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Section A

The five-kingdom classification system consisting of kingdoms Prokaryotae,
Protoctista, Fungi, Plantae and Animalia is widely used by many scientists.

(a) Describe three features of kingdom Prokaryotae.

1. No membrane-bound organelles (no true nucleus).

o Peptidoglycan (non-cellulose) cell wall.

3. Small 70S ribosomes and possess plasmids. [3]

(b) State the term for a group of similar and closely related species.

Genus [1]

(c) (i) Cell structure is one source of evidence used to classify organisms. State
two other sources used for this purpose.

1. Biochemistry (DNA, RNA and protein sequences).

2. Morphology (external features) and anatomy. 2]

(ii) Suggest one reason why the classification of organisms can change.

Advances in technology, such as DNA sequencing, can distinguish

between very similar organisms (or new fossils are found). [1]

[Turn over
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2 Organisms are adapted to survive in different environments. The photomicrographs
below (A, B and C) show transverse sections through xerophytic, mesophytic and
hydrophytic plant leaves.

- ODSO
\
© Dr Keith Wheeler / Science Photo Library
© Biodisc Visuals Unlimited / Science Photo Library

© Dr Keith Wheeler / Science Photo Library
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(a) (i) Identify the photomicrograph (A, B or C) which shows a xerophytic leaf.

¢ [1]

(ii) Identify two adaptations of xerophytic leaves visible in the photomicrograph.

1. Leaf curvature (rolled leaf).

2. Hairs surrounding the stomata. [2]

(iii) Explain how one of these adaptations can reduce water loss.

Leaf curvature traps moist air close to the stomata, which decreases

the water potential (diffusion) gradient, so less water vapour diffuses

out. [1]

Many animals exhibit behavioural adaptations to their environment.

(b) Suggest one behavioural adaptation of an animal and explain how it is beneficial
to the animal.

Hibernation (in winter).

This prevents energy expenditure when there is a scarcity of food, so the

animal can survive on its stored fat.

[2]

[Turn over
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3 The graph below shows pressure changes which take place in the left side of the ICE
heart during one complete cardiac cycle. %
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(a) (i) State which letter, A, B, C or D, represents the following events in the
cardiac cycle:

1)

7
]

» the closing of the atrioventricular valves A

¥
i

I | o) itY

«  the opening of the semilunar valves B [2]
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(ii) Explain the following:
* theincrease in ventricular pressure between 0.1 and 0.3s

Ventricular systole: the ventricle muscle contracts, increasing the

pressure. [1]

« theincrease in atrial pressure between 0.1 and 0.14s

Contracting ventricle causes back pressure of blood on the

(closed) atrioventricular valve. [1]

Contraction of the heart is initiated by electrical activity within the cardiac muscle.
To enable ventricular contraction, the wave of excitation passes down the septum of
the heart to the bottom of the ventricles.

(b) Explain why it is important that ventricular contraction begins at the bottom of
the ventricles.

Contraction from the apex upwards forces the blood upwards into the

arteries, so all the blood is forced out of the ventricles.

[1]

[Turn over
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4 Cuilcagh Mountain in Co. Fermanagh has a range of habitats and species. One such

habitat is blanket bog, which is a rare habitat with specific ecological niches.

Walking is a popular activity and a wooden boardwalk has recently been constructed

to span the blanket bog, as shown in Photograph 1 below.

Photograph 1

Source: Principal Examiner

(a) (i) Define the term ‘ecological niche’.

The role of an organism within its ecosystem, including its

interactions with biotic and abiotic factors.

(ii) The function of the boardwalk is to protect the blanket bog habitat.
Suggest why it is particularly important to protect this habitat.

Blanket bog is a rare habitat, so protecting it conserves the rare

[1]

species that live there.

(b) There are several initiatives in Northern Ireland to conserve habitats and
promote biodiversity. Name one of these initiatives.

Area of Special Scientific Interest (ASSI)

12193

[1]

[1]
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(c) Photograph 2 below shows sphagnum moss (Sphagnum papillosum) and
hare’s-tail cotton grass (Eriophorum vaginatum). These plant species thrive in
the waterlogged conditions of the blanket bog.

Photograph 2

Hare’s-tail cotton grass

Source: Principal Examiner

(i) Name two edaphic factors which may affect the distribution of plant species
in the bog.

Soil water (moisture) content

Soil pH 2]

(i) Suggest how one of these factors results in a limited variety of plant species
thriving in the blanket bog.

Waterlogging means there is low oxygen availability in the soil, so

there is reduced aerobic respiration in the roots and reduced active

uptake of mineral jons.

Only those species showing adaptations to these conditions, such as

sphagnum moss and cotton grass, can survive in the blanket bog.

[2]

[Turn over
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Cuilcagh Mountain is also an important breeding site for the golden plover (Pluvialis
apricaria). These birds make shallow nests on the ground, usually in a patch of
vegetation lined with grasses and moss. Conservation scientists monitored the
number of breeding pairs of birds over a 12-year period.

The table below shows some of their results. The boardwalk was completed in 2015.

Year Number of breeding pairs
1995 12
2006 4
2017 7

(d) (i) Calculate the percentage decrease in the number of breeding pairs of
golden plover in the area from 1995 to 2006.
(Show your working.)

Decrease = 12 — G = &

% decrease = (8 +12) x 100

66.7 % [2]

*28SBY2110* stemup.co.uk
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(ii) Using all the information provided, describe and explain the trends shown
by the results.

The number of breeding pairs decreased from 12 to 4 between 1995

and 2006, then increased to 7 between 2006 and 2017.

The decrease s because nests and habitats were destroyed by

walkers, as the nests are built on the ground in vegetation and are

not easily visible.

The increase is due to the boardwalk (completed in 201S), which

protected the habitats so walkers no longer trampled nests, giving a

safer environment for breeding.

[3]

(iii) Suggest why the results shown would not allow a firm conclusion to be made
about the effect of the boardwalk on golden plover breeding populations.

There are too few data points: only one count (2017) was taken after

the boardwalk was built, so numbers could have increased before the

boardwalk. [1]

[Turn over
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5 Transport of water and organic solutes in flowering plants is carried out by two types
of vascular tissue, xylem and phloem. The diagram below represents a longitudinal
section from the stem of a flowering plant.

Companion cell

Xylem
vessel

Sieve tube element

|| - b.

Sieve plate

(a) (i) State the function of companion cells.

Provide ATP (energy) for the sieve tube elements, carrying out their

metabolic activities and loading, as their contents have been

removed. [1]

(i) State two ways in which the process of transport in the xylem differs from
that in the phloem.

1. Transport in the xylem is one-way (upwards) whereas flow in the

phloem can be two-way.

2. Transport in the xylem does not require energy (passive, by

tension or pull) whereas in the phloem it requires energy

(hydrostatic pressure or push). 2]

12193

*28SBY2112* stemup.co.uk

§

mmmmm

3 Loaming

mmmmmm

3
-

8
i S
2

ORI

mmmmmm

ORI IIORI)

z
§

NS

mmmmm

4
g

R

-------

@

]
o

g
H

ORI

1y

1Lvamig

------

"

]
4

i
d

¥R

ORI

mmmmm

mmmmm

1o ORI

1
a

q
H

89

]
4

10

i
H
a

1§ @1t

]
&

e
]

) '8 Q)


https://stemup.co.uk

i

1y
HUOE
HM

¥

i
3

i
i

CIR'C

3
g

NG

i
|

........

Fewarsiy |

RO

i
H

......

g
2

QR

3
g

R

Sl

i
H

¥
H

@ i

A A1)

i
&

VIR

RGN

i
|

HY)

v

H
- |
“

3
k-

QR

1

i
g

) IRV NO

12193

Sieve plates are modified cell walls containing pores and are an important feature of
phloem tissue. They affect the flow of organic solutes within the phloem.

If the phloem wall is damaged, the plant responds by blocking the sieve plates
around the site.

(b) Suggest one advantage and one disadvantage to the plant of this response.

Advantage Prevents loss of the sugar-rich phloem contents (and stops

harmful substances entering).

Disadvantage Reduces or stops the flow of organic solutes to other parts

of the plant beyond the damaged area.

[2]

[Turn over
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(c) The scanning electron micrographs below show sieve plates from two different

plant (bean) species. As shown, the images do not have the same magnification.

The number and size of sieve plate pores affect the rate of translocation within
phloem tissue.

Phaseolus vulgaris Ricinus communis
x 4000 x 1500

© American Society of Plant Biologists. Article by Daniel L. Mullendore, Carel W. Windt,
Henk Van As, Michael Knoblauch. http.//www.plantcell.org/content/22/3/579

The table below provides additional information on structure and function of phloem
tissue in the two species.

Average Time taken for
Average Average length
. number of . contents to flow
Species pore of one sieve tube :
. pores per through sieve tube
radius/um : element/um
sieve plate element/s
P. vulgaris 0.7 95 200
R. communis 0.5 372 302 1.01

12193
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(

) The contents of the sieve tube elements travel at an average rate of
300um s Using the information provided in the table, calculate the time
taken for the contents to flow through a sieve tube element of P. vulgaris.
(Show your working.)

time = distance + rate

=200 um + 300 um s
0.67 s [2]

(ii) P. vulgaris and R. communis are similar sized plants and, despite the
difference in their phloem tissue, they maintain similar rates of translocation
around the plant. Using the information from the table, suggest how the
features of their phloem tissue result in similar rates of translocation.

R. communis has many more pores per sieve plate than P. vulgaris

(372 compared with 45), which compensates for jts smaller pore

radius.

The sieve tube elements of R. communis are longer than those of P.

vulgaris, so there are fewer sieve plates to cross per unit length.

[2]

[Turn over
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Global warming is associated with increased atmospheric carbon dioxide (CO,)
concentration and can cause disruption to weather patterns.

The island of Mauritius is inhabited by the Mauritian kestrel (Falco punctatus), a
bird of prey which is found in the evergreen forests on the island and feeds on other
small birds, mammals, lizards and insects.

On the island, spring is traditionally a relatively dry season, and this is when the
kestrels usually breed. This ensures the offspring are at least several months old by
summer, when heavy rain and storms are common.

Recently, rainfall in early spring has increased on the island, and it has been noted
that kestrel breeding has been delayed until late spring or early summer. This results
in the offspring being very young when the summer storms arrive.

(a) Suggest how increased early spring rainfall may affect the size of the kestrel
population on Mauritius. Explain your answer using information from the
passage and your knowledge of factors that affect population size.

Increased early spring rainfall may reduce the kestrel population.

Breeding is delayed, so the young are very young and less developed

when the summer storms arrive, and fewer young survive the storm

season, reducing the birth rate added to the population.

Food sources (small birds, lizards and insects) may be reduced by the

increased rainfall, increasing competition and starvation.

Habitats or nests may be destroyed by the increased rainfall, or kestrels

may wmigrate to a more suitable habitat.

[3]
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Evidence suggests that atmospheric CO, concentration remained relatively stable
for millions of years.

Between 1960 and 1970, the atmospheric CO,, concentration increased by an
average of 0.7 ppm (parts per million), whereas between 2015 and 2016 it increased
by an average of more than 2.0 ppm.

There is evidence that the last time the Earth experienced atmospheric CO, levels
similar to 2016 was 3-5 million years ago, when global temperatures were 2—-3°C
higher than at the present time.

(b) Itis widely accepted by the scientific community that human activity has caused
the recent dramatic increase in atmospheric CO,. However, there are some who
believe that the increase is a natural occurrence. Select information from the
passage above which provides evidence for each point of view.

Evidence that human activity is the cause of increased CO,, levels

€0, was stable for millions of years but increased by 0.7 ppm per year in

1960 to 1970, with a dramatic increase of over 2.0 ppm in 201S to 2016.

Evidence that increased 002 levels is a natural occurrence

CO; levels were at a similar level to 2016 about 3 to S million years ago,

before humans could have caused it.

[2]

(c) Outline how global warming could result in a shift of the ecological range of
a species.

Species which could not survive at lower temperatures may expand their

range into areas that become warmer, while others can no longer survive

there. (1]

[Turn over
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7 The diagram below represents a transverse section of the aorta of a mammal.

A Q Endothelium
B

(a) (i) Identify A, B and C.

A Lumen

B Smooth muscle and elastic fibres

C Fibrous outer layer (collagen) [3]

(ii) Vasodilation alters the size of the part labelled A on the diagram. Describe
how vasodilation occurs and explain its effect on blood flow.

The smooth muscle in the artery wall relaxes.

This causes widening of the lumen of the aorta (artery), which

reduces resistance and so increases blood flow.

[3]

12193
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Histamine is a chemical that causes vasodilation and can be used to treat high blood
pressure. Histamine receptors can be found within the endothelium of arteries.

An experiment was carried out to investigate the effect of increasing histamine
concentration on vasodilation in the aorta.

Sections of rat aorta, some with the endothelium removed, were suspended in a
bath of sodium hydrogencarbonate. Two types of stimulus were applied to the aorta
sections. The extent of vasodilation which occurred in the aortas was measured.

(b) (i) Suggest the role of sodium hydrogencarbonate in this experiment.

Acts as a buffer, maintaining a constant pH. [1]

(ii) Other than ethical reasons, suggest why rat aorta sections were used
instead of mouse aorta sections.

A rat's aorta is larger than a mouse's, so easier to measure. [1]

[Turn over
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The results of the experiment are shown in the table below.

Average vasodilation/arbitrary units

Stimulus A Stimulus B
Histamine concentration
M With Without With Without
endothelium | endothelium | endothelium | endothelium
107 64 0 0 0
C
2.2 1076 72 0 3 0
= @©
=
g S 107° 75 0 10 0
o O
£ § 104 75 1 25 1
1073 75 2 32 2

12193

(iii) ldentify the trends shown by these results.

Increasing histamine concentration increases vasodilation (when the

endothelium is present).

There is more vasodilation with the endothelium; without the

endothelium there s little or no vasodilation, and only at high

histamine concentrations.

With stimulus A, increasing histamine beyond 10° M (75 AU) gives

no further vasodilation, it levels off; stimulus B needs a higher

concentration (106 M) before vasodilation begins and it continues to

increase.

Stimulus A results in a higher level of vasodilation than stimulus B.

[4]
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(c) Inthe endothelium, histamine binds to two receptors, H1 and H2. When each of
these receptors was blocked with inhibitors, investigators were able to determine
its importance for the vasodilation of the aorta when histamine was present.
During the experiment the aorta received stimulus A only. The results are
summarised below.

H1 receptors blocked

Average vasodilation

H2 receptors blocked

10% 10°% 104 103
Histamine concentration/M

(i) Describe the effect of increasing histamine concentration on average
vasodilation when H1 receptors are blocked.

As histamine concentration increases, average vasodilation increases

(proportionally).

[1]

(ii) State one conclusion that can be drawn from these results regarding the
role of histamine receptors in vasodilation.

H2 receptors bind histamine to cause vasodilation; H| receptors are

not involved in histamine-induced vasodilation.

[1]

[Turn over
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Section B
Quality of written communication will be assessed in this section.
Fick’s Law describes the relationship between the factors that affect the rate of diffusion.
The gas exchange structures of plants and mammals are adapted to maximise the rate
of diffusion leading to high rates of gas exchange. However, smoking can reduce gas
exchange by affecting the factors described in Fick’s Law.
8 State Fick’s Law and describe how the gas exchange structures of plants and

mammals are adapted to maximise diffusion of gases. Your answer should include
the effect of smoking on the lungs with reference to the factors in Fick’s Law. [15]

State Fick’s Law and describe how the gas exchange structures of plants and
mammals are adapted to maximise diffusion of gases. Your answer should include
the effect of smoking on the lungs with reference to the factors in Fick’s Law.

Ficlk's Law states that the rate of diffusion is proportional to the surface

area of the membrane multiplied by the difference in concentration across

the membrane, divided by the thickness of the membrane (the diffusion

distance). So diffusion rate « (surface area x concentration difference) +

thickness of membrane.

In plants, the leaf is thin, which reduces the diffusion distance for gases.

The spongy mesophyll cells provide a large surface area across which gases

can diffuse, and the many intercellular air spaces allow gases to diffuse

through the leaf. The surface of the mesophyll cells is moist, allowing the

qases to dissolve before diffusing into the cells.

During the day the stomata are open, allowing gas exchange with the

atmosphere. Photosynthetic activity uses up carbon dioxide, which decreases

the carbon dioxide concentration in the spongy layer and so maintains a
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steep concentration gradient for carbon dioxide to diffuse in (and oxygen to

diffuse out).

In mammals, the lungs contain millions of alveoli, which are spherical in

shape, giving a very large surface area for gas exchange. The surface of the

alveoli is moist to allow gases to dissolve, and surfactant prevents the alveoli

from collapsing, maintaining a high surface area.

Each alveolus is surrounded by a dense network of capillaries, which increases

the surface area and reduces the diffusion distance. The alveoli are lined with

squamous epithelial cells and the capillaries have a squamous endothelial

lining; both are very thin (one cell thick), so the diffusion distance is short.

Red blood cells are squeezed into close contact with the capillary wall, further

reducing the diffusion distance, and they travel slowly, increasing the time for

diffusion.

The flow of blood in the capillaries constantly carries oxygenated blood away

and brings carbon dioxide-rich, oxygen-deficient blood to the alveoli, while

ventilation brings in fresh air. Together these maintain a steep concentration

gradient of oxygen and carbon dioxide between the alveoli and the red blood

cells.

Smoking can cause damage to cilia, bronchitis, emphysema and lung cancer.

Tar contains carcinogens (cancer-causing agents) which can cause

uncontrolled cell growth, forming a tumour. A tumour can block airways or

damage alveoli, reducing the surface area over which gas exchange can occur.

[Turn over
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Tar also damages the cilia, reducing their wafting activity, so mucus builds

up. In bronchitis, inflammation narrows the bronchi and more mucus is

produced, which reduces air flow to the alveoli. This decreases the

concentration of oxygen available in the alveoli, reducing the concentration

gradient and so the rate of diffusion.

In emphysema, the alveolar walls break down, forming fewer, larger air

spaces, which reduces the surface area for gas exchange. The elastic tissue

in the alveoli is also broken down, preventing recoil during expiration, so

expiration is less effective, stale air remains in the alveoli and the

concentration gradient is reduced further. In all these ways smoking reduces

the factors in Fick's Law and so reduces the rate of gas exchange.
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