 

(Dawkins also attempts to apply evolutionary theory to non-biological entities, such as cultural 

memes, imagined to be subject to selective forces analogous to those affecting biological 

entities.) 

Others, such as Stephen Jay Gould, reject the notion that genetic entities are subject to anything 

other than genetic or chemical forces, (as well as the idea evolution acts on "populations" per se), 

reasserting the centrality of the individual organism as the true unit of selection, whose specific 

phenotype is directly subject to evolutionary pressures. 

In 1972, the notion of gradualism in evolution was challenged by a theory of "punctuated 

equilibrium" put forward by Gould and Niles Eldredge, proposing evolutionary changes could 

occur in relatively rapid spurts, when selective pressures were heightened, punctuating long 

periods of morphological stability, as well-adapted organisms coped successfully in their 

respective environments. 

Discovery in the 1980s of Hox genes and regulators conserved across multiple phyletic divisions 

began the process of addressing basic theoretical problems relating to gradualism, incremental 

change, and sources of novelty in evolution. Suddenly, evolutionary theorists could answer the 



charge that spontaneous random mutations should result overwhelmingly in deleterious changes 

to a fragile, monolithic genome: Mutations in homeobox regulation could safely—yet 

dramatically—alter morphology at a high level, without damaging coding for specific organs or 

tissues. 

This, in turn, provided the means to model hypothetical genomic changes expressed in the 

phenotypes of long-extinct species, like the recently discovered "fish with hands"'Tiktaalik. 

As these recent discoveries suggest, the synthesis continues to undergo regular review, drawing 

on insights offered by both new biotechnologies and new paleontological discoveries.(See also 

Current research in evolutionary biology). 

After the synthesis 

There are a number of discoveries in earth sciences and biology which have arisen since the 

synthesis. Listed here are some of those topics which are relevant to the evolutionary synthesis, 

and which seem soundly based. 

Understanding of Earth history 

The Earth is the stage on which the evolutionary play is performed. Darwin studied evolution in 

the context of Charles Lyell's geology, but our present understanding of Earth history includes 

some critical advances made during the last half-century. 

• The age of the Earth has been revised upwards. It is now estimated at 4.56 billion years, 

about one-third of the age of the universe. The Phanerozoic (current eon) only occupies the last 

one-ninth of this period of time.  

• The triumph of Alfred Wegener's idea of continental drift came around 1960. The key 

principle of plate tectonics is that the lithosphere exists as separate and distinct tectonic plates, 

which ride on the fluid-like (visco-elastic solid) asthenosphere. This discovery provides a 

unifying theory for geology, linking phenomena such as volcanos, earthquakes, orogeny, and 

providing data for many paleogeographical questions. One major question is still unclear: when 

did plate tectonics begin?  



• Our understanding of the evolution of the atmosphere of Earth has progressed. The 

substitution of oxygen for carbon dioxide in the atmosphere, which occurred in the Proterozoic, 

caused probably by cyanobacteria in the form of stromatolites, caused changes leading to the 

evolution of aerobic organisms.  

• The identification of the first generally accepted fossils of microbial life was made by 

geologists. These rocks have been dated as about 3.465 billion years ago. Walcott was the first 

geologist to identify pre-Cambrian fossil bacteria from microscopic examination of thin rock 

slices. He also thought stromatolites were organic in origin. His ideas were not accepted at the 

time, but may now be appreciated as great discoveries.] 

• Information about paleoclimates is increasingly available, and being used in 

paleontology. One example: the discovery of massive ice ages in the Proterozoic, following the 

great reduction of CO2 in the atmosphere. These ice ages were immensely long, and led to a 

crash in microflora.  

•  Catastrophism and mass extinctions. A partial reintegration of catastrophism has 

occurred, and the importance of mass extinctions in large-scale evolution is now apparent. 

Extinction events disturb relationships between many forms of life and may remove dominant 

forms and release a flow of adaptive radiation amongst groups that remain. Causes include 

meteorite strikes (Cretaceous–Paleogene extinction event; Upper Devonian); flood basalt 

provinces (Deccan Traps at Cretaceous–Paleogene boundary; Siberian Trapsat P–T; and other 

less dramatic processes.  

Conclusion: Our present knowledge of earth history strongly suggests that large-scale 

geophysical events influenced macroevolution and megaevolution. These terms refer to 

evolution above the species level, including such events as mass extinctions, adaptive radiation, 

and the major transitions in evolution.  

 

 

 



Symbiotic origin of eukaryotic cell structures 

Once symbiosis was discovered in lichen and in plant roots (rhizobia in root nodules) in the 19th 

century, the idea arose that the process might have occurred more widely, and might be 

important in evolution. Anton de Bary invented the concept of symbiosis; several Russian 

biologists promoted the idea; Edmund Beecher Wilson mentioned it in his text The Cell; as did 

Ivan Emmanuel Wallin in his Symbionticism and the origin of species; and there was a brief 

mention by Julian Huxley in 1930 all in vain because sufficient evidence was lacking. Symbiosis 

as a major evolutionary force was not discussed at all in the evolutionary synthesis.  

The role of symbiosis in cell evolution was revived partly by Joshua Lederberg,  and finally 

brought to light by Lynn Margulis in a series of papers and books. Someorganelles are 

recognized as being of microbial origin: mitochondria and chloroplasts definitely, cilia, flagella 

and centrioles possibly, and perhaps the nuclear membrane and much of the chromosome 

structure as well. What is now clear is that the evolution of eukaryote cells is either caused by, or 

at least profoundly influenced by, symbiosis with bacterialand archaean cells in the Proterozoic. 

The origin of the eukaryote cell by symbiosis in several stages was not part of the evolutionary 

synthesis. It is, at least on first sight, an example of megaevolution by big jumps. However, what 

symbiosis provided was a copious supply of heritable variation from microorganisms, which was 

fine-tuned over a long period to produce the cell structure we see today. This part of the process 

is consistent with evolution by natural selection.  

Trees of life 

The ability to analyse sequence in macromolecules (protein, DNA, RNA) provides evidence of 

descent, and permits us to work out genealogical trees covering the whole of life, since now there 

are data on every major group of living organisms. This project, begun in a tentative way in the 

1960s, has become a search for the universal tree or the universal ancestor, a phrase of Carl 

Woese. The tree that results has some unusual features, especially in its roots. There are two 

domains of prokaryotes: bacteria and archaea, both of which contributed genetic material to the 

eukaryotes, mainly by means of symbiosis. Also, since bacteria can pass genetic material to other 

bacteria, their relationships look more like a web than a tree. Once eukaryotes were established, 

their sexual reproduction produced the traditional branching tree-like pattern, the only diagram 



Darwin put in theOrigin. The last universal ancestor (LUA) would be a prokaryotic cell before 

the split between the bacteria and archaea. LUA is defined as most recent organism from which 

all organisms now living on Earth descend (some 3.5 to 3.8 billion years ago, in the Archean 

era). 

This technique may be used to clarify relationships within any group of related organisms. It is 

now a standard procedure, and examples are published regularly. April 2009 sees the publication 

of a tree covering all the animal phyla, derived from sequences from 150 genes in 77 taxa.  

Early attempts to identify relationships between major groups were made in the 19th century by 

Ernst Haeckel, and by comparative anatomists such as Thomas Henry Huxley andE. Ray 

Lankester. Enthusiasm waned: it was often difficult to find evidence to adjudicate between 

different opinions. Perhaps for that reason, the evolutionary synthesis paid surprisingly little 

attention to this activity. It is certainly a lively field of research today. 

 

Evolutionary developmental biology 

What once was called embryology played a modest role in the evolutionary synthesis, mostly 

about evolution by changes in developmental timing (allometry andheterochrony).  Man himself 

was, according to Bolk, a typical case of evolution by retention of juvenile characteristics 

(neoteny). He listed many characters where "Man, in his bodily development, is a primate foetus 

that has become sexually mature." Unfortunately, his interpretation of these ideas was non-

Darwinian, but his list of characters is both interesting and convincing.  

Evolutionary developmental biology (evo-devo) springs from clear proof that development is 

closely controlled by special genetic systems, and the hope that comparison of these systems will 

tell us much about the evolutionary history of different groups. In a series of experiments with 

the fruit-fly Drosophila, Edward B. Lewis was able to identify a complex of genes whose 

proteins bind to the cis-regulatory regions of target genes. The latter then activate or repress 

systems of cellular processes that accomplish the final development of the organism. 

Furthermore, the sequence of these control genes show co-linearity: the order of the loci in the 

chromosome parallels the order in which the loci are expressed along the anterior-posterior axis 



of the body. Not only that, but this cluster of master control genes programs the development of 

all higher organisms. Each of the genes contains a homeobox, a remarkably conserved DNA 

sequence. This suggests the complex itself arose by gene duplication. In his Nobel lecture, Lewis 

said "Ultimately, comparisons of the control complexes throughout the animal kingdom should 

provide a picture of how the organisms, as well as the [control genes] have evolved." 

The term deep homology was coined to describe the common origin of genetic regulatory 

apparatus used to build morphologically and phylogenetically disparate animal features. It 

applies when a complex genetic regulatory system is inherited from a common ancestor, as it is 

in the evolution of vertebrate and invertebrate eyes. The phenomenon is implicated in many 

cases of parallel evolution. 

A great deal of evolution may take place by changes in the control of development. This may be 

relevant to punctuated equilibrium theory, for in development a few changes to the control 

system could make a significant difference to the adult organism. An example is the giant panda, 

whose place in the Carnivora was long uncertain.  Apparently, the giant panda's evolution 

required the change of only a few genetic messages (5 or 6 perhaps), yet the phenotypic and 

lifestyle change from a standard bear is considerable. The transition could therefore be effected 

relatively swiftly. 

 

Fossil discoveries 

In the past thirty or so years there have been excavations in parts of the world which had scarcely 

been investigated before. Also, there is fresh appreciation of fossils discovered in the 19th 

century, but then denied or deprecated: the classic example is the Ediacaran biota from the 

immediate pre-Cambrian, after the Cryogenian period. These soft-bodied fossils are the first 

record of multicellular life. The interpretation of this fauna is still in flux. 

Many outstanding discoveries have been made, and some of these have implications for 

evolutionary theory. The discovery of feathered dinosaurs and early birds from the Lower 

Cretaceous of Liaoning, N.E. China have convinced most students that birds did evolve from 

coelurosaurian theropod dinosaurs. Less well known, but perhaps of equal evolutionary 



significance, are the studies on early insect flight, on stem tetrapods from the Upper Devonian, 

and the early stages of whale evolution.  

Recent work has shed light on the evolution of flatfish (pleuronectiformes), such as plaice, sole, 

turbot and halibut. Flatfish are interesting because they are one of the few vertebrate groups with 

external asymmetry. Their young are perfectly symmetrical, but the head is remodelled during a 

metamorphosis, which entails the migration of one eye to the other side, close to the other eye. 

Some species have both eyes on the left (turbot), some on the right (halibut, sole); all living and 

fossil flatfish to date show an 'eyed' side and a 'blind' side. The lack of an intermediate condition 

in living and fossil flatfish species had led to debate about the origin of such a striking 

adaptation. The case was considered byLamark, who thought flatfish precursors would have 

lived in shallow water for a long period, and by Darwin, who predicted a gradual migration of 

the eye, mirroring the metamorphosis of the living forms. Darwin's long-time critic St. George 

Mivart thought that the intermediate stages could have no selective value, and in the 6th edition 

of theOrigin, Darwin made a concession to the possibility of acquired traits. Many years later the 

geneticist Richard Goldschmidt put the case forward as an example of evolution bysaltation, 

bypassing intermediate forms.  

A recent examination of two fossil species from the Eocene has provided the first clear picture of 

flatfish evolution. The discovery of stem flatfish with incomplete orbital migration refutes 

Goldschmidt's ideas, and demonstrates that "the assembly of the flatfish bodyplan occurred in a 

gradual, stepwise fashion". There are no grounds for thinking that incomplete orbital migration 

was maladaptive, because stem forms with this condition ranged over two geological stages, and 

are found in localities which also yield flatfish with the full cranial asymmetry. The evolution of 

flatfish falls squarely within the evolutionary synthesis.  

Horizontal gene transfer 

Horizontal gene transfer (HGT) (or lateral gene transfer) is any process in which an organism 

gets genetic material from another organism without being the offspring of that organism. 

Most thinking in genetics has focused on vertical transfer, but there is a growing awareness that 

horizontal gene transfer is a significant phenomenon. Amongst single-celled organisms it may be 



the dominant form of genetic transfer. Artificial horizontal gene transfer is a form of genetic 

engineering. 

Richardson and Palmer (2007) state: "Horizontal gene transfer (HGT) has played a major role in 

bacterial evolution and is fairly common in certain unicellular eukaryotes. However, the 

prevalence and importance of HGT in the evolution of multicellular eukaryotes remain unclear."[  

The bacterial means of HGT are: 

• Transformation, the genetic alteration of a cell resulting from the introduction, uptake and 

expression of foreign genetic material (DNA or RNA). 

• Transduction, the process in which bacterial DNA is moved from one bacterium to 

another by a bacterial virus (a bacteriophage, or 'phage'). 

• Bacterial conjugation, a process in which a bacterial cell transfers genetic material to 

another cell by cell-to-cell contact. 

• Gene transfer agent (GTA) is a virus-like element which contains random pieces of the 

host chromosome. They are found in most members of the alphaproteobacteria 

orderRhodobacterales. They are encoded by the host genome. GTAs transfer DNA so frequently 

that they may have an important role in evolution.  

A 2010 report found that genes for antibiotic resistance could be transferred by engineering 

GTAs in the laboratory.  

Some examples of HGT in metazoa are now known. Genes in bdelloid rotifers have been found 

which appear to have originated in bacteria, fungi, and plants. This suggests they arrived by 

horizontal gene transfer. The capture and use of exogenous (~foreign) genes may represent an 

important force in bdelloid evolution.  The team led by Matthew S. Meselson at Harvard 

University has also shown that, despite the lack of sexual reproduction, bdelloid rotifers do 

engage in genetic (DNA) transfer within a species or clade. The method used is not known at 

present. 

 



 

Mendelian inheritance 

Mendelian inheritance was initially derived from the work of Gregor Johann Mendel published 

in 1865 and 1866 which was re-discovered in 1900. It was initially very controversial. When 

Mendel's theories were integrated with the chromosome theory of inheritance by Thomas Hunt 

Morgan in 1915, they became the core of classical genetics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 9 

History 

The laws of inheritance were derived by Gregor Mendel, a nineteenth-century Austrian monk 

conducting hybridization experiments in garden peas (Pisum sativum). Between 1856 and 1863, 

he cultivated and tested some 5,000 pea plants. From these experiments, he induced two 

generalizations which later became known as Mendel's Principles of Heredity or Mendelian 

inheritance. He described these principles in a two-part paper, Experiments on Plant 

Hybridization, that he read to the Natural History Society of Brno on February 8 and March 8, 

1865, and which was published in 1866. 

Mendel's conclusions were largely ignored. Although they were not completely unknown to 

biologists of the time, they were not seen as generally applicable, even by Mendel himself, who 

thought they only applied to certain categories of species or traits. A major block to 

understanding their significance was the importance attached by 19th-century biologists to the 

apparent blending of inherited traits in the overall appearance of the progeny, now known to be 

due to multigene interactions, in contrast to the organ-specific binary characters studied by 

Mendel. In 1900, however, his work was "re-discovered" by three European scientists, Hugo de 

Vries, Carl Correns, and Erich von Tschermak. The exact nature of the "re-discovery" has been 

somewhat debated: De Vries published first on the subject, mentioning Mendel in a footnote, 

while Correns pointed out Mendel's priority after having read De Vries's paper and realizing that 

he himself did not have priority. De Vries may not have acknowledged truthfully how much of 

his knowledge of the laws came from his own work, or came only after reading Mendel's paper. 

Later scholars have accused Von Tschermak of not truly understanding the results at all. 

Regardless, the "re-discovery" made Mendelism an important but controversial theory. Its most 

vigorous promoter in Europe was William Bateson, who coined the terms "genetics" and "allele" 

to describe many of its tenets. The model of heredity was highly contested by other biologists 

because it implied that heredity was discontinuous, in opposition to the apparently continuous 

variation observable for many traits. Many biologists also dismissed the theory because they 

were not sure it would apply to all species. However, later work by biologists and statisticians 

such as R. A. Fisher showed that if multiple Mendelian factors were involved in the expression 



of an individual trait, they could produce the diverse results observed. Thomas Hunt Morgan and 

his assistants later integrated the theoretical model of Mendel with the chromosome theory of 

inheritance, in which the chromosomes of cells were thought to hold the actual hereditary 

material, and created what is now known as classical genetics, which was extremely successful 

and cemented Mendel's place in history. 

Mendel's findings allowed other scientists to predict the expression of traits on the basis of 

mathematical probabilities. A large contribution to Mendel's success can be traced to his decision 

to start his crosses only with plants he demonstrated were true-breeding. He also only measured 

absolute (binary) characteristics, such as color, shape, and position of the offspring, rather than 

quantitative characteristics. He expressed his results numerically and subjected them to statistical 

analysis. His method of data analysis and his largesample size gave credibility to his data. He 

also had the foresight to follow several successive generations (f2, f3) of pea plants and record 

their variations. Finally, he performed "test crosses" (back-crossing descendants of the initial 

hybridization to the initial true-breeding lines) to reveal the presence and proportion of recessive 

characters. 

Mendel's laws 

Mendel discovered that when crossing purebred white flower and purple flower plants, the result 

is not a blend. Rather than being a mix of the two, the offspring was purple-flowered. He then 

conceived the idea of heredity units, which he called "factors", one of which is a recessive 

characteristic and the other dominant. Mendel said that factors, later calledgenes, normally occur 

in pairs in ordinary body cells, yet segregate during the formation of sex cells. Each member of 

the pair becomes part of the separate sex cell. The dominant gene, such as the purple flower in 

Mendel's plants, will hide the recessive gene, the white flower. After Mendel self-fertilized the 

F1 generation and obtained the 3:1 ratio, he correctly theorized that genes can be paired in three 

different ways for each trait: AA, aa, and Aa. The capital "A" represents the dominant factor and 

lowercase "a" represents the recessive. (The last combination listed above, Aa, will occur 

roughly twice as often as each of the other two, as it can be made in two different ways, Aa or 

aA.) 

 



Mendel stated that each individual has two factors for each trait, one from each parent. The two 

factors may or may not contain the same information. If the two factors are identical, the 

individual is called homozygous for the trait. If the two factors have different information, the 

individual is called heterozygous. The alternative forms of a factor are called alleles. The 

genotype of an individual is made up of the many alleles it possesses. An individual's physical 

appearance, or phenotype, is determined by its alleles as well as by its environment. An 

individual possesses two alleles for each trait; one allele is given by the female parent and the 

other by the male parent. They are passed on when an individual matures and produces gametes: 

egg and sperm. When gametes form, the paired alleles separate randomly so that each gamete 

receives a copy of one of the two alleles. The presence of an allele does not mean that the trait 

will be expressed in the individual that possesses it. In heterozygous individuals, the allele that is 

expressed is the dominant. The recessive allele is present but its expression is hidden (the 

exception is codominance). 

Mendel summarized his findings in two laws: the Law of Segregation and the Law of 

Independent Assortment. 

Law of Segregation (The "First Law") 

The Law of Segregation states that every individual possesses a pair of alleles (assuming 

diploidy) for any particular trait and that each parent passes a randomly selected copy (allele) of 

only one of these to its offspring. The offspring then receives its own pair of alleles of the gene 

for that trait by inheriting sets of homologous chromosomes from the parent organisms. 

Interactions between alleles at a single locus are termed dominance and these influence how the 

offspring expresses that trait (e.g. the color and height of a plant, or the color of an animal's fur). 

Book definition: The law of segregation states that the two alleles for a heritable character 

segregate (separate from each other) during gamete formation and end up in different gametes. 

More precisely, the law states that when any individual produces gametes, the copies of a gene 

separate so that each gamete receives only one copy (allele). A gamete will receive one allele or 

the other. The direct proof of this was later found following the observation of meiosis by two 

independent scientists, the German botanist Oscar Hertwig in 1876, and the Belgian zoologist 

Edouard Van Beneden in 1883. Paternal and maternal chromosomes get separated in meiosis and 



the alleles with the traits of a character are segregated into two different gametes. Each parent 

contributes a single gamete, and thus a single, randomly successful allele copy to their offspring 

at fertilization. 

Law of Independent Assortment (The "Second Law") 

The Law of Independent Assortment, also known as "Inheritance Law", states that separate genes 

for separate traits are passed independently of one another from parents to offspring. That is, the 

biological selection of a particular gene in the gene pair for one trait to be passed to the offspring 

has nothing to do with the selection of the gene for any other trait. More precisely, the law states 

that alleles of different genes assort independently of one another during gamete formation. 

While Mendel's experiments with mixing one trait always resulted in a 3:1 ratio (Fig. 1) between 

dominant and recessive phenotypes, his experiments with mixing two traits (dihybrid cross) 

showed 9:3:3:1 ratios (Fig. 2). But the 9:3:3:1 table shows that each of the two genes is 

independently inherited with a 3:1 phenotypic ratio. Mendel concluded that different traits are 

inherited independently of each other, so that there is no relation, for example, between a cat's 

color and tail length. This is actually only true for genes that are not linked to eacah other. 

Independent assortment occurs in eukaryotic organisms during meiotic metaphase I, and 

produces a gamete with a mixture of the organism's chromosomes. The physical basis of the 

independent assortment of chromosomes is the random orientation of each bivalent chromosome 

along the metaphase plate with respect to the other bivalent chromosomes. Along with crossing 

over, independent assortment increases genetic diversity by producing novel genetic 

combinations. 

Of the 46 chromosomes in a normal diploid human cell, half are maternally derived (from the 

mother's egg) and half are paternally derived (from the father's sperm). This occurs assexual 

reproduction involves the fusion of two haploid gametes (the egg and sperm) to produce a new 

organism having the full complement of chromosomes. During gametogenesis—the production 

of new gametes by an adult—the normal complement of 46 chromosomes needs to be halved to 

23 to ensure that the resulting haploid gamete can join with another gamete to produce a diploid 

organism. An error in the number of chromosomes, such as those caused by a diploid gamete 

joining with a haploid gamete, is termedaneuploidy. 



In independent assortment, the chromosomes that result are randomly sorted from all possible 

combinations of maternal and paternal chromosomes. Because gametes end up with a random 

mix instead of a pre-defined "set" from either parent, gametes are therefore considered assorted 

independently. As such, the gamete can end up with any combination of paternal or maternal 

chromosomes. Any of the possible combinations of gametes formed from maternal and paternal 

chromosomes will occur with equal frequency. For human gametes, with 23 pairs of 

chromosomes, the number of possibilities is 223 or 8,388,608 possible combinations. The 

gametes will normally end up with 23 chromosomes, but the origin of any particular one will be 

randomly selected from paternal or maternal chromosomes. This contributes to the genetic 

variability of progeny. 

 

Mendelian trait 

A Mendelian trait is one that is controlled by a single locus in an inheritance pattern. In such 

cases, a mutation in a single gene can cause a disease that is inherited according to Mendel's 

laws. Examples include sickle-cell anemia, Tay-Sachs disease, cystic fibrosis and xeroderma 

pigmentosa. A disease controlled by a single gene contrasts with a multi-factorial disease, like 

arthritis, which is affected by several loci (and the environment) as well as those diseases 

inherited in a non-Mendelian fashion. 

 

Natural selection 

Natural selection is the gradual process by which biological traits become either more or less 

common in a population as a function of the effect of inherited traits on the differential 

reproductive success of organisms interacting with their environment. It is a key mechanism of 

evolution. The term "natural selection" was popularized by Charles Darwin who intended it to be 

compared with artificial selection, which is now called selective breeding. 

Variation exists within all populations of organisms. This occurs partly because random 

mutations occur in the genome of an individual organism, and these mutations can be passed to 

offspring. Throughout the individuals’ lives, their genomes interact with their environments to 



cause variations in traits. (The environment of a genome includes the molecular biology in the 

cell, other cells, other individuals, populations, species, as well as the abiotic environment.) 

Individuals with certain variants of the trait may survive and reproduce more than individuals 

with other variants. Therefore the population evolves. Factors that affect reproductive success are 

also important, an issue thatCharles Darwin developed in his ideas on sexual selection, for 

example. Natural selection acts on the phenotype, or the observable characteristics of an 

organism, but the genetic (heritable) basis of any phenotype that gives a reproductive advantage 

may become more common in a population (see allele frequency). Over time, this process can 

result in populations that specialize for particular ecological niches and may eventually result in 

the emergence of new species. In other words, natural selection is an important process (though 

not the only process) by which evolution takes place within a population of organisms. Natural 

selection can be contrasted with artificial selection, in which humans intentionally choose 

specific traits (although they may not always get what they want). In natural selection there is no 

intentional choice. In other words, artificial selection is teleological and natural selection is not 

teleological. 

Natural selection is one of the cornerstones of modern biology. The term was introduced by 

Darwin in his influential 1859 book On the Origin of Species, in which natural selection was 

described as analogous to artificial selection, a process by which animals and plants with traits 

considered desirable by human breeders are systematically favored for reproduction. The concept 

of natural selection was originally developed in the absence of a valid theory of heredity; at the 

time of Darwin's writing, nothing was known of modern genetics. The union of traditional 

Darwinian evolution with subsequent discoveries in classical and molecular genetics is termed 

the modern evolutionary synthesis. Natural selection remains the primary explanation for 

adaptive evolution. 

 

 

 

 



Chapter 10 

General principles 

Natural variation occurs among the individuals of any population of organisms. Many of these 

differences do not affect survival, but some differences may improve the chances of survival of a 

particular individual. A rabbit that runs faster than others may be more likely to escape from 

predators, and algae that are more efficient at extracting energy from sunlight will grow faster. 

Something that increases an animal's chances of survival will often also include its reproductive 

rate; however, sometimes there is a trade-off between survival and current reproduction. 

Ultimately, what matters is total lifetime reproduction of the animal. 

The peppered moth exists in both light and dark colors in the United Kingdom, but during the 

industrial revolution, many of the trees on which the moths rested became blackened by soot, 

giving the dark-colored moths an advantage in hiding from predators. This gave dark-colored 

moths a better chance of surviving to produce dark-colored offspring, and in just fifty years from 

the first dark moth being caught, nearly all of the moths in industrial Manchester were dark. The 

balance was reversed by the effect of the Clean Air Act 1956, and the dark moths became rare 

again, demonstrating the influence of natural selection on peppered moth evolution.  

If the traits that give these individuals a reproductive advantage are also heritable, that is, passed 

from parent to child, then there will be a slightly higher proportion of fast rabbits or efficient 

algae in the next generation. This is known as differential reproduction. Even if the reproductive 

advantage is very slight, over many generations any heritable advantage will become dominant 

in the population. In this way the natural environment of an organism "selects" for traits that 

confer a reproductive advantage, causing gradual changes or evolution of life. This effect was 

first described and named by Charles Darwin. 

The concept of natural selection predates the understanding of genetics, the mechanism of 

heredity for all known life forms. In modern terms, selection acts on an organism's phenotype, or 

observable characteristics, but it is the organism's genetic make-up or genotype that is inherited. 

The phenotype is the result of the genotype and the environment in which the organism lives (see 

Genotype-phenotype distinction). 



This is the link between natural selection and genetics, as described in the modern evolutionary 

synthesis. Although a complete theory of evolution also requires an account of how genetic 

variation arises in the first place (such as by mutation and sexual reproduction) and includes 

other evolutionary mechanisms (such as genetic drift and gene flow), natural selection appears to 

be the most important mechanism for creating complex adaptations in nature. 

 

Nomenclature and usage 

The term natural selection has slightly different definitions in different contexts. It is most often 

defined to operate on heritable traits, because these are the traits that directly participate in 

evolution. However, natural selection is "blind" in the sense that changes in phenotype (physical 

and behavioral characteristics) can give a reproductive advantage regardless of whether or not 

the trait is heritable (non heritable traits can be the result of environmental factors or the life 

experience of the organism). 

Following Darwin's primary usage the term is often used to refer to both the evolutionary 

consequence of blind selection and to its mechanisms. It is sometimes helpful to explicitly 

distinguish between selection's mechanisms and its effects; when this distinction is important, 

scientists define "natural selection" specifically as "those mechanisms that contribute to the 

selection of individuals that reproduce", without regard to whether the basis of the selection is 

heritable. This is sometimes referred to as "phenotypic natural selection". 

Traits that cause greater reproductive success of an organism are said to be selected for, whereas 

those that reduce success are selected against. Selection for a trait may also result in the selection 

of other correlated traits that do not themselves directly influence reproductive advantage. This 

may occur as a result of pleiotropy or gene linkage.  

Fitness 

Darwin's illustrations of beak variation in the finches of the Galápagos Islands, which hold 13 

closely related species that differ most markedly in the shape of their beaks. The beak of each 

species is suited to its preferred food, suggesting that beak shapes evolved by natural selection. 



The concept of fitness is central to natural selection. In broad terms, individuals that are more 

"fit" have better potential for survival, as in the well-known phrase "survival of the fittest". 

However, as with natural selection above, the precise meaning of the term is much more subtle. 

Modern evolutionary theory defines fitness not by how long an organism lives, but by how 

successful it is at reproducing. If an organism lives half as long as others of its species, but has 

twice as many offspring surviving to adulthood, its genes will become more common in the adult 

population of the next generation. 

Though natural selection acts on individuals, the effects of chance mean that fitness can only 

really be defined "on average" for the individuals within a population. The fitness of a particular 

genotype corresponds to the average effect on all individuals with that genotype. Very low-

fitness genotypes cause their bearers to have few or no offspring on average; examples include 

many human genetic disorderslike cystic fibrosis. 

Since fitness is an averaged quantity, it is also possible that a favorable mutation arises in an 

individual that does not survive to adulthood for unrelated reasons. Fitness also depends crucially 

upon the environment. Conditions like sickle-cell anemia may have low fitness in the general 

human population, but because the sickle-cell trait confers immunity from malaria, it has high 

fitness value in populations that have high malaria infection rates. 

Types of selection 

Natural selection can act on any heritable phenotypic trait, and selective pressure can be 

produced by any aspect of the environment, including sexual selection and competition with 

members of the same or other species. However, this does not imply that natural selection is 

always directional and results in adaptive evolution; natural selection often results in the 

maintenance of the status quo by eliminating less fit variants. 

The unit of selection can be the individual or it can be another level within the hierarchy of 

biological organisation, such as genes, cells, and kin groups. There is still debate about whether 

natural selection acts at the level of groups or species to produce adaptations that benefit a larger, 

non-kin group. Likewise, there is debate as to whether selection at the molecular level prior to 

gene mutations and fertilization of the zygote should be ascribed to conventional natural 

selection because traditionally natural selection is an environmental and exterior force that acts 



upon a phenotype typically after birth. Some science journalists distinguish gene selection from 

natural selection by informally referencing selection of mutations as "pre-selection."  

Selection at a different level such as the gene can result in an increase in fitness for that gene, 

while at the same time reducing the fitness of the individuals carrying that gene, in a process 

called intragenomic conflict. Overall, the combined effect of all selection pressures at various 

levels determines the overall fitness of an individual, and hence the outcome of natural selection. 

Natural selection occurs at every life stage of an individual. An individual organism must survive 

until adulthood before it can reproduce, and selection of those that reach this stage is called 

viability selection. In many species, adults must compete with each other for mates via sexual 

selection, and success in this competition determines who will parent the next generation. When 

individuals can reproduce more than once, a longer survival in the reproductive phase increases 

the number of offspring, called survival selection. 

The fecundity of both females and males (for example, giant sperm in certain species of 

Drosophila)[9] can be limited via "fecundity selection". The viability of produced gametes can 

differ, while intragenomic conflicts such as meiotic drive between the haploid gametes can result 

in gametic or "genic selection". Finally, the union of some combinations of eggs and sperm 

might be more compatible than others; this is termed compatibility selection. 

Sexual selection 

It is useful to distinguish between "ecological selection" and "sexual selection". Ecological 

selection covers any mechanism of selection as a result of the environment (including relatives, 

e.g. kin selection, competition, and infanticide), while "sexual selection" refers specifically to 

competition for mates.  

Sexual selection can be intrasexual, as in cases of competition among individuals of the same sex 

in a population, or intersexual, as in cases where one sex controls reproductive access by 

choosing among a population of available mates. Most commonly, intrasexual selection involves 

male–male competition and intersexual selection involves female choice of suitable males, due 

to the generally greater investment of resources for a female than a male in a single offspring. 

However, some species exhibit sex-role reversed behavior in which it is males that are most 



selective in mate choice; the best-known examples of this pattern occur in some fishes of the 

family Syngnathidae, though likely examples have also been found in amphibian and bird 

species.  

Some features that are confined to one sex only of a particular species can be explained by 

selection exercised by the other sex in the choice of a mate, for example, the extravagant 

plumage of some male birds. Similarly, aggression between members of the same sex is 

sometimes associated with very distinctive features, such as the antlers ofstags, which are used in 

combat with other stags. More generally, intrasexual selection is often associated with sexual 

dimorphism, including differences in body size between males and females of a species.  

Examples of natural selection 

A well-known example of natural selection in action is the development of antibiotic resistance 

in microorganisms. Since the discovery ofpenicillin in 1928, antibiotics have been used to fight 

bacterial diseases. Natural populations of bacteria contain, among their vast numbers of 

individual members, considerable variation in their genetic material, primarily as the result of 

mutations. When exposed to antibiotics, most bacteria die quickly, but some may have mutations 

that make them slightly less susceptible. If the exposure to antibiotics is short, these individuals 

will survive the treatment. This selective elimination of maladapted individuals from a 

population is natural selection. 

These surviving bacteria will then reproduce again, producing the next generation. Due to the 

elimination of the maladapted individuals in the past generation, this population contains more 

bacteria that have some resistance against the antibiotic. At the same time, new mutations occur, 

contributing new genetic variation to the existing genetic variation. Spontaneous mutations are 

very rare, and advantageous mutations are even rarer. However, populations of bacteria are large 

enough that a few individuals will have beneficial mutations. If a new mutation reduces their 

susceptibility to an antibiotic, these individuals are more likely to survive when next confronted 

with that antibiotic. 

Given enough time and repeated exposure to the antibiotic, a population of antibiotic-resistant 

bacteria will emerge. This new changed population of antibiotic-resistant bacteria is optimally 

adapted to the context it evolved in. At the same time, it is not necessarily optimally adapted any 



more to the old antibiotic free environment. The end result of natural selection is two populations 

that are both optimally adapted to their specific environment, while both perform substandard in 

the other environment. 

The widespread use and misuse of antibiotics has resulted in increased microbial resistance to 

antibiotics in clinical use, to the point that themethicillin-resistant Staphylococcus aureus 

(MRSA) has been described as a "superbug" because of the threat it poses to health and its 

relative invulnerability to existing drugs. Response strategies typically include the use of 

different, stronger antibiotics; however, new strains of MRSA have recently emerged that are 

resistant even to these drugs.  

This is an example of what is known as an evolutionary arms race, in which bacteria continue to 

develop strains that are less susceptible to antibiotics, while medical researchers continue to 

develop new antibiotics that can kill them. A similar situation occurs with pesticide resistancein 

plants and insects. Arms races are not necessarily induced by man; a well-documented example 

involves the spread of a gene in the butterflyHypolimnas bolina suppressing male-killing activity 

by Wolbachia bacteria parasites on the island of Samoa, where the spread of the gene is known 

to have occurred over a period of just five years  

Evolution by means of natural selection 

A prerequisite for natural selection to result in adaptive evolution, novel traits and speciation, is 

the presence of heritable genetic variation that results in fitness differences. Genetic variation is 

the result of mutations, recombinations and alterations in the karyotype (the number, shape, size 

and internal arrangement of the chromosomes). Any of these changes might have an effect that is 

highly advantageous or highly disadvantageous, but large effects are very rare. In the past, most 

changes in the genetic material were considered neutral or close to neutral because they occurred 

in noncoding DNA or resulted in a synonymous substitution. However, recent research suggests 

that many mutations in non-coding DNA do have slight deleterious effects. Although both 

mutation rates and average fitness effects of mutations are dependent on the organism, estimates 

from data in humans have found that a majority of mutations are slightly deleterious.  

By the definition of fitness, individuals with greater fitness are more likely to contribute 

offspring to the next generation, while individuals with lesser fitness are more likely to die early 



or fail to reproduce. As a result, alleles that on average result in greater fitness become more 

abundant in the next generation, while alleles that in general reduce fitness become rarer. If the 

selection forces remain the same for many generations, beneficial alleles become more and more 

abundant, until they dominate the population, while alleles with a lesser fitness disappear. In 

every generation, new mutations and re-combinations arise spontaneously, producing a new 

spectrum of phenotypes. Therefore, each new generation will be enriched by the increasing 

abundance of alleles that contribute to those traits that were favored by selection, enhancing 

these traits over successive generations. 

Some mutations occur in so-called regulatory genes. Changes in these can have large effects on 

the phenotype of the individual because they regulate the function of many other genes. Most, 

but not all, mutations in regulatory genes result in non-viable zygotes. Examples of nonlethal 

regulatory mutations occur in HOX genes in humans, which can result in a cervical rib[19] or 

polydactyly, an increase in the number of fingers or toes.When such mutations result in a higher 

fitness, natural selection will favor these phenotypes and the novel trait will spread in the 

population. 

Established traits are not immutable; traits that have high fitness in one environmental context 

may be much less fit if environmental conditions change. In the absence of natural selection to 

preserve such a trait, it will become more variable and deteriorate over time, possibly resulting in 

a vestigial manifestation of the trait, also called evolutionary baggage. In many circumstances, 

the apparently vestigial structure may retain a limited functionality, or may be co-opted for other 

advantageous traits in a phenomenon known aspreadaptation. A famous example of a vestigial 

structure, the eye of the blind mole rat, is believed to retain function in photoperiod perception.   

 

 

 

 

 



Chapter 11 

Speciation 

Speciation  requires selective mating, which result in a reduced gene flow. Selective mating can 

be the result of 1. Geographic isolation, 2. Behavioral isolation, or 3. Temporal isolation. For 

example, a change in the physical environment (geographic isolation by an extrinsic barrier) 

would follow number 1, a change in camouflage for number 2 or a shift in mating times (i.e., one 

species of deer shifts location and therefore changes its "rut") for number 3. 

Over time, these subgroups might diverge radically to become different species, either because 

of differences in selection pressures on the different subgroups, or because different mutations 

arise spontaneously in the different populations, or because of founder effects – some potentially 

beneficial alleles may, by chance, be present in only one or other of two subgroups when they 

first become separated. A lesser-known mechanism of speciation occurs via hybridization, well-

documented in plants and occasionally observed in species-rich groups of animals such as cichlid 

fishes. Such mechanisms of rapid speciation can reflect a mechanism of evolutionary change 

known as punctuated equilibrium, which suggests that evolutionary change and in particular 

speciation typically happens quickly after interrupting long periods of stasis. 

Genetic changes within groups result in increasing incompatibility between the genomes of the 

two subgroups, thus reducing gene flow between the groups. Gene flow will effectively cease 

when the distinctive mutations characterizing each subgroup become fixed. As few as two 

mutations can result in speciation: if each mutation has a neutral or positive effect on fitness 

when they occur separately, but a negative effect when they occur together, then fixation of these 

genes in the respective subgroups will lead to two reproductively isolated populations. 

According to the biological species concept, these will be two different species. 

Historical development. 

Pre-Darwinian theories 

Several ancient philosophers expressed the idea that nature produces a huge variety of creatures, 

randomly, and that only those creatures that manage to provide for themselves and reproduce 



successfully survive; well-known examples include Empedocles,and his intellectual successor, 

the Roman poet Lucretius.Empedocles' idea that organisms arose entirely by the incidental 

workings of causes such as heat and cold was criticized by Aristotle in Book II of Physics. He 

posited natural teleology in its place. He believed that form was achieved for a purpose, citing 

the regularity of heredity in species as proof.Nevertheless, he acceded that new types of animals, 

monstrosities (τερας), can occur in very rare instances (Generation of Animals, Book IV).As 

quoted in Darwin's Origin of Species, Aristotle considered whether different forms, e.g. of teeth, 

might have appeared accidentally, but only the useful forms survived: 

So what hinders the different parts (of the body) from having this merely accidental relation in 

nature? as the teeth, for example, grow by necessity, the front ones sharp, adapted for dividing, 

and the grinders flat, and serviceable for masticating the food; since they were not made for the 

sake of this, but it was the result of accident. And in like manner as to other parts in which there 

appears to exist an adaptation to an end. Wheresoever, therefore, all things together (that is all 

the parts of one whole) happened like as if they were made for the sake of something, these were 

preserved, having been appropriately constituted by an internal spontaneity; and whatsoever 

things were not thus constituted, perished and still perish. 

—Aristotle,  Physicae Auscultationes(lib.2, cap.8, s.2) 

But he rejected this possibility in the next paragraph: 

...Yet it is impossible that this should be the true view. For teeth and all other natural things 

either invariably or normally come about in a given way; but of not one of the results of chance 

or spontaneity is this true. We do not ascribe to chance or mere coincidence the frequency of rain 

in winter, but frequent rain in summer we do; nor heat in the dog-days, but only if we have it in 

winter. If then, it is agreed that things are either the result of coincidence or for an end, and these 

cannot be the result of coincidence or spontaneity, it follows that they must be for an end; and 

that such things are all due to nature even the champions of the theory which is before us would 

agree. Therefore action for an end is present in things which come to be and are by nature. 

The struggle for existence was later described by Islamic writer Al-Jahiz in the 9th century, who 

argued that environmental factors influence animals to develop new characteristics to ensure 

survival. 



The classical arguments were reintroduced in the 18th century by Pierre Louis Maupertuis and 

others, including Charles Darwin's grandfather Erasmus Darwin. While these forerunners had an 

influence on Darwinism, they later had little influence on the trajectory of evolutionary thought 

after Charles Darwin. 

Until the early 19th century, the prevailing view in Western societies was that differences 

between individuals of a species were uninteresting departures from their Platonic idealism(or 

typus) of created kinds. However, the theory of uniformitarianism in geology promoted the idea 

that simple, weak forces could act continuously over long periods of time to produce radical 

changes in the Earth's landscape. The success of this theory raised awareness of the vast scale of 

geological time and made plausible the idea that tiny, virtually imperceptible changes in 

successive generations could produce consequences on the scale of differences between species. 

Early 19th-century evolutionists such as Jean Baptiste Lamarck suggested the inheritance of 

acquired characteristics as a mechanism for evolutionary change; adaptive traits acquired by an 

organism during its lifetime could be inherited by that organism's progeny, eventually causing 

transmutation of species.This theory has come to be known asLamarckism and was an influence 

on the anti-genetic ideas of the Stalinist Soviet biologist Trofim Lysenko.  

Darwin's theory 

In 1859, Charles Darwin set out his theory of evolution by natural selection as an explanation for 

adaptation and speciation. He defined natural selection as the "principle by which each slight 

variation [of a trait], if useful, is preserved". The concept was simple but powerful: individuals 

best adapted to their environments are more likely to survive and reproduce. As long as there is 

some variation between them, there will be an inevitable selection of individuals with the most 

advantageous variations. If the variations are inherited, then differential reproductive success 

will lead to a progressive evolution of particular populations of a species, and populations that 

evolve to be sufficiently different eventually become different species. 

Darwin's ideas were inspired by the observations that he had made on the Beagle voyage, and by 

the work of a political economist, the Reverend Thomas Malthus, who in An Essay on the 

Principle of Population, noted that population (if unchecked) increases exponentially, whereas 

the food supply grows only arithmetically; thus, inevitable limitations of resources would have 



demographic implications, leading to a "struggle for existence".[When Darwin read Malthus in 

1838 he was already primed by his work as a naturalist to appreciate the "struggle for existence" 

in nature and it struck him that as population outgrew resources, "favourable variations would 

tend to be preserved, and unfavourable ones to be destroyed. The result of this would be the 

formation of new species." 

Here is Darwin's own summary of the idea, which can be found in the fourth chapter of the 

Origin: 

If during the long course of ages and under varying conditions of life, organic beings vary at all 

in the several parts of their organisation, and I think this cannot be disputed; if there be, owing to 

the high geometrical powers of increase of each species, at some age, season, or year, a severe 

struggle for life, and this certainly cannot be disputed; then, considering the infinite complexity 

of the relations of all organic beings to each other and to their conditions of existence, causing an 

infinite diversity in structure, constitution, and habits, to be advantageous to them, I think it 

would be a most extraordinary fact if no variation ever had occurred useful to each being's own 

welfare, in the same way as so many variations have occurred useful to man. But, if variations 

useful to any organic being do occur, assuredly individuals thus characterised will have the best 

chance of being preserved in the struggle for life; and from the strong principle of inheritance 

they will tend to produce offspring similarly characterised. This principle of preservation, I have 

called, for the sake of brevity, Natural Selection. 

Once he had his theory "by which to work", Darwin was meticulous about gathering and refining 

evidence as his "prime hobby" before making his idea public. He was in the process of writing 

his "big book" to present his researches when the naturalist Alfred Russel Wallace independently 

conceived of the principle and described it in an essay he sent to Darwin to forward to Charles 

Lyell. Lyell and Joseph Dalton Hooker decided (without Wallace's knowledge) to present his 

essay together with unpublished writings that Darwin had sent to fellow naturalists, and On the 

Tendency of Species to form Varieties; and on the Perpetuation of Varieties and Species by 

Natural Means of Selection was read to theLinnean Society announcing co-discovery of the 

principle in July 1858.Darwin published a detailed account of his evidence and conclusions in 

On the Origin of Species in 1859. In the 3rd edition of 1861 Darwin acknowledged that others — 

a notable one being William Charles Wells in 1813, and Patrick Matthew in 1831 — had 



proposed similar ideas, but had neither developed them nor presented them in notable scientific 

publications.  

Darwin thought of natural selection by analogy to how farmers select crops or livestock for 

breeding, which he called "artificial selection"; in his early manuscripts he referred to aNature, 

which would do the selection. At the time, other mechanisms of evolution such as evolution by 

genetic drift were not yet explicitly formulated, and Darwin believed that selection was likely 

only part of the story: "I am convinced that has been the main, but not exclusive means of 

modification." In a letter to Charles Lyell in September 1860, Darwin regretted the use of the 

term "Natural Selection", preferring the term "Natural Preservation".[ 

For Darwin and his contemporaries, natural selection was in essence synonymous with evolution 

by natural selection. After the publication of On the Origin of Species, educated people generally 

accepted that evolution had occurred in some form. However, natural selection remained 

controversial as a mechanism, partly because it was perceived to be too weak to explain the 

range of observed characteristics of living organisms, and partly because even supporters of 

evolution balked at its "unguided" and non-progressive nature, a response that has been 

characterized as the single most significant impediment to the idea's acceptance.  

However, some thinkers enthusiastically embraced natural selection; after reading Darwin, 

Herbert Spencer introduced the term survival of the fittest, which became a popular summary of 

the theory.The fifth edition of On the Origin of Species published in 1869 included Spencer's 

phrase as an alternative to natural selection, with credit given: "But the expression often used by 

Mr. Herbert Spencer, of the Survival of the Fittest, is more accurate, and is sometimes equally 

convenient." Although the phrase is still often used by non-biologists, modern biologists avoid it 

because it is tautological if "fittest" is read to mean "functionally superior" and is applied to 

individuals rather than considered as an averaged quantity over populations.  

Modern evolutionary synthesis 

Natural selection relies crucially on the idea of heredity, but developed before the basic concepts 

of genetics. Although the Austrian monk Gregor Mendel (1822-1884), the father of modern 

genetics, was a contemporary of Darwin's, his work would lie in obscurity until the early 20th 

century. Only after the 20th-century integration of Darwin's theory of evolution with a complex 



statistical appreciation of Gregor Mendel's "re-discovered" laws of inheritance did scientists 

generally come to accept natural selection. 

The work of Ronald Fisher (who developed the required mathematical language and wrote The 

Genetical Theory of Natural Selection), J.B.S. Haldane (who introduced the concept of the "cost" 

of natural selection), Sewall Wright (who elucidated the nature of selection and adaptation), 

Theodosius Dobzhansky (who established the idea that mutation, by creating genetic diversity, 

supplied the raw material for natural selection: see Genetics and the Origin of Species), William 

Hamilton (who conceived of kin selection), Ernst Mayr(who recognised the key importance of 

reproductive isolation for speciation: see Systematics and the Origin of Species) and many others 

together formed the modern evolutionary synthesis. This synthesis cemented natural selection as 

the foundation of evolutionary theory, where it remains today. 

Impact of the idea 

Darwin's ideas, along with those of Adam Smith and Karl Marx, had a profound influence on 

19th century thought. Perhaps the most radical claim of the theory of evolution through natural 

selection is that "elaborately constructed forms, so different from each other, and dependent on 

each other in so complex a manner" evolved from the simplest forms of life by a few simple 

principles. This claim inspired some of Darwin's most ardent supporters—and provoked the most 

profound opposition. The radicalism of natural selection, according to Stephen Jay Gould, lay in 

its power to "dethrone some of the deepest and most traditional comforts of Western thought". In 

particular, it challenged long-standing beliefs in such concepts as a special and exalted place for 

humans in the natural world and a benevolent creator whose intentions were reflected in nature's 

order and design. 

In the words of the philosopher Daniel Dennett,  "Darwin's dangerous idea" of evolution by 

natural selection is a "universal acid," which cannot be kept restricted to any vessel or container, 

as it soon leaks out, working its way into ever-wider surroundings. Thus, in the last decades, the 

concept of natural selection has spread from evolutionary biology into virtually all disciplines, 

including evolutionary computation, quantum darwinism, evolutionary economics, evolutionary 

epistemology, evolutionary psychology, and cosmological natural selection. This unlimited 

applicability has been called Universal Darwinism. 



 

 

Emergence of natural selection 

How life originated remains an unresolved problem in biology. A prominent idea is that life first 

appeared in the form of short self-replicating RNA polymers. On this view, “life” may have 

come into existence when RNA chains first experienced the basic conditions, as conceived by 

Darwin, for natural selection to operate. These conditions are: heritability, variation of type, and 

competition for limited resources. Fitness of an early RNA replicator (its per capita rate of 

increase) would likely have been a function of adaptive capacities that were intrinsic (i.e. 

determined by the nucleotide sequence) and the availability of resources. The three primary 

adaptive capacities could logically have been: (1) the capacity to replicate with moderate fidelity 

(giving rise to both heritability and variation of type), (2) the capacity to avoid decay, and (3) the 

capacity to acquire and process resources.These capacities would have been determined initially 

by the folded configurations (including those configurations with ribozyme activity) of the RNA 

replicators that, in turn, would have been encoded in their individual nucleotide sequences. 

Competitive success among different RNA replicators would have depended on the relative 

values of their adaptive capacities. 

Cell and molecular biology 

In the 19th century, Wilhelm Roux, a founder of modern embryology, wrote a book entitled « 

Der Kampf der Teile im Organismus » (The struggle of parts in the organism) in which he 

suggested that the development of an organism results from a Darwinian competition between 

the parts of the embryo, occurring at all levels, from molecules to organs. In recent years, a 

modern version of this theory has been proposed by Jean-Jacques Kupiec. According to this 

cellular Darwinism, stochasticity at the molecular level generates diversity in cell types whereas 

cell interactions impose a characteristic order on the developing embryo. 

Social and psychological theory 

The social implications of the theory of evolution by natural selection also became the source of 

continuing controversy. Friedrich Engels, a German political philosopher and co-originator of 



the ideology of communism, wrote in 1872 that "Darwin did not know what a bitter satire he 

wrote on mankind when he showed that free competition, the struggle for existence, which the 

economists celebrate as the highest historical achievement, is the normal state of the animal 

kingdom".[58] Interpretation of natural selection as necessarily 'progressive', leading to 

increasing 'advances' in intelligence and civilisation, was used as a justification for colonialism 

and policies of eugenics, as well as broader sociopolitical positions now described as Social 

Darwinism. Konrad Lorenz won the Nobel Prize in Physiology or Medicine in 1973 for his 

analysis of animal behavior in terms of the role of natural selection (particularly group selection). 

However, in Germany in 1940, in writings that he subsequently disowned, he used the theory as 

a justification for policies of the Nazistate. He wrote "... selection for toughness, heroism, and 

social utility...must be accomplished by some human institution, if mankind, in default of 

selective factors, is not to be ruined by domestication-induced degeneracy. The racial idea as the 

basis of our state has already accomplished much in this respect." Others have developed ideas 

that human societies and culture evolve by mechanisms that are analogous to those that apply to 

evolution of species.  

More recently, work among anthropologists and psychologists has led to the development of 

sociobiology and later evolutionary psychology, a field that attempts to explain features of 

human psychology in terms of adaptation to the ancestral environment. The most prominent such 

example, notably advanced in the early work of Noam Chomsky and later bySteven Pinker, is 

the hypothesis that the human brain is adapted to acquire the grammatical rules of natural 

language.  Other aspects of human behavior and social structures, from specific cultural norms 

such as incest avoidance to broader patterns such as gender roles, have been hypothesized to 

have similar origins as adaptations to the early environment in which modern humans evolved. 

By analogy to the action of natural selection on genes, the concept of memes – "units of cultural 

transmission", or culture's equivalents of genes undergoing selection and recombination – has 

arisen, first described in this form by Richard Dawkins and subsequently expanded upon by 

philosophers such as Daniel Dennett as explanations for complex cultural activities, including 

human consciousness.  

Information and systems theory 



In 1922, Alfred Lotka proposed that natural selection might be understood as a physical principle 

that could be described in terms of the use of energy by a system,  a concept that was later 

developed by Howard Odum as the maximum power principle whereby evolutionary systems 

with selective advantage maximise the rate of useful energy transformation. Such concepts are 

sometimes relevant in the study of applied thermodynamics. 

The principles of natural selection have inspired a variety of computational techniques, such as 

"soft" artificial life, that simulate selective processes and can be highly efficient in 'adapting' 

entities to an environment defined by a specified fitness function. For example, a class of 

heuristic optimization algorithms known as genetic algorithms, pioneered byJohn Holland in the 

1970s and expanded upon by David E. Goldberg,  identify optimal solutions by simulated 

reproduction and mutation of a population of solutions defined by an initial probability 

distribution.  Such algorithms are particularly useful when applied to problems whose solution 

landscape is very rough or has many local minima. 

Genetic basis of natural selection 

The idea of natural selection predates the understanding of genetics. We now have a much better 

idea of the biology underlying heritability, which is the basis of natural selection. 

 

Genotype and phenotype 

Natural selection acts on an organism's phenotype, or physical characteristics. Phenotype is 

determined by an organism's genetic make-up (genotype) and the environment in which the 

organism lives. Often, natural selection acts on specific traits of an individual, and the terms 

phenotype and genotype are used narrowly to indicate these specific traits. 

When different organisms in a population possess different versions of a gene for a certain trait, 

each of these versions is known as an allele. It is this genetic variation that underlies phenotypic 

traits. A typical example is that certain combinations of genes for eye color in humans that, for 

instance, give rise to the phenotype of blue eyes. (On the other hand, when all the organisms in a 

population share the same allele for a particular trait, and this state is stable over time, the allele 

is said to be fixed in that population.) 



Some traits are governed by only a single gene, but most traits are influenced by the interactions 

of many genes. A variation in one of the many genes that contributes to a trait may have only a 

small effect on the phenotype; together, these genes can produce a continuum of possible 

phenotypic values.  

Directionality of selection 

When some component of a trait is heritable, selection will alter the frequencies of the different 

alleles, or variants of the gene that produces the variants of the trait. Selection can be divided 

into three classes, on the basis of its effect on allele frequencies. 

Directional selection occurs when a certain allele has a greater fitness than others, resulting in an 

increase of its frequency. This process can continue until the allele is fixed and the entire 

population shares the fitter phenotype. It is directional selection that is illustrated in the antibiotic 

resistance example above. 

Far more common is stabilizing selection (which is commonly confused with purifying 

selection), which lowers the frequency of alleles that have a deleterious effect on the phenotype – 

that is, produce organisms of lower fitness. This process can continue until the allele is 

eliminated from the population. Purifying selection results in functional genetic features, such as 

protein-coding genes or regulatory sequences, being conserved over time due to selective 

pressure against deleterious variants. 

Finally, a number of forms of balancing selection exist, which do not result in fixation, but 

maintain an allele at intermediate frequencies in a population. This can occur in diploidspecies 

(that is, those that have homologous pairs of chromosomes) when heterozygote individuals, who 

have different alleles on each chromosome at a single genetic locus, have a higher fitness than 

homozygote individuals that have two of the same alleles. This is called heterozygote advantage 

or overdominance, of which the best-known example is themalarial resistance observed in 

heterozygous humans who carry only one copy of the gene for sickle cell anemia. Maintenance 

of allelic variation can also occur through disruptive or diversifying selection, which favors 

genotypes that depart from the average in either direction (that is, the opposite of 

overdominance), and can result in a bimodal distribution of trait values. Finally, balancing 

selection can occur through frequency-dependent selection, where the fitness of one particular 



phenotype depends on the distribution of other phenotypes in the population. The principles of 

game theory have been applied to understand the fitness distributions in these situations, 

particularly in the study of kin selectionand the evolution of reciprocal altruism.  

Selection and genetic variation 

A portion of all genetic variation is functionally neutral in that it produces no phenotypic effect 

or significant difference in fitness; the hypothesis that this variation accounts for a large fraction 

of observed genetic diversity is known as the neutral theory of molecular evolution and was 

originated by Motoo Kimura. When genetic variation does not result in differences in fitness, 

selection cannot directly affect the frequency of such variation. As a result, the genetic variation 

at those sites will be higher than at sites where variation does influence fitness. However, after a 

period with no new mutation, the genetic variation at these sites will be eliminated due to genetic 

drift. 

Mutation selection balance 

Natural selection results in the reduction of genetic variation through the elimination of 

maladapted individuals and consequently of the mutations that caused the maladaptation. At the 

same time, new mutations occur, resulting in a mutation-selection balance. The exact outcome of 

the two processes depends both on the rate at which new mutations occur and on the strength of 

the natural selection, which is a function of how unfavorable the mutation proves to be. 

Consequently, changes in the mutation rate or the selection pressure will result in a different 

mutation-selection balance. 

Genetic linkage 

Genetic linkage occurs when the loci of two alleles are linked, or in close proximity to each other 

on the chromosome. During the formation of gametes, recombination of the genetic material 

results in reshuffling of the alleles. However, the chance that such a reshuffle occurs between 

two alleles depends on the distance between those alleles; the closer the alleles are to each other, 

the less likely it is that such a reshuffle will occur. Consequently, when selection targets one 

allele, this automatically results in selection of the other allele as well; through this mechanism, 

selection can have a strong influence on patterns of variation in the genome. 



Selective sweeps occur when an allele becomes more common in a population as a result of 

positive selection. As the prevalence of one allele increases, linked alleles can also become more 

common, whether they are neutral or even slightly deleterious. This is called genetic hitchhiking. 

A strong selective sweep results in a region of the genome where the positively selected 

haplotype (the allele and its neighbors) are in essence the only ones that exist in the population. 

Whether a selective sweep has occurred or not can be investigated by measuring linkage 

disequilibrium, or whether a given haplotype is overrepresented in the population. Normally, 

genetic recombination results in a reshuffling of the different alleles within a haplotype, and 

none of the haplotypes will dominate the population. However, during a selective sweep, 

selection for a specific allele will also result in selection of neighboring alleles. Therefore, the 

presence of a block of strong linkage disequilibrium might indicate that there has been a 'recent' 

selective sweep near the center of the block, and this can be used to identify sites recently under 

selection. 

Background selection is the opposite of a selective sweep. If a specific site experiences strong 

and persistent purifying selection, linked variation will tend to be weeded out along with it, 

producing a region in the genome of low overall variability. Because background selection is a 

result of deleterious new mutations, which can occur randomly in any haplotype, it does not 

produce clear blocks of linkage disequilibrium, although with low recombination it can still lead 

to slightly negative linkage disequilibrium overall. 

Gender studies 

Gender studies is a field of interdisciplinary study and academic field devoted to gender identity 

and gendered representation as central categories of analysis. This field includeswomen's studies 

(concerning women, feminism, gender, and politics), men's studies, and LGBT studies. 

Sometimes, gender studies is offered together with study of sexuality. These disciplines study 

gender and sexuality in the fields of literature, language, history, political science, sociology, 

anthropology, cinema, media studies, human development, law, and medicine. It also analyzes 

race, ethnicity, location, nationality, and disability.  

Gender study has many different forms. One view espoused by the philosopher Simone de 

Beauvoir said: "One is not born a woman, one becomes one". This view proposes that in gender 



studies, the term "gender" should be used to refer to the social and cultural constructions of 

masculinities and femininities, not to the state of being male or female in its entirety.  However, 

this view is not held by all gender theorists. Other areas of gender study closely examine the role 

that the biological states of being male or female (anatomical, physiological, and genetical 

explanations of male and female body parts, structure and nature of functions of body organs, 

genetic carriers etc.) have on social constructs of gender. Specifically, in what way gender roles 

are defined by biology and how they are defined by cultural trends. The field emerged from a 

number of different areas: the sociology of the 1950s and later (see Sociology of gender); the 

theories of the psychoanalyst Jacques Lacan; and the work of feminists such as Judith Butler. 

Gender is an important area of study in many disciplines, such as literary theory, drama studies, 

film theory, performance theory, contemporary art history, anthropology, sociology, psychology 

and psychoanalysis. These disciplines sometimes differ in their approaches to how and why they 

study gender. For instance in anthropology, sociology and psychology, gender is often studied as 

a practice, whereas in cultural studies representations of gender are more often examined. In 

politics, gender can be viewed as a foundational discourse that political actors employ in order to 

position themselves on a variety of issues.Gender studies is also a discipline in itself: an 

interdisciplinary area of study that incorporates methods and approaches from a wide range of 

disciplines.  

Each field came to regard "gender" as a practice, sometimes referred to as something that is 

performative. Feminist theory of psychoanalysis, articulated mainly by Julia Kristeva (the 

"semiotic" and "abjection") and Bracha Ettinger (the feminine-prematernal-maternal matrixial 

Eros of borderlinking and com-passion,"matrixial trans-subjectivity" and the "primal mother-

phantasies"),and informed both by Freud, Lacan and the object relations theory, is very 

influential in gender studies. 

 

 

 

 



Chapter 12 

Influences of Gender Studies 

 

Gender studies and psychoanalytic theory 

Sigmund Freud 

Some feminist critics have dismissed the work of Sigmund Freud as sexist, because of his view 

that women are 'mutilated and must learn to accept their lack of a penis' (in Freud's terms a 

"deformity"). 

On the other hand, feminist theorists such as Juliet Mitchell, Nancy Chodorow, Jessica 

Benjamin, Jane Gallop, Bracha Ettinger, Shoshana Felman, Griselda Pollock,Luce Irigaray and 

Jane Flax have developed a Feminist psychoanalysis and argued that psychoanalytic theory is 

vital to the feminist project and must, like other theoretical traditions, be criticized by women as 

well as transformed to free it from vestiges of sexism (i.e. being censored). Shulamith Firestone, 

in "The Dialectic of Sex" calls Freudianism the misguided feminism and discusses how 

Freudianism is almost completely accurate, with the exception of one crucial detail: everywhere 

that Freud writes "penis", the word should be replaced with "power". 

Jacques Lacan 

Lacan's theory of sexuation organizes femininity and masculinity according to different 

unconscious structures. Both male and female subjects participate in the "phallic" organization, 

and the feminine side of sexuation is "supplementary" and not opposite or 

complementary.Sexuation (sexual situation) — the development of gender-roles and role-play in 

childhood — breaks down concepts of gender identity as innate or biologically determined. 

(clarify-refutes?challenges?)Critics like Elizabeth Grosz accuse Jacques Lacan of maintaining a 

sexist tradition in psychoanalysis.Others, such as Judith Butler, Bracha Ettinger and Jane Gallop 

have used Lacanian work, though in a critical way, to develop gender theory.  

Julia Kristeva 



Julia Kristeva has significantly developed the field of semiotics. In her work on abjection, she 

structures subjectivity upon the abjection of the mother and argues that the way in which an 

individual excludes (or abjects) their mother as means of forming an identity is similar to the 

way in which societies are constructed. She contends that patriarchal cultures, like individuals, 

have to exclude the maternal and the feminine so that they can come into being.  

Bracha Ettinger 

Bracha Ettinger transformed subjectivity in contemporary psychoanalysis since the early 1990s 

with the Matrixial feminine-maternal and prematernal Eros of borderlinking (bordureliance), 

borderspacing (bordurespacement) and co-emergence. The matrixial feminine difference defines 

a particular gaze and it is a source for trans-subjectivity and transjectivity in both males and 

females. Ettinger rethinks the human subject as informed by the archaic connectivity to the 

maternal and proposes the idea of a Demeter-Persephone Complexity.  

Mark Blechner 

Mark Blechner expanded psychoanalytic views of sex and gender, calling psychoanalysis "the 

once and future queer science".He has argued that there is a "gender fetish" in western society, in 

which the gender of sexual partners is given enormously disproportionate attention over other 

factors involved in sexual attraction, such as age and social class. He proposes that the words 

"homosexuality" and "heterosexuality" be given prefixes, depending on the dimension that is the 

same or different between partners. "Age heterosexuality" would indicate an attraction between 

people of different ages, for example. What is conventionally called "heterosexuality" (attraction 

between a man and a woman) would be called "gender heterosexuality". 

Cultures can have very different norms of maleness and masculinity. Blechner identifies the 

terror, in Western males, of penetration. Yet in many societies, being gay is defined only by 

being a male who lets himself be penetrated. Males who penetrate other males are considered 

masculine and not gay and are not the targets of prejudice. In other cultures, however, receptive 

fellatio is the norm for early adolescence and seen as a requirement for developing normal 

manliness. 

Literary theory 



Psychoanalytically oriented French feminism focused on visual and literary theory all along. 

Virginia Woolf's legacy as well as "Adrienne Rich's call for women's revisions of literary texts, 

and history as well, has galvanized a generation of feminist authors to reply with texts of their 

own". Griselda Pollock and other feminists have articulated Myth and Poetry and literature,from 

the point of view of gender. 

Post-modern influence 

  

The emergence of post-modernism theories affected gender studies,causing a movement in 

theories identity away from the concept of fixed or essentialist gender identity, topost-

modern[35] fluid[36] or multiple identities.  

See Donna Haraway, The Cyborg Manifesto, as an example of post-identity feminism. 

More recently, the relation between post-modernism or post-structuralism and masculinity has 

been considered, whereby masculinity too can be taken as always in movement and never fixed 

or stable. 

The development of gender theory 

History of gender studies 

After the revolution of the universal suffrage of the 20 th Century and the women's liberation 

movement of the 1970s promoted a revision from the feminists to "actively interrogate" the usual 

and accepted versions of the History as it was known at the time. New way of looking at history 

came out of the analysis. This gave birth to the Gender History studies. 

Women's studies 

Women's studies is an interdisciplinary academic field devoted to topics concerning women, 

feminism, gender, and politics. It often includes feminist theory, women's history (e.g. a history 

of women's suffrage) and social history, women's fiction, women's health, feminist 

psychoanalysis and the feminist and gender studies-influenced practice of most of thehumanities 

and social sciences. 



Men's studies 

Men's studies is an interdisciplinary academic field devoted to topics concerning men, 

masculism, gender, and politics. It often includes masculist theory, men's history and social 

history, men's fiction, men's health, masculist psychoanalysis and the masculist and gender 

studies-influenced practice of most of the humanities and social sciences. Key theoretical 

contributions reconciling the relationship between masculist/feminist interpretation of gender 

studies include Does Feminism Discriminate Against Men by Warren Farrell and James Sterba, 

and Gendering, Courtship and Pay Equality by Rory Ridley-Duff. 

 

Judith Butler 

The concept of gender performativity is at the core of Butler's work, notably in Gender Trouble. 

In Butler’s terms the performance of gender, sex, and sexuality is about power in society. She 

locates the construction of the "gendered, sexed, desiring subject" in "regulative discourses". A 

part of Butler's argument concerns the role of sex in the construction of "natural" or coherent 

gender and sexuality. In her account, gender and heterosexuality are constructed as natural 

because the opposition of the male and female sexes is perceived as natural in the social 

imaginary.  

Responses 

Historian and theorist Bryan Palmer argues that gender studies current reliance on post-

structuralism – with its reification of discourse and avoidance of the structures of oppression and 

struggles of resistance – obscures the origins, meanings, and consequences of historical events 

and processes, and he seeks to counter the current gender studies with an argument for the 

necessity to analyze lived experience and the structures of subordination and power.  

Sociologist Helen Lindberg asserted in her Örebro University doctoral dissertation that gender 

studies has a weakness in that it relies on feminist social theories that are starkly based on 

ideological foundations and thus provide a coloured picture of society. She also criticized 

different feminist theories for lacking internal coherence, offering little practicality and having 

trouble accommodating empirical evidence.  



Pope Benedict XVI has denounced some of the gender theories, warning that they blur the 

distinction between male and female and could thus lead to the "self-destruction" of the human 

race.  

Rosi Braidotti has criticized gender studies as: "the take-over of the feminist agenda by studies 

on masculinity, which results in transferring funding from feminist faculty positions to other 

kinds of positions. There have been cases...of positions advertised as 'gender studies' being given 

away to the 'bright boys'. Some of the competitive take-over has to do with gay studies. Of 

special significance in this discussion is the role of the mainstream publisher Routledge who, in 

our opinion, is responsible for promoting gender as a way of deradicalizing the feminist agenda, 

re-marketing masculinity and gay male identity instead." Calvin Thomas countered that, "as 

Joseph Allen Boone points out, 'many of the men in the academy who are feminism's most 

supportive 'allies' are gay,'" and that it is "disingenuous" to ignore the ways in which mainstream 

publishers such as Routledge have promoted feminist theorists. 

Harald Eia, a Norwegian documentarian, introduced in 2010 a television show called 

"Hjernevask" ("Brainwashing") which contrasted cultural determinist models of human behavior 

with nature-nurture interactionist perspectives. Specially the question of gender, and what is 

referred to as the gender paradox has provoked controversy, and as a result of Eia's television 

program, The Nordic Gender Institute (NIKK) was closed by the Norwegian government. 

Harald Martenstein, provocative columnist in the German Die Zeit magazine, lumps gender 

researchers together with creationists. For his column, he read the works of Judith Butler and 

others, conducted interviews with gender researchers, and compares this to advances in 

psychological research. He concludes that scientific rigor is the antipole of gender research, and 

that gender studies see natural sciences as their epitome concept of enemy . 

Gender identity 

Gender identity is a person's private sense, and subjective experience, of their own gender. This 

is generally described as one's private sense of being a man or a woman, consisting primarily of 

the acceptance of membership into a category of people: male or female. All societies have a set 

of gender categories that can serve as the basis of the formation of a social identity in relation to 

other members of society. In most societies, there is a basic division between gender attributes 



assigned to males and females. In all societies, however, some individuals do not identify with 

some (or all) of the aspects of gender that are assigned to their biological sex. 

In most Western societies, there exists a gender binary, a social dichotomy that enforces 

conformance to the ideals of masculinity andfemininity in all aspects of gender and sex - gender 

identity, gender expression and biological sex. Some societies have so-called third 

gendercategories that can be used as a basis for a gender identity by people who are 

uncomfortable with the gender that is usually associated with their sex; in other societies, 

membership of any of the gender categories is open to people regardless of their sex. 

Gender identity is usually formed by age three and is extremely difficult to change after that. The 

formation also commonly concludes between the ages of four and six. Gender identity is affected 

by influence of others, social interactions, and a child’s own personal interest. Understanding 

gender can be broken down into four parts: (1) understanding the concept of gender, (2) learning 

gender role standards and stereotypes, (3) identifying with parents, and (4) forming gender 

preference (Newman 243). A three year old can identify themselves as a boy or a girl, though 

they do not yet fully understand the implications of gender. 

Gender identity is formed as children search for social cues and display approval for others based 

upon the gender with which the child identifies, though gender identity is very fluid among 

young children. Studies suggest that children develop gender identity in three distinct stages: as 

toddlers and preschoolers, they learn about defined characteristics, which are socialized aspects 

of gender; the second stage is consolidation, in which identity becomes rigid, around the ages of 

5–7 years; after this "peak of rigidity," fluidity returns and socially defined gender roles relax 

somewhat.  

Although the term "gender identity" was originally a medical term used to explain sex 

reassignment surgery to the public,  it is most often found in psychology today, often as core 

gender identity.Although the formation of gender identity is not completely understood, many 

factors have been suggested as influencing its development. Biological factors that may 

influence gender identity include pre- and post-natal hormone levels and genetic makeup. Social 

factors which may influence gender identity include ideas regarding gender roles conveyed by 

family, authority figures, mass media, and other influential people in a child's life.Another factor 



that has a significant role in the process of gender identity is language, there are ways that certain 

words are associated with specific genders, "The relationship between language and gender has 

largely reflected how linguistic practices, among other kinds of practices, are used in the 

construction of social identities relating to issues of masculinity and femininity." 

(Adegoju,2000). So children while learning a language learn to separate masculine and feminine 

characteristics and unconsciously adjust their own behavior to these predetermined 

roles.Children are often shaped and molded by the people surrounding them by trying to imitate 

and follow.One's gender identity is also influenced by the social learning theory, which assumes 

that children develop their gender identity through observing and imitating gender-linked 

behaviors, and then being rewarded or punished for behaving that way.In some cases, a person's 

gender identity may be inconsistent with their biological sex characteristics, resulting in 

individuals dressing and/or behaving in a way which is perceived by others as being outside 

cultural gender norms; these gender expressions may be described as gender variant or 

transgender.  

Since the development of gender identity is influenced by many factors, it is understandable that 

there are diagnoses, disorders and conditions associated with it as well. One of the major 

diagnoses is gender identity disorder (GID). Gender identity disorder is the formal diagnosis to 

describe persons who experience significant dysphoria (discontent) with the sex they were 

assigned at birth and/or the gender roles associated with that sex.The Diagnostic and Statistical 

Manual of Mental Disorders (302.85) has five criteria that must be met before a diagnosis of 

gender identity disorder can be made. "In gender identity disorder, there is discordance between 

the natal sex of one's external genitalia and the brain coding of one's gender as masculine or 

feminine."Interestingly, gender identity disorder is also made up of more specific disorders, each 

of which focuses on the disorder in people of certain age groups. For example, gender identity 

disorder in children is specific to children who experience gender dysphoria. 
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