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o matter how conscientiously you have prepared

for your examination, there will always be some
topics that you hope will not come up. On the other
hand, there are some topics on which you will really
want to see questions. These are often topics that
appear year after year. They are topics on which ques-
tions are always very similar and where the mark
schemes indicate that the examiners are looking for
the same response every year. It almost seems as
though all you have to do is wind the handle and out
will come the marks! In this issue of BioLoGicAL
ScieNces Review we will look at one of these

Upgrade covers practical topics — selection — in detail. The problem
and important issues from an examiner’s point of view is that,
relating to learning, although many candidates can use their

revision, exams and your knowledge of selection to answer questions
performance in them. that ask for an explanation. of a particular
Improve those grades! adaptation, they don’t always understand the ~ Figure 1 The echidna is an Australian mammal. Its body is
underlying principles. Consequently they  covered with sharp spines.
often fail to gain what should be easy marks.
We will start by looking at a straightforward question.  all you need to do is suggest an answer along the

following lines:
@ Ancestral echidnas varied in their appearance. Some
would have had stiffer, more spiny hairs than others.
@ Some of this variation was genetic and probably arose
through mutation.
e Those echidnas with spinier hairs would have been
better protected from predators. They would have been

Although you may not have encountered this  more likely to survive and reproduce — passing on the
particular example before, the question is very easy and  alleles for spiny hair to their offspring.

The echidna (see Figure 1) is an Australian
mammal. Its body is covered with sharp spines.
There is evidence to suggest that the ancestors of
echidnas had bodies covered with fur. Use your
knowledge of selection to explain how echidnas
could have bodies covered with spines.
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[image: image2.jpg]® Gradually, over many generations and a long time,
the frequency of the alleles for spiny hair in the echidna
population would have increased until all echidnas had
spines.

If you look through past examination papers you
should be able to find a lot of questions along these
lines. They can all be answered in a similar way.
Whether you are trying to explain why flies on farms in
Denmark are resistant to many of the more common
insecticides, why grasshoppers living on black volcanic
sand are dark in colour, or why some species of plant
living in dry conditions have roots that penetrate deep
into the soil, you can be certain that, if you follow this
approach, you should get full marks. Problems appear,
however, when questions involving selection require
you to demonstrate a little more understanding. Errors
often arise, so we will consider some of these.

Selection or succession?

We will start with this pair of terms that are surprisingly
often confused. We have just seen that selection is a
process that works on a species. By selecting for or
against specitic characteristics, selection produces
gradual change which may lead to the formation of a
new species. Succession is a different concept. Figure 2
shows coastal sand dunes and we will use this ecosystem
as an example. Sand dunes are inhospitable places. They
are very dry — any rain that does fall drains rapidly
away. The sand contains high concentrations of sodium
and chloride ions from the salt spray and these ions
create osmotic problems for all organisms, most impor-
tantly plants. There is also a low concentration of impor-
tant soil nutrients such as nitrate ions.

Few species of plants can grow in such an environ-
ment but one that can, and indeed thrives, is marram
grass. As time passes, the roots of the marram grass bind
the sand. This prevents it being blown by the wind.
Leaves and roots die and add decayed plant remains
(humus) to the sand, improving its water-retaining
properties. Decomposition of this dead material
increases the concentration of nitrate ions. Other species
of plant now start to establish themselves. These are
well adapted to the changed conditions and gradually
replace the marram grass. This entire process is succes-
sion. Whereas selection may, over a long enough period
of time, result in a particular species changing, succes-
sion only involves the replacement of species. Selection
and succession are very different processes. Make sure
that you don't confuse them.

Species

Selection is the mechanism by which one species may
gradually evolve into another. In order to understand
the process of selection, we need to be quite clear about
what is meant by a species. It is one of those terms in
biology where it is easy to understand the meaning but
much more difficult to define it precisely. The more
biology you encounter, the more exceptions there seem
to be. However, at A-level, we consider that all members
of a species have a degree of similarity. They have similar
physiological, anatomical and biochemical features. In
addition, members of the same species can generally
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Figure 3 Myna birds are native to India and south-
east Asia but they have been introduced to many
other parts of the world meludhs

breed with one another and produce fertile offspring. It
is important that you use the term ‘species’ only when
this is what you mean. Don’t write about varieties of
apple or pigs as different species (and you certainly
shouldn’t refer to males and females as belonging to
different species!)

Genes, generations and species

The common myna is a bird that is native to India and
much of southeast Asia (see Figure 3). It often lives in
close association with humans and is found in towns
and villages all across this region. In the early years of
the nineteenth century, settlers arrived in New Zealand.
In order to make their new country more like their
homeland; they introduced many species of bird: house
sparrows and starlings, blackbirds and song thrushes.
They also introduced birds from other parts of the world,
among them the common myna.

The first mynas were released in New Zealand in the
1870s and, since then, they have spread widely over the
warmer parts of the country. Studies of these mynas
have shown that they are now genetically slightly
different from the mynas of India and southeast Asia.
However, despite being separate for well over 100 years,
the New Zealand mynas are still the same species. When
put with Indian mynas, they can still breed and produce
fertile offspring. The principle underlying this is an
important one. The evolution of new species is a long,
slow process during which changes usually occur in
many genes. Even among organisms that reproduce
very rapidly, the formation of a new species usually
takes many generations. In discussing selection, it is
vital to keep this in mind.

Teleology

Look up teleology in a dictionary and you will see that
it refers to the belief that evolutionary changes have a
predetermined purpose. Let’s explain this in a little more
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[image: image3.jpg]detail. Figure 4 shows a stilt. This bird is found in many
parts of the world. Its long legs enable it to wade in
water and obtain food. We can explain these long legs
in terms of selection in a similar way to that in which we
explained the presence of spines in echidnas.

Ancestral stilts varied in their appearance. Some
would have had longer legs than others.

This variation was generated by genetic differences
and much of it probably arose through mutation.

Those stilts with longer legs would have been better
able to obtain food. They would have been more likely

to survive and reproduce, passing on the

alleles for longer legs to their offspring.

Figure 4 Stilts are long-
legged wading birds found in
many parts of the world. In
explaining their long legs in
terms of selection, care
should be taken to avoid the
use of teleological language.

e Gradually, over many generations and a long period
of time, the frequency of the alleles for longer legs in the
stilt population would have increased until all stilts had
long legs.

That’s fine. What we must not do, however, is to
suggest that stilts needed to grow long legs so that they
could wade in water and obtain food. Although such an
explanation is common in the popular press, it is
nonsense. It is a teleological explanation that is biolog-
ically incorrect.

In summary, selection is a good mark-earner. Learn
the principles and you can apply them easily to a variety
of situations, virtually guaranteeing yourself 4 or 5
marks but:

» Make sure that you do not confuse selection and the
ecological process of succession.

Use the term ‘species’ correctly — it is likely to form
a fundamental part of any answer.

Remember that the formation of new species by
selection is a lengthy process that involves changes to
many genes.

» Avoid teleological expression. Organisms do not
evolve features in order to do something!
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