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You have three hours to complete this examination.

QUESTION ONE:  COLONY COLLAPSE DISORDER IN HONEY BEES  (8 marks)

Honey bees (Apis mellifera) are social insects and live in colonies in hives. Honey bees were introduced 
from Europe to the USA to pollinate crop plants; all honey bees in the USA today are from only four 
genetic lines. While native bee pollinators exist, honey bees are the main pollinators of commercial crops 
throughout the world.

American beekeepers commonly truck their hives long distances across the country two to three times 
a year to pollinate the crops as they come into flower. Typical crops dependent on honey bee pollination 
include:

• nut crops, such as almonds 

• fruit crops, such as apples, pears, peaches, cherries

• berry crops, such as blueberries, strawberries

• vegetables, such as cucumbers, onions, carrots, asparagus, broccoli, cauliflowers.

Most bee colonies are used to pollinate only one type of crop, eg apples. During the winter, the lack of 
flowers to provide nectar means that beekeepers in America provide the colonies with substitute food, 
such as high fructose corn syrup (HFCS). 

Insecticides are applied to crops to kill insect pests. Recently developed insecticides include the 
neonicotinoids, which are neurotoxins that attack the nervous system. Neonicotinoids are applied to soil 
or seeds and are absorbed by plant tissues, including pollen and nectar, as the plant grows and develops. 
Bees use nectar to make honey, which is stored in the hive and used as food by the mature bees. Immature 
bees are not fed honey. Scientists have identified over 100 different insecticides in pollen, bees, and 
beeswax.

Bee colonies are attacked by a variety of pathogens and parasites. 

One major pathogen is the acute bee paralysis virus (IAPV), which causes a breakdown of the ribosomes 
in infected bees. The infected bees become paralysed and die when outside the hive. 
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Two major parasites are:

• the varroa mite (Varroa destructor), which feeds on the blood of bees, wounding the bee and 
weakening its immune system. Varroa mites are also vectors for viruses such as IAPV.

• the fungus (Nosema ceramae), which infects the intestinal tract of bees, reducing the bee’s ability to 
process food, and makes the bee susceptible to infection and chemical attack.

During the colder winter months in the USA, on average about 15 – 25% of bee colonies die. However, 
in late 2006 American beekeepers began reporting much higher losses of colonies (up to 90% in extreme 
cases), and in the four years since then, more than a third of bee colonies (approximately three million) 
have failed to survive the winter in the USA. Similar losses have been reported in Canada and Europe, 
resulting in the loss of billions of honey bees.

This phenomenon has been termed Colony Collapse Disorder (CCD) and to date no cause has been 
identified. The main symptoms of CCD are a bee hive that has a live queen in residence with very few 
or no adult bees; no dead bees are present in the hive. Honey is often present in the hive along with 
immature bees. As there are no workers to care for these young bees, the colony soon dies.
Scientists are investigating the possible causes of CCD; it is unlikely that it is caused by a single factor.

Discuss the likely role and interaction of named factors in the cause and spread of CCD. 

Analyse the likely ecological impact of CCD on managed and natural ecosystems.
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QUESTION TWO:  AMAZONIAN BUTTERFLIES  (8 marks)

The Amazon rainforest in South America is a biodiverse ecosystem. There are large numbers of plant and 
animal species making up the food web, including over 350 species of predatory insectivorous birds. 

In one small area of the rainforest, about 15 km2, there are 60 different species of Ithomiine butterflies. 
These 60 species of butterflies have only eight different colour pattern phenotypes. Each of the different 
phenotypes is found within a particular habitat within this small area. Therefore the different phenotypes 
are rarely seen together. Scientists initially assumed that each of these phenotypes indicated that there 
were eight different species of butterflies. Genetic analysis has disproved this, and the resulting phylogeny 
is shown opposite. It shows, for example, that there are 11 species of butterfly with the ‘eurimedia’ 
phenotype.

Evidence shows that each species of butterfly lays its eggs on only one variety of plant, which is different 
to other species of butterfly with the same phenotype found in their habitat. The caterpillars feed 
exclusively on this host plant. However, adult butterflies drink nectar from a range of different flowers 
which may be in common with other butterflies of the same phenotype.

Butterflies sharing the same colour pattern display Mullerian and /or  Batesian mimicry.

Discuss how

• ecological relationships
AND
• evolutionary processes and patterns

may have worked together to produce the large number of Ithomiine butterfly species, but only a small 
number of colour pattern phenotypes.
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Diagram showing the relationship between the species and the phenotype in these butterflies

 Species Different phenotypes

Source (adapted): www.plosbiology.org/article/info:doi/10.1371/journal.pbio.0060300
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QUESTION THREE:  HUMAN EVOLUTION  (8 marks)

Homo neanderthalensis successfully lived in the cold, harsh ice-age conditions of Europe until becoming 
extinct approximately 30 000 years ago. Adaptations which enabled them to survive for up to 400 000 
years included:
• short and stocky bodies
• large noses
• cave dwelling 
• living in groups of 8 – 25 individuals, with females moving between different groups
• each group was territorial with territories covering about 50 km2

• hunting large herbivores
• surviving on a diet of up to 90% meat, as shown by bone and faecal analysis
• cutting up meat using stone tools, which were slightly different for each group.

The genome of H. neanderthalensis has been sequenced using nuclear DNA extracted from bones. This 
has allowed comparisons with the genome of modern H. sapiens. From the data it is believed that the two 
species shared a common ancestor, most likely H. heidelbergensis, 270 000 – 440 000 years ago. 

There are DNA sequences in H. sapiens that are known to vary between individuals by only a single base. 
Researchers analysed these DNA sequences from H. sapiens populations in Western Europe, Southern 
Africa, West Africa, China and Papua New Guinea and compared them with H. neanderthalensis. It was 
found that H. neanderthalensis and non-African H. sapiens populations had 4% of their DNA in common. 
These DNA sequences are unique to them, and not found in the H. sapiens from the African populations.

Neanderthal Range
China

Papua 
New Guinea

West Africa

Southern
Africa

Western 
Europe

Source (adapted): http://static.newworldencyclopedia.org/thumb/1/13/Neanderthal_Range.JPG/220px-Neanderthal_Range.JPG

The researchers also identified features found only in modern-day H. sapiens that have a genetic basis. 
Genes that are likely to have undergone important changes related to these features code for thought 
processes such as: logic and reasoning, memory, communication.

Use scientific knowledge, together with the information in the resource material, to discuss:

• the evolution of H. sapiens and H. neanderthalensis since their separation from a common ancestor 
until H. neanderthalensis became extinct 

• the likely reasons why H. neanderthalensis became extinct while H. sapiens survived.
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