
Overall supervisor feedback 

This student appears to have grasped the point and has provided the examples of current selection 
used in the lectures. However, two of the three examples are wrong and there are some serious 
errors (e.g. wind pollinated angiosperms = gymnosperms) There is far, far too much detail, both on 
relevant and irrelevant points. 

In the following pages you will find the essay reproduced, with sections of the essay marked as 
‘waffle’; this might be content which is irrelevant to the question or sections containing too much 
detail. 

Remember that when referring to lecture notes, handouts, course reading or any source of 
information surrounding your general essay topic, it may not be presented from the perspective of 
your essay question. It is inadvisable to insert reams of information in the hope that some of it will 
tick the relevance box; supervisors and examiners mark the same essay title repeatedly and will not 
be impressed at having to search for relevance. This is also the kind of essay which would arouse 
suspicion of cutting and pasting from unacknowledged sources due to the continued tendency to 
insert obscure facts and unnecessary detail.  

 

At the end of this document, you will find a more concise response to this question which might 
even achieve a low first. It is distinguished by the occasional observations which are distinct from the 
lecture notes; ie, the writer's own voice is apparent. 

 



Describe the selective pressures which contributed to the radiation of the  
angiosperms, providing examples of natural selection acting on angiosperm  

traits today 
 
 The evolution of a huge diversity and frequency of angiosperms (flowering 
plants) occurred very quickly.  This is known as angiosperm radiation, and it occurred 
because of the wide range of selection pressures acting upon the original ancestral 
plants.  These selection pressures, largely brought about through the need for 
pollination, are so numerous and varied that a large range of solutions are required.  
The method of pollination makes a large difference to what type of flower (and 
therefore, genetic make-up) a plant should have.  A different solution is needed for 
pollination by the wind, a beetle, a fly, a bee, a lepidopteron, a bird or a bat.  The 
genetic make up, molecular development, and mistakes in cell division all provide 
molecular scope for the mutations that need to occur for this selection.  It is still 
occurring today. 
 The very first angiosperm was a ‘woody’ plant without much of a vascular 

system.  Modern plants have sepals behind their petals 
(together making up a perianth); in the ancestor these 
were probably undifferentiated.  The anthers (sperm 
producing) probably made a large amount of pollen.  
The carpel (egg producing and fertilizing; made up of 
stigma, style and ovary) in modern plants is often called 
a pistil, which is actually a collection of fused carpels.  
In the ancestor, there would have been no fusing.  
Modern plants are much more complex than this, and 
from this common ancestor we get the wide variety of 
different angiosperms around today.  The main reason 
for this is co evolution with animals. 
 Plants need to reproduce sexually.  This occurs 
when the pollen produced by the anther of one plant is 

transported to the carpel of another (of the same species).  Plants do not move, so this 
has to occur via some external means.  It is the method of pollination harnessed by the 
plant which determines the shape, colour and other variables of the flower.  The 
pollen transporter and the plants effectiveness in harnessing it provided the selection 
pressures upon the common ancestor.  Each different method requires such a large 
difference in the type of flower that the genetic make-up, brought about by selection, 
is very different.  This caused reproductive isolation, and therefore speciation, such 
that today we have 11 different clades within the angiosperm phylum. 
 The selective pressures will only cause evolution if there are mutations and 
fitness differences upon which to act.  There are several methods for this to take place, 
all of which involve gene duplication.  This must happen for a mutation to stand much 
chance of surviving.  This is because mutations tend to be deleterious and if they 
occur on essential genes, they are likely to destroy the organism.  If a gene is 
duplicated, it can be altered without affecting the original gene.  Gene duplication can 
firstly occur during chiasmata (crossing over of genes) in meiosis.  A gene can be 
moved from one chromosome to another without an exchange taking place.  The 
chromosome which has lost its gene is usually deleterious and individuals acquiring it 
are usually not viable.  The chromosome which has the extra gene, however, usually 
is.  In meiosis, only half the chromosomes are passed on, so the chromosome with the 
extra gene is kept separate from the chromosome lacking a gene, and hence the extra 
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gene is passed on.  The extra gene can be altered and mutated, allowing for mutations 
and fitness differences in the plants.  This can happen in a similar way with 
transpositions, where a gene moves from one chromosome to another.  Duplications 
also happen through polyploidy, where an egg is fertilized by more than one sperm 
(pollen). All of these methods can, therefore, provide a plant with extra genes which 
can be safely changed.  One group of genes which can have dramatic effects on 
phenotype when changed is the group of genes which code for transcription factors. 
 Transcription factors are proteins which regulate DNA.  They can alter the 
transcription rate of other genes.  They do this by blocking RNA polymerase and 
preventing transcription of a gene.  There is a section on the transcription factor called 
the ‘conserved region’ which binds to the DNA.  This region is used to classify 
transcription factors into families.  If a duplicated gene coding for a transcription 
factor is mutated, the conserved region may be altered, thus altering the way the 
protein binds to the DNA.  This could mean that the transcription factor binds to 
another location on the DNA, and thus alters the transcription of another gene.  For 
this reason, coupled with the fact that a single transcription factor can turn off a 
plethora of genes, mutations of transcription factors can have dramatic effects on 
phenotype.  It is therefore possible for plants to mutate in such a way that fitness 
differences occur.  These mutations can also occur at a high frequency, resulting in 
the high speed of angiosperm radiation.  So, this means that selection is possible.  It is 

now necessary to look at the result of this selection, how different 
angiosperms have become adapted to their method of pollination. 
 The simplest and perhaps crudest method of pollination 
involves the wind.  Wind pollinated plants have to produce large 
quantities of pollen because of the low probability of any one grain 
from coming into contact with another flower.  Pollen is light and 
smooth so that it can float like dust in the air.  The stigmas have to 
hang out of the flower and have a large surface area so as to catch 
any pollen that flies past (left).  They are usually sticky.  The petals 
are usually small so as to not hinder the movement of pollen; they 

also usually flower before the leaves appear to ensure maximum movement of pollen.  
So, these adaptations came about to ensure that the wind could pollinate a group of 
angiosperms.  With these adaptations came changes in the genetic make up of the 

plants and thus, the wind pollinators became reproductively 
isolated from other angiosperms.  This group became the 
Gymnosperms 
 An alternative method developed by angiosperms to ensure 
pollination involved animals.  These plants have to have the 
correct shape to allow the animal access to the pollen.  They also 

need to produce odors, colour and a reward for the animal.  The reward is usually 
nectar which is a food source rich in sucrose and amino acids.  This association 
between plants and animals is known as a pollination syndrome.  Different, 
genetically isolated groups developed dependant upon which animal they exploit.  
Some plants are pollinated by beetles.  This is also known as canterophily and is 
believed to be the first pollination syndrome to develop since beetles are one of the 
oldest groups of insects and were numerous when angiosperms evolved.  Beetles 
mouth parts are parallel to their body, so they have limited ability to manipulate 
things, hence beetle pollinated plants provide a large amount of pollen and nectar on a 
flat surface.  Beetles rely on scent much more than vision, hence beetle pollinated 
plants are usually dull (green or off white) with a strong sweet, fruit like smell.  An 
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example of such a plant would be a Magnolia (above left)or a Lillie, both of which are 
plain in colour. 
 Angiosperms can also be pollinated by flies.  This is called myophily.  Flies 
are not periodic; they are usually present all year 
around.  This means that such plants often flower at 
odd times during the year.  Flies do not feed their 
offspring, so the plants do not supply as much nectar.  
The flowers tend to have nectar guides (coloured 
tracks leading to the nectar in the flower) and are 
often pale or yellow in colour because flies are much 
more visual animals and they have a positive 
preference for said colours.  The flowers do not often 
have much of a scent.  An example would be the 
carrot family (the umbilliferae – see right). 

 The Lepidoptera (butterflies and moths) can also pollinate 
angiosperms.  The plants pollinated by both have long enclosed 
tubes containing nectar because both butterflies (Psychophily) 
and moths (Phalaenophily) have long tongues.  There are, 
however, many differences.  Butterflies tend to alight on flowers 
so the flowers are usually flat, horizontal structures.  Butterflies 
have good colour vision and can see red so the flowers are 
usually brightly coloured, for example buddleia 

(left).  Contrastingly, moths are nocturnal so the flowers are usually 
white because they stand out in the dark.  They often close at night.  
They produce more nectar because moths hover when feeding, 
which takes up more energy.  The fact moths hover means the 
flowers are usually bilaterally symmetrical, with the petals bent back 
to allow access to the pollen tube (see right – honeysuckle).  Moths 
have a good sense of smell so the flowers often have an 
overwhelmingly (for humans) strong scent. 
 There is an example of selection pressures exerted by 
butterflies in the flower colour of wild radish.  There are two colours, white and 
yellow, both controlled by different alleles of the same gene locus.  Bees will visit 
both colours indiscriminately, whereas cabbage whites only visit yellow flowers.  A 
study counting 307 visits to flowers by cabbage whites found 306 visits to yellow 
flowers and 1 visit to a white flower.  This means that if the butterflies were the only 

animal to pollinate the radish then eventually all the flowers would be 
yellow.  The Bees provide a balancing pressure. 

Angiosperms are often pollinated by bees, this called 
Melittophily.  Bees often have ‘pollen baskets’ on their hind legs.  
These baskets are sometimes nothing more than hairs, but the principle 
is the same.  The Bees remove the pollen from their legs and feed it to 
their larvae, but some rubs off on the next flower the bee lands on.  
Bees can see all colours (including ultra violet) except red, so the 
flowers are often blue and yellow (although some are red – they will 
have some UV pigments invisible to humans).  Bees can perceive depth, 

so the flowers are complex, often with parts that the bee needs to push aside, and a 
long nectar tube.  The flowers need to be able to support the weight of the bee so are 
strong, with landing platforms.  They usually have nectar guides.  A typical 
melittophilious flower would be a snapdragon (above left).  We can see evolution 
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caused by Bees occurring today in the shape of petal cells in Antirrhinum.  The 
majority (around 80%) of the flowers have cone shaped petal epidermal cells.  These 
cells are shaped such that they focus light onto the pigments inside the cells.  A 
mutant (mixta) has been found which creates a transcription factor for the DNA 
coding for the cone cells.  All petal cells are therefore flat and reflect light.  When 
both types of flower are placed side by side in the environment, the cone shaped cells 
are found to be pollinated more (they attract more bees due to their colour).  The Bees 
are therefore providing a selection pressure towards cone shaped cells. 

Vertebrates can also provide a selection pressure by pollinating angiosperms.  
Bird pollination is called Ornithophily and bat pollination is called 
Chiropterophily.  Humming birds are the most common pollinators, 
but African sunbirds and Australian lorikeets also pollinate.  These 
flowers need to stand apart from the main body of the plant to allow 
the bird space to hover around it (humming birds) or have a perch in 
front of the flower (Sunbird).  The flowers have to be wide with tough 
petals because the birds’ beaks are strong.  The main feature of 
ornithophilous plants is the large quantity of nectar secreted for the 
birds (which have greater energy needs), which often drips from the 
flowers.  The flowers are usually red with contrasting yellow markings 
because birds (unlike insects) can see red, and examples would be red columbine 
(right), poinsettia and eucalyptus.  Hummingbirds, along with bees, provide a 
selection pressure on Delphinium in the Rockies.  These flowers are mostly blue, but 
a small number of white mutants exist.  Hummingbirds pollinate the plants early in 
the season, Bees later.  Both show a preference for the Blue flowers.  This is because 
the nectar guides are white and don’t show up on the blue flowers.  Consequently it 
takes about 1.5 times longer for them to get nectar out.  The birds and bees therefore 
select against the mutant white allele ensuring it remains in a low frequency. 

About 25% of bat species use flowers for food.  The flowers open at night 
since Bats are nocturnal.  They are often pale colours to stand out and also because 

bats are colour blind.  Bats rely on sense of smell 
so the flowers generate a very strong scent.  Bat 
flowers produce the most nectar out of all flowers 
and often have little tubes or bowls from which 
the bat can lap nectar.  The flowers are strong and 
hang apart from the plant.  There are similarities 
to bird pollinated plants, the main difference being 
that Bat flowers often only open at night.  Cacti 
(left), Bignoniaceae and Bombaceae are all 

example of bat pollinated plants. 
Another group of plants worth mentioning are the different species which 

evolved to mimic other flowers without providing a reward for the pollinator.  This 
type of deceit can evolve in plants genetically isolated from the original species, thus 
two species evolve.  This type of mimicry can be successful only if the mimic is in a 
lower frequency than the original (negative frequency dependant selection).  Other 
plants have evolved to look like insects so that other insects try to mate with them 
(thus pollinating them), or have evolved to look like rotting meat so some beetles lay 
their eggs on them, taking pollen with them. 

So, animals have provided selection pressures resulting in speciation of 
angiosperms.  This happened quickly because the plants were able to mutate quickly 
and viably via duplication of genes coding for transcription factors.  The plants 
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radiated from a common ancestor because they began to exploit all the different 
animals.  There became as many varieties as there were animals to exploit.  There are 
examples of the selection pressures provided by animals that drove angiosperm 
radiation present today.  These pressures are illustrative of the pressures that drove 
plants being pollinated by the wind, beetles, flies, butterflies, moths, bees, birds and 
bats to be so genetically differently. 
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Describe the Selective Pressures Which Contributed to the Radiation of 
the Angiosperms, Providing Examples of Natural Selection Acting on 

Angiosperm Traits Today 
Ian MacLeod 

 
The flowering plants, the angiosperms are by far the most diverse and 
geographically widespread of all plants. Their 250 000 species dwarf the 720 
gymnosperms and are second in number only to the insects. In the 
development of the angiosperms not only was their diversification extensive 
but also extremely rapid. The speed of angiosperm radiation, described by 
Darwin as ‘an abominable mystery’, reflects a trait seen many times in 
evolution, a couple of steps let evolution and selection start to runaway. One 
of the most important steps was the beginning of coevolution with animals. 
This essay will describe how selection acted on angiosperms in their 
coevolution with plants, what the results were, the genetic changes that 
allowed this to happen and examples of similar selection occurring today. 
 
As with all organisms, one of the main battles the ancestors of angiosperms 
fought was the passing of mixed genetic material to the next generation. 
Flowers provided an effective way of ensuring that gametes could be carried 
away from the plant to avoid self-pollination. And using animals to carry the 
gametes, pollen, proved an even more effective way as it was more specific 
than letting the wind blow the pollen. Less pollen needed to be produced and 
long stigma protruding from the flowers which would otherwise be clogged up 
with other particles and inviable pollen were also unnecessary. Selective 
advantages such as this started a snowballing of relationships developing 
between plants and insects. Each species or group of species of animal was a 
potential niche to be filled by plants and since the animals were being used to 
help with reproduction, reproductive isolation occurred quickly, furthering 
speciation. The advent of this relationship between plants and animals greatly 
changed the evolution of both. Before there would have been selection 
pressure on plants not to drop their valuable gametes and seeds on the floor 
for hungry foragers to eat and the evolution of flying insects may be linked to 
the presence of nutritious plant organs above the ground. Suddenly some 
animals became something not to be protected from and ward off but 
beneficial to the plants, helping pollination while the animals got fed. 
 
The angiosperms developed different flowers attracting different animals. 
There were selective pressures to be the most convenient plant for an animal 
to feed on and due to differences between the animals, the plants diverged. 
Bee pollinated plant’s flowers for example are generally brightly coloured as 
bees can see colour well and the flowers are large to support their weight. In 
contrast beetle pollinated plants are greenish or off white but with a strong 
smell as beetles have a more developed sense of smell. Unlike bees, moths 
and birds, flies do not need much food per visit to a flower as they are small 
and do not feed their young. This is reflected by the fact that fly pollinated 
plants produce less nectar than other plants, they do not expend resources 
when they don’t need to. Variation can also be seen in the shape and 
positioning of flowers and some flowers have evolved to trick animals. Some 
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look like flowers of other species which actually have nectar in, some look like 
female insects and some smell like carrion to attract insects. 
 
This selection can be seen in action today. White radish has two flower 
colours, white and yellow and in an investigation it was seen that out of 307 
butterfly visits, only one was to a white flower which is therefore kept at a very 
low frequency. Delphenium also has two flower colours and it can too be seen 
that the frequency of each in the population is affected by the ease with which 
animals can feed on the flowers. On the blue flowers the white nectar guides 
stand out and make it easier for bees and hummingbirds to approach the 
flower. White flowers however, hide the guides, slowing the movement of the 
animals towards and between the flowers and therefore decreasing the rate of 
pollination. The white flowers are held at a low frequency in the population.  
 
Animals are also used to disperse the seeds of angiosperms. It is an 
advantage to plants to disperse their seeds as the new plants are less likely to 
compete with each other for resources and new areas may be populated. In 
response to this pressure angiosperms developed large mature ovaries full of 
sugars, fruits. These are eaten by animals but the tough seeds pass 
undigested to be excreted elsewhere. There is also a pressure to not invest 
too many nutritious resources in a fruit which may just fall and rot on the 
ground. This has resulted in some plants developing small fruits with burrs, 
not to be eaten but to cling to animal fur. Also, it is not much use to a plant if 
its fruit gets eaten by an insect that can’t then carry the seed. In response to 
this pressure many plants have developed fruits which only become worth 
eating (full of sugar) when the seed is fully developed and this is signalled to 
animals by scent and colour, often red as this can be seen better by 
vertebrates than insects. The fruits are hard and bitter before ripening. Today, 
different attributes are selected for in terms of ripening as the needs of the 
human consumer become most important. For example, fruits which stay ripe 
for longer are selected for as are bigger, sweeter fruits. Also selection is 
happening at the most fundamental level as today’s genetic modifications 
allow individual genes to be selected and propagated. 
 
Although flowers and fruits are the most defining features of angiosperms, 
they are not the only adaptations that have helped them use selective 
pressures to radiate so profusely. For example, xylem became more 
specialised for water transport during angiosperm evolution. The tracheids 
present in conifers gave rise to vessel elements, specialised in conducting 
water and to fibre cells, specialised in support. This allowed more effective 
uptake of water and vertical growth. 
 
The selective pressures and developed responses described so far can not 
occur on their own at such a rapid pace as shown by the angiosperms. 
Another essential occurrence is the appearance of new genes. This can occur 
with crossing over and transposition but happens most importantly through 
polyploidy. 70-100% of angiosperms are believed to be polyploids and this is 
no coincidence. The replication of a set of chromosomes leaves very many 
genes with no function or with the ability to mutate and not affect the organism 
deleteriously. This creates great opportunities for new functions and variations 
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to develop. The effects of this are seen most profoundly when replicated 
transcription factors mutate as a whole series of genes are altered. For 
example, alterations to transcription factors are linked to the development 
flowers from petals. 
 
Selection pressures on the angiosperms today are as great as ever but they 
are very different and the relationship that dictates most is that with man. Ever 
since man started to cultivate and domesticate plants, he has selected the 
ones with the most desirable traits. Today nearly all of food is provided by 
flowering plants as well as large proportions of our textiles, medication, 
perfumes and decorations. It is no surprise then that a great many plants owe 
their morphology to the selection of man. The attributes that have been 
selected for a extremely varied and dependant on the individual product but 
they are generally involved with an easiness to cultivate and a quality of 
product. The least branched maize is selected for, the most flavoursome 
coffee and, as mentioned before, with genetic modifications the changes in 
the angiosperms will continue at a rapid pace. In addition to man shaping the 
plants for his perfect crop, there have been other selective pressures acting 
on other plants. For example, herbicide resistant weeds such as black grass 
have developed due to the change in their environment brought about by 
farmers. 
 
It is interesting to see that although the arms race between a predator and its 
prey is often thought to be one of the strongest driving forces behind 
evolution, it was the coevolution between plants and animals and their 
mutualistic relationship which gave rise to the rapid radiation of the 
angiosperms. The diversity of animals and the range of possible relationships 
led to a great variation in the angiosperms, fuelled by an abundance of 
possible new genes. And it was the great advantages that these relationships 
gave them that let the angiosperms conquer most of the globe. 
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