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Species and
species formation

What is a species and how might it be best defined? This article considers these
questions in the light of genetic studies which suggest that species may have

complex origins.

n 1859 Darwin wrote a book about natural selection.

He called it The Origin of Species, suggesting that

natural selection gives rise to new species. Almost

150 years later, we are still struggling with the
connection between selection and speciation. The
species is a level in taxonomy, below the level of
genus and above that of subspecies (see Box 1).
Subspecies are geographically separated groups of
populations within a species that are recognisably
different from each other. Taxonomists make judge-
ments about these groupings and put organisms into
categories on the basis of similarity. In museum collec-
tions, species are treated as distinct, and they seem to
be distinct when we see them in the wild. But the
Darwinian view of evolution by natural selection
proposes that species are all related. They come ulti-
mately from a single common ancestor, and have
slowly diversified over the lifetime of the Earth. How
can we reconcile this view with the separateness of
species?

Recognisable difference

This question of discontinuities is best explored by
starting with the individual. Individuals live and repro-
duce in populations. Groups of them together form
subspecies within a species. Box 1 gives some examples.
Natural selection ensures that individuals are fitted to
survive in their environment. Selection is often
powerful and populations that do not adapt are doomed
to extinction. Sexual reproduction contributes to the
process of adaptation because it allows mixing of genetic
traits between individuals. However, not all organisms

our gut without exchanging genes. They can, however,
diverge genetically by accumulation of different muta-
tions. Some of these mutations could fit the different
clones to slightly different conditions and so increase
their distinctness. If such a group has little or no genetic
interchange with others, yet has some distinctive char-
acteristics, it might be appropriate to recognise it as a
distinct species.

Isolation and selection

Recognisable differences between populations often
arise when groups of organisms become separated from
each other (geographically isolated). Many sexually
reproducing species consist of subspecies partially
isolated from each other and living in different
geographical areas. They are then said to be polytypic
— meaning ‘many types’.

Striking examples of the effect of isolation come from
oceanic islands that have been colonised by occasional
accidental immigrants. Darwin is famously associated
with examples from the Galapagos Islands in the Pacific,
which he used in developing his theory of evolution by
natural selection. The Indian Ocean provides the infa-
mous dodo (from the island of Mauritius) and the
similar but distinct solitaire (from Réunion), as well as
the giant tortoise (Aldabra). The dodo and the solitaire
were flightless pigeons (see Figure 1). These birds
evolved large size in the absence of predators before the
islands suffered from human interference. Some of their
traits, such as large size and flightlessness, fitted them to
local conditions where there were no predators. Others,
such as a difference in coloration, were probably

accidental.

It is also possible for new species to arise without
isolation, given the right genetic attributes and selection.
An example is found in the North American genus
Rhagoletis — flies that exploit fruits such as plums and

Keywords rely exclusively on sexual reproduction. Many
animals, more plants and most microorganisms

reproduce for many generations by non-sexual
means. Clones of Escherichia coli bacteria, for
example, can live for long periods side by side in
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Kingdom Animalia
Phylum Chordata
Class Mammalia
Order Carnivora
Family Felidae
Genus Felis
Species silvestris

Subspecies grampia

The list above shows the taxonomic position of the
Scottish wild cat Felis silvestris grampia in the animal
kingdom. The subspecies found in Europe is Felis
silvestris silvestris. Felis silvestris caucasica occurs in
the Caucasus and Turkey. Felis silvestris ornata comes
from India and other parts of Asia, while Felis silvestris
lybica is widespread in non-forested parts of Africa.
Domestic cats are descended from one or other of
these subspecies and they can interbreed with wild

cherries on trees growing near one another. The adults
are attracted to ripe fruits, on which the males perform
courtship dances to attract females. If they mate, the
females lay eggs on the fruit, where the larvae hatch,
feed and complete their life cycle. Selection will favour
any genes that promote larval growth, for example, one
set on plums and an alternative set on cherries. The
more within-strain (like-by-like) mating there is, as
opposed to between-strain mating, the more effective
this selection will be. Consequently, genes at other loci
that foster adult preference for plums over cherries, or
vice versa, will also be selected. Genetic divergence will

Figure 1 Two extinct pigeons from Indian Ocean islands.
(A) The dodo of Mauritius, reconstructed from contemporary
paintings and material, preserved at the University Museum
of Natural History, Oxford. (B) The solitaire of ile de la
Réunion, from a painting by Pieter Withoos (1654-93). How
do we decide whether they are distinct species?
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cats, such as the Scottish one. The leopard Panthera
pardus and the tiger Panthera tigris belong to different
genera in the same family, the Felidae. Dogs (family
Canidae) and bears (Ursidae) belong to different families
in the same order; cows and sheep belong to a different
order. Thus, animals progressively more distinct are
linked at progressively higher levels. Since these are
man-made categories, opinion sometimes changes as
to how best to classify a particular type and how many
subdivisions should be recognised. The brown bear,
Ursus arctos, for example, has a wide distribution in
North America, Europe and Asia. At various times, over
60 subspecies have been created, although few would
now be accepted. A recent monograph on barn owls
(Tyto alba) lists 36 recognised subspecies from different
parts of the world.
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There are different species of titmice

(Paridae) in North America and Europe.
Since they do not meet, their reproductive
isolation is not tested. On each continent,
however, the species do not interbreed.
When they come together they occupy
different parts of the habitat, for example
coniferous versus deciduous forest, or
different heights in the same trees (read

down the table).

North America

Europe

Tufted tit
Bridled tit

Black-capped chickadee
Carolina chickadee
Mountain chickadee

Chestnut-backed chickadee
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Great tit
Blue tit

Willow tit
Marsh tit
Crested tit
Coal tit

build up, leading to strains fitted to feed on different
fruits with a tendency to remain loyal to that fruit. This
process can ultimately result in complete reproductive
isolation.

Types of speciation

These alternative patterns — divergence by chance
through geographical isolation and divergence by selec-
tion without isolation — are extremes in a spectrum of
possibilities. Three factors are involved:

® isolation

» divergent selection

» reinforcement of like-by-like matings

TE R MS explained

Allopatry Closely related species that occur in
different places. Allopatry usually refers to the
geographical separation or isolation of species that
makes interbreeding between them impossible.

Parapatry Existence of subspecies or genetically
distinct populations adjacent to each other with the
possibility of genetic exchange at the border between
them.

Polytypic species A species composed of several
geographically separated subspecies.

Speciation The process of forming a new species.

Sympatry The presence of two or more closely
related species living in such proximity that breeding
between them should be possible, though their
continued existence as separate species indicates that
it does not normally happen.

Taxonomy The science of classification; a study of
the principles and practices used in constructing a
biological classification.

PATRICK FO.

In theory a
wide range of different mixes of the factors
could lead to species formation.

In the mid-twentieth century the eminent evolu-
tionary biologist Ernst Mayr described the speciation
process as allopatric if it resulted from isolation and
sympatric if it was the result of divergent selection
within a single population. These names highlight their
different geographic basis, allopatric meaning different
places and sympatric meaning the same place. He also
described a third situation, parapatric speciation, where
divergent selection in adjacent connected populations
leads to their complete separation. Each of these
patterns of speciation is possible, although the allopatric
pattern is probably the most likely. Sympatric speciation
requires that genes which fit different individuals to
alternative ecological conditions coexist long enough to
allow selection for reproductive isolation to be achieved.

These definitions were based on the study of the
characteristics that make different species recognisably
different from each other. Now that we know so much
more about the genes that code for the characters, we
need a new approach based on genetic distinctness. A
modern definition of a species, used by the Institute of
Biology, is: a group of organisms that breed together
and show pronounced phenotype similarity (similar
body structures, similar behaviour and similar biochem-
istry). Members of the same species are inferred to have
common evolutionary ancestry.

Biological species

Mayr’s definition is somewhat different — at the centre
is the idea of the biological species. This is ‘a group of
actually or potentially interbreeding natural populations
which are reproductively isolated from other such
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The wisent, or European bison, is a representative of
the group of ungulates to which the American buffalo
also belongs. These have long been considered sepa-
rate species, although they will interbreed. A recent
genetic study of the wisent suggests that the mito-
chondrial DNA, which passes from female to female,
comes from the aurochs, the extinct wild ancestor of
domestic cattle, while the male-determining Y-chromo-
some DNA comes from bison stock. Repeated mating of
female aurochs with male bison would ensure predomi-
nance of bison genes but the mitochondrial sequences
indicate a history of hybridisation. This example shows,
on the one hand, that animals defined as separate
species and looking very different can sometimes inter-
breed and, on the other, that different parts of the
genome may have different evolutionary histories. Is
there a single specles or two (or three)?

Source: Verkaar, E. L. C. and others (2004) Molecular
Biology and Evolution, Vol. 21, pp. 1165-70.

populations’. This biological species concept is difficult to
apply because there are so many exceptions and situa-
tions that are impossible to test. It cannot be applied to
extinct or asexual species, for example. Nevertheless,
reproductive isolation matters in an important way
because it allows different species to coexist without
genetic mixing. They can then occupy different niches
in the common environmeént, to which they become
increasingly well adapted. When reproductively isolated
forms come together in this way, the number of species
(described as ‘species richness’) at a given location is
increased (see Box 2).

Conclusion

Species diverge most easily when there is geographic
isolation. Separate coexistence requires reproductive
isolation. These two factors determine the number of
species in a community. They explain why widespread
species vary geographically, and often consist of
subspecies that merge into each other, while sympatric
species are usually clearly distinct. So what causes a
taxonomist to define one set of populations as separate
species and another merely as subspecies? In practice,
the answer is usually that the difference is as great as
that found in closely related sympatric species. Thus,
the importance of the biological species is recognised,
and this rule can be applied even when it cannot be put
to the test. This is so when forms do not coexist or even
meet, when reproduction is not sexual and when the
organisms are extinct. Modern genetic and statistical
techniques, which depend on DNA sequence analysis to
trace ancestry and construct family trees of related
organisms, sometimes show that there has been genetic

Further reading

Mallet, J. The Species Revolution:
http://abacus.gene.ucl.acuk/jim/pap/malletjebol.pdf
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mixing even when morphological characters are distinct.
Genetic data can therefore raise taxonomic problems, as
in the example in Box 3. Nevertheless, the species still
has a special place in the taxonomic hierarchy.

Laurence Cook is an Associate at the Manchester Museum
and Visiting Professor at Manchester Metropolitan
University. His research is in evolutionary genetics.

KEY points

© Species is a category in taxonomy, below genus and
above subspecies.

e A species is referred to using its generic name and
its specific name. The generic name starts with a
capital letter, the specific name does not, and both
are in italics, e.g. the common house fly is Musca
domestica.

® When living together, closely related species do not
interbreed.

© In genetic terms, species are groups of organisms
that show pronounced phenotype similarity and have
a common ancestry.

e Species formation results from (1) isolation, (2)
selected divergence and (3) reinforcement of repro-
ductive isolation. Different theories give different
weight to these three processes.

0
2
3
=
=

N O
8
<
2
=
<
g
2
i
I

B
=
z
&
=

WIKIMEDIA COMMONS

39




