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One form of dwarfism, Ellis-van Creveld syndrome, involves not only 

short stature but polydactyly (extra fingers or toes), abnormalities of the 

nails and teeth, and, in about half of individuals, a hole between the two 

upper chambers of the heart.
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For example, in many species of birds, individuals with intermediate 

numbers of offspring have the greatest fitness. If an individual has a 

small number of offspring, that parent has reduced reproduction and a 

low fitness. If the number of offspring is large, the parent will not be able 

to provide enough food for all the young, and most, or all, will starve, 

again resulting in reduced reproduction and a low fitness. Evolution 

leads to all birds producing the same, intermediate number of offspring.
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Now, back to Abe’s research. One species of fly, Eurosta solidaginis, 

lays an egg on the stem of goldenrod. The egg hatches and the larva 

eats its way into the stem. As the larva feeds, it causes the plant to 

deposit tissue around it, forming a gall. Conveniently, that tissue serves 

as both food for the larva, and protection from predation and parasitism.

It turns out protection from parasitoids requires different traits than 

protection from predators (birds). Parasitoids are wasps that lay eggs in 

the developing larva. They must insert their ovipositor (a part of the 

wasp that looks like a stinger) into the gall and be able to reach the 

larva to lay their eggs. So, larger galls are better at protecting the larva. 

Birds, on the other hand, favor large galls because they are easier to 

see. So, larvae that produce medium-sized galls have the highest 

fitness (the highest survival and more offspring). The mechanism that 

controls the size of the galls is heritable, therefore the offspring also 

tend to make medium sized galls.

https://darwinbookcats.wordpress.com/2011/06/22/stabilizing-selection-

and-a-stable-environment/
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The desert population of spiny cacti are under attack. Peccaries are 

eating those plants with low-spine-number causing their alleles to 

vanish from the gene pool and enriching the remaining gene pool in 

those alleles that create cacti with high-spine-numbers.Just as the 

community of cacti and peccaries are adjusting to one another, a 

second predator, a parasitic insect, arrives in the study area.

This insect lays its eggs at the base of the cacti's spines. When the 

grubs hatch, they bore into the cacti to eat the soft inner pulp, to grow, 

to pupate, and to emerge as new adults later in the year.

Preferring densely spined cacti, these egg-laying parasites more often 

destroy varieties of plants with larger numbers of spines. An infested 

cactus rarely survives.

In this new situation, with the cactus population under attack from a 

predator and a parasite, both extremes of spine value are being 

removed.

Peccaries are consuming the low-spine-number plants, and the insects 

are killing the high-spine-number plants. As these gene combinations 

are removed from the cactus gene pool, there is less and less variety 

possible in subsequent generations.

The distribution curve plotted year after year becomes sharper and 
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narrower, "tightening up" around a limited spine number that just survives both 

types of killers.

This is called stabilizing selection even though diversity is decreased and 

such populations are actually very fragile. These plants can be easily 

eliminated, and sent into extinction, if the environment changes once more. 

Further evolution away from the most common variety is unlikely.

http://www.brooklyn.cuny.edu/bc/ahp/LAD/C21/C21_Stabilizing.html

https://vimeo-prod-src-cl-us-

legacy.storage.googleapis.com/videos/161660745?GoogleAccessId=GOOGH

OVZWCHVINHSLPGA&Expires=1487737305&Signature=nufy%2FGTudjht98

z00YEQqNXuW%2Bg%3D
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For example, the soil in the vicinity of mines contains heavy metals that 

are toxic to plants. Individuals with the greatest resistance to heavy 

metals have the highest survivorship. Evolution leads to an increase in 

resistance.
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For example, for Darwin’s finches, individuals with long, thin bills are 

able to probe into rotting cacti to find insects. Individuals with short, 

thick bills are able to crack hard seeds. Individuals with intermediate-

shaped bills are not able to do either well and have reduced fitness 

relative to the more extreme types.
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A population of spiny cacti is in genetic equilibrium, with no forces of 

selection acting on it, the distribution curve of number of cacti showing a 

particular number of spines is broad and symmetrical.

A road is built quite close to the study site, which keeps away the 

peccaries and the parasitic insects, but with the road comes the 

tourists.

In many desert areas of the United States, passing cactus aficionados 

like to pick up a souvenir cactus to take home with them after a day-trip 

out into the desert. This is a serious problem in some areas because 

the tourists always take the better looking cacti, and these happen to be 

the ones with the middle-spine-numbers.

Years of collecting have left their toll on the roadside cacti. In this 

environment, it is maladaptive to be good looking and have a 

reasonable number of spines. Low-spine-number plants are not picked 

because they don't "look right", and high-spine-number varieties are left 

alone because they are too hard to pick.
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Gradually, the gene pool changes in favor of the two extreme spine number 

types. Disruptive selection works against those phenotypes that fall into the 

midrange of values.

http://www.brooklyn.cuny.edu/bc/ahp/LAD/C21/C21_Disruptive.html
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Many species of Gartersnakes (Thamnophis) show a tendency towards 

polymorphism. The Northwestern Gartersnake (Thamnophis ordinoides) 

is perhaps the most polymorphic of all garter snakes, with the Eastern 

Gartersnake (Thamnophis sirtalis sirtalis) close behind in variability. 

Some of this variation is geographically based, meaning that certain 

geographic locations will tend to have a phenotype that is different from 

adjacent geographic areas. However in true polymorphism, multiple 

variations can occur in the same geographic location in varying 

frequencies. In the Northwestern Gartersnake there occurs both 

geographic and polymorphic variation, with polymorphic variation being 

more common. Most of the variations seen in the poster above are 

capable of turning up at any location throughout the species' range. 

Many other variations may be seen than the ones pictured above. 

Notably absent from the poster are many of the checkered variations 

and pattern types that include both green and orange in the same 

specimen.
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Let’s start with some basic characteristics.  Humans have two sexes 

and the contribution each makes to the reproductive effort, especially 

initially,  is not identical.  In fact, it’s quite lopsided. 

Although human eggs are not large by comparison to other eggs, 

remember that we evolved from organisms that produced large eggs:  

Reptiles.  Female eggs are significantly larger and more expensive to 

produce and in shorter supply than the sperm contributed by the male.  

In addition, female mammals, including humans, make a significant 

investment beyond egg contribution.  Females grow a placenta and 

nourish the fetus for nine months -- more than 2 years if you’re an 

elephant! -- with her own blood.  She risks the dangers of childbirth.  

Then, females nurse their young, providing nourishment and milk for 

several years at quite a cost to their bodies as well as lost opportunity to 

produce another young.  Many females will not ovulate until their baby 

is weaned.   

Thus, females are making a huge investment in each offspring and 

want to protect that investment by choosing the best mate possible.  

They want to insure that their offspring will survive to go on to produce 



children to pass on her genes.
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Males, too, want to insure that their offspring will survive and produce 

future offspring to carry on their genes.  

However, their initial contribution to the production of an offspring is 

small.  They can produce millions of sperm everyday and do it day after 

day after day until the day they die. 

Males can also walk or fly or run away from the consequences of 

copulation.  We speak often of the problems of teenage mothers but 

rarely of teenage fathers. Males simply don’t need to be very choosey.  

If they make a mistake today, there are not many consequences 

tomorrow.  They can mate again with another female.  



40



On the right –

Mating plummage and rest of the year (Drab)
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Small finch like birds

Live in grasslands and shrubby savannah of southern  & eastern Africa

Pronounced sexual dimorphism during breeding season

During the non-breeding season, both male and female widowbirds

have a brownish or buff coloration that blends with the grass and other 

vegetation. During the breeding season, however, males molt and 

produce black feathers on most of their body. Males also produce 

characteristic bright red and/ or yellow epaulets and chevrons on their 

wings. Additionally, males of several widowbird species grow 

elaborately long tail feathers that can be up to half a meter in length 

During the breeding season, males secure and defend a territory from 

other males where they then build multiple nest frames. Males then 

perform a flight display that has a “bouncy rowing” appearance with 

loops and exaggerated wing beats to attract females to their territory. 

Females choose a male for breeding, line a nest frame in his territory 

with fine grass, and then incubate the eggs and feed the nestlings in 

that frame. After the breeding season, males molt to return to their pre-

breeding coloration and appearance. Beyond initially building the nest 

frame, males do not participate further in raising their offspring. 
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Types of sexual selelction
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Use the widowbirds to evaluate the Handicap Hypothesis

http://www.gnxp.com/MT2/archives/000846.html
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In a different study, researchers studied the long-tailed widowbird 

(Euplectes progne). They started by counting the number of active 

nests among four groups of nine male birds with similar tail lengths 

(Figure

5). Next, researchers manipulated the four groups of males as follows:

• Group 1—tails shortened

• Group 2—tails uncut

• Group 3—tails cut and re-glued onto the male, length unchanged

• Group 4—tails elongated by gluing on the length cut from Group 1 

males

The number of new active nests in the territories of males in the four 

groups after treatment is given in Figure 6.
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Classification level –

How do we know if one population is the same species as another 

population?

Mating = gene flow
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Classification level –

How do we know if one population is the same species as another 

population?

Mating = gene flow
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The importance of isolation

The liger is the largest known cat in the world. Imprinted genes may be 

a factor contributing to huge liger size.These are genes that may or may 

not be expressed on the parent they are inherited from, and that 

occasionally play a role in issues of hybrid growth. For example, in 

some dog breed crosses, genes that are expressed only when 

maternally-inherited cause the young to grow larger than is typical for 

either parent breed. This growth is not seen in the paternal breeds, as 

such genes are normally "counteracted" by genes inherited from the 

female of the appropriate breed.
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The tiglon's genome includes genetic components of both parents.[5] 

Tiglons can exhibit observable characteristics of both parents: [6] they 

can have both spots from the mother (lions carry genes for spots—lion 

cubs are spotted and some adults retain faint markings) and stripes 

from the father. Any mane that a male tiglon may have will appear 

shorter and less noticeable than a lion's mane and is closer in type to 

the ruff of a male tiger. It is a common misconception that tiglons are 

smaller than lions or tigers. They do not exceed the size of their parent 

species because they inherit growth-inhibitory genes from the lioness 

mother, but they do not exhibit any kind of dwarfism or miniaturization; 

they often weigh around 180 kilograms (400 lb).
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Emphasize Gene Flow
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Phylogenetic species concept: a species is a “tip” on a phylogeny, that 

is, the smallest set of organisms that share an ancestor and can be 

distinguished from other such sets. Under this definition, a ring species 

is a single species that encompasses a lot of phenotypic variation.
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Experimental results: The first steps of speciation have been 
produced in several laboratory experiments involving 
"geographic" isolation. For example, Diane Dodd took fruit flies 
from a single population and divided them into separate 
populations living in different cages to simulate geographic 
isolation. Half of the populations lived on maltose-based food, and 
the other populations lived on starch-based foods. After many 
generations, the flies were tested to see which flies they preferred 
to mate with. Dodd found that some reproductive isolation had 
occurred as a result of the geographic isolation and selection in 
the different environments: "maltose flies" preferred other 
"maltose flies," and "starch flies" preferred other "starch flies." 
Although, we can't be sure, these preference differences probably 
existed because selection for using different food sources also 
affected certain genes involved in reproductive behavior. This is 
the sort of result we'd expect, if allopatric speciation were a typical 
mode of speciation.
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Adaptive radiation leads rapid speciation.
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Show Examples from 

Trials of Life
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These snails face the wrong way!



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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http://scienceblogs.com/notrocketscience/2009/12/22/ballistic-penises-

and-corkscrew-vaginas-the-sexual-battles/
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Also a section of Bozeman’s Speciation about sticklebacks in Loberg

Lake

See the DVD Clips files, 24 Speciation, Stickleback Evolution --

especially Bozeman’s overview followed by the clip of the pix1 gene -

how it can happen

http://life.bio.sunysb.edu/ee/belllab/loberg.html



Watch 1:34 - 4:29 then fast forward through the data – can see the 

change in the graphs then play  7:20 – end (gets at reproductive 

isolation) 
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Show 3:33- 11:50 or so

Plus the HHMI Handouts/case study

AP Biology:  Chapter 25:  Origin of Life
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Need to find your own space -- make some noise to listen to to bird 

sounds
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Emphasize the importance of opening up niches

Watch the HHMI on mass extinction - watch the first 1/3 of program.



Next Slide has this video clip
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Ancestral traits are not useful in distinguishing between groups
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Use the shell cards
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http://www.hhmi.org/biointeractive/creating-phylogenetic-trees-dna-

sequences
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DNA Bar coding:  http://ibol.org/about-us/what-is-dna-barcoding/

See handout about COI & Barcoding

What is DNA Barcoding?

DNA barcoding first came to the attention of the scientific community in 

2003 when Paul Hebert’s research group at the University of Guelph 

published a paper titled "Biological identifications through DNA 

barcodes". In it, they proposed a new system of species identification 

and discovery using a short section of DNA from a standardized region 

of the genome. That DNA sequence can be used to identify different 

species, in the same way a supermarket scanner uses the familiar black 

stripes of the UPC barcode to identify your purchases.

The gene region that is being used for almost all animal groups, a 648 

base-pair region in the mitochondrial cytochrome c oxidase 1 gene 

(“CO1”), is proving highly effective in identifying birds, butterflies, fish, 

flies and many other animal groups. The advantage of using COI is that 

it is short enough to be sequenced quickly and cheaply yet long enough 

to identify variations among species.
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The COI barcode is not effective for identifying plants because it evolves too 

slowly, but two gene regions in the chloroplast, matK and rbcL, have been 

approved as the barcode regions for land plants.
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How a Bar Code is made
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The Apple Maggot Fly (Rhagoletis pomonella) is a fly that is native to 

North America. Its normal host is the hawthorn tree (Crataegus

monogyna). Sometime during the nineteenth century it began to infest 

apple trees. Since then it has begun to infest cherries, roses, pears and 

possibly other members of the Rosaceae. Quite a bit of work has been 

done on the differences between flies infesting hawthorn and flies 

infesting apple. There appear to be differences in host preferences 

among populations. Offspring of females collected from on of these two 

hosts are more likely to select that host for oviposition (Prokopy et al. 

1988). Genetic differences between flies on these two hosts have been 

found at 6 out of 13 allozyme loci (Feder et al. 1988, see also 

McPheron et al. 1988). Laboratory studies have shown an asynchrony 

in emergence time of adults between these two host races (Smith 

1988). Flies from apple trees take about 40 days to mature, whereas 

flies from hawthorn trees take 54-60 days to mature. This makes sense 

when we consider that hawthorn fruit tends to mature later in the 

season that apples. Hybridization studies show that host preferences 

are inherited, but give no evidence of barriers to mating. This is a very 

exciting case. It may represent the early stages of a sympatric 

speciation event (considering the dispersal of Rhagoletis pomonella to 

other plants it may even represent the beginning of an adaptive 

radiation). It is important to note that some of the leading researchers 
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on this question are urging caution in interpreting it. Feder and Bush (1989) 

stated:

"Hawthorn and apple "host races" of Rhagoletis pomonella may therefore 

represent incipient species. However, it remains to be seen whether host-

associated traits can evolve into effective enough barriers to gene flow to 

result eventually in the complete reproductive isolation of Rhagoletis

pomonella populations."

Rhagoletis pomonella, the apple maggot, may be currently undergoing 

sympatric or, more precisely, heteropatric (see heteropatry) speciation. The 

apple feeding race of this species appears to have spontaneously emerged 

from the hawthorn feeding race in the 1800 - 1850 AD time frame, after apples 

were first introduced into North America. The apple feeding race does not now 

normally feed on hawthorns, and the hawthorn feeding race does not now 

normally feed on apples. This may be an early step towards the emergence of 

a new species. [12] [13] [14] 
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The Apple Maggot Fly (Rhagoletis pomonella) is a fly that is native to 

North America. Its normal host is the hawthorn tree (Crataegus

monogyna). Sometime during the nineteenth century it began to infest 

apple trees. Since then it has begun to infest cherries, roses, pears and 

possibly other members of the Rosaceae. Quite a bit of work has been 

done on the differences between flies infesting hawthorn and flies 

infesting apple. There appear to be differences in host preferences 

among populations. Offspring of females collected from on of these two 

hosts are more likely to select that host for oviposition (Prokopy et al. 

1988). Genetic differences between flies on these two hosts have been 

found at 6 out of 13 allozyme loci (Feder et al. 1988, see also 

McPheron et al. 1988). Laboratory studies have shown an asynchrony 

in emergence time of adults between these two host races (Smith 

1988). Flies from apple trees take about 40 days to mature, whereas 

flies from hawthorn trees take 54-60 days to mature. This makes sense 

when we consider that hawthorn fruit tends to mature later in the 

season that apples. Hybridization studies show that host preferences 

are inherited, but give no evidence of barriers to mating. This is a very 

exciting case. It may represent the early stages of a sympatric 

speciation event (considering the dispersal of Rhagoletis pomonella to 

other plants it may even represent the beginning of an adaptive 

radiation). It is important to note that some of the leading researchers 
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on this question are urging caution in interpreting it. Feder and Bush (1989) 

stated:

"Hawthorn and apple "host races" of Rhagoletis pomonella may therefore 

represent incipient species. However, it remains to be seen whether host-

associated traits can evolve into effective enough barriers to gene flow to 

result eventually in the complete reproductive isolation of Rhagoletis

pomonella populations."

Rhagoletis pomonella, the apple maggot, may be currently undergoing 

sympatric or, more precisely, heteropatric (see heteropatry) speciation. The 

apple feeding race of this species appears to have spontaneously emerged 

from the hawthorn feeding race in the 1800 - 1850 AD time frame, after apples 

were first introduced into North America. The apple feeding race does not now 

normally feed on hawthorns, and the hawthorn feeding race does not now 

normally feed on apples. This may be an early step towards the emergence of 

a new species. [12] [13] [14] 
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Which graph(s) support the LDG being real?
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