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Total Movie time - 24 minutes
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Binomial nomenclature

1.7 million named species as of 2010

Estimate:  total 10 - 100 million
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Sort organisms into broader and broader categories

We’ve even added a category -->  Domain

Linnaeus used physical similarities and differences; two kingdoms:   
plants and animals

Today, main basis is evolutionary relationships based on all kinds of 
information, including molecules and DNA
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Use the gray squirrel as an example

Domain:  eukarya
Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Order: Rodentia (rats, beaver, mice, chipmunks, guinea pigs, 
voles,porcupines,marmots, prairie dogs,flying squirrels)
Family: Sciuridae (tree squirrels, ground squirrels, chipmunks, 
marmots (including woodchucks), flying squirrels, and prairie dogs)
Genus: Sciurus (all kinds of squirrels:  yellow throated, red tailed, 
Bolivian, Brazilian, Fiery, Allens, Japanese)
Species: S. carolinensis (Eastern gray squirrel)
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Zebra male and horse female.  Way different chromsome numbers; 
sterile
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Asexual reproducing organisms

Extinct species
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Biogeography: Because migration can be difficult and take time, 
biogeography can spatial represent evolutionary change over 
time.  This phenomena is most obvious in 'ring species' that start 
spreading slowly over many generations around geographic 
obstacles, like mountain ranges. The population diverges into two 
as it spreads around the geographic obstacle and by the time the 
species meets again on the other side of the obstacle so much 
time, mutation, genetic drift, and selection has taken place that the 
two species can no longer interbreed.  Even more interesting is 
that the two separate species can interbreed with those 
geographically closest to them from the direction that they 
migrated. Ensatina salamander of California - The species spread 
from the north and traveled around the Central Valley and 
diverged into species that can not mate with each other in the 
south, due to their divergence, but can mate with the species in 
the direction that they migrated from.

Ring species are species with a geographic distribution that 
forms a ring and overlaps at the ends. 
The many subspecies of Ensatina salamanders in California 
exhibit subtle morphological and genetic differences all along 



their range.
They all interbreed with their immediate neighbors with one 

exception: where the extreme ends of the range overlap in 
Southern California, E. klauberi and E. eschscholtzii do not interbreed. 
So where do we mark the point of speciation?
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Geographical barriers

Peripheral isolates
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Caibab squirrel (Sciurus aberti kaibabensis, left) became 
geographically isolated from the common ancestor with its closest 
relative
, the Abert squirrel (Sciurus aberti aberti, right) in the North Rim of 
the Grand Canyon about 10,000 years ago. 
Since then, several distinguishing features, such as the black 
belly and forelimbs have gradually evolved
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Unlike the previous modes, sympatric speciation does not require large-
scale geographic distance to reduce gene flow between parts of a 
population. How could a randomly mating population reduce gene flow 
and speciate? Merely exploiting a new niche may automatically reduce 
gene flow with individuals exploiting the other niche. This may 
occasionally happen when, for example, herbivorous insects try out a 
new host plant.
For example, 200 years ago, the ancestors of apple maggot flies laid 
their eggs only on hawthorns—but today, these flies lay eggs on 
hawthorns (which are native to America) and domestic apples (which 
were introduced to America by immigrants and bred). Females 
generally choose to lay their eggs on the type of fruit they grew up in, 
and males tend to look for mates on the type of fruit they grew up in. So 
hawthorn flies generally end up mating with other hawthorn flies and 
apple flies generally end up mating with other apple flies. This means 
that gene flow between parts of the population that mate on different 
types of fruit is reduced. This host shift from hawthorns to apples may 
be the first step toward sympatric speciation—in fewer than 200 years, 
some genetic differences between these two groups of flies have 
evolved.
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Organisms may look different and yet be the same species. 
For example, look at these ants. You might think that they are 
distantly related species. In fact, they are sisters�two ants of 
the species Pheidole barbata, fulfilling different roles in the 
same colony
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One garter snake lives in water and one lives on land
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The ranges of these two skunk species overlap but one mates in winter 
and one mates in summer
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Blue footed boobies does a courtship dance that shows off his blue feet, 
called “high stepping”
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Differences in the shapes and colors of these closely related monkey 
flowers attract different  attract different pollinators & thus don’t cross 
pollinate.

Animals genitalia may just not fit with one another.



Duck Penises –

http://scienceblogs.com/notrocketscience/2009/12/22/ballistic-penises-
and-corkscrew-vaginas-the-sexual-battles/

Good example of mechanical isolation
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Even tho both the red and purple sea urchins both release their sperm 
and eggs into the water, their gametes are unable to fuse and thus 
prevent cross fertilization.
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Hybrid salamanders often weak and frail  Reduced hybrid viability

Infertility - various numbers of chromosomes and abnormal gametes 
like ligers and tigons (Males are sterile)

Offspring are feeble and sterile; mules are sterile
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Mayr specialized in discovering new species of birds and mapping out their 
ranges. 
It is no easy matter determining exactly which group of birds deserves the title 
of species. 
A bird of paradise species might be recognizable by the color of its feathers, but 
from place to place, 
it might have a huge amount of variation in other traits. On one mountain it 
might have an extravagantly long tail while 
on another its tail would be cut square (below right).

The tails of birds of paradise living in the mountains of western New Guinea (A) are longer 
than
those of birds living in the more central mountains (B).

Biologists typically tried to bring order to this confusion by recognizing 
subspecies, local populations of a species that were
distinct enough to warrant a special label of their own. But Mayr saw that the 
subspecies label was far from a perfect solution.
In some cases, subspecies weren’t actually distinct from each other, but graded 

into each other like colors in a rainbow.
In other cases, what looked like a subspecies might, on further inspection, turn 

out to be a separate species of its own

Mayr also realized that the puzzle of species and subspecies shouldn’t be 
considered a headache: 
they were actually a living testimony to the evolutionary process.



https://www.researchgate.net/figure/6958895_fig3_Fig-3-Frequency-of-
Mc1r-alleles-in-one-mainland-and-eight-beach-mouse-subspecies-from

Fig. 3. Frequency of Mc1r alleles in one mainland and eight beach 
mouse subspecies from northern Florida. Images represent typical color 
patterns for each subspecies. Red areas represent the distribution of 
each beach mouse subspecies, and the gray area represents the range 
of mainland subspecies in Florida. Lines indicate sampling locales. 
Circles represent frequencies of the light Mc1r (white) and dark Mc1r 
(black) alleles identified. The number of alleles sam- pled is provided.
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There are six living subspecies of tiger: Bengal, Indochinese, Malayan, 
Siberian, South China, and Sumatran. Three subspecies have gone 
extinct, and all of the remaining tiger subspecies have been classified 
as endangered. (photo credit: Scar vs Shere Khan)
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Interbreed where their niches overlap

The rat snake, Elaphe obsoleta, has recognizably different populations 
in different locales of eastern North America (see Figure 4). Whether 
these should be called geographic "races" or subspecies is debatable. 
These populations all comprise one species, because mating can occur 
between adjacent populations, causing the species to share a common 
gene pool (see the previous lecture on speciation).

32



33

Variant of a species
Geographic isolation but capable of inbreeding where ranges overlap
Differs genetically from other subspecies
Differs physically from other subspecies

The 12 known subspecies of Papilio indra.  First row: �pergamus,
nevadensis, panamintensis, kaibabensisSecond row: calcicola,
pygmaeus, fordi, shatensisBottom row: minori, phyllisae, martini 
(dark form), indra

http://research.uvu.edu/whaley/indra.shtm
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From noon clockwise:

Eastern, desert (Texas and southwest), three toed (Midwest), Florida, 
gulf coast, ornate (Midwest)
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Race = subspecies

Categories recognized by the U.S.Government: (2013)
1. American Indian or Alaska native
2. Asian
3. Black or African American
4. Hispanic or Latino (origin) – ethnic category
5. White
6. Hawaiian or Other Pacific Islander

http://www.census.gov/topics/population/race/about.html
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Hypothesis: If subspecies (races) of Homo sapiens exist, then a 
significant  genetic difference should exist between human populations 
that would be called subspecies.

Do any of these characteristics cluster together to generate a 
subspeices?

(Have students move together into groups by common characteristics.)
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Distribution of skin color is NOT random
Dark at the equator, lighter at the poles
Old Theory:  Dark skin protects against cancer
BUT cancer appears too late in life to be selective force

New Theory:  
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Distribution of skin color is NOT random
Dark at the equator, lighter at the poles
Old Theory:  Dark skin protects against cancer
BUT cancer appears too late in life to be selective force

New Theory:  
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Remember, a correlation is not a cause
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Melanocytes exist in the basal layer of the epidermis

Make Melanin (pigment) granules and distribute the melanin to protect 
the nuclei of skin cells

Skin color varies depending on the size of the melanin granules, the 
amount of melanin manufactured, and their distriubtion.

Everybody has about the same concentration of melaocytes.
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Two medium skin people can give rise to children much lighter and 
much darker than themselves

The Twins:
http://www.dailymail.co.uk/news/article-2974869/The-twins-tell-apart-
Striking-sisters-couldn-t-different-quirk-mixed-raced-parentage.html
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Chimps and humans diverged form common ancester about 5-7 million 
years ago

Chimps have not changed as much as humans; assume they are 
similar to our common ancester ==  > common ancestor had light skin

1.6 million years ago, foraging distances increased, more mobile, heat 
build-up

BUT
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Most melanomas arise late in life, certainly after the first reproductive 
years

They could not exert much selective force.
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Hot, need sweat glands
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Problem:  folate destruction
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Dark Skin in tropical areas protects against loss of Folate but still get 
enough UV to make sufficient Vitamin D.  GOOD!

Problems:  Dark skin protects against Folate loss but doesn’t allow in 
enough UV in north because there is much less UV!!

Solution:  Natural selection causes those individuals with less melanin 
to produce more and successful offspring

Thus:  Tropics -- Dark
Temperate -- lighter skin, can tan, UV-B not available 

during some months of the year
More Polar -- Very light skin, burns very easily --

doesn’t make much melanin
More evidence:  Women have light skin (4%) -- due to greater need for 
calcium and sexual selection (men prefer lighter skin)
More evidence:  Darker skin in Inuit in Alaska and Canada -- relatively 
new arrivals (< 5000 years) and eat diet rich in Vit D (fish and marine 
mammals) from which they can make Vitamin B9



More evidence:  Today people migrate:  more skin cancer and rickets -- light 
skin Europeans in Florida -- skin cancer;

--- Dark skinned people in Canada and Scadanavia -- rickets
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Thus:  Tropics -- Dark
Temperate -- lighter skin, can tan, UV-B not available 

during some months of the year
More Polar -- Very light skin, burns very easily --

doesn’t make much melanin
More evidence:  Women have light skin (4%) -- due to greater need for 
calcium and sexual selection (men prefer lighter skin)
More evidence:  Darker skin in Inuit in Alaska and Canada -- relatively 
new arrivals (< 5000 years) and eat diet rich in Vit D (fish and marine 
mammals) from which they can make Vitamin B9
More evidence:  Today people migrate:  more skin cancer and rickets --
light skin Europeans in Florida -- skin cancer;

--- Dark skinned people in Canada and Scadanavia -- rickets
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2:07 minutes
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Look at human history:
Modern humans arose in Africa. 100,000 - 120,000 years ago
People started migrating out of Africa (50,000 years ago) - not much 
time; young
Groups of people migrated
Small groups did not represent entire variation present in the human 
species
FOUNDER EFFECT - Draw picture
Combine with GENETIC DRIFT and NATURAL SELECTION ==> 
produces variation
Some variation:
adaptive (from natural selection) - increases survival value - skin color
Quirky, superficial (by chance) - most is unrelated to survival value -
ear lobes, lips
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Look at human history:
Modern humans arose in Africa. 100,000 - 120,000 years ago
People started migrating out of Africa (50,000 years ago) - not much 
time; young; All humans  are descended from these recent African 
migrants
Groups of people migrated
Small groups did not represent entire variaton present in the human 
species
FOUNDER EFFECT - Draw picture
Combine with GENETIC DRIFT and NATURAL SELECTION ==> 
produces variation
Some variation:
adaptive (from natural selection) - increases survival value - skin color
quirky (by chance) - unrelated to survival value - ear lobes, lips
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The pattern of DNA variation across populations shows a nested 
subset.  African populations harbor some alleles that are absent in non-
African populations; however, all of the alleles  that are common in non-
African populations are also common in African populations.

http://www.understandingrace.org/humvar/race_humvar.html

Suppose that in some sport it is an advantage to be very tall. Then 
because all genetic variation of humans is in Africa, you would expect 
the tallest people of the world to be in Africa. But you would also expect 
the smallest people in the world to be an African people. Similarly, in 
Africa you would find those who can sprint fastest. But you would also 
find in Africa those which are the slowest runners. So expect all 
variation to be on that continent. Also remember that those Africans who 
were deported to the Americas as slaves, all came from a small area on 
the west coast of Africa.
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Absence of genetic markers unique to each racial groups

FINDINGS:  
if we found polymorphism in all members of one group and absent in 
all other groups, then we have a genetic marker for groups (races) -
Does not appear to exist
at least 85%  of our genetic material is the same; enormous similarity 
between SNP patterns; 85% shared by all populations
SHOW:  Overlapping Circles
What’s in the non-overlapping sections?:  items in the typical racial 
checklist:  skin color, hair texture, eye fold, nose index.  These are NOT 
typical of variation patterns in the rest of the genome
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Geography explains the commoness of some genes like sickle cell.
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How much variation is enough between groups to have them be 
races/subspecies?

Of the variation that we do find, what, if any, is mapped along racial 
lines?
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Look at mitocondrial DNA – small ring
You get your Mitocondria from your mom - past directly from mother to 
child
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Purpose - looking for concordance - patterns that run in groups.

Some findings presented here of student to student
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Variation within and between groups of people
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Using an objective measure:  Wright’s F statistic:  
F stands for fixation:  (homozygosity)
Measures the difference between the mean heterozygosity among 
subdivisions of a population and the potential frequency of 
heterozygotes if all the members of the populations mixed freely and 
randomly



76

Complex mathematical calculation
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Interstiing:

Many other animal species have been around much longer or 
they have shorter life spans, so they've had many more 
opportunities to accumulate genetic variants. 
Penguins, for example, have twice as much genetic diversity 
as humans. 
Fruit flies have 10 times as much. 
Even our closest living relative, the chimpanzee, has been 
around at least several million years. There's more genetic 
diversity within a group of chimps on a single hillside in 
Gomba than in the entire human species.
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We studied human population structure using genotypes at 377 
autosomal microsatellite (repeating segments) loci in 1056 individuals 
from 52 populations.
Within-population differences among individuals account for 93 to 95% 
of genetic variation; 
differences among major groups constitute only 3 to 5%. 
Nevertheless, without using prior information about the origins of 
individuals, we identified six main genetic clusters, five of which 
correspond to major geographic regions, and subclusters that often 
correspond to individual populations. 
General agreement of genetic and predefined populations suggests that 
self-reported ancestry can facilitate assessments of epidemiological 
risks but does not obviate the need to use genetic information in genetic
association studies.

Show video Clip

Bamshad needed to look at 60 sequences per person to get 90% 
accuracy to assign a person to a group; 100 sequences to get 100% 



accuracy
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SNPs = single nucleotide polymorphisms  (TAAACA  -->  TAAAGA)
Occur mostly within junk DNA
If they occur within a gene, can alter the appearance or propensity for a 
disease

What kind of genetic variations exist?  What can we measure?
interuptions of DNA  ________________  vs
_______..__________.._________
missing pieces of DNA
Inversions of DNA
Repeated segments of DNA = Microsatellites  -- vary in # from one 
person to another

Mitochrondrial DNA

HAPLOTYPES = sets of adjacent SNP alleles in the same chromsosome
region (stay together when they are close due to little crossing over)
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