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3.1: Cell specialisation

Specific cell structure and functions develop through cell differentiation.

e Recognise that cells in a multicellular organism are genetically identical.

e Recognise that gene expression is responsible for cell specialisation.

A multicellular organism is a living thing that is composed of more than one cell including plants,
animals and multicellular fungi. Life processes in a multicellular organism are carried out J
different cell types that have a specialised structure and function. The human body co%& 3
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Q Figure 3.01: Specialised cell types in the human body.

200 specialised cell types and some of these are shown in Figure 3.01.

The fufictio ome specialised cell types in the human body are identified in the table below.
Cell type Function
Nerve cell Respond to stimuli by transmitting nerve impulses to the brain.
Red blood cell Transports oxygen and glucose to cells for respiration.

White blood cell Defend the body against pathogens and cancer cells.

Sperm and egg cells | Combine to produce offspring in the process of reproduction.

Muscle cells Contract and relax to allow movement of the body and its organs.

Liver cells Metabolise fats, carbohydrates and proteins.
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Question 51

The diagram below shows the different cell types in a tree.

®
q/Q'\
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(@) Define the term multicellular organism using a trv ample.

& (I mark) KA1
(b) Palisade mesophyll cells and epidergial cells are differentiated cells in the leaves of plants.

(1) Define the term differe@ 1.

(2) The n

(1 mark) KA1

palisade mesophyll cell has approximately 40 000 genes.

umber of genes in an epidermal cell.

(1 mark) KA1
Qlisade mesophyll cells and epidermal cells have different structures and functions.

Explain why there is a difference in structure and function of these two cell types.

(2 marks) KA1
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3.2: Tissues, organs, and systems

Multicellular organisms have a hierarchical structural organisation of cells, tissues, organs, and

systems.

Organ systems in a multicellular organism are interdependent and function together to ensure the

survival of the organism.
Lifestyle choices affect the functioning of organs and systems.

o Use examples from plants and animals to explain the organisation of cells into ti%

tissues into organs, organs into systems. \‘
o [llustrate the relationship between the structure and function of cells, tis, organs, and
systems.

Multicellular organisms have a hierarchy of structure and organisationgat consists of cells, tissues,

organs and organ systems. The structural hierarchy is described inghe taifle below.

Level Descr%

Cell The basic unit of structure and furi@ign iwe multicellular organism.
Tissue A group of differentiated cel ve a similar structure and function.
Organ A group of tissues that have %apted to perform a specific function.

Organ system | A group of organs that together to carry out a specific function.

u Example 3.01

The digestive system is a system in animals that is composed of several organs including the

oesophagus, stomach, sriiall¥gtestine, large intestine and liver that work together to carry out
digestion and the aglgorptign of nutrients from food. The hierarchy of structure in the digestive

system is summ in Figure 3.03.

O

Figure 3.03: Hierarchy of structure in the digestive system
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Tissues

Multicellular organisms including plants and animals have specialised tissues that organise and
regulate life processes including movement, metabolism, excretion and responding to stimuli. Tissues

consist of differentiated cells and fibres that have a similar structure and function.
Plant Tissues

More than 90% of plant species on Earth are classified as vascular plants. Vascular plant @ and
plants that have specialised tissues for transporting water and minerals. The thre@ tissues

found in vascular plants are dermal, vascular, and ground tissues (Figure 3.

2

Dermal tissue
Stem
Vascular tissue
Ground tissue
Figure 3.04: Tissue types in vascular plants.
The pfimarygfunctions of the three tissue types are identified in the table below.
Tissue Cells present Primary function(s)

o Prevent water loss and invasion by insects and
Dermal Epithelial cells, guard cells . _
microorganisms.

Tracheids, vessel elements, _
Vascular _ Transports water, sugars, hormones and minerals.
sieve tube elements.

Stores nutrients, perform photosynthesis and
Ground Mesophyll cells

provides structural support for vascular tissue.
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Animal Tissues

Animals are classified as vertebrates and invertebrates depending on whether the animal has a
vertebral column or backbone. More than 90% of all animal species are invertebrates. The four kinds

of tissues found in vertebrates and invertebrates are epithelial, connective, muscle and nervous

RS
Q’\

tissues. Figure 3.05 shows the four tissue types in the human body (vertebrate).

S

\.05: Tissue types in the human body.

of the three tissue types are identified in the table below.

Cells present Primary function(s)

L Protection against infection, fluid loss, and injury.
Epithelial cells, goblet cells - _ _
Facilitate the absorption of gases and nutrients.

c p Red blood cells, white blood | Connects and supports organs, transports materials
onnective
cells, fat cells, bone cells. around the body, stores energy and fights infection.

Muscl Skeletal muscle, smooth Provides structural support to the body, movement,
uscle
muscle, and cardiac muscle. | and generating heat.

_ Responds to environmental and internal stimuli and
Nervous Neurons and glial cells. . .
transmits nerve impulses that control movement.
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Organ systems

An organ system is a group of organs and tissues that work together to perform one or more

functions in the body of a multicellular organism.

Plant organ systems

Vascular plants have two organ systems called the shoot system and root system. The S%S};stem
elow

is above ground and includes the stem, leaves and reproductive organs, and the root s&

q/Q

ground and is composed of different types of roots.

S

\2'3%
O

urehg.08: Shoot and root system in a vascular plant.

The function shoot and root systems in a plant are identified in the table below.
gan Organs present Primary function(s)
e Carry out photosynthesis;

Stem, leaves and _
. e Carry out sexual reproduction;
Shoot reproductive organs _
_ o Transport water and minerals to leaves and
(flowers and fruit) .
reproductive organs.

e Absorption of water and nutrients from soil;

e Anchoring of the plant body to the soil;

Root Roots e Storing nutrients;

e Forms symbiotic relationships with bacteria
and fungi to support life processes.
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Animals have many organ systems that carry out life processes essential to the survival and

reproduction. Humans have 11 organ systems including the endocrine (hormonal), immune,

integumentary, muscular, skeletal, nervous, digestive, circulatory, respiratory, urinary, and

reproductive systems (Figure 3.09).

Figure 3.09: Human body systems (digestivg?

RS
Q’\

D

rculatory, urinary, muscular, nervous).

The functions of some organ systems in ani&e idéntified in the table below.

Organ Primary function(s)
Digestive Digestion of food and absorption of nutrients.
. Transports oxygen and glucose to tissue
Circulatory
cells.
Urinary Kidneys, bladder Producing and excreting urine.
Skeletal muscle, cardiac
M la Movement, posture, and balance.
muscle, and smooth muscle.
Brain, sensory organs and . . o
Nervous . Sensing and responding to stimuli.
nervous tissue.
_ Bronchi, bronchioles, Absorption of oxygen and the removal of
Respiratory . o
diaphragm, lungs. carbon dioxide from the body.
Skin, thymus, spleen, o . .
Immune o Defence against infectious disease.
connective tissue.
Connective tissues (bones .
Skeletal . . Provides a structural framework for the body.
cartilage, ligaments, tendons).

183



186 SASTA STAGE 1 « BIOLOGY WORKBOOK

Question 52

The diagram below shows the position of some organs and tissues in the body of a domestic cat.

®
q/Q'\
v~
S

(@) Cats and other mammals contain three typ@gle tissue.

(1) Define the term tissue using ske muscle tissue as the example.

Q E (1 mark) KA1

(2) Identify the typ \e tissue present in the walls of the stomach and intestines.
! (1 mark) KA1
(3) State@unctions of muscle tissue in mammals.

(2 marks) KA1

(b) Blood is an example of connective tissue in animals.

(1) State the primary function of blood in animals.

(1 mark) KA1

(2) Name one other type of connective tissue present in the diagram above.

(1 mark) KA1
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Gas exchange in animals

Animals have gas exchange systems that facilitate the diffusion of oxygen into the body for aerobic

respiration as well as the removal of carbon dioxide.

B Example 3.05

Flatworms are invertebrate animals with no specialised circulatory and respiratory organs to extract

oxygen from the environment. Instead, flatworms use their outer body surfaces to exchagen

N
q/Q

and carbon dioxide as illustrated in Figure 3.12.

D

Figure 3.12: Gas exc e pflatworms.

Flatworms have a thin body wall that reduces ghe len f the diffusion path, an elongated body that

increases surface area to volume ratio for hange, a moist outer body surface, and a primitive

circulatory system that maintains the tion gradients of different gases.

Example 3.06 E 9

Insects are invertebrate gniwéls With a hard exoskeleton that is unsuitable for gas exchange. Instead,

gases are exchange gh small pores called spiracles in the body of an insect, and these are

connected to in gas exchange surfaces called tracheoles (Figure 3.13).

C)O

Figure 3.13: Gas exchange in insects.

The tracheoles are thin and filled with fluid that allows gases to dissolve and diffuse into tissues
more efficiently. Furthermore, the extensive network of tracheoles greatly increases the surface area

to volume ratio for gas exchange with body tissues.
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_ Example 3.07

Fish are vertebrate animals that rely on specialised flaps of tissue called gills for gas exchange with

their surroundings (water). Oxygen dissolved in fresh and saltwater diffuses into the body of a fish
through gills where it enters the circulatory system and is transported to cells and tissues for

respiration (Figure 3.14).

&Y

Figure 3.14: Gas exchange infish.

Gills have numerous folds that create a large surface areasto vo ratio for efficient gas exchange.
e

The constant flow of blood through blood vessels H@ concentration gradients of oxygen

and carbon dioxide through the circulatory system.

Example 3.08 % N

Mammals are vertebrate animals t“; gs for the extraction of oxygen from air and the
DOd

removal of carbon dioxide fromath® ' The lungs contain specialised gas exchange surfaces called
alveoli that facilitate the e nng gases between the lungs and circulatory system (Figure 3.15).

i\

N4
O

Figure 3.15: Gas exchange in mammals.

The lungs of mammals have a very large surface area to volume ratio due to the hundreds of millions
of alveoli as well as a highly developed circulatory system that maintains the concentration gradients
of oxygen and carbon dioxide in the body. The alveoli are lined with a single thin layer of epithelial
cells that shortens the distance for the diffusion of gases between the lungs and circulatory system.

The epithelial cells are lined with fluid that enables the rapid passive diffusion of gases into blood.

191
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Ventilation

Ventilation (breathing) is the process by which air flows between the atmosphere and the lungs due
to a difference in air pressure. Ventilation consists of two stages called inspiration (inhalation) and
expiration (exhalation).

Inspiration is the process of moving air into the lungs.

1. The intercostal muscles move the ribcage upwards and outwards causing the chesjstg expand.
2. The diaphragm contracts and flattens which increases the volume of the lungs Pases

the air pressure inside the lungs.
3. Air flows from the atmosphere (higher pressure) to the lungs (lower p

Figure piration (inhalation).
Expiration is the process of mo iUt of the lungs.
1. The intercostal e the ribcage downwards and inwards causing the chest to

contract.

2. The dia relaxes and moves upwards which decreases the volume of the lungs and

incr e,air pressure inside the lungs.
3. A om the lungs (higher pressure) to the atmosphere (lower pressure).

Figure 3.19: Expiration (exhalation).



CHAPTER 3 - TOPIC 3: MULTICELLULAR ORGANISMS 195

Question 56

The diagram below illustrates the gas exchange system of an earthworm (Lumbricus terrestris).

Epidermis Caplllaries

(@) Gases are exchanged between the epidermis of an earthv\&l ts environment.

(1) State the property of the epidermis that enables effiefenf) gas exchange.

(1 mark) KA2

(2) Name the waste gas excreted into the soil thrgtigh the epidermis.

(1 mark) KA1

(b) Earthworms are behavioura ted 1o stay in moist soil during the day.

Explain how this adapta'\n es efficient gas exchange with the soil.

(2 marks) KA2

() Qtatg’why earthworms try to avoid exposure to sunlight.

(1 mark) KA2

(d) Soil contains oxygen that earthworms use for respiration.

State a reason why earthworms often crawl to the soil surface following periods of heavy rain.

(1 mark) KA2
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Question 57

The diagram below is an illustration of the respiratory system of an insect.

(@) The respiratory system contains an extensive network of t eo%.

State the feature of tracheoles that enables efficient g@an e.
(1 mark) KA2

(b) The trachea and tracheoles are always fille@ier vapour.

(1) State the function of water vapo gas exchange.

Q E (1 mark) KA1

(2) State why inse@eir spiracles when resting.

@] Laca umulates in tissues when respiration is high.
(1) € the type of respiration that produces lactic acid in animals.

(2) Describe and explain how the accumulation of lactic acid increases the rate at which

(1 mark) KA2

(1 mark) KA2

oxygen is supplied to tissues.

(2 marks) KA2
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Question 58

The diagram below is an illustration of the respiratory system of a mammal.

(a) State the source of carbon dioxide diffusing into %

(b) Describe two features of alveoli th t@ efficient gas exchange in mammals.

4 E (2 marks) KA2

(©) Describe@ences in the composition of air in the alveoli before inspiration and expiration.

(1 mark) KA2

(2 marks) KA2

(d) State one reason why blood flowing away from the alveoli still contains carbon dioxide.

(1 mark) KA2
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3.4: Gas exchange in plants

In plants, gas exchange is facilitated by the structure of the leaf.

Gases are exchanged mainly via stomata. Their movement within the plant is by diffusion and does
not involve the plant transport system.

Describe and explain how gases move into, through, and out of plants.

e Describe the loss of water through open stomates.

®
Plants exchange gases with the soil and atmosphere including oxygen, carbon dioxide n
vapour. The exchange of gases in plants is facilitated primarily by leaves and rooQ&

Leaves (L

Leaves are flattened organs that grow outwards from the stems of yasc nts. Leaves are
composed of dermal, vascular and ground tissue, and each is corfipo8ed of differentiated cells that

carry out one or more functions. Figure 3.20 shows the positio he three tissue types in a leaf.

(2
3
&

.20: Exchange of gases between the atmosphere and plant leaves.

The p@umctions of the different tissue types in a plant leaf are summarised in the table below.

Tissue Primary function(s) in leaves

Dermal Prevent water loss and invasion by insects and microorganisms.

Transports water and minerals to leaves for photosynthesis and
Vascular transpiration. Transports sugars produced in leaves to stems and

roots for aerobic respiration.

Ground Contains mesophyll cells that carry out photosynthesis.
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Gas exchange in leaves

The primary function of a leaf is to absorb light and produce glucose and other essential nutrients

through photosynthesis.

carbon
+  water —  glucose +  oxygen

dioxide

The nutrients produced by photosynthesis are transported around the body of a plant wl‘%ey

Leaves are one of the sites of gas exchange in plants. Carbon dioxide (CO2) d‘m@ leaves from

air and oxygen diffuses out as shown in Figure 3.21. The exchange of carbon didiite and oxygen
between leaves and the atmosphere occurs through small pores ‘@ ata (singular: stoma).

¥

3

h& ases between the atmosphere and plant leaves.

sustain life processes in cells including respiration, metabolism and growth.

Figure 3.21: Ex

Fach stoma is surro% o differentiated cells called guard cells. Guard cells contain protein
receptors that ar jvate@h by sunlight. The absorption of sunlight by receptor proteins causes
membrane chga Qoteins to open, and both potassium and chloride ions diffuse into guard cells.
Water then(d into guard cells by osmosis causing guard cells to swell and become turgid

vvhich@ omata and allows gases to diffuse between the atmosphere and leaf (Figure 3.22).

Figure 3.22: Positions of guard cells when stoma is closed (left) and open (right).

201
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Gas exchange surfaces in leaves

The exchange of carbon dioxide and oxygen is between mesophyll cells in ground tissue and the
surrounding air spaces. Leaves contain two types of mesophyll cells called palisade mesophyll cells

and spongy mesophyll cells, and each contains chloroplasts that absorb light and carry out the

S

Figur@ s exchange surface in a leaf.

The gas exchange surface vagal properties that increase the rate at which gases diffuse
between mesophyll celli e surrounding air spaces inside a leaf.

process of photosynthesis. Figure 3.23 shows the gas exchange surface inside a leaf.

Description

N The cell walls of mesophyll cells are thin which reduces the
alls
@ diffusion path for gases.

Q . The air spaces surrounding mesophyll cells are large which
rge air spaces _ .
increases the surface area to volume ratio for gas exchange.

. The surfaces of mesophyll cells are moist which increases the
Moisture
efficiency of gaseous diffusion.

I Mesophyll cells are in direct contact with the air spaces which
Short diffusion path o
reduces the diffusion path for gas exchange.
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Transpiration

Transpiration is the process by which water moves through the organs and is evaporated through

the aerial parts of the plant including the stem and leaves (Figure 3.24).

NS
Q\
S
A\~

Water diffuses into a plant through the roots and i% ted to the stem and leaves inside
vascular tissue. A small quantity of the Water&%) difffises into plant cells and is used in
gro

metabolism, respiration, photosynthesis a h, and the remainder diffuses into the atmosphere

through stomata in leaves (Figure 3.2

O
&

N4
O

Figure 3.25: Diffusion of water into the atmosphere through stomata.

203
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Question 63

The diagram below is a light micrograph of the leaf of a tea plant (Camellia sinensis).

©
q/Q'\
X

(@) Photosynthesis occurs in palisade and spongy mesop@&

State why palisade mesophyll cells contain more %

& (1 mark) KA2
(b) State the advantage of dermal %he tea plant having a thickness of one cell.
S (1 mark) KA2

(c) Gasesare ex%ﬂ tween mesophyll cells and the surrounding air spaces.
(1) Nam@gases that are exchanged between mesophyll cells and the air spaces.

sts than spongy mesophyll cells.

(2 marks) KA1

(2) Dgscribe three features of the leaf that improve the efficiency of gas exchange between

esophyll cells and the surrounding air spaces.

(3 marks) KA1
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3.5: Nutrient exchange in animals

In animals, the digestive system is responsible for the breakdown of food and absorption of

nutrients required for survival.

o Relate the structure of organs of the digestive system to their function.
e Describe the structure and function of villi in the human digestive system.

Multicellular organisms require a source of nutrients for metabolism, respiration and gro%ams
als

are autotrophs that synthesise many important nutrients through photosynthesis, whegeas
are heterotrophs that obtain nutrients from materials derived from other living t@

Digestion (L

Food is a complex mixture of proteins, carbohydrates and lipids thagan sorb and break down

to obtain nutrients for metabolism, respiration and growth. The firocess by which animals extract

nutrients from food occurs in four stages that are summariseg i ure 3.26.

(2
3
&

Q gure 3.26: Stages of food processing in animals.

Description

gestion | Food is taken into the mouth.

Digestion | Food is broken down into smaller particles including nutrients.

Absorption | Nutrients are absorbed into the blood.

Elimination | Undigested material is eliminated from the body.

The digestive system

The digestive system is an organ system in animals that functions to break down food to release
nutrients that are absorbed into the body. The digestive systems of animals vary widely in structure

and composition.
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_ Example 3.09

Cnidaria is a phylum of invertebrate animals found exclusively in aquatic environments and includes

corals, jellyfish and hydrazoa. Figure 3.27 shows the digestive system of a jellyfish.

Figure 3.27: Digestive system (jell& E

Food enters the mouth and is stored in the gastrovascul a@gesﬁve enzymes are then
secreted by cells lining the gastrovascular cavity whigh breaks down the food into smaller nutrients
that are absorbed into the body. Waste products p ed by the digestion and metabolism of food
are excreted through the mouth which is eq&lt to the anus in more complex animals.

Example 3.10

Arthropods are a phylum of in\x“a nimals which includes insects, arachnids, and crustaceans.
sySgem of

an insect.

Figure 3.28 shows the di@~

N4
O

Figure 3.28: Digestive system (insect).

Food enters through the mouth and is temporarily stored in the crop where salivary enzymes begin
the process of digestion. The partially digested food enters the stomach where digestive glands
secrete enzymes that break down larger food particles into smaller nutrients that are absorbed into

the circulatory system through the walls of the stomach and intestines.

21
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u Example 3.11

Vertebrate animals have a more complex digestive system consisting of many well-defined organs

that carry out the process of digestion. Figure 3.29 shows the digestive system of a turtle.

Figure 3.29: Digestive system (tu&

Food enters the mouth and moves down the oesophagus to t ach where it is broken down by
digestive enzymes and stomach acid. The pancreas and | e chemical compounds including
bile and digestive enzymes that break down macro% into smaller nutrients for absorption

into the blood through the small intestine.

Example 3.12

Ruminants are mammals that extrgct ihts from plants by fermenting the ingested material in a
four-chambered stomach beforx ion. Figure 3.30 shows the digestive system of a cow.

Q.

C)O

Figure 3.30: Digestive system (cow).

Food is moved into the rumen where it is exposed to bacteria that break down cellulose in the plant
material. Food can be regurgitated from the reticulum to the mouth where it is chewed further to
increase its surface area for digestion. Food passes into omasum where it is broken down
mechanically before being moved to the abomasum, where the digestive enzyme lysozyme breaks

down the bacteria and releases nutrients that are absorbed into the blood from the small intestine.
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Human digestive system

The human digestive system consists of a series of organs that carry out the process of digestion and

absorption of nutrients. Figure 3.31 shows the organs of the human digestive system.

®
Q/Q\
v~
S

X

Figure @stive system (human).
Mouth \0

The process of digestionbegins in the mouth where food is broken down by the physical actions of
the teeth and tongue a e chemical action of saliva. The teeth and tongue break down food into

smaller particle are broken down further by digestive enzymes in saliva. Saliva is secreted by

salivary gls ioned around the mouth (Figure 3.32).

Figure 3.32: Location of the human salivary glands.
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Each villus is lined with a thin layer of epithelial cells called enterocytes (Figure 3.38) that absorb
nutrients from food passing through the small intestine. Enterocytes have a specialised cell
membrane called a brush border containing as many as a thousand tiny projections called microvilli

that increase the surface area to volume ratio for the absorption of nutrients into the blood.

Figure 3.38: Enterocyte ‘s@r.

Digestive enzymes %
& down macromolecules including proteins,

ients that are absorbed into the blood through the

Digestive enzymes are protein molecules ¢

polysaccharides and lipids into smaller
enterocyte brush border. Many of{the stive enzymes are produced and secreted by the pancreas

and enter the small intestine yiathepaficreatic duct. The main pancreatic enzymes secreted into the

small intestine are identifi table below.
S nzyme Substrate Product(s)
eptidase Proteins Amino acids
Lipase Lipids Fatty acids, glycerol
Q Amylase Starch Glucose
In addi pancreatic enzymes, the enterocyte brush border contains many digestive enzymes

that break down proteins and carbohydrates into amino acids and simple sugars that are absorbed

into the blood. The most common digestive enzymes are identified in the table below.

Digestive enzyme Substrate Product(s)
Peptidase Proteins Amino acids
Lactase Lactose Glucose and galactose
Maltase Maltose Glucose
Sucrase Sucrose Glucose and fructose
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Nutrient absorption

The brush border of villi in the small intestine acts as a nutrient exchange surface in humans and
other animals. Nutrients are absorbed into enterocytes by simple diffusion, facilitated diffusion and

active transport where they diffuse into blood capillaries as shown in Figure 3.39.

S

@}9; Nutrient exchange surface in animals.

The nutrient exch sutfgce has several properties that increase the rate at which nutrients are
transported into lood.
rty Description
g _ k _ The brush border increases the surface area to volume ratio
illi brush border

for the absorption of nutrients into enterocytes.

The diffusion path between the lumen of the intestines and
Short diffusion path T
blood capillaries is very short.

The constant flow of blood maintains the concentration
Constant blood flow _ _ o o
gradients of nutrients diffusing into the capillaries.

The lumen of the intestines is filled with water which enables
Presence of water
the rapid diffusion of hydrophilic substances into enterocytes.
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Question 66

The diagram below shows the digestive system of a small bird (avian).

(@) Identify two components of the avian digestive system @oi present in humans.

(2 marks) KA1

(b) Birds do not have teeth, but they do secrete %Qto food.

State two functions of saliva in digesti&
(2 marks) KA2

(c) The function of the cro e food temporarily before it is moved into the stomach.
State one advant @s of having a crop.

(1 mark) KA2

(d)szard contains muscles that mix and grind food into smaller particles.

(1) Name the organ that performs the same function in humans.

(1 mark) KA2

(2) Birds may ingest small stones that are stored in the gizzard.

Suggest a function of these stones.

(1 mark) KA2
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Question 67

The diagram below shows the digestive systems of two mammals.

®
q/Q'\
v~
S

(a) State the function of the oesophagus in the @Rsystem of mammals.
% ' (1 mark) KA1
(b) Ruminant herbivores have@ mbered stomach consisting of the rumen, reticulum,

omasum, and abomasu

(1) State the prij@@n of bacteria in the rumen.

(2) Sta Qfood is regularly regurgitated back into the mouth from the reticulum of the

1 ¢h of a ruminant herbivore.

O

(c) Explain why herbivores have longer intestines than carnivores.

(1 mark) KA1

(1 mark) KA1

(2 marks) KA1
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Nephrons

The cortex and medulla of the kidneys contain many tiny excretory tubules called nephrons that
produce urine in the process of removing waste materials and excess substances from the blood. The

human kidneys each contain approximately one million nephrons. Figure 3.45 shows the structure

®
q/Q'\
v~
S

Figu!e ¥5: Structure and features of a mammalian nephron.

FEach nephron i tubule measuring between 3 and 5 cm in length. At one end of the tubule is

cup-like stryeftire called Bowman’s capsule that encloses a cluster of blood capillaries called the
glomer @ e 3.46).

and features of a mammalian nephron.

Figure 3.46: Glomerulus and Bowman’s capsule
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Selective reabsorption

Selective reabsorption is the process by which certain materials in the filtrate are reabsorbed into the
blood from the proximal tubule. The process is called selective reabsorption as only selected

materials are reabsorbed into the body where they are used to perform important functions.

Material reabsorbed Function
Amino acids Protein synthesis %
Glucose Respiration \
Sodium ions Metabolism Q
Water Metabolism
The epithelial tissue lining the proximal tubule is an exchange s forSthe selective reabsorption

of materials into the blood. The epithelial tissue has a thickn%ne ell, and each epithelial cell
es

contains microvilli, forming a brush-border that increas

selective reabsorption of materials (Figure 3.49). %

e area to volume ratio for the

C)O

Materials that are not selectively reabsorbed from the filtrate form urine which moves out of the

Figure 3.49: Selective reabsorption of materials.

nephron via the collecting duct. The collecting ducts drain into the ureters which transport urine to
the bladder where it is stored before being excreted. Urine is primarily composed of nitrogenous
wastes including urea and creatinine (in humans), water, and small amounts sodium, chloride, and
potassium. The yellow colour of urine is due to the presence of urobilin which is a waste material

derived from the decomposition of haemoglobin from red blood cells.
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Single and double circulatory systems

There are two types of closed circulatory systems in vertebrate animals. Fish have a single
circulation system, and amphibians, reptiles, birds and mammals have a double circulation system.
In a single circulatory system, blood passes through the heart only once as it is pumped through gill

capillaries and systemic capillaries in organs and tissues (Figure 3.60).

Gill capillaries

Artery circulation

Ventricle (V)
Atrium (A)

Vein  Systemic
circulation

Figure 3.60: Si circulation system in fish.

In a double circulatory system, bloodgpasges thtough the heart twice as it is pumped through two

separate circuits called the pulmofiary’ahd systemic circuits. Deoxygenated blood is pumped into
the pulmonary capillaries tg ted in the pulmonary circuit, and oxygenated blood is
pumped to the systemic in organs and tissues in the systemic circuit (Figure 3.61).

s

PHI
g and skin
capillaries

REPTILES MAMMALS AND BIRDS
Lung capillaries Lung capillaries

Pulmocutaneous
~ circuit

Systemic capillaries Systemic capillaries Systemic capillaries

Figure 3.61: Double circulation systems in amphibians, reptiles, mammals and birds.
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Blood

Blood is a component of connective tissue in animals that transports nutrients and oxygen to tissue
cells for respiration, metabolism and growth as well as transporting waste products to the excretory
organs. The composition of blood varies between invertebrates and vertebrates, but most blood types
contain plasma which is a mixture of water, proteins, salts, sugars and waste materials, as well as

different cell types including red and white blood cells. The composition of human blood is

illustrated in Figure 3.62. %

v
&%

Figure 3.62: osition of human blood.

The red blood cells of vertebrax@ a protein called haemoglobin (Figure 3.63). The primary

function of haemoglobin i ansport oxygen to body cells for aerobic respiration. A single red
blood cell contains over 506nillion molecules of haemoglobin and each molecule stores four oxygen
molecules allowingger tes to transport a large amount of oxygen to body cells.

C)O

Figure 3.63: Haemoglobin molecule.
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Blood Vessels

Blood vessels are organs that transport blood around the circulatory system. There are three types of
blood vessels in vertebrates called arteries, veins, and capillaries and each has a unique structure

and function in the circulatory system (Figure 3.64).

D

Figure 3.64: Three types of bloo S%ertebrate animals.

The primary function of the three types of blg@d vess&18in vertebrates is identified below.

Blood vessel Primary function
Artery @ s blood from the heart to the organs.
Vein ports blood from the organs to the heart.
Canill xchanges nutrients, respiratory gases and waste
api
q materials with body cells and extracellular fluids.
The tissue (gg'on varies between the three blood vessels as shown in the table below.
Tissue Artery Vein Capillary
Muscle Thick Thin None
Connective (elastic) Thick Thin None
Epithelial Thin Thin Thin

The table shows that all blood vessels have a thin layer of epithelial tissue called endothelium.
Endothelial cells produce substances that promote smooth blood flow through a vessel. The muscle
and connective tissues are thicker in arteries as these vessels transport blood under higher pressure
from the heart to the organs and tissues. Muscle and connective tissues are absent in capillaries as

these vessels must be thin to reduce the diffusion path for the exchange of materials with body cells.
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The Heart

The heart is an organ in some invertebrates and all vertebrate animals that pumps blood through the
blood vessels of the circulatory system. The structure of the heart varies in animals, but each
contains chambers, valves and blood vessels that work together to pump blood through the
circulatory system. In birds and mammals, the heart is a four-chambered pump situated between the

lungs and slightly to the left of centre (Figure 3.65).

The heart cavity in birds and mam ivided into the right and a left heart, which is subdivided

into two chambers as shown in Figure®3.86. The upper chamber is called an atrium, and the lower

chamber is called a ventriclemfheatria act as receiving chambers for blood entering the heart from
and ventricles are s

N4
O

the lungs and other org ventricles pump blood out of the heart to the organs. The atria
41 by valves that allow blood to flow in one direction only.

Figure 3.66: Atria and ventricles in the human heart.
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The cardiac cycle

A single heartbeat involves the movement of blood between the different chambers of the heart. The
pumping action of the heart is caused by alternating contractions and relaxations of the muscle
tissue that are stimulated by electrical impulses from the sinoatrial node in the muscle of the right

atrium, and the atrioventricular node located at the junction of the two atria (Figure 3.67).

Figure 3.67: Conducting system of the heart. % Figure 3.68: The cardiac cycle.

The sequence of events occurring in one @ is called the cardiac cycle. The cardiac cycle

consists of three stages that are descri table below. Each of the three stages has been
labelled in Figure 3.68. @
Stage Description

The atria start to fill with blood. The right atrium receives
L. DiastQ deoxygenated blood from the body, and the left atrium

receives oxygenated blood from the lungs.

contract, forcing blood into the ventricles through the open

£)Q An impulse from the sinoatrial node causes the two atria to

rial systole _ _ ‘ _ _ _
mitral and tricuspid valves. The mitral and tricuspid valves

then close to prevent blood from flowing back into the atria.

An impulse from the atrioventricular node causes the two
ventricles to contract, forcing blood into the pulmonary artery
3. Ventricular systole and aorta through the open pulmonary and aortic valves. The

pulmonary and aortic valves then close to prevent blood from

flowing back into the ventricles.
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Question 82

The diagram below is a coloured transmission electron micrograph (TEM) showing red blood cells

flowing through a blood capillary.

(@) Materials are exchanged between blood and tissu%E
(1) State the primary function of tissue ﬂui%

(2) Identify and state the f@o one material transported in blood that diffuses into

tissue fluid. \

(1 mark) KA1

(2 marks) KA1

(2 marks) KA1

(c) State two differences in blood composition at the arterial and venous ends of a capillary.

(2 marks) KA1
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3.10: Transport in plants

In plants, transport of water and mineral nutrients from the roots occurs via xylem involving

root pressure, transpiration, cohesion of water molecules, and osmosis.

e Explain how water moves in, through, and out of a plant.

Vascular tissue facilitates the transport of water, nutrients and organic compounds in plants. There

are two types of vascular tissues in plant organs called xylem and phloem.
Xylem \%

Xylem is a type of vascular tissue that transports water and dissolved miner Q roots to
tissue cells in the body of a plant. Xylem is composed of specialised, water-cond g cells known as
tracheids and vessel elements, both of which are hollow, narrow, elon nd are covered in pits

that allow water and minerals to flow between adjacent cells (Fi 3.7

Fi .M. Tracheids and vessel elements of xylem.

Tracheids have a thi ifie® cell wall known as the pit membrane which permits the flow of water
between cells whi evertting the passage of damaging air bubbles. Vessel elements have pores

that allow thessii

@

eded flow of water between cells. Xylem vessels are composed of vertical

ds and vessel elements that conduct water from roots to leaves (Figure 3.74).

Figure 3.74: Xylem vessel.
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Transport of water in plants

The transportation of water and dissolved nutrients in plants occurs in several stages and involves
the absorption of water from soil, the diffusion of water into xylem vessels, the conduction of water

through xylem, and the evaporation of water from the aerial parts of the plant (Figure 3.75).

RS
Q’\

Figure 3.75. Jrarsport of water in plants.

Water and dissolved nutrients are rbed from the soil through root epidermal cells. The diffusion
of water occurs by osmosis, and the diffusion of nutrients occurs by facilitated diffusion and active
transport. Water and disso ients then diffuse from root epidermal cells to xylem vessels via
intracellular or extracellula#patffivays. The intracellular pathways involve the movement of water

through the cytopla: oot cells whereas the extracellular pathway involves the movement of

water through le as shown in Figure 3.76.

Figure 3.76: Transport of water in plants.
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Xylem vessels typically contain a continuous column of water and dissolved nutrients called xylem

sap that flows from roots to leaves. The upward movement of xylem sap is driven by forces including

root pressure, capillary action, and transpirational pull.

Force Description

The diffusion of water into root xylem vessels from soil

Root pressure creates pressure that forces xylem sap upwards from roots

to leaves.

Xylem sap is forced upwards by a combination of c iv
Capillary action forces between water molecules and adhesive f@
ells.

between water molecules and the cell wallsfof

The evaporation of water into the at here

Transpirational pull | transpiration creates a negative pfessuté at the top of a
plant that pulls xylem sap upwards¥gom roots to leaves.

The upward movement of xylem sap is dependent on the of transpiration, and the resulting

flow of water through the plant is called the trans[% ream. The transpiration stream has
several functions in plants including the transpertati water to leaf cells for photosynthesis and
the maintenance of turgor pressure, as well‘as the transportation of minerals to leaf cells for

metabolism. The upward movement ofghe spiration stream is summarised in Figure 3.77.

Q}CO

C)O

Figure 3.77: Transport of water in plants.
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Transport of the products of photosynthesis and some mineral nutrients occurs by translocation in
the phloem. They may be stored for later use.

e Describe the transport and storage of materials in plants.

The transport of sugars and other soluble organic compounds produced in photosynthesis is

facilitated by a type of vascular tissue called phloem.

Phloem %
The leaves of plants produce sugars and other soluble organic compounds in phot Ns. he

resulting material, called phloem sap, is transported from leaves to tissue cells m. Phloem is
composed of specialised conducting cells known as sieve tube elements thattransport phloem sap

and companion cells that carry out life processes that support sieve tulg elemefits (Figure 3.78).

S

s

Figure 3.78: elements and companion cells in phloem.

Sieve tube elements hav @mcell walls known as sieve plates which permit the unimpeded
flow of phloem sap &1 adjacent cells. Mature sieve tube elements lack a nucleus and most
organelles and ant on companion cells for metabolism. Phloem vessels are composed of
vertical COI@ ieve tube elements surrounded by various support cells (Figure 3.79).

O

Q
NG
e

Figure 3.79: Xylem vessel.
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Translocation

Photosynthesis occurs primarily in palisade and spongy mesophyll cells in plant leaves. The products
of photosynthesis include glucose as well as other water-soluble organic compounds including
glycerol and amino acids. These materials are transported in phloem sap from nutrient-rich cells
called source cells to nutrient-deficient cells, called sink cells, in other tissues. Source cells are
typically located in leaves, but tissue cells in stems and roots also function as source cells when
leaves become nutrient-deficient. The materials present in phloem sap may be used by si%s as
raw materials for respiration, metabolism and growth, or they may be stored for latelr&E

transport of phloem sap between a source cell and a sink cell is called translocar@igu 3.80).

Xylem vessel Phloem vessel Source cell
— 'l‘ o v v w

Figure 3.80: Translocation in plants.

The movement o oem sap from source to sink cells in translocation is explained using the

pressure- othesis.

1. YSugags and other materials produced by a source cell are actively transported into phloem
vessels.

2. Water flows into phloem vessels by osmosis due to the increase in solute concentration
caused by the diffusion of sugar.

3. The increased water pressure forces phloem sap through the phloem vessels towards sink
cells.

4. Sugar and other materials are transported into sink cells from phloem vessels. Water diffuses

back into xylem vessels and is transported back to source cells.
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4.1: Biodiversity

Biodiversity is the variety of all living things and includes diversity in genetics, species, and
ecosystems.

In general, the higher the biodiversity of an ecosystem, the more stable it is.

e Distinguish between a species, population, community, and an ecosystem.

e Describe diversity in examples of species and ecosystems.

Ecology is the study of the relationships between living things and the environment ingludi e
interactions of living things with each other and with the nonliving components z%e: onment.

Ecologists study the interactions between living things and the non-living enyj t the level of

species, populations, communities and ecosystems.

Species &Q

The term species is used to define a group of related organi t share common characteristics.
In the context of plants and animals, the term species re oup of organisms that can
produce fertile offspring through sexual reproducti%

Example 4.01

The emperor penguin (Aptenodytes fo penguin species native to Antarctica (Figure 4.01).

The emperor penguin is classified @s agpeties as a sexually-mature male and female penguin can

produce fertile offspring through,s eproduction.
The king penguin (Apte s pdtagonicus) is a penguin species native to the subantarctic and
temperate islands n arctica (Figure 4.02). King penguins are classified as a separate species to

emperor penguembers of the different species are incapable of producing fertile offspring
(]

through se>®

uction. This concept will be explored further in Topic 4.2.

Figure 4.01: Emperor penguins Figure 4.02: King penguins
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Population

The term population refers to a group of living things of the same species inhabiting a common

location at the same time.

u Example 4.02

The brown fur seal (Arctocephalus pusillus) is a species of seal native to Southern Africa and

Southern Australia. Figure 4.03 shows a population of brown fur seal in the Cape Cross erve
in western Namibia, Africa. The group is defined as a population as there are many memiers®f the

same species (Arctocephalus pusillus) living together in the same location at the ime.

in western Namibia, Africa.

Community

Figure 4.03: Population of IKJI’["UI‘

The term community refers to n@ly of interacting populations of various species inhabiting a

common location at the sa igure 4.04 shows a community of insects, birds, and small

mammals living in a trej

N4
O

Figure 4.04: Biological community living in a tree.
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Importance of biodiversity

Biodiversity is important to humans for numerous reasons that are outlined in the table below.

Reason Description

Many cultures have a close association with biodiversity.
Cultural Indigenous Australians have strong connections to
biodiversity arising from spiritual beliefs about living thi
Biodiversity provides humans with raw materials to pr@
Economic consumer products including clothing, cosmetics,@fu

medicines, timber and paper.

’

Biodiversity provides stable and functioning eco ms that
Environmental produce oxygen and clean water, as we oving carbon
dioxide and other pollutants fro atm@sphere.

Many recreational pursuits i ing camping, fishing, and
Recreational hiking rely on the uniquediodiversity of an ecosystem.

Biodiversity is also a factofgatinfluences tourism.

Biodiversity provid body of data for scientists to
Scientific study the natufal world and provide supportive strategies for
the conserfiation'ef ecosystems.

Global biodiversity is under const@a rom human activity including air and water pollution,
warfare, urban expansion, farnf riculture, logging, mining, and drilling. These factors all
contribute to a loss of spe, iverSity which in turn, causes corresponding losses in both genetic
and ecosystem diversity \Figlge 4.14 shows several regions with high biodiversity that are under

increasing threat n activity.

C)O

Figure 4.14: Biodiversity hot-spots that are under threat of human activity.

The human impacts on ecosystems will be explored further in Topic 4.8.
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4 2: Classification

Biological classification is hierarchical and indicates the relationship between organisms based on

their physical structures and the similarities in shared molecular sequences.
There is an internationally agreed system of nomenclature of species which undergoes revision.

e Distinguish between scientific names and common names for species.
e Recognise that very closely related species have similar scientific names.
e Discuss the advantages of an internationally agreed system of nomenclature. %

Classification is a hierarchical system of categories based on the natural relatio %een
living things including similarities in genes and physical features. One of the % ethods of

classifying living things is called artificial classification.

Artificial classification &Q

Artificial classification is a method of classifying living thing@ing to easily observable and
describable characteristics. v

g Example 4.10 @

Figure 4.15 shows nine animal Species&

N4
O

Figure 4.15: Animal species.

Artificial classification is used to group the animals based on similar observable characteristics.

e The dolphin, turtle, fish, crocodile, crab, and duck are aquatic organisms.
e The ladybug, hawk, and duck are capable of winged flight.
e The ladybug and crab have an exoskeleton.

e The hawk, ladybug, crab, turtle, crocodile, and duck lay fertilised eggs.
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Dichotomous key

Artificial classification is the basis for the creation of a classification key. A classification key is a
series of questions about the physical characteristics of a living thing. The answers to the questions
are used to identify an organism or place that organism into a group. A dichotomous key is a

method of identifying living things based on a series of contrasting statements about the physical or
biological characteristics of the organisms.

u Example 4.11 %
&

Figure 4.16 shows six invertebrate animals that have similar physical characteris@c uding an

exoskeleton (external skeleton), a segmented body, and pairs of jointed appe

v
2
s
<
3
&

Figure 4.16: Invertebrate animal species.

ages.

The fir ereloping a dichotomous key is to list the physical characteristics of each living
thing. $his ig/done through physical examination of each organism as well as conducting research

using credible sources including books and encyclopedias.

The second step is to identify characteristics that may be used to differentiate between the living
things such as the number of pairs of legs, the presence or absence of wings, the number of pairs of

wings, and the length of the antennae relative to the body length of the organism.

Millipede Head louse Wolf spider Crane fly Moth Honey bee

Many legs 3 pairs of legs | 4 pairsof legs | 3 pairsoflegs | 3 pairsoflegs | 3 pairs of legs

No wings No wings No wings Wings Wings Wings
Short antennae | Short antennae No antennae Short antennae | Longantennae | Short antennae
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The diagram below shows six animals.

©
q/Q'\
X

(@) Artificial classification is used to classi livin%gs.
State the method by which organisfgs aréégrouped using artificial classification.

(1 mark) KA1
(b) Construct a simp %OUS key to identify the six animals.

N4
O

(6 marks) KA1
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Taxon

A taxon (plural taxa) is a unit of biological classification. Living things are grouped into taxa based
on shared characteristics. All species grouped into a taxon have evolved from a common ancestor.
The eight recognised taxa are arranged in a hierarchal order from most inclusive to least inclusive:

Domain, Kingdom, Phylum, Class, Order, Family, Genus, and Species (Figure 4.20).

Living things belong to one of threg€ d : Archaea, Bacteria and Eukaryota. The domain is the
least specific of the taxa and cl anisms as prokaryotes (Archaea and bacteria) or

eukaryotes (Eukaryota). @ hows several living things that belong to each domain.

X\

N4
O

Figure 4.21: The three domains of life: Archaea, Bacteria, and Eukaryota.
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A kingdom is the second highest taxonomic rank. There are five kingdoms of living things including

Monera (bacteria and archaea), Animalia (animals), Plantae (plants), Fungi, and Protista (protists).

Figure 4.22 shows the relative number of species in each kingdom of living things.

Members of a kingdom are classified by a fgore

®
q/Q'\
v~
S

Figure 4.22: Relative number of ec@

ach kingdom of living things.

ensive list of features including cell structure, cell

organisation, body structure, nutrition , alid method of reproduction. Some features common to
each kingdom of living things are fide elow.
Kingdom
Feature Madner Animals Plants Fungi Protist
Cell nucleus No Yes Yes Yes Yes
Yes N Yes Yes Yes
0
peptidoglycan) (cellulose) (chitin) (cellulose)
ell Unicellular and | Unicellular and
Unicellular Multicellular Multicellular
organisation multicellular multicellular
Body structure Simple Complex Complex Simple Simple
Autotrophs and Autotrophs and
Nutrition class Heterotrophs Autotrophs Heterotrophs
heterotrophs heterotrophs
Method of Sexual and Sexual and
Asexual Mostly sexual Asexual
reproduction asexual asexual
Archaea and Insects, birds, Mosses, ferns, | Yeasts, moulds, Protozoa,
Examples

bacteria

mammals

conifers

mushrooms.

oomycetes.
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A phylum is the third highest taxonomic rank below domain and kingdom. Members of a phylum

share features that differentiate them from members of other phyla.

E Example 4.14

The kingdom of plants contains 12 phyla including bryophytes, filicinophytes, coniferophytes and

angiospermophytes (Figure 4.23).

Qll
Some features Comn%

Ry

QW
3

e 4.23: Examples of plant phyla.

achi phylum are identified in the table below.

Phylum
Bryophytes Filicinophytes Coniferophytes Angiospermophytes
No leaves, stem | Have leaves, stem | Have leaves, stem | Have leaves, stem and
Or To0ts and roots. and roots. roots.
Vascular tissue None Yes Yes Yes
Reproduction Spores Spores Seeds (in cones) Seeds (in fruit)
oth Anchored by Have pinnate Have stems made Produce fruit and
er
rhizoids leaves from wood flowers
Examples Mosses Ferns Conifers Flowering plants
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_ Example 4.15

The kingdom of animals is subdivided into those with a backbone, called vertebrates, and those

without a backbone called invertebrates. All vertebrates belong to a single phylum called Chordata,

whereas invertebrates are grouped into many different phyla including Cnidaria, Annelida, Mollusca

and Arthropoda (Figure 4.24).

Figure

S

X

3

mples of invertebrate animal phyla.

O

QO
Q.

Some features common x h invertebrate phylum are identified in the table below.

Hydra.

Leech.

Squid.

Phylum
Feat Cnidaria Annelida Mollusca Arthropoda
Bo@ _ Radial Bilateral Bilateral Bilateral
Mouth only
Body cavity Mouth and anus Mouth and anus Mouth and anus
(no anus)
Body segments None Segmented None Segmented
Has stinging cells | Use peristalsis for Has an exoskeleton
Other Many have a shell
(cnidocytes) locomotion made of chitin
Coral, Jellyfish, Nereis, Earthworm, |  Octopus, Snails, Insects, Spiders,
Examples

Crustaceans.
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Class

A class is the fourth highest taxonomic rank below domain, kingdom and phylum. All members of a

class share features that differentiate them from members of other classes of living things.

_ Example 4.16

The phylum Chordata, which includes all vertebrate animals, is subdivided into classes including fish,

RS
N
q/Q

amphibians, reptiles, birds, and mammals (Figure 4.25).

S

X

ive classes of vertebrate animals.

A
QO

Some features common fo each Cass of Chordata are identified in the table below.

Class
Feature Fish Amphibian Reptile Bird Mammal
Body ri Scales Moist skin Scales Feathers Hair
Respirdtory
Gills Skin and lungs Lungs Lungs Lungs
organ(s)
Temperature
Ectotherm Ectotherm Ectotherm Endotherm Endotherm
regulation
Internal Internal Internal
Reproduction External External
(lays soft eggs*) | (lays hard eggs) (live births*)
oth Live exclusively | Larvae develop Three heart Have wings, Nurse young
er
in water in water chambers and beaks with milk

*Some snakes produce live offspring. The echidna and the duck-billed platypus (monotremes) are mammals that lay eggs.
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The diagram below shows the common names and scientific names for several lizards.

®
q/Q'\
v~
S

s

(a) State the number of different G@) in the diagram.
Q (1 mark) KA2
\ e

(b) Lizards have similar, S atures.
1) State two obirv e features common to all lizards in the diagram.

(
(

(2 marks) KA1

)
2) ason why lizards share similar features.
Q (1 mark) KA1

(c) Lizards are members of the reptilian Order of Squamata.

(1) Name the rank above Order in the taxonomic hierarchy.

(I mark) KA1

(2) Lizards all belong to the Phylum Chordata.
Identify the feature common to all members of the phylum Chordata.

(1 mark) KA1
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Coleoptera is an Order of insects which includes beetles, weevils and ladybugs.

®
q/Q'\
v~
S

s

(@) Name the Genus of the seven—spotte@ug.
(1 mark) KA2
(b) Write the common name o@ violaceus.
(1 mark) KA2
(c) There are sin%a nd differences between the species in the diagram.
(1) State bseable features common to all species in the diagram.

g) (2 marks) KA2
tate two differences between members of the genera Rosalia and Hydrophilus.

(2 marks) KA2

(d) Binomial nomenclature is an internationally agreed system of nomenclature.

State two advantages of an internationally agreed system of nomenclature for living things.

(2 marks) KA1
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The diagram below shows several species of conifers.

®
q/Q'\
v~
S

(@) Write the common name of the second tall@z in the diagram.

(1 mark) KA2

(b) State one limitation of using commogmgames to identify living things.

(c) Conifers are meie f the phylum Coniferophytes.
(1) State Qeatu s common to members of the phylum Coniferophytes.

< OI (2 marks) KA2
oniferophytes are part of the kingdom of plants.

State two features common to members of the plant kingdom.

(1 mark) KA2

(2 marks) KA2

(d) Conifers are all members of the Domain Eukaryota.
State the feature of all members of the Domain Eukaryota.

(1 mark) KA1
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Solutions: Chapter One

Question

Author’s response

Movement

Excretion

Reproduction

Respiration

Metabolism

Excretion

Responding to stimuli

Movement

Respiration

Growth

A living thing is an organism that carries out life processes including ment,

metabolism, respiration, growth, reproduction, responding
A non-living thing such as a material object or a deceaéed orgdnhism is incapable of

carrying out one or more life processes.

li, and excretion.

Approximately 4 pm

Any one:

Presence of a nucleoid;

No nucleus;

No membrane-bound organe

—_
O
~

Provides rigidity and stru upport to the cell.

s

Nucleoid contains a singlefgircular’ chromosome/loop of DNA.

To release ener r life processes including growth, metabolism, movement and

excretion.

Structure c e surface area of the cell membrane which increases the

rate offaef®bicgspiration in the cell.

Cell membrane

1+1

Any two:
Nucleus;
Mitochondrion;
Chloroplast

1+1

Either:
Chloroplast
Cell wall

Increase in the size or number of cells in the body of Chenopodium album.

Chloroplast

Mitochondrion
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17

Photosynthesis

Simple diffusion

By converting carbon dioxide to hydrogencarbonate ions inside the cell, the
concentration of carbon dioxide remains higher in the extracellular space and lower
inside the cell.

This action preserves the concentration gradient and allows carbon dioxide to
continue to diffuse passively into the cell for photosynthesis.

Either:

Thin cell wall;

Large air spaces surround each cell which allows a high concentration of carbon
dioxide to accumulate in the extracellular space.

18

Water diffuses passively across the membrane by osmosis from a regio er
to lower concentration.

The diffusion of water occurs through membrane channel proteins cal

aquaporins as water is a hydrophilic solute that diffuses to across the lipid
bilayer.

The concentrated sodium chloride solution is a hyp&€rtofig envitonment that

increases the solute concentration in the extra

19

dient from a region of higher concentration in

ion of lower concentration inside the cell.

Both H* and CI~ are transported against their respective concentration gradients
from a region of lower concentration inside a parietal cell to a region of higher

concentration in the canaliculus.

Mitochondria are the site of aerobic respiration in eukaryotic cells such as gastric
parietal cells.
Large numbers of mitochondria are required to release sufficient energy for the

active transport of materials between the cell and the extracellular space.

Microvilli increase the surface area to volume ratio of the cell membrane which
increases the rate of diffusion of hydrochloric acid into the stomach.
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Bacteria have consumed the available nutrients which prevents growth and
metabolism;

Bacteria have secreted a high concentration of waste materials which have inhibited
growth and metabolism.

25

Chloroplast

Any one:

Phytoplankton synthesise oxygen in photosynthesis which supplies 50 to 85% of
living things on Earth with oxygen for aerobic respiration;

Phytoplankton are the primary food source, directly or indirectly, of most marin
animals.

As phytoplankton require sunlight for photosynthesis;

The intensity of sunlight is greater near the surface of a body of water

The ocean temperature increases between September 215t and Defe
southern hemisphere as the seasons change from winter to summer.
The concentration of chlorophyll increases in the souther isphere and

decreases in the northern hemisphere with the changigtg se S.

26

Hyphae are composed of many fungal cells conpgcted byagheir cell walls.

To break down dead and decaying material a soluble nutrients for plants

and other microbes.

Large molecules such as cellulase argsexc exocytosis;

Cellulase is packaged into vesicle i apparatus in fungal cells before

being transported and excreged acro cell membrane.

27

Streptococcus thermophilus Lactobacillus bulgaris respire anaerobically, and

oxygen will inhibit growtihand nietabolism.

As the optimu ature'for growth of Streptococcus thermophilus and

is Between 37 and 44°C.

Lactobacillusfbul

Lactate fe anaerobic respiration

Lo

peratte environment reduces the growth rate of bacteria;

efMBacterial cells are present to secrete enzymes and waste materials that cause

spotlage in yoghurt.

28

Bacteria and fungi

Microorganisms secrete enzymes that break down compounds in yoghurt into

smaller nutrients that are absorbed into cells for metabolism and growth;

Microorganisms then secrete waste materials that cause food spoilage.

Vinegar is an acidic material that reduces the pH of the solution surrounding the
food product.
The low pH environment degrades the cell membranes and proteins of

microorganisms which inhibits their growth.

Saltwater provides a hypertonic environment;

Water diffuses out of bacterial and fungal cells by osmosis when placed in a
hypertonic solution which inhibits metabolism and growth.
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Solutions: Review Test 3

Question Part Author’s response
(@ M 1
(b) K 1
(0 L 1
(d) M 1
X (e K 1
® J 1
8 L 1
(h) M 1
(0 J 1
K I
Deoxygenated blood is pumped from the right ventricle to the pulmonad#¥y capillaries 1
(a) gas exchange occurs;
Oxygenated blood flows back to the heart via the le jum. 1
Any two:
Epithelium in alveoli and endothelium in pulm cdpillaries has a thickness of
one cell which reduces the diffusion path;
) Alveoli have a large surface area to e'gdtio for gas exchange; "
Alveolar walls are moist which allo diffusion of oxygen and carbon
dioxide;
Alveoli have a rich supply. od which maintains the concentration gradients of
oxygen and carbon dioxi
Any two:
The arterial end’has er concentration of oxygen as this material diffuses into
tissue cellsaat the artegial end of a systemic capillary;
(© The ve a higher concentration of nutrients including glucose and 1+1
i om absorption of food through villi;
2 T s end has a higher concentration of carbon dioxide as this waste material
es into the blood at the venous end of the systemic capillary.
Filtration is the process by which glucose, amino acids, water and waste materials
are forced under high pressure through the capillary walls of the glomerulus into 1
Bowman’s capsule.
) The purpose of filtration is to move materials from the blood into the renal tubule
of the nephron where they are either selectively reabsorbed or removed by 1
excretion.
(2) | Nitrogenous waste materials including urea and uric acid. 1
W Bending increases the total surface area of the red blood cells that are in contact 1
with the capillary wall which increases the efficiency and rate of gas exchange.
Proteins increase the solute concentration of the blood and lymph causing water to 1
(e) diffuse into blood and lymph capillaries by osmosis;
(2) | The absence of proteins reduces the solute concentration in blood and lymph
causing water to accumulate in tissue fluid rather than diffusing into blood and 1
lymph.
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Increase in global average temperature due to increased emissions of greenhouse

@ gases from human activities. !
The polar bear may experience prolonged periods of hunger due to a sharp 1
) reduction in its food source;
(h) The area of the Arctic covered by sea ice is decreasing which reduces the size of the !
hunting ground where polar bears prey on seals.
To make predictions relating to the impact of environmental change caused by the
(3) | decline in Arctic sea ice and to develop strategies to minimise the adverse effects of 1
such change.
W Phytoplankton are primary producers that convert inorganic materials into 1
nutrients through the process of photosynthesis.
(i) Approximately 10%; 1
(2) | Energy is wasted as heat in respiration and through the incomplete digé % d 1
absorption of phytoplankton by krill.
The polar bear exerts control over the abundance of seals, whales, waltus! reindeer !
) rodents, seabirds, fish, and plants in its ecosystem.
0 This prevents the population sizes of these species froffi incrédsing to unsustainable !
levels which would cause an imbalance in the food web.
© The two species are reproductively isolated andar 1
mating/breeding as they do not share a h
Any three descriptions with expla
Examples are given below. 44444
Each example below is wortdf 4 mar ith 2 marks awarded per point.
Humans have modified th€wagthat land is used in many ecosystems for mining,
agriculture and urbanisa
These practices dest abitats which increases the extinction rate as species are
le food source, shelter or mates.
w every ecosystem on Earth through the extraction, processing
use a stifig of materials derived from the Earth.
ses the extinction rate by modifying the abiotic components of an
ec@systeg and by weakening the immune systems of species.
s have exploited the natural resources of the Earth including fossil fuels and
metals for fuels and materials, trees and plants for wood, medicines, and food and
many animal species for food and trophies.
Resource exploitation increases the extinction rate by decreasing the abundance of
species, destroying habitats, and increasing pollution.
Humans have introduced non-native species into ecosystems for a range of
purposes including hunting (sport) and controlling the abundance of native species.
The introduction of non-native species increases the extinction rate by directly
reducing the abundance of native species through predation.
Grammar, spelling, efficiency, clear and concise. 3

449



SASTA Resources
SACE Stage 2 .

Science
Teachers

Science Series

SASTA’s resources are written explicitly for the SACE Subject
Outlines. Questions address the Assessment Design Criteria including
investigation, analysis, and evaluation; and knowledge and application.

SACE STAGE 2 BIOLOGY, CHEMISTRY & PHYSICS
» Workbooks ¢ Study Guides

\/
@

D and ordering: www.sasta.asn.au
Written @ or the SACE 2018 Stage With over 500 fully worked questions in each
2 Subj€ct Outlines. SASTA’s Science series workbook, this book is a must have for all

continlgs a successful pedagogical approach to students and educators in 2018 and beyond.
both educCate and challenge students to reach

Available in St 1and St 2.
their full potential. vallable in Stage | an age

To order, or for further information visit

The workbooks are published in full colour and sasta.asn.au

contain hundreds of original illustrations.

ST Supporting Teachers of Science

- Advancing Science Education
t

A?Jl;tralian

Science

Teachers 249 Henley Beach Road, Torrensville SA 5031
Association PO Box 678, Torrensville Plaza SA 5031
P 8354 0006 F 8354 0008
www.sasta.asnh.au






