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Chapter 12

evolution today: The Mosquitoes  

of the London Underground

Public use of the London Underground began on January 10, 1863. That 
date, or perhaps some earlier date when the tunnels were being read-

ied for traffic, marks the beginning of the path toward the formation of a 
new species of mosquito. We often wonder how long it takes to form a new 
species; Darwin speculated timescales on the order of tens of thousands 
to hundreds of thousands of generations. The mosquitoes of the London 
Underground show that if conditions are right, the process can be much 
faster. I chose this example because it happened on Darwin’s home turf 
and postdates the publication of the Origin. I will not pass judgment on 
whether these mosquitoes should now be defined as a distinct species, but 
will instead show that they have moved far down the path toward forming 
a reproductively isolated network of populations, which is the currently ac-
cepted definition of a species. My emphasis here is the same as Darwin’s 
in the Origin: we are concerned with the process of speciation rather than 
naming of species.

Culex pipiens is the most widespread mosquito in the world. It is found 
on all continents except Antarctica. It is a vector of diseases, including West 
Nile virus and st. Louis encephalitis. It breeds wherever it can find stag-
nant pools of water, such as in untended birdbaths, forgotten buckets in the 
backyard, discarded automobile tires, clogged rain gutters, or wherever else 
fetid, stagnant water accumulates. It does very well in polluted urban set-
tings. It lays rafts of eggs that float on the water, then hatch into wriggling 
larvae that feed on microbes. They emerge as adults around ten days later. 
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Females seek victims from whom they obtain a blood meal, then use the 
nutrients to form new batches of eggs. Anywhere they find a good supply 
of stagnant water and hosts for blood meals, a few of these mosquitoes can 
quickly multiply into swarms.

In London, C. pipiens is found as a surface form (C. pipiens pipiens) and 
as a subterranean form (C. pipiens molestus). The adult surface mosquitoes 
get their blood primarily from birds. They mate in large swarms in open 
areas. They live in a seasonal environment, which means they have a sea-
sonal diapause, a time when they stop reproducing, store fat, and hide away 
for the winter in sheltered areas that stay warm enough to keep them from 
freezing.

The mosquitoes that ventured into the London Underground found ex-
cellent, unoccupied pools of stagnant water to lay their eggs in, but encoun-
tered a very different habitat for the adults. There were no birds to feed on, 
so they instead began feeding on mammals, primarily rats and humans. 
Their mating occurred in closed areas. Their environment had no seasons 
and was always fairly warm, so they lost their seasonal diapause and re-
mained active all year long. They also evolved the ability to produce a clutch 
of eggs without first getting a blood meal, perhaps because their larval en-
vironments were rich but their prospects of finding a blood meal as adults 
were poor. While their presence was generally only an issue for rats and the 
few who worked in the tunnels, these subterranean mosquitoes added to 
the misery of the Londoners who sought refuge in the Underground during 
the nighttime bombings of World War II.

In the 1990s, British geneticists Katharine Byrne and Richard Nichols 
became interested in the origin of the Underground mosquitoes and in 
their relationship to those found on the surface (Byrne and Nichols 1999). 
subterranean (molestus) mosquitoes can be found in similar sheltered habi-
tats, such as caves and sewers, throughout western europe and in other 
parts of the world. These populations share some of the attributes of the 
London Underground mosquitoes, so it is possible that some of them made 
their way to the London Underground. on the other hand, it may be that 
the resident surface mosquitoes invaded the London Underground on their 
own and independently adapted to the subterranean environment.

Byrne and Nichols used electrophoresis, the same method used by High-
ton to study Plethodon salamanders, to compare the Underground and sur-
face populations. They sampled and quantified genetic variation at twenty 
loci in mosquitoes from seven sites dispersed throughout the more than 110 
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miles of tunnels, ranging from shepherd’s Bush in the west to Finsbury Park 
in the northeast to elephant and Castle in the southeast. They also sampled 
from twelve surface populations found in gardens and ponds close to the 
location of the Underground sites. Comparing results, they found that all 
the alleles in the Underground populations could also be found in the sur-
face populations. If mosquitoes from elsewhere had colonized the Under-
ground, then we would expect those long-distant colonists to have brought 
some unique alleles into the Underground gene pool that were not seen in 
the surface population from London. The absence of such foreign alleles 
suggests that the original Underground mosquitoes were colonists from the 
surrounding countryside and not long-distance migrants from the main-
land. The thought of a mosquito flying across the english Channel may 
seem silly, but people can inadvertently transport mosquitoes. For example, 
the paradisial qualities of Hawaii once included having no mosquitoes, but 
people accidentally transported them there as unwanted baggage.

Byrne and Nichols also found that there was much less genetic variation 
in the Underground mosquitoes than in those on the surface. All the un-
derground populations were genetically more similar to one another than 
they were to the surface populations. This is the pattern we would expect 
if a small number of surface mosquitoes moved into the Underground to 
establish the new populations. There may have been only a single successful 
colonization event. A small number of colonists would carry only a small 
amount of genetic variation into their new environment. Byrne and Nich-
ols’s conclusion was thus that the founders of the Underground population 
were most likely to have been a few colonists from the surface that moved 
into the new habitat provided by the tunnels and spread throughout the 
Underground as the tunnel network expanded.

Byrne and Nichols collected egg rafts from the breeding sites of the Un-
derground and surface populations, raised the young to maturity, then per-
formed crosses between different Underground populations and between 
Underground and surface mosquitoes. The different populations of Under-
ground mosquitoes readily bred with one another and produced viable eggs. 
The hatchlings grew up and proved to be as fertile as their parents. They all 
thus behaved as if they were different populations of the same species.

every pairing of a female from the Underground with a group of males 
from the surface failed to produce eggs. each time a pairing failed, the 
female was then mated to males from the Underground and, each time, 
produced viable offspring; the genotypes of the babies confirmed that an 
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Underground male was the father. This means that all the Underground 
females were fertile, so their failure to mate with males from the surface 
indicated some form of premating reproductive isolation.

Darwin envisioned organisms in nature as always producing a surplus 
of offspring that are in turn always probing the environment for new op-
portunities. Byrne and Nichols found evidence for this perennial struggle 
for existence in the form of surface and Underground populations that were 
each probing the other’s habitat for new opportunities. The oval station in 
the Underground was a site where surface mosquitoes appeared to be estab-
lishing a new beachhead for invading the Underground. They were found 
in a flooded service tunnel at the bottom of a shaft that opened to the sur-
face. This was an Underground site, but the mosquitoes in that shaft were 
genetically like those on the surface. They required a blood meal to produce 
eggs. They were also reproductively isolated from the other Underground 
populations, since all but one pairing between them and mosquitoes from 
other Underground populations failed to produce offspring. Males from the 
oval station did succeed in mating with one of the Underground females 
they were paired with. Her raft of eggs produced viable offspring, but the 
offspring did not produce offspring of their own. Byrne and Nichols also 
found a surface population of mosquitoes in Beckton, southeast London, 
that was invading houses and biting people. The genotypes of these mosqui-
toes grouped them with the Underground populations, which suggests that 
they had recently emerged from the Underground and established a surface 
population. They did not produce eggs in captivity, so no mating trials were 
done on them.

Byrne and Nichols were careful to say that their goal was not to deter-
mine whether the Underground and surface populations represented dif-
ferent species, and they did not offer conclusions about how these popula-
tions should be classified. I agree with their caution, since it is the process 
that is important, not what we call the two forms. The important results 
are that the data in hand argue that the Underground population was de-
rived from a small number of colonists from the surface, and that these 
colonists spread throughout the tunnel system. They have clearly moved 
far down the path toward becoming reproductively isolated from surface 
mosquitoes, or toward the discontinuity that defines a species. since the 
Underground represents a newly formed habitat of known age, we can also 
conclude that all this happened between the publication of the first edition 
of the Origin in 1859 and the mid-1990s, when Byrne and Nichols collected 
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their samples. This is far less time to form a species, by orders of magnitude, 
than imagined by Darwin.

Why did the Underground mosquitoes evolve so quickly toward repro-
ductive isolation from the surface mosquitoes? one obvious mechanism 
is “disruptive selection,” or selection for different phenotypes in the two 
environments. If each environment demands very different adaptations, 
then any time a surface and Underground mosquito met and mated, they 
would produce offspring that were not well suited to either environment. 
The list of specific adaptations to the Underground is long. The two forms 
feed on different hosts. Mosquitoes use chemical cues to track down hosts, 
so there may be differences in the cues that each type of mosquito uses 
to locate the source of a blood meal. The Underground mosquitoes live in 
an environment that is warm enough for them to be active year-round, so 
they no longer have a seasonal diapause; the surface mosquitoes have an 
obligatory diapause, which is necessary to survive the winter. Byrne and 
Nichols suggest that Underground mosquitoes that colonize the surface, as 
they appear to have done in Beckton, will likely be wiped out every winter 
because they lack the adaptations for diapause. Underground mosquitoes 
can produce eggs without a blood meal, while surface populations cannot. 
This adaptation evolved perhaps because the mosquitoes are less certain 
to encounter hosts in the Underground than on the surface. I imagine that 
the root of this adaptation is in the larval life stage, since the larvae would 
first have to pupate, then emerge as adults with sufficient reserves to sup-
port the development of eggs. This adaptation would give the Underground 
mosquitoes a big advantage over any new surface mosquitoes that invaded 
the Underground and required blood meals to reproduce, if blood meals 
were hard to obtain.

A second possible mechanism for the rapid evolution of reproductive 
isolation is that it is a by-product of the evolution of reproductive behav-
ior. Adaptation to the Underground could have altered mating behavior or 
mechanisms of mate choice in a way that made it less likely for the Under-
ground mosquitoes to mate with surface mosquitoes. Byrne and Nichols 
specify that surface and Underground mosquitoes form mating swarms in 
different types of settings. The surface mosquitoes swarm in open areas, 
while the Underground mosquitoes breed in confined spaces. This differ-
ence in behavior by itself could help to reduce the gene flow between the 
two populations. However, the way the two forms were mated in Byrne and 
Nichols’s experiments would have circumvented such differences in mating 
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sites, so there must be something else that contributes to their premating 
isolation than just where they choose to mate.

Byrne and Nichols reviewed other studies of the pipiens and molestus 
forms from throughout europe, the Middle east, and North Africa and 
found that pipiens and molestus from northern latitudes tend to be more 
distinct from one another than those from southern latitudes. The north-
ernmost molestus and pipiens populations show genetic differences between 
neighboring populations similar to what we see in London. At midlatitudes, 
in the northern Mediterranean, the differences are less extreme, and ge-
netic studies yield evidence of some gene flow between the two forms. At 
more southern latitudes, in the Middle east and North Africa, there are 
few differences between the two forms. one key change in the southern-
most populations is that the surface mosquitoes are more like the under-
ground mosquitoes in that neither group has a diapause, probably because 
of the warmer winters and reduced differences in winter and summer day 
length. Byrne and Nichols propose that the increasing severity of winters 
in the northern parts of the range and the split between diapausing surface 
populations and nondiapausing subterranean populations is a key factor 
that separates the two forms in northern latitudes. subterranean mosqui-
toes breed year-round, while surface mosquitoes have a short, summertime 
breeding season, so there is only a short period of overlap when they could 
crossbreed. Furthermore, any subterranean mosquitoes that invaded the 
surface habitat too late for summer mating would not likely survive until 
the next mating season. Lacking the ability to diapause, they would be ex-
terminated come winter.

I feel the burden of Coyne and orr’s critical gaze as I consider the implica-
tions of these results. What might the alternative explanations be? The main 
alternative is that the mosquitoes that moved into the London Underground 
were migrant molestus mosquitoes from somewhere else and arrived with a 
full suite of adaptations to the Underground. The best available counterargu-
ment is the genetic data. Unique alleles among the twenty sampled loci have 
been found in foreign populations, but none of them appear in the London 
Underground. All alleles in the underground are a subset of what is seen on 
the surface. Further, their genetic similarity supports the theory that the Un-
derground population could have been derived from only a few and perhaps 
just a single successful colonization event from one of the surface pipiens 
populations found near the Underground. Likewise, other molestus mosqui-
toes from other habitats throughout their multicontinental range may also 
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represent the independent invasion of a subterranean environment and the 
independent evolution of adaptation to that environment. We have seen this 
pattern before. In chapter 6, I reported on work by Culver and associates 
on the small amphipod crustaceans inhabiting different cave systems in the 
southeastern United states and by Verovnik and associates on isopod crusta-
ceans from different cave systems in Albania and Italy. The cave forms were 
all well adapted to their new environment, with reduced eyes but enhanced 
antennae for navigating in an environment without light. Both sets of au-
thors also found that each cave population was genetically most similar to 
the nearby surface population, rather than to other cave populations, so each 
represented an independent colonization of and adaptation to the cave envi-
ronment. (Although the genetic data on foreign mosquitoes seem to rule out 
foreign molestus migration to the London Underground, one other source 
of migrants seems possible. one could imagine that the Underground mos-
quitoes are descendants of some other local molestus population that got a 
head start in adapting to a subterranean habitat before the Underground—
perhaps, say, the dungeons under the tower of London.)

A second alternative explanation is that even if the mosquitoes of the 
London Underground represent an independent colonization event and 
a very young, fast drive toward speciation, some of the genetic building 
blocks that caused their adaptation to the Underground may not be unique. 
Byrne (1996, in Byrne and Nichols 1999) discovered what might be a “pre-
adaptation” to life in the Underground. she identified an allele of one en-
zyme that is rare on the surface but occurred at a frequency above 90% 
in the Underground. Chevillon and colleagues performed an analysis of 
the distribution of the same allele in molestus and pipiens populations from 
the French Alps and found evidence of selection in favor of this allele each 
time a population adapted to the underground environment, but selection 
against it in the surface populations. They suggest that this substitution of 
one allele for another at this genetic locus could contribute to the evolution 
of the ability to reproduce without obtaining a blood meal. In this way, a 
population of invading mosquitoes could establish a beachhead in a sub-
terranean environment. The allele may simply be a rarity found in surface 
(pipiens) populations, but it may also be more common in the pipiens popu-
lations than it used to be, because of occasional matings between molestus 
and pipiens forms wherever they come into contact with one another.

even though such genetic variation that facilitates adaptation to subter-
ranean habitats may exist in surface mosquitoes, this does not change the 
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fact that the London Underground mosquitoes still represent the rapid evo-
lution of reproductive isolation. The idea of a preexiting surface variation 
just clarifies how one particular mechanism might facilitate such rapid evo-
lution. It is a special case of our more general understanding of how such 
adaptation to a new environment occurs. The most general explanation for 
how organisms adapt is the same as the one proposed by Darwin, which is 
that all natural populations of organisms possess differences between indi-
viduals in all traits. The suggestion that a population may be using genetic 
variation that resulted from adaptations made by past populations to envi-
ronments similar to those confronting the current population is really just 
a new variation on this old theme. The adaptation of mosquitoes to subter-
ranean habitats may represent independent events in that each case is an 
invasion of the new habitat by the local population, but the actual adapta-
tion may involve, in part, a reassembly of traits that evolved under similar 
circumstances but in a different place and time.

The mosquitoes of the London Underground are not the only example 
we have of organisms invading a new habitat with the aid of genetic build-
ing blocks derived from other populations that adapted to similar environ-
ments long ago. I present one additional example here because it empha-
sizes the potential rapidity with which reproductive isolation can evolve, 
plus offers a more general message about what we have learned over the 
past few decades regarding the genetic diversity of species in nature. This 
example also highlights the ways in which we can now integrate modern 
molecular genetic methods with the study of evolution.

Three-spine sticklebacks (Gasterosteus aculeatus) are small, primarily 
marine fish that migrate into freshwater environments to breed. When the 
glaciers that capped the northern latitudes of the earth retreated around 
ten thousand years ago, they left behind a diversity of vacant freshwater 
habitats, including rivers, lakes, and marshes that were similar, in principle, 
to the vacancies created by the construction of the London Underground. 
The sticklebacks invaded thousands of these new environments and often 
evolved into permanent freshwater populations. Many of them also evolved 
morphologies that were distinct from those of their marine ancestors (fig. 
15). The most obvious changes were a reduction of armor. The marine forms 
are well armored as a defense against fish predators. They have bony plates 
on their sides, spines along their backs (hence the name “stickleback”), and 
a pelvic girdle arrayed with stiff pelvic spines. If you look at them head-on, 
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the spines form a triangle: the dorsal spines point up, while the pelvic spines 
point down and to each side. The bony plates on the sides bridge the dis-
tance between the dorsal and pelvic spines so that the whole structure is a 
stiff ring studded with spikes, a configuration that causes these fish to stick 
in the throat of would-be predators and sometimes be spit out again. How-
ever, the typical marine predators are often absent in freshwater environ-
ments, and all or part of the armor has disappeared in many of the freshwa-
ter sticklebacks. That said, there is considerable diversity among freshwater 
populations in the degree to which the armoring has been lost. 

Colosimo and colleagues (2005) found that an allele at a single gene 
strongly influenced the freshwater sticklebacks’ loss of the lateral bony 
plates that run along the sides of their marine ancestors. This allele was 
found in freshwater populations of sticklebacks throughout their range and 
was also found in the marine populations. They estimated that the allele 
originated around 2 million years ago. The pattern of its continuing occur-
rence in different places means that there may have been a single, ancient 
event in which sticklebacks adapted to a freshwater environment and that 
some of the alleles associated with this adaptation became enriched in the 
marine populations because of some continued interbreeding between ma-

Figure 15
Marine vs. Freshwater Sticklebacks (Gasterosteus aculeatus)
The upper fish is typical of the marine members of this species, with distinct dorsal 
spines and a spine on the pelvic girdle (indicated with arrow). The other bony armor 
has been stained so that it shows up as dark gray to black in this photograph. The 
flanks of the body of the marine form are almost entirely plated with armor. Fresh water 
stickle backs vary in their amount of armoring. The one pictured here has reduced dor-
sal spines, no pelvic spine or even a pelvic girdle, and few lateral plates. The fact that 
marine and freshwater sticklebacks readily interbreed in captivity has greatly facilitated 
research that characterizes the genes that control the expression of these traits.

(a)

(b)
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rine and freshwater fish. The next advance of the glaciers would have wiped 
out these ancient freshwater populations, but the genetic tool kit that had 
enabled them to adapt to freshwater environments could have remained as 
rare alleles in the marine populations. There have been several advances 
and retreats of glaciers over the past 2 million years. each retreat would 
have opened up new freshwater environments that could be invaded by 
sticklebacks; each advance would have wiped out those freshwater popula-
tions. During each retreat phase, fish that retained the some of the genetic 
building blocks their ancestors had used to adapt to freshwater habitats of 
the past could invade some of the new freshwater habitats. By this hypoth-
esis, each freshwater invader begins with a marine phenotype and indepen-
dently evolves a freshwater phenotype as it adapts to its new environment, 
but at least some of the genes that contribute to these local adaptations do 
so with alleles derived from long-extinct freshwater populations that per-
sisted in the gene pool of marine sticklebacks.

We now have many other examples of organisms that have moved into 
new habitats, experienced strong disruptive selection as they adapted to 
their new environment, and are now at least partly reproductively isolated 
from their ancestral population. Apple maggot flies (Rhagoletis pomonella) 
normally lay their eggs on the fruits of hawthorns (genus Crategus). In the 
1860s, in the Hudson Valley of New york, it was discovered that some of 
them had shifted to laying eggs on apples that had been introduced from 
europe. There is now a distinct “apple” race of these flies that is reproduc-
tively isolated from its hawthorn-preferring ancestors. Copepods (Euryte-
mora affinis) have moved from their marine environment into freshwater 
canals and reservoirs, yucca moths (Prodoxus quinquepunctellus) adapted 
to an introduced species of yucca, and pea aphids (Acyrthosiphon pisium) 
adapted to different monocultures of crop plants, to name a few more. The 
impressive (and still growing) body of research on all these organisms and 
others supports the conclusion that local adaptation can be rapid and that it 
can in turn lead to the evolution of reproductive isolation, sometimes on ti-
mescales that are on the order of tens to hundreds of years. It also tell us that 
adaptation and speciation are going on now, right under our noses, rather 
than being something that happened in the past or happens so slowly that 
it is not detectable. All that is required for us to see speciation in progress is 
to look for it in the appropriate fashion.

one important message common to all these examples is that they il-
lustrate the complexity of species in nature. species are typically subdivided 
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into many local populations that are adapted to local conditions. The extent 
of local adaptation will be a product of how strong selection is and the de-
grees to which local populations are isolated from each other. Recent studies 
that couple molecular genetic techniques with the study of local adaptation, 
as in Byrne and Nichols’s study of the mosquitoes of the London Under-
ground or Colosimo and colleagues’ study of sticklebacks, have shown 
again and again that species in nature should be thought of as fluid mosaics 
of populations that are becoming locally adapted, sometimes with the aid 
of similar adaptations attained by long-extinct populations that adapted to 
similar environments. These locally adapted populations often go extinct, 
but sometimes, when the opportunity arises, establish a new beachhead 
in previously unoccupied territory. some local beachhead populations are 
now verging on becoming reproductively isolated as they adapt to their new 
environment. Most such forays fail as the local population disappears or is 
pulled back into the fold of its species of origin by gene flow, but some cross 
the threshold of reproductive isolation to become new species. once that 
threshold is crossed, an irreversible discontinuity has been formed. This 
modern view of a species as a fluid mosaic of differentiated populations 
is consistent with Darwin’s view of the constant struggle for existence and 
the principle of divergence, which together cause the formation of distinct 
populations, varieties, and—on rare occasions—new species.

Most of these examples also contain a message about the influence of human 
activities on nature. Many people are now preoccupied with  human-caused 
changes to the environment and the march of vast numbers of species to-
ward extinction. sadly, this is the dominant theme of our human legacy. 
However, as we are changing the environment we are also creating new 
environments that can become opportunities for some species. Most of the 
examples presented above are associated with recent changes caused by 
humans: the digging of the London Underground and creation of a new 
subterranean habitat; the introduction of new host plants (apples, yucca) 
into North America; the digging of canals and reservoirs that provide new 
opportunities for invasion by marine organisms; and the cultivation of 
crops in monocultures, creating a discrete patchwork of alternative envi-
ronments. At the same time that we are causing extinction, we are also act-
ing as a potent agent of natural selection by changing the environment so 
rapidly and in so many ways. extinction results when change is too rapid 
and too large for adaptation to be an option, but sometimes organisms can 
keep pace with human impact on the environment. sometimes we create 
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new opportunities and habitats that serve as blank slates for invasion and 
local adaptation and, in rare cases, the formation of new species.

References

Byrne, K., and R. A. Nichols. 1999. Culex pipiens in London Underground tunnels: 
Differentiation between surface and subterranean populations. Heredity 
82:7–15.

Chevillon, C., y. Rivet, M. Raymond, F. Rousset, P. e. smouse, and N. Pasteur. 
1998. Migration/selection balance and ecotypic differentiation in the mos-
quito Culex pipiens. Molecular Ecology 7:197–208.

Colosimo, P. F., K. e. Hosemann, s. Balabhadra, G. Villarreal, M. Dickson, J. 
Grimwood, J. schmutz, R. M. Myers, D. schluter, and D. M. Kingsley. 2005. 
Widespread parallel evolution in sticklebacks by repeated fixation of ecto-
dysplasin alleles. Science 307:1928–33.

Feder, J. L., s. H. Berlocher, J. B. Roethele, H. Dambroski, J. J. smith, W. L. Perry, 
V. Gavrilovic, K. e. Filchak, J. Rull, and M. Aluja. 2003. Allopatric genetic 
origins for sympatric host-plant shifts and race formation in Rhagoletis. 
Proceedings of the National Academy of Sciences 100:10314–19.

Groman, J. D., and o. Pellmyr. 2000. Rapid evolution and specialization following 
host colonization in a yucca moth. Journal of Evolutionary Biology 13:223–36.

Lee, C. e. 1999. Rapid and repeated invasions of fresh water by the copepod Eury-
temora affinis. Evolution 53:1423–34.

Palumbi, s. 2001. The evolution explosion: How humans cause rapid evolutionary 
change. New york: W. W. Norton & Co.

Thompson, J. N. 2005. The geographic mosaic of coevolution. Chicago: University  
of Chicago Press.

Via, s., A. C. Bouck, and s. skillman. 2000. Reproductive isolation between diver-
gent races of pea aphids on two hosts. II. selection against migrants and 
hybrids in the parental environments. Evolution 54:1626–37.

Wikipedia. N.d. London Underground. http://en.wikipedia.org/wiki/ 
London_Underground. Referenced on 7/20/2008.




