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A project called Garden Bird Watch counts the UK populations of common birds. 16 000 people
count the number of birds in their gardens every week of the year.

The results are analysed by researchers and written up in important scientific magazines.

(@) Suggest one advantage of this method of collecting data.

The table below shows the percentage (%) of gardens visited by different bird species in 1995

and in 2011.

Bird species | 26 of gardens | 56 of gardens
visited in 1995 | visited in 2011

Goldfinch 12 58

Greenfinch 71 54

House sparrow 84 64

Starling 71 42

Woodpigeon 48 80
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(b) () Complete the bar chart below, by plotting the data from the table above for 2011.

Some have been done for you.
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60 Key
[] % of gardens
% of 50 visited in 1995
gardens [] % of
= gardens
visited 40 visited in 2011
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20
104

Goldfinch Greenfinch House  Starding Woodpigeon
sparrow

Bird species
(2)

(i)  Inthis survey, the results from 16 000 gardens were sent in.

How many gardens were visited by woodpigeons in 20117

(2)

(iii)  Which bird species has increased the most from 1995 to 2011?

1)

(c) The change in the number of woodpigeons may be partly because they have spread to
towns and cities.
Suggest why this increase in woodpigeons in towns and cities might have occurred.

1)
(Total 7 marks)
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At the seashore, the tide comes in and goes out twice each day.

Some students investigated whether two different species of seaweed could live only at certain
positions on a rocky shore.

Seaweeds are plant-like organisms that make their food by photosynthesis.

Figure 1 shows the two species of seaweed that the students investigated.

Figure 1
Bladder wrack Sea lettuce
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Holdfast
(fixes seaweed to the rock)

(& The students:
1 placed a 50-metre tape measure on the rocks at right angles to the sea
2 placed a quadrat next to the tape measure
3 recorded whether each species was present or not.
The students repeated steps 2 and 3 every metre down the shore.
Figure 2 shows a section of the seashore and the students’ results.
Figure 2

Section of the seashore
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()  The students placed the quadrat at regular intervals along a transect line rather than
placing the quadrat at random positions anywhere on the rocky shore.

Explain why.

()

(i) How could the students have improved their investigation to ensure that they
produced valid data?

(2)
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(iii)

Figure 2 is repeated here to help you answer this question.
Figure 2

Section of the seashore
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The students concluded that bladder wrack is better adapted than sea lettuce to
survive in dry conditions.

What is the evidence for this conclusion?

Use information from Figure 2.

(2)
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(b) The bladder wrack has many air bladders.
The air bladders help the bladder wrack to float upwards when the sea covers it.

Suggest how this helps the bladder wrack to survive.

(2)
(Total 8 marks)

Some students investigated the distribution of dandelion plants in a grassy field. The grassy field
was between two areas of woodland.

Figure 1 shows two students recording how many dandelion plants there are in a 1 metre x 1
metre quadrat.

Figure 1

Quadrat

© Science Photo Library

Figure 2 shows a section across the area studied and Figure 3 shows a bar chart of the
students’ results.

Figure 2

Woodland Woodland
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Figure 3
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(@ How did the students use the quadrat and the 30-metre tape measure to get the results in
Figure 3?

Use information from Figure 1.

®3)

(b) () Suggest one reason why the students found no dandelion plants under the trees.

1)

(i)  Suggest one reason why the students found no dandelion plants at 16 metres.

1)
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(c) The teacher suggested that it was not possible to make a valid conclusion from these
results.

Describe how the students could improve the investigation so that they could make a valid
conclusion.

Peas grow in pods on pea plants.

A gardener grew four varieties of pea plants, A , B, C and D, in his garden.
The gardener counted the number of peas in each pod growing on each plant.

The table shows his results.

Pea plant

. Range of number of Mean number of peas
Variety . .
peas in each pod in each pod
A 2-6 4
B 3-7 5
C 3-8 6
D 6-8 7

(&) Give one environmental factor and one other factor that might affect the number of peas in
a pod.

Environmental factor

Other factor
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(b) The gardener thinks that he will get the largest mass of peas from his garden if he grows
variety D.

Why is the gardener not correct?

Suggest one reason.

1)

(c) Itis important that carbon is cycled through living things.
After he has picked the peas, the gardener puts the dead pea plants onto a compost heap.

Over the next few months, the carbon in the carbon compounds from the pea plants is
returned to the air.

Describe how.

(4)
(Total 7 marks)

On a rocky shore, when the tide goes in and out, organisms are exposed to the air for
different amounts of time.

(@) On hot, windy days when the tide is out the concentration of the salt solution in rock pools
may become very high.

What term is used to describe organisms that can survive in severe conditions such as very
high concentrations of salt solution?

)
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(b)

Periwinkles are types of snalil.
Students surveyed the different types of periwinkle living on a rocky shore.

The diagram shows the results of the students’ survey.

The highest position that the sea water reaches on the shore is called the high tide level.

Each bar represents the range of habitats for each type of periwinkle.

Position on Small Rough Common Flat
shore periwinkle periwinkle periwinkle | periwinkle
High tide level

Low tide level

[

[

[

|

(i)  Which two types of periwinkle are likely to compete with each other to the greatest
extent?

(i)  Explain your answer to part (b)(i).

(i) The small periwinkle can survive much nearer to the high tide level than the flat

periwinkle.

Suggest two reasons why the flat periwinkle cannot survive near to the high tide

level.

1.
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(Total 5 marks)
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Some students wanted to find the number of thistle plants growing on a lawn.
The students placed 10 quadrats at different positions on the lawn.

Each quadrat measured 1 metre x 1 metre.

The students counted the number of thistle plants in each quadrat.

(@) Which method should the students use to decide where to place the 10 quadrats?

Tick (¥") one box.

Place the quadrats as evenly as possible around the lawn.

Place 5 quadrats in areas with many thistle plants and 5 quadrats in areas
with only a few thistle plants.

Place all the quadrats randomly on the lawn.

headstartscience.co.uk
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(b)

The diagram shows the lawn with the positions of the thistle plants and the students’ 10
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(i) Complete the table to show:

how many thistle plants the students found in each of the first four quadrats

the total number of thistle plants found in all 10 quadrats.

Quadrat Number pf thistle
number plants in each
quadrat

1

2

3

4

> 1

6 3

! 0

8 0

9 2

10 1

Total
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(i)  Calculate the mean number of thistle plants in one quadrat.

Mean =

1)

(i)  The lawn measured 12 metres long and 10 metres wide.

Use your answer from part (b)(ii) to estimate the number of thistle plants on the lawn.

Estimated number of thistle plants =

(@)

(c) How could the students make their estimate more accurate?

)
(Total 7 marks)
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Some students studied bluebell plants growing in two different habitats.

Habitat A was a sunny field next to woodland.
Habitat B was a shady, moist woodland.

A bluebell plant can have several flowers on one flower stalk. The students counted the number
of flowers on each of 40 bluebell flower stalks growing in each habitat.
The bar charts show the results.

Habitat A: Sunny field next to woodland

Mumber
of stalks

D—“NM-F-UI@"JCO

12 3 4 5 67 8 91011121314 151617 181920
Number of flowers per stalk

Habitat B: Shady, moist woodland

MNumber
of stalks

1234567 8 910111213 14151617 18 1920
Number of flowers per stalk
(@) The students wanted to collect valid data.

Describe how the students should have sampled the bluebell plants at each habitat to
collect valid data.

(2)
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(b) () The students used the bar charts to find the mode for the number of flowers per stalk
in the two habitats.

The mode for the number of flowers per stalk in habitat A was 11.
What was the mode for the number of flowers per stalk in habitat B?

Mode =

)
(i)  The students suggested the following hypothesis:

‘The difference in the modes is due to the plants receiving different amounts of
sunlight.’

Suggest why.

(2)

(i)  Suggest how the students could test their hypothesis for the two habitats.

(2)

(c) Suggest how receiving more sunlight could result in the plants producing more flowers per
stalk.

2
(Total 9 marks)
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Human activities affect the environment.
(@) Deforestation results in an increase in carbon dioxide levels in the atmosphere.

Give two reasons why.

()
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(b) In this question you will be assessed on using good English, organising information clearly
and using specialist terms where appropriate.

A dairy farmer washes out his cow shed each day. The waste water contains urine and
faeces. The waste water overflows into a stream by mistake.

The waste water will have an effect on the plants and invertebrates living in the stream.

Explain why.

(6)
(Total 8 marks)
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Penguins live mainly in the Antarctic. Penguins eat mainly fish.
Photograph 1 shows a penguin swimming underwater.

Photograph 1

© raywool/iStock

(&) Use information from Photograph 1 to suggest three ways the penguin is adapted for
catching fish.

1.

®3)
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(b) The Antarctic winter is very cold. In the winter some species of penguin huddle together as
shown in Photograph 2.

Photograph 2

© Fuse

Suggest how the behaviour shown in Photograph 2 helps the penguins to survive the
Antarctic winter.

®3)

(c) A student did an investigation to model the behaviour of the penguins shown in
Photograph 2.

The diagram shows the apparatus the student used.

headstartscience.co.uk Page 20 of 36



The student:

held seven similar test tubes together with elastic bands as shown in the diagram

stood a similar eighth tube in a test tube rack

filled each of the eight tubes with hot water to the same level

measured the temperature of the water in tubes A, B and C every 2 minutes for 20

minutes.

The table shows the student’s results.

(i)

Temperature in °C

Time in

Minutes Tube A Tube B Tube C
0 65 65 65
2 65 65 64
4 65 64 63
6 64 64 62
8 64 63 61
10 64 63 60
12 63 62 59
14 63 62 58
16 63 61 >/
18 62 61 56
20 62 60 °5

Give two variables that were controlled in the investigation.

1.

2.

headstartscience.co.uk
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(i)  Describe the patterns the data shows.

()

(i) How far does the data from the model support the suggestion you made in part (b)?

(2)

(d) Describe how blood vessels help control human body temperature.

(4)
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(e) Penguins control their body temperature in similar ways to humans.
Scientists investigated changes in body temperature of penguins when the penguins were
diving to catch fish.

(i) Graph 1 shows the relationship between the temperature of the muscles moving a
penguin’s wings and diving.

The shaded areas show when the penguin was diving.

Graph 1

40.0
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39.6+
38.4+

39.24 Temperature
39.0+

Temperature 38.81
inside muscles 38.6+
moving the 38 44
wingsin °C 455
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)
37.64

L 20 Depth
3?.4—WWW UW U\/ of dive
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60

37.0 T T T T |
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Time

© Reprinted from Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology, Volume 135,
P.J. Ponganis,R.P. Van Dam,D.H. Levenson,T. Knower,K.V. Ponganis,G. Marshall, Regional heterothermy and
conservation of core temperature in emperor penguins diving under sea ice, pp 477-487, copyright 2003, with

permission from Elsevier

Suggest an explanation for the changes in temperature inside the muscles moving
the penguin’s wings.

3)

headstartscience.co.uk Page 23 of 36



(i)  Graph 2 shows the relationship between the temperature inside a penguin’s foot and
diving.

The shaded areas show when the penguin was diving.

Graph 2
40
Temperature
35+
30+
25+
20+
Temperature 157
inside foot 104
in*"C 5.
D_
_5. Depth n
=10
L20 Depth
L300 of dive
40 inm
T T T T T 5[]
10.00 10.30 11.00 11.30 12.00 12.30 13.00
Time

© Reprinted from Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology, Volume 135,
P.J. Ponganis,R.P. Van Dam,D.H. Levenson,T. Knower,K.V. Ponganis,G. Marshall, Regional heterothermy and
conservation of core temperature in emperor penguins diving under sea ice, pp 477-487, copyright 2003, with

permission from Elsevier

Suggest an explanation for the changes in temperature inside the penguin’s foot as it
dives.

3)
(Total 22 marks)
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10.

Squirrels live in woodland.

Table 1 shows:

. the total area of England, Scotland and Wales

. the area of different types of woodland in these countries.
Table 1
Total area of Area of woodland in thousands of km?2
country in

Country y 5 Coniferous Broadleaf
thousands of km Total

woodland woodland
England 130 3.6 7.8 11.4
Scotland 79 10.4 3.0 13.4
Wales 21 1.9 0.9 2.8

(a) Look at the data for the three countries. Estimate which country has the greatest proportion

of its area suitable as a habitat for squirrels.

Support your answer with relevant figures.

headstartscience.co.uk
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(b) The maps show the distribution of grey squirrels and red squirrels in England, Scotland and
Wales.

Grey Squirrel Red Squirrel
".g Iﬁ")—"‘—""r-«'

Key
B Squirrels
[ INo squirrels

Image under Crown Copyright and courtesy of Pepper & Patterson, 2001.
Contains public sector information licensed under the Open Government Licence v1.0

Scientists suggested that the distribution of grey squirrels and red squirrels is linked to the
type of trees in woodlands.

(i)  The information for England and Scotland supports this suggestion.

How?

@)

(i)  Give one piece of evidence that contradicts this suggestion.

@)
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()

Red squirrels are native to the UK.
Grey squirrels were introduced to the UK from the USA over 100 years ago.

Table 2 gives information about the two types of squirrel.

Population in UK

Table 2
Grey squirrel Red squirrel
2.5 million 140 000

Main food types

Seeds, nuts, tree bark, birds
eggs, young birds

Cones from coniferous
trees, nuts, tree bark,
berries

Health

Can become immune to
parapox virus

Cannot become immune to
parapox virus

Reproduction

Up to 9 young, twice a year

Up to 6 young, twice a year

Survival rate of young in
mixed populations

41 %

14 %

Length of life

2 — 4 years

Up to 7 years

In most parts of the UK the population of grey squirrels is increasing, but the population of

red squirrels is decreasing.
Suggest why.

Use information from Table 2.

headstartscience.co.uk
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Mark schemes

1.

(@)

(b)

()

(@)

any one from:

(ii)

(iii)

get lots of data
accept more reliable / reproducible

do not accept more accurate
cheap / free
unlikely to be biased
can cover a wide area at the same time / takes less time
see seasonal variations

correct bar heights
1 mark for each correct bar
ignore width of bars

12 800
(16000 / 100)x80 on its own for 1 mark

goldfinch

any one from:

(ii)

more food available

accept fewer predators
people feed them

accept less habitat / food in countryside
more rubbish / waste to eat

to get data re position of seaweed / of organism

in relation to distance from sea / distance down shore / how long each seaweed
was exposed

repeat several times
minimum = 2 repeats

elsewhere along the shore

headstartscience.co.uk
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(b)

(@)

(b)

(i) bladder wrack is further up the shore (than the sea lettuce) / exposed for longer
ignore found in dry areas / on bare rock

sea lettuce (only) in rock pools / in the sea / (only) in water

gets more light / closer to light
allow better access to CO,

(so) more photosynthesis
allow 1 mark for light for photosynthesis
allow 1 mark for CO, for photosynthesis
ignore reference to oxygen for respiration
‘more’ only needed once for 2 marks

any three from:

. place 30-m tape measure across field / from one wood to the other
. place quadrat(s) next to the tape
. count / record the number / amount of dandelions / plants in the quadrat

ignore ‘record the results’

ignore measures / estimates dandelions
. repeat every 2 metres

allow every metre / at regular intervals

(i) low light/itis shady
allow no light
ignore sun / rays

or
not enough water / ions / nutrients

accept correct named ion
ignore no water / ions / nutrients

or
wrong pH of soil

accept competition with trees for light / water / ions
ignore competition for space and competition unqualified
accept soil too acidic / too alkaline

ignore temperature

(i)  sensible suggestion for a small area, eg chance variation / anomaly / poisoned
by animal waste / wrong pH of soil / eaten (by animals) / cut down / footpath

headstartscience.co.uk
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()

(@)

(b)

(©)

(@)

(b)

repeat (transect) / compare with the results of other groups
allow ‘do it in two different locations’ for 2 marks

at different / random location(s) / elsewhere (across the field)
do not allow ‘in other fields’

any correct named physical environmental condition, e.g. light / water / rain /
temperature / minerals / nutrients / space (between plants)

ignore carbon dioxide / climate / weather / sun / pollution
genes / inheritance

ignore ‘variety’
OR

any correct named biotic factor e.g. predation / disease

mass of crop also depends on number of pods (per plant) / size / mass of each pea

ignore number of plants

microorganisms / bacteria / fungi / decomposers / detritus feeders / named

decompose / rot / break down / decay / digest
ignore feed / eat

(these organisms) respire
do not allow respiration by pea (plants)

(decay / respiration / microorganisms etc) releases carbon dioxide
do not allow combustion / fossilisation

extremophile(s)

(i) common (periwinkle) and flat (periwinkle)
either order, both required

(i)  (common and flat) both live in the same habitat / area / named area
allow habitats overlap the most

headstartscience.co.uk
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(i) any two from:

. would have wrong food

. would otherwise be exposed to (specific) predators

. cannot tolerate extended exposure to air or reduced submersion in
seawater

allow cannot tolerate temperature / dehydration

. cannot tolerate high salt concentration (in rock pools)
allow low salt concentration (in rock pools)

. cannot compete with small periwinkle

(5]

(@) place all the quadrats randomly on the lawn

() 0 14

all 4 counts correct

Total = 15
total correct for their figures

@) 1.5
allow ecf from (b)(i)

(i) 180
correct answer with or without working

if answer incorrect, allow 1 mark for I_E x 120 or 15 x 20
|

or 12 x12x 10
10

or15x12x10o0r1.5x120
allow ecf from (b)(ii)
allow 1 mark if only 1 error
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(c) use alarger sample size / more quadrats
ignore repeats but allow repeat in different places
ignore ‘count them all’

or
use bigger quadrats

[7]

(@) use of quadrat / point frame
allow description

randomly placed / random sampling
ignore reference to transects

(b) (@ 6

(i)  more light in A/ in field / where sunny
ignore sun

more / better / faster photosynthesis in A / with more light
allow converse

(i) use light meter / measure light intensity in both habitats

take many measurements at same time of the day

or
laboratory / field investigation with 2 batches high light and low light (1)

count or number of flowers in each (1)
counting point is dependent on investigation point

(c) more glucose / energy available
allow other named product eg protein
allow if more energy produced

for growth

dependent on 15t mark

(9]
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(@)

(b)

(@)

any two from:

. fewer trees to take in carbon dioxide for photosynthesis
. decomposers / microorganisms respire (as they decay debris) releasing carbon
dioxide
. burning of wood releases carbon dioxide
allow carbon dioxide released by burning fossil fuels in vehicles /

factories
2
Marks awarded for this answer will be determined by the Quality of Communication
(QC) as well as the standard of the scientific response. Examiners should also refer
to the information on page 5, and apply a ‘best — fit’ approach to the marking.
0 marks
No relevant content.
Level 1 (1 = 2 marks)
There is a brief description of some steps in the process but the order is not clear
with little biological vocabulary used.
Level 2 (3 = 4 marks)
There is a reasonably clear description of the process involving many of the steps
and using some hiological vocabulary.
Level 3 (5 — 6 marks)
There is a clear, logical and detailed scientific description of the process using
appropriate biological vocabulary.
examples of biology points made in the response:
. this contains mineral ions (and organic matter)
. this increases growth of algae / water plants
. the plants / algae (underneath) die
. due to lack of light / photosynthesis / space
. decomposers / microorganisms feed on decaying matter or multiply rapidly
. the respiration of decomposers uses up all the oxygen
. so invertebrates die due to lack of oxygen
. this is called eutrophication
6
(8]
any three from:
. streamlined shape enables it to swim quickly (to catch fish)
. wings (provide power) to move quickly (to catch fish)
allow ‘flippers’
. wings used for steering
. white underside / dark top acts as camouflage (so prey less likely to see it)
. long / sharp beak to catch fish
3
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(b)

(©)

any three from:

(ii)

(iii)

reduces (total) surface area of penguins exposed to wind / cold atmosphere
reduced number of penguins exposed (to wind / cold)

accept reference to movement in or out of the huddle

accept outer ones insulate / act as barrier
reducing heat loss

allow reduced cooling
‘share’ body warmth / heat

any two from:

. size of tubes
. volume of (hot) water

accept amount of (hot) water
. left for same length of time

allow measured at same time intervals
. starting temperature

any two from:

. tube alone (C) lost heat most (rapidly)
. tube B intermediate
. tube A least (rapidly)

allow correct use of figures for all 3 tubes
ignore just quoting final temperature

confirms suggestion

no mark awarded
accept correct answers referring to other suggestions in (b)

since (both outer and inner) tubes in bundle lost heat less rapidly (than ‘stand -
alone’ tube)

comparison needed

penguins in a huddle lose less heat (than single ones)
accept ‘it is the same for penguins’

headstartscience.co.uk
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10.

(d)

(€)

(@)

if the core body temperature is too high

blood vessels supplying the skin (capillaries) dilate / widen
accept reference to arteries / arterioles but not veins / capillaries

do not accept references to movement of blood vessels
ignore enlarge / expand
reference to skin / surface required only once

so that more blood flows through the (capillaries) in skin / near surface
reference to ‘more’ needed at least once to gain 2 marks

and more heat is lost
reference to ‘more’ needed at least once to gain 2 marks

if the core body temperature is too low

blood vessels supplying the skin (capillaries) constrict / narrow

allow full marks if ‘too low’ given first

if no other marks awarded, allow vasodilation when too warm and
vasoconstriction when too cold for 1 mark

()  wings move to provide movement for diving
allow muscles contract / work

energy (for movement) comes from respiration

do not allow produces / makes / creates energy
allow energy comes from / is supplied by / is released by respiration

respiration / muscle contraction also releases heat
allow produces heat

(i) anythree from:

. feet not / less used or no muscle contraction in feet
allow little energy / heat released through respiration in feet

do not allow veins / capillaries
. vessels supplying feet constrict / less blood to feet
. so temperature in feet cools / decreases
. more heat loss from large surface area or rapid flow of cold water over foot

Scotland
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any one from

«  Scotland 15 to 20% / about 1/5™ to 1/7t but England and Wales /

the others are less / lower / reasonable estimated figures

. E is greater than England / u and Wales / E
79 130 21

(b) () broadleaf woodlands have more grey squirrels or broadleaf

(©)

woodlands have less red squirrels
allow converse referring to conifers

(i)  Wales has more conifers and / but more grey squirrels
or
Wales has less broadleaf and / but more grey squirrels

allow converse for red squirrels

any three from:
answers must be comparative they = grey squirrels

grey squirrels
allow converse arguments for red squirrels

. have wid er range/ more types of food

. are resistant to parapox (virus) but reds are not
ignore reference to other disease

. have more young each year / litter

. young more likely to survive (in mixed populations)

[7]
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