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Continuity

iodiversity, Change and

Biodiversity and Classification of Micro-organisms |

In this section, viruses and three kingdoms of organisms will be studied. Viruses cannot be placed into any of
the kingdoms as they show characteristics of both non-living things as well as living organisms. The three
kingdoms to be studied are Monera (Bacteria), Protista (Protists) and Fungi. Organisms in these four groups
play an important role in the environment. Micro-organisms may affect the health of other living organisms.
Micro-organisms which cause diseases are referred fo as pathogenic. Humans use some of the micro-
organisms for their own needs.

Introduction

Viruses are unique in that they display characteristics of living organisms as well as characteristics of non-
living things. Therefore viruses cannot be placed in any of the five kingdoms of living organisms. Hence
viruses are best described as infectious particles. The study of viruses is termed virclogy.

Viruses do not breathe, eal, respire or respond to stimuli. They have the ability to reproduce, but this can
only occur once the virus is inside a living cell, hence they are obligate endoparasites. A particular virus
usually only attacks a certain type of tissue. Hence viruses are referred to as being host specific.

Basic structure of a virus

iruses are very small (20 - 300 nm) and are only visible with
an electron microscope.

» The outer protein coat or capsid encloses a nucleic acid
core of DNA or RNA,

= Viruses that infect plant cells contain RNA.

« Viruses that infect animal cells have either DNA or RNA,
but never both.

« Viruses that infect bacterial cells are known as
bacteriophages and have a nucleic acid core of DNA.

Most viruses are symmetrical in shape. Some viruses are
spherical. Generalised structure of a virus

protein coaticapsid
(protection)

—— nucleic acid core
(DNA or ENA)

head DMA

collar

nusleic acid core

(ENA) —— sheath
protein coat
pinﬁ
The influenza virus
A bacteriophage
{virus that attacks bacteria)
Examples of viruses
Life Sciences 11 (©) Al rights reserved 1
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General characteristics of viruses
= Are ultramicroscopic and are able to pass through most micro-filters.
= Are acellular and contain no Cytoplasm or organelles.
= Do not perform metabolic activities e.g. cellular respiration.
= Are host specific, i.e. infect a particular host tissue.
s Are obligate endoparasites as they are only able to reproduce when inside a host cell,
* Are all parasitic, and can infect plants, animals and bacteria.
= Most are pathogens as they cause disease in their host.

= Some have an outer covering surrounding the capsule, which is composed of the host cell's plasma
membrane,

» Antibiotics are ineffective against viruses since they are non-living.

Viral diseases

Viruses cause many diseases. Viruses are spread through the atmosphere, in water or by vectors. When
viruses infect living cells, they replicate in the host cells and cause infectious diseases.

HIV and AIDS

The Human Immunn—deﬁciency Virus (HIV) enters human blood
through open wounds or via body fluids. The virus attacks white
blood cells (also known as T4 lymphocytes), making them
incapable of producing antibodies. Antibodies fight against other
disease causing organisms that enter the human body.

When active, the HIV destroys the WBC and the person's immune EMA
system is destroyed, resulting in the person becoming highly

suseptible fo contracting other diseases. When a persan is HIV

positive and has an additional disease, such as TB, then the

person is said to be suffering from AIDS (Acquired Immune

Deficiency Synd rome).

protein coat)
caspsid

Some symptoms of a person suffering from AIDS
» Weight loss
= Sweating
« TB
* Pneumonia
» Diarrhoea

Ways in which HIV is transmitted
* Blood transfusion.
» Sexual intercourse.
= Sharing hypodermic needles - this is common practice when needles are shared whilst injecting drugs
€.g. herain into the blood stream_
» Mother to child transmission. The HIV can pass through the placenta and enter the foetus. The virus
can also pass from an infected mother to her baby via the breast milk.

How to avoid getting AIDS
» Do not share hypodermic needles.
= Married couples should be faithful to each other and not have sex with a third party,
¢ Use a condom. This also prevents contracting STDs (sexually fransmitted diseases),
= When attending to a person who is bleeding, wear protective clothing and gloves to avoid infection.

= {©) All rights reserveq Life Sciences 11
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Treatment for those infected with HIV

There is, to date, no cure for HIV/AIDS. The two treatments available are the PEP (post exposure
prophylaxis) treatment and ART (anti-retroviral therapy).

PEP treatment:

PEP treatment is available to health care professionals and to people who may have been exposed to
the HI virus by accident or by being raped. Treatment must start within 24 hours of exposure and must be
adhered to for 28 days.

Anti-retroviral therapy (ART)

This medication is given to patients who have been HIV+ for some time. The drugs inhibit the life cycle of
the Hi virus, causing it not to reproduce rapidly. Patients on ARTs can live long and healthy lives as long
as the medication is taken strictly as prescribed for the rest of their lives.

Incorrect beliefs, attitudes and values concerning HIV and AIDS
False: When an HIV positive man has sex with a virgin, he will get cured.
False: Mosquitoes spread the HI virus.

False: Married people cannot get AIDS.
False: You can pick up the HI virus from a toilet seat.
False: You can pick up the HI virus from shaking hands.

Economic and Environmental Importance of Viruses
Environmental effects

As viruses are pathogens, they cause disease in other organisms which may lead to the death of the host
organisms. In nature, viral diseases help to control the numbers of the host species and in so doing, they

, play an important role in maintaining healthy population sizes in ecosystems. Viruses may also be used as
biological control agents in the management of certain pests of plants and animals.

Gene therapy

Viruses can be reprogrammed with a healthy gene from humans which can compensate for abnormal or
malfunctioning genes in people with medical disorders. A virus can target the unhealthy tissue and
incorporate the healthy gene into the DNA of these cells. The cells can now make the correct proteins and
function normally e.g. gene therapy developed for cystic fibrosis sufferers.

Vaccines
Attenuated viruses are weakened forms of a virus that can be used to make vaccines. Vaceines stimulate the
immune system to make antibodies that fight off viral infections.

” .I_— __;
T o
sz
o

Oral and injection vaccines

Life Sciences 11 (C) Al rights reserved 3
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B. Bacteria ] Kingdom: Monera

Introduction

prokaryotic cells i.e. they lack membrane-bound organelles. Some hacteria are pathogenic i.e. they are
disease causing. Most bacteria are heterotrophic (cannot manufacture their own food), while some are
autotrophic (can manufacture own food). Most bacteria are useful to the environment and humans.

Classification of bacteria

Bacteria may be classified by the way they obtain their energy:
= Photosynthetic bacteria: utilise radiant energy from the sun.
« Chemosynthetic bacteria: obtain energy from the breakdown of chemicai compounds.
* Heterotrophic bacteria: feed on organic matter to release energy.

Structure

Bacteria are unicellular and are visible with a microscope. The different .. ’=
types of bacteria are distinguished fram each other by their shape. ©

Bacteria do not have a clearly defined nucleus. The DNA is confined to Coccus Bacillus

one area called the nucleoid, {round) (rod-shaped

DNA also occurs freely in the cytoplasm in the form of circular molecules
of DNA called plasmids.

All bacteria are prokaryotes, i.e. they are simple cells, with no membrane-
bound organelles, and no true nucleus.

= "

Spirillum Vibrio
{spiral-shaped) {comma-shaped)

ribosornes

cytoplasm

+ dense and granular but lacks
organelles such as mitochondria,
= ribosomes occur freely in

cytoplasm.

.

chromatin
material (DHNA)

+ concentration of chromati
material in nucleoid area.

= involvied in prodein synthesis

cilliumffagellum

= whip-like celiular out-
growth which facilitates
movemeant.

= [Absent in some bacteria.)

——1 ﬁ!im::apﬁulcl

= protects against harmiul
ﬁhen‘ricafggm body fluid of
o5l

= (Absent in some bacteria.)

cell wall

cell membranes | = protective

+ protective

Structure of a typical bacterium

General characteristics of bacteria
= They are unicellular, prokaryotic arganisms which belong to the kingdom Monera.
= They are the oldest living organisms, having evolved 3 800 mya.

« Bacteria are found in all habitats: in the hottest, coldest, deepest and highest parts of the Earth, and
even in the alimentary canal of humans.

= Some bacteria have "pili”, which are hair-like structures that are used to attach onto cells, or to join onto
other bacteria to transfer segments of DNA between them.

« Many bacteria have cilia and/or flagella.

4 (© Al rights reserved Life Sciences 11
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re

|Reproduction :
Reproduction is asexual and occurs through the process Exponential growth of bacteria
of binary fission (mitosis) during favourable conditions
{sufficient food, water, space; corect temperature, pH:
lack of toxins). The chromatin material divides into twa
identical masses prior to the division of the cell, The
cytoplasm then splits into two identical cells with identical
amounts of chromatin material. The process occurs rapidly
causing bacterial populations to grow exponentially.

During unfavourable conditions, bacteria may form
endospores. They develop thick resistant walls and may
remain dormant for long periads of time. Time

Number of bacieria

Bacterial Diseases

Tuberculosis (TB)

Tuberculosis is a disease in humans that is caused by the bacterium Myobacterium tuberculosis. If not
treated properly, TB can lead to death. There are about three million deaths due to TB in the world annually.
The bacterium usually attacks and destroys the lung tissue. When an infected person sneezes or coughs,
the bacteria pass through the air and enter the lungs of other peaple. The bacteria then multiply in the lungs
and may move via the blood to the kidneys and central nervous system (brain and spinal cord). TB in the
kidneys, brain and spinal cord is usually not infectious. Vo o N

Symptoms of TB
= Fever
» Sweating at night
+ Loss of appetite
« Weight loss
= Chest pains
= A cough that lasts for more than two weeks
« Coughing up blood-stained sputum (phlegm)

COCPHIL: Janice Haney Carr

Myobacterium tuberculosis

Test to confirm TB

1. X-rays of the lungs:
The infected person will have visible patches of destroyed lung tissue,

2. TB skin test;
The chemical tuberculin is injected under the skin in the lower arm. If there is & positive reaction, seen

as a raised lump or rash at the injection site, the person has a latent TB infection, meaning they have
been exposed to the TB bacteria, but the TB bacteria are not currently active in the body.

3. Tissue Culture:
A phlegm sample is cultured in a laboratory under sterile conditions. The growth is then examined
under the microscope for the presence of TB bacteria.

Treatment of TB
= A course of antibiotic medication must be taken daily for the full duration of the course (usually 6

months).

« If the patient does not complete the course, a relapse could occur and the TB bacteria could become
resistant to the drugs that were taken. It is very difficult to cure drug resistant TB.

Preventing TB

= Newborn babies must be given the BCG vaccine immediately after birth
to boost their immune systems.

= TB patients must not come into contact with anyone that has a
weakened immune system.

» Health care workers must be screened regularly for TB and treated
immediately if they test positive.

« The immune system should be strengthened by having a healthy diet \
and exercising regularly. The BCG vaccination wound

Life Sciences 11 (©) Al rights reserved
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Biological importance of bacteria I
Ecological Role

digestive enzymes into the dead plants and animals. These enzymes break down the organic matter and .
the bacteria then absorb the nutrients. Water, carbon dioxide and nitrogenous wastes are by-products of
the decompasition process. These by-products are retumed back to the environment for use by other
arganisms,
Role in food chains and food webs,
Autotrophic bacteria undergo photosynthesis by using energy from the sun. Some bacteria undergo
chemosynthesis by using energy from chemical processes to produce food. Many bacteria are important
producers in food chains and foad webs. I
Pathogenic bacteria
These bacteria cause diseases in plants and animals. They are parasitic and bring harm to the plant or
animal they infect. Some infectious diseases in humans that are caused by bacteria are: cholera,
bronchitis, anthrax, pneumonia and tuberculosis. These diseases can be treated with antibiotics.

Role in Symbiotic Relationships
Plants are unable to use atmosphereic nitrogen. Nitrogen-fixing bacteria are able to convert atmaospheric
nitrogen into nitrates. Plants yse nitrates to manufacture proteins. These bacteria may be free-living or live
within nodules of certain plants, e.g. legumes, where there is a mutualistic relationship between the plant
and the bacteria. The plant benefits by getting nitrates from the bacteria. The bacteria also benefits by
obtaining carbohydrates from the plant. This is an example of mutualism since both organisms benefit from
the relationship.

Mutualistic bacteria are also found in the digestive tract of herbivorous animals. The bacteria break down
cellulose into simple sugars, which are then absorbed by the animals. The bacteria benefit by obtaining
nutrients from the digested food.

Bacteria (e.g. Escherichia coli), present in the intestine of
humans, release vitamin B12, vitamin E and vitamin K
from certain foods, which are then absorbed into the
human blood system. These bacteria also share a
mutualistic relationship with their hosts because they
obtain some nutrients from the partially digested food.

COC/PHIL: Janice Haney Carr

E. coli bacteria
Economic importance and the role of bacteria in Biotechnology
Biotechnology involves using living organisms to produce products that are of benefit to humans. It is used
in the manufacturing of certain foods and chemicals, Some examples are given below:

= Oil spill clean-up: Genetically modified bacteria are able to clean up oil spills by rapidly digesting the
oil,

= Production of chemicals: Bacteria are used in the production of chemicals such as ethanol and
acetone,

= Production of food and drinks: Yoghurt, cheese, vinegar and wines are produced by bacterial
fermentation.

» Obtaining precious metals from rock: Copper, gold and uranium are now being extracted from rocks
by bacteria that have been modified to have a greater bioleaching ability.

» Production of hormones: Using recombinant DNA technology, bacteria are used to produce
hormones for human use. Some of these hormones that are produced are insulin (used in the
treatment of diabetes) and the human growth hormone (used to treat dwarfism). The genetically
modified bacteria have the human genes required to manufacture these hormones inserted into their
plasmids,

Use of bacteria by the indigenous people of Southern Africa
Alcoholic and non-alcoholic drinks such as 'mahewe’ and maas, are made by bacterial fermentation,
In the production of mahewe, maize meal (a source of glucose) and wheat flour are mixed and allowed to
stand for a few days. Due to bacterial fermentation, lactic acid is produced which gives the drink a sweet-
sour taste.
In the production of maas, milk is poured into clay pots. The bacteria present on the clay pot surface
causes the milk to ferment, producing lactic acid that sours the milk.

G (©) All rights reserved Life Sciences 11
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mtroduction
Tre kingdom Protista is a large and highly diverse group of organisms which include slime moulds,
srotozoans, diatoms and algae. Some protists are unicellular, while others are multicellular. Organisms in the
wngdom Protista can be divided into three sub-groups, VIZ..
. Protozoa: unicellular heterotrophic, animal-like organisms, e.g. Amoeba.
. Algae: plant-like protists that are autotrophic, e.g. green algae.
t . Slime moulds: fungus-like protists that are heterotrophic decomposers.

Srotozoans have the following characteristics:

« Are eukaryotic (has a true nucleus and has membrane-bound organelles)
» Are unicellular,

« Have pseudopodia, cilia or flagelia to assist in locomotion.

« Are aguatic organisms that live in fresh or saline water,

« Reproduce asexually.

' Amoeba as an example of Protists
Structure
Amoeba is a unicellular (one-celled) organism that lives in streams and ponds. It is asymmetrical with many
sseudopodia (false feet) which assist in locomation and in engulfing small prey. Amoeba has the following
structures:
. Plasma membrane: encloses and protects the organism. Allows for gaseous exchange and diffusion to
OCCUT.
« Nucleus: conirols the cell activities.
. Contractile vacuole: controls the water balance within the organism by osmo-regulation, by collecting
excess water from the cytoplasm and ejecting it from the surface of the Amoeba.
« Food vacuole: engulfed food is digested within the food vacuole. Enzymes for digestion are contained
in a lysosome which fuses with the food vacuole.
« Ectoplasm: outer part of the cytoplasm that is semi-solid (gel-like).
« Endoplasm: inner part of the cytoplasm that is more liquid in nature.
« Lysosome: is a structure that contains digestive enzymes.
« Pseudopodia:-bulges of the cytoplasm that flow to one end and are used for locomotion or to engulf
food (phagocytsosis).

1

= containg food
e fuses with Ilysosome to
digest food "

"‘“"\._——% plasma membrang I

- A partially permeable mermbrane,
controls entry and exit of
substances

 encloses and protects Amoeba

o has digastive anzymes
a fuses with food vacuole

nuclews l
s controls all activities ‘
o transmits hareditary

to digest food
characteristics .
&2 ﬁi
- a putward bulge of
a inner granular [ ' cytoplasm
figuid medium . & used for locomaotion
a gngulfs pray

Cortractie vacuole |
» guler clear gel-like medium = responsible for osmo-
requlation {water-balance)

Structure of Amoeba

Life Sciences 11 () Al rights reserved i
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ﬂ.Fw J Kingdom: Fungi
Introduction

All fungi lack chlorophyll and cannot manufacture their own food. There are many different types of fungi.
Some examples of fungi include:

* Mushrooms

= Toadstools

= Bracket fungi

= Ringworm (parasitic)
= Bread mould

= Penicillium

* Rusts

Most are saprophytic decomposers, while sSome are parasitic and cause diseases in plants and animals.
Most fungi are multicellular, however, some fungi are unicellular £.0. yeast.

Some examples of fungi

Sporangium fungi Pk e W B g

roduce spores within Sporangia, e.g,
Bread mould,

- Sac fungi
= e i!
Spores are produced in sac-like structures,
e.g. Penicillium.
E A
. |8 :
g 3
4= -
. = =
lb-f [ 8
- = &
L] a :‘;1
L 'g @
N (8] g
(5]
Peniciflium through a microscope
10 (© Al rights reserved Life Sciences 11
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Structure of the bread mould, a filamentous fungus (Rhizopus sp.)
Bread mould is a thallus structure (i.e. it does not contain true roots, stems or leaves) that lacks chloroplasts.
It consists of a mass of threads called mycelium. Each thread is called a hypha. Hyphae are aseptate with
many nuclei present. Three types of hyphae are present. They are the:

» Sporangiophores which grow upright and hold the sporangia above the substrate.

» Stolons that grow along the substrate (bread), giving rise to new hyphae.

= Rhizoids that penetrate the substrate and act as “roots".
The walls of the hyphae are strengthened by a polysaccharide known as fungal-chitin. ':-.w‘-.ﬁ,.
Key words tla‘

Hyphae: tube-like filamentous structures (hypha is singular). 3

Mycelium: collective term for the mass of threads of the breadmould.

Rhizoids: hyphae that penetrate the substrate (bread)

Sporangiophores: upright growing hyphae that hold the sporangia.

Sporangia: produce spores for asexual reproduction.

Stolons: hyphae that grow horizontally.

Aseptate: refers to the absence of cross walls.

Columella: a cross wall that separates the sporangium from a hypha.

Thallus: unspecialised plant body (no true roots, stems or leaves).

= when released, germinate
. s, into new mycelia
« produces mature spores

columella

= gross wall thal separates
the sporangium from the
sporangiphore
o qrows upright
s supports sporangium - holding it in a
favourable position for spore disparsal

rryaelium

= is the entire
body of hyphae

o provides branched
horizontal covering on
substrate

o roof-like structure

= anchaors fungus to substrate

« secretes digestive enzymes into
substrate

& absorbs nutrients from substrate

Structure of Rhizopus

General characteristics of fungi

« Some are unicellular e.g yeast; most are multicellular.

« Fungi are eukaryotic, as they have true nuclei and membrane-bound organelles.

« Their bodies are made up of a network of thread-like filaments called hyphae.

« Hyphae walls are made of fungal chitin.

« Many hyphae are multinucleate,

« Most hyphae have cross walls called septa, but some e.g. bread mould, have no septa and their cytoplasm
is continugus.

s All the hyphae of a fungus are collectively referred to as the mycelium.

- In mushrooms, all hyphae fuse together to form a fleshy body. The rest of the mycelium grows in the soil.

» Fungi lack chlorophyll and are heterotrophic.

« Most are saprophytes, secreting digestive enzymes into organic matter, digesting it, and absorbing
nutrients from the substrate.

Life Sciences 11 (©) All rights reserved 11
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Fungal infections

Candidiasis

Candidiasis is an infection caused by Candida fungi, especially Candida albicans. These are found almost

everywhere in the environment. Some may live harmlessly along with resident s

pecies of bacteria that

normally colonise the mouth, gastrointestinal tract and vagina. Usually, Candida fungi are kept under control

by the resident bacteria in th

malnutrition, or some medications, Candida fungi can multiply and cause infection.

Types of candidiasis and symptoms :

Thrush:

Common name for a mouth infection caused by the Candida
albicans fungus. Affects moist surfaces around lips, inside of
cheeks, tongue and palate. Common in people with cancer and

AIDS,

Symptoms: Forms curd-like white patches inside the mouth, which
can be sensitive and painful.

Other types:
= Oesophagitis

« Cutaneous (skin) candidias.

Treatment

1. Gargling with an anti-fungal mouthwash.
2. Applying anti-fungal medication.

Prevention

1. In general, one can prevent most Candida
- Only use antibiotics that have been prescri
- Follow a healthy lifestyle — this means pro
- People with diabetes should try to keep th

I

Lo

Athlete’s foot, Ring worm
These infections are mild fungal infection of the skin caused by the fungus Tinea. Different species of Tinea
infect different parts of the body, e.g. Tinea corporis is the typical ringworm found on the body; T. pedis is

found on the feet (c

ommonly known as athlete's foot). Other species affect the scal

e body and by the body's immune defences. If the resident bacteria are depleteq
by antibiotics, or if the person’s immune system is weakened by illness (especially AIDS or diabetes)

(]

Oral thrush

infections by keeping the skin clean and dry.
bed by a doctor and use them as directed.
per nutrition and regular exercise.
eir blood sugar levels under control.

p and the groin area (jock

itch). The typical ringworm rash on the body looks like a red. circular lesion with a scaly border. These areas
on the body may be itchy. On the scalp it may cause scaling which appears like dandruff, and on the feet, it
causes an itchy rash with scaling between the toes. Ringworm is only mildly contagious, so children
undergoing treatment may continue to attend school or daycare centres. One can also get ringworm from
infected cats and dogs.

12

Courtesy: CDC/Dr Lucilla K Georg

(© Al rights reserved
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Athlete's foot
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Plant fungal diseases

Piant fungal diseases:
= » rusts: disease of stems and leaves of cereals e.g. wheat, and many other Tlowering plants
cortrol | ® downy mildew: affects grape vines, cabbages and onions
jepleted = smuts: damages cereal plants and seeds.

imost

Rusts
Symploms

Rusts begin as small yellow spots on leaves and stems of plants. These spots then form elongated
orange pustules on the undersurface of leaves that later turn reddish-brown. These pustules are about
the size of pinheads. Shortly after pustule development, the upper surface of the leaves develop yellow
to orange spots with reddish centres. Severe infection leads to pustules developing even on the upper
surface of the leaves, as well as the stems and green parts of the plant.

A typical rust infection

Tinea
: is
5 (jock The fungus survives the winter on leaves and stems that have been infected during the growing season.
-areas In the spring, the fungus produces spores. Favourable conditions, viz, moderately warm air temperatures
et, it and good moisture for 10 -12 hours is sufficient for the spores to infect plants.
Rust fungi require two hosts to complete their life-cycle. Spores are carried by air currents to young
om plants and to the second host. Rusts cause severe losses to wheat farmers and can also destroy
turfgrass very quickly. This disease seems to be more severe in turf which is deficient in nitrogen.

Cause

Management of the disease
» For turfgrass, rusts can be managed with proper mowing, fertilizing and good irrigation practices.

= For other plants, rust infected leaves and stalks are removed and burnt to destroy the spores.
» Spraying or dusting plants, especially the undersurface of the leaves, with fungicides.
= Complete removal of the second host plant.

Frevention
« Plant disease-free turf or seeds.

= Treat seeds and equipment used for planting with fungicide before planting starts.
» Plant rust-resistant varieties.

es 11 Life Sciences 11 (©) Al rights reserved 13
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*

Biological Importance of Fungi Role
Role of Fungi as Decomposers Certiair

Saprophytic fungi act as decomposers. They secrete enzymes that break down organic material into soluble = Pfod

nutrients that can be absorbed. During this process, water, carbon dioxide, ammonia and heat are released =~ =vol
into the environment for use by other organisms.

Economic Importance of Fungi
Some fungi are a source of food for humans:

Mushrooms Cheese making Mg A
The blue-green mould Penicillium is
LT used by humans to produce the
Crigs & 3 Ex s characteristic flavour of Camembert
B f"::.',.\r'i and Rogquefort cheeses,
ALY TN

1 ‘ﬁ_. ;‘i'; Cafnt
; :“i‘i“ - N mou
2 "w hew
notic
Alcohol and Carbon dioxide I;::
Yeast is used to convert sugar to alcohol and to produce CO, cap
. = Carbon dioxide is used to « Yeast is used in the making of peni
*, make dough rise, e.g. during alcoholic beverages like beers =ow
baking of bread, and wines. The carbon =
- dioxide is retained within the Duris
beverage for beers and Univ
sparkiing wines, but is aflec
Pt released for still wines. Medi
- IMML
i s 5 ) " - ) Immt
In South Africa, traditional “Zulu beer” is made from a mixture of water, yeast, maize, maize malt or sorghum e
malt. The beer has a sour smell and a low alcohol content of usually less than 3% when compared to =
commercially prepared beer, which has an alcohol content of approx 4,5 - 5,5%. Since commercially cslls p

prepared beer is distilled up to three times, much of the water evaporates, resulting in the beer having a

higher alcohol content. The maize malt or sorghum malt provides the glucose that is needed by the yeast for e Dct'
the process of alcoholic fermentation. The maize or sorghum is soaked in water to initiate germination so that — -7
enzymes are released to convert the starch, that is stored in the grains, into simple sugars for fermentation. The tw
As the fermentation process takes place, the accumulation of alcohol kills the yeast cells which do not

produce any more alcohal, thus leading to the beer having a lower alcohol content.

In commercially prepared beer, the conversion of starch to glucose is accelerated by the use of genetically

modified yeast cells which can also withstand higher alcohol concentrations. Hence, the higher alcohal

content found in commercially prepared beer. Traditional Zulu beer is known as "Umgombothi".

Economic Importance of Fungi - Summary

= Mushrooms serve as a food source for many people.

= Certain types of cheese require the fermenting of milk with the fungus Penicillium.

« Bread is produced by the alcoholic fermentation of yeast. The carbon dioxide produced causes the dough

to rise.
= Yeast s also used to produce beer and wine via alcoholic fermentation. Va
* Some fungi are used to produce certain antibiotics e.g. penicillin. A
= Pathogenic fungi cause diseases in plants and animals, e.g. rusts and potato blight in agricultural crops. W
Humans are affected by certain parasitic fungi such as ringworm and athlete's foot. ab
» Certain fungi decompose stored food like maize and wheat resulting in the food becoming mouldy. gg
» Traditional Zulu beer is made from yeast, together with water, maize, maize malt or sorghum mait, W
. rffiﬁtriea that use fungi in the manufacturing of consumer products, create Jobs for many people in South 2L
ca.
l 4 @ All rights reserved

Life Sciences 11 Life §

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Role of fungi in medicine
Certain fungi are used to produce antibiotics, e.g. penicillin, which
i into soluble = produced from the blue-green mould, Penicillium notatum.
are released Cenicillin is an antibiotic widely used in fighting many kinds of
mfections.

Paniciliium is
duce the
' Camembert

: The Penicillium fungus

Certain fungi are used to produce antibiotics, e.g. penicillin, which is produced from the blue-green
mould, Penicillium notatum. This mould was accidently discovered by Alexander Fleming in 1928 while
he was camrying out investigations using the bacterium Staphylococcus. During his investigations, he
noticed the presence of a blue-green mould on some of the cultures of his bacteria, and it seemed that
the bacteria did not grow undemeath or around this mould. He later discovered that this mould was
Penicillium and he carried out investigations to check whether the substance that it produced was
capable of destroying the bacteria. Fleming named the substance that was produced by the fungus,
penicillin. Further investigations revealed that penicillin could also destroy other micro-organisms.
However, his discoveries were not easily accepted by the medical field with regard to treating diseases
in humans, and it was also very difficult to produce penicillin on a large scale.

During the early 1940s, two scientists, H.W. Florey and E.B. Chain and a team of researchers at the Oxford
University decided to treat human patients with penicillin. The treatment was successful as penicillin was very
effective in fighting bacterial infections. In 1945, Fleming, Florey and Chain were awarded the Nobel Prize for
Medicine.

. IMMUNITY
Iimmune Response in Humans

¥ sorghum mmunity is the body's ability to resist infection. The immune system in humans aids the body in resisting
ed fo : : : : ; § A :
sl Sisease and infection. It also recognises and rejects foreign cells and tissues. Antibodies and white blood
y =elis produced in the body are able to fight infection and protect against diseases. Antibodies produced by
aving a i ; : ; Yy T
#e body are specific and will only attack a particular microbe. Once produced, the antibodies remain in the
e yeass far sody to fight off diseases and infections for life
ation so thath — A : : :
mentation. ne two types of immunity are:
o not
[ Natural Immunity Ils the hody's inherent ability to produce antibodies and fight diseases.
enetically
icohol ) ) Passively acquired immunity does not use the person's own immune
Passively Acquired: system. Immunity is obtained naturally from breast milk or from
_< ready-made antibodies supplied in a serum.
Actively Acquired: Obtained through natural infeclion or vaccination.

the dough

Vaccinations

A vaccine is a liquid containing the proteins of the micro-organism that causes a particular disease.
al crops. When a protein from outside the body enters the body, it is referred to as an antigen. The WBCs are

able to recognise foreign antigens, and destroy them. To help identify antigens, our WBCs produce
dy. antibodies. These antibodies bind to antigens and mark them, so that the WBCs know which proteins to

destroy.
3t
When one is vaccinated, usually by injection, the WBCs will preduce a large number of matching

s oy antibodies which will quickly destroy the particular pathogen should it enter the body at a later stage.

g > = -
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How vaccines work
Vaccines are one of the most

2 Pha
important strategies available to help prevent infectious diseases. In the past, many + Sh
children died, or had severe complications following infections. Vaccines have helped to eliminate certain diseases are
like small pox, and have made others Jike Measles and palio, Very rare.
There are two main lypes of vacoines, namely, live “attenuated” vaccines and non-living vacecines.
* Live “attenuatad” vaceines (such as vaccines against measles, mum

poliomyelitis), are solutions of the micro-o
incapable af producing the infectioy
the most successfyl types of vaccin
= Inactive vaccines (such as vaccines

ps, rubella and the oral vaccine against Prot
rganisms which have been altered in such a way as to render them = Pro
s disease, but capable of stimulat

ing an immune response. These ara «Ar
€5, generally providing life-long immunity,

Th
against Hepatitis B, diphtheria, tetanus, whooping cough and influenza), ath
are solutions of dead micro-organisms which can still produce an immune response. They require a primary an
course of immunisation, usually 2-3 injections over 5 period of time. Booster immunisations may be needed « Wt
dpproximately every 5-10 years if immunity is to be maintained, s
When we receive vaccinations, a weakened form of the virus or bacterium is Infroduced into our bodies. Cur white
blood cells then respond by producing antibodies against these microbes, Any subsequent infection that enters our
bodies will he recognized by the WBCs which will then protect us by fighting off the infection
Usually we are very well protected against infections for which we have received vaceinations, However, it may be
necessary to receive the flu vaccine EVEry year. The reason for this js that when micro-organisms replicate, not all Respoi
the new viruses are identical to the onginal. The sequence of genes may be altered i.e. the micro-organism has Micro-c
mutated. This then means that a new microbe has been created that can infect humans, who will have had ho pre- | £+ |
exposure to that microbe, ang therefore no immunity. A new vaccine will be required against the altered/mutated s
virus. Especially in the case of seasonal influenza, a new vaccine is required BvVery season, "'j;'f
exampl
Immune response by plants
Plants also have an active immune response to pathogens which works as follows ._Ext
= Infected cells die immediately, known as hypersensitive response (HR). in S
* The entire plant becomes resistant to the pathogen by producing a chemical that prevents further Ak
infection. This is known as Systemic Acquired Resistance (SAR). At
This
Defense mechanisms against infections priry
There are three caltegories of defense mechanisms in living organisms: e
1. Barriers to prevent entry. XDF
2, Phagocytic white blood cells. thre
3. Protective proteins. effe

Res
1. Barriers to entry
a) In Animals .

* The skin and the mucous membra

this
nes lining the digestive and respiratory tracts act as a mechanical :;i:j_
barrier preventing entry by bacteria ang viruses. knon
s The respiratory tract is lined by ciliated columnar epithelial cells and these cilia beat in an upward pati
direction to drive out the Mmucus and trapped foreign particles into the throat, where they can be pati
swallowed or coughed out. MDI
= The secretion of sebum (oil) by the sebaceous glands of the skin, contain chemicals that weaken or kill stral
micro-organisms. s c
= The stomach has an acidic pH, due to the presence of hydrochloric acid, which inhibits the growth of aiso
many different types of bacteria, syst
= A mixture of different types of bacteria that normally reside in the intestine and other organs, such as the iﬁ
vagina, prevent pathogenic bacteria from taking up residence in these areas, preventing infections. qual
b} In Plants
= The thick, waxy cuticle prevents bacteria and other micro-organisms from entering the cells, while alsp
reducing water loss.
* Thick bark covering the stems of woody plants serves to protect the underlying, delicate tissues from
invasion.

» Sticky secretions produced by many plants serve as g deterrent for insects and
eat or gain éntry into plant organs.

* Chemical secretions produced by many plants are poisonous to micro-organism
growing on, or entering the plant.

16
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2. Phagocytic White Blood Cells (in animals only)

= Should microbes gain entry into the body, the inflammatory response is initiated. White blood cells that
are phagocytic start to surround the foreign bodies and engulf them so that they can be destroyed.

3. Protective proteins in animals

= A number of different proteins are produced by the liver of animals and are present in the blood plasma.
They are activated in a certain sequence. Some coat the micro-organism e.g. bacterial cell, and others
attract phagocytes to the bacterial cell. Some complement proteins form holes in the bacterial cell walls

and membranes, causing fluids and salts to enter so that the bacteria expand until they burst.

« When viruses infect an animal cell, the infected cell produces a protein called interferon, which binds to
receptors on non-infected cells to prevent the virus from entering these healthy cells.

Response of micro-organisms to medicinal drugs

Micro-organisms which have mutated may develop a resistance to drugs that were previously used fora
particular vaccination or infection and the micro-organism is then said to be “drug resistant”. It is unsure
whether it is the drugs themselves that cause the micro-organisms to mutate, but we do know that the
mutant forms can actually become resistant to many different medicines. Extreme drug TB resistant is an
example of a mutated micro-organism.

Extreme Drug Resistant TB

In September 2006, the world's most lethal TB strain, extreme drug resistant TB (XDR TB) was identified in Kwa-
Zulu Natal (KZN). Itis known that TB can become resistant if a patient is not treated comectly. This may be
caused by the patient not completing their course of medication, or the patient not receiving the correct antibiotic.
This then can lead to multi-drug resistant TB (MDR TB), where the bacteria are resistant to at least two of the
primary drugs used to treat TB. In this case, the disease becomes very difficult to treat. Moreover, the patient
remains infectious for longer periods of time, increasing the nisk of infection to the public and healthcare workers.
XDR TB is a complication of MDR TB, whereby patients do not respond to three or more of the TB drugs. At least
three antibiotics are needed in combination to kill the bacteria that causes TB. The KZN strain of XDR TB, is
effectively untreatable because it is immune to seven of the nine standard TE drugs used in South Africa.
Resistance to one or several forms of treatment occurs when the bacteria develop the ability to withstand
antibiotic attack and pass on that ability to newly produced bacteria. Since the entire strain of bacteria inherits
this capacity to resist the effects of the various treatments, resistance can spread from one person to another. |t
is thought that the XDR TB strain in KZN was actually a sfrain that was identified as multi-drug resistant in the
mid-1990s, and that it has mutated over the past decade into the untreatable form identified recently. The first
known case of XOR worldwide occurred in the late 1990s at Sizwe Hospital in Johannesburg, where several
patients who attended the hospital for normal TB treatment were infected by the drug-resistant form from another
patient. All of them subsequently died.

MDR and XDR TB can be transmitted from person to person and can infect those with normal TB. KZN's XDR
strain appears to be very aggressive and infectious. The enly way to prevent the spread of XDR TB is to isclate
its carriers, especially those patients who would not, or could not take the full course of initial drugs. MDR TB
also appears in association with HIV infection and AIDS, further compromising the health and the immune
systems of these patients. HIV itself does not increase the chance of drug resistance. HIV does, however,
accelerate the progression of a TB infection into an active TB disease. MDR TB can cause death within a few
weehs in persons with HIWV/AIDS. More than half of adult South Africans have latent TB in KZM, with three
guarters of TB patients in the province being HIV-posilive.
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[ Plant Biodiversity ] ivisior
Introduction

The first plant-like organisms 10 appear on earth were the single-celled green algae that lived in the warm be two ma
0ceans about 570 mya, These algae 9ave rise to all the land plants, According to the fossil record, the firstiructure a

land plants appeared about 480 mya in the Ordovician Pericd of the Palaeozgic era. The first plants were Moss plan
early primitive types and were Poorly adapted tg | : i advanced plants have

ryophytes

become adapted to a te ; ng plants are the most highly ev
dppeared on land about i i i

ur era was coming to an end and since then their dehydratio
d have enabled them to become highly successfy) and survive in a wide variety of Rhizoids r
habitats. Plants living on land need tg develop the fmilawing adaptive traitg The “stem’
* Awaxy cuticle to reduce water loss, and stomata to enable gas exchange. anse from
* True roots, stems and leaves which are Plant organs that are responsible for: the absorption of water The leave
and nutrients; distribution of materiaf to all parts of the plant body; and support. cells. The

= Vascular tissue (made of xylem and phioem lissue) is mainly concerned with

* A method of reproduction

Support and fransport, water can

: - : , places. Th
ation and dispersal of the species and provides for

the protection ang nouris offspring.

hment of the germinating

+ There are
o ; . = a gamet
= A reduction in the dependence on water for reproduction angd dispersal, f.iﬁugter i
Not all plants are well adapted to life on land and the m

Ore primitive types of plants show varying degrees of =2 SPOMOL
lete their life cycles,
Plants are grouped according to e

;,----;na:ing.
» The presence or absence of vascular tissue: vascular tissue in plants consists of xylem and phloem. |
Xylem transports water and mi

nutrients from the leaves to

* The presence or absence

the following features:

of true roots, stems and leaves: trye roots,
complex organs containing different types of tissues such as xylem, phio

Some plants have root-like or leafike Structures, byt they lack the comp
to be classified as true roots and leaves.

= Whether they reproduce using spores or seeds: the type of
plant is important for the continuation of th

found in early lang plants. Seeds are mug
provide nutrition and protection to the em
survive harsh environmental conditions.

* The presence or absence o

stems and leaves are
em and Supporting tissye.
lex tissues necessary for them

reproductive structure produced by a
€ plant species. Spores are simple re

Productive structures
h more complex and more successful than spores. They
bryonic plant, enabling plants to be dispersed widely and to
f fruit: the production

of fruit is important as it aids in the dispersal of the
seed and also protects the embryo before germination,
» The dependence of the plant on water for reproduction: simpler plants are dependent on wa
repraduction as the male gametes have to swim
to reach the female gametes, More complex r———
Plants have evolveg Ways to reduce this Beeds in frui
dependency on water. Angiosperms Bryophyte
. FID'-'rel'mg plants, Moss plant!
rg‘ééds * Many agents af pollination afE_ Ea“ei{;%
Spermataphytas heir male &
— * Seed bearing, male branc
il - - x _—— —
| Yescular tissue | vaer NOT requirad | Naked secds | sader et
5 isation Aottt The f
* True roots, stems s Gymnosperms them.
| Al Pfﬂm?J e e, L SPDTEEL_J' * Cone-bearing plants. on top of th
— P!Ermph_l.-'fr.?s i = Wingd pollinated. —..-he spﬂrap
* Spore bearing, L le
IRy | 'h'__'l . DEﬂcndcnanwutef e CEIDSL;‘
Lﬂgﬂ"’ﬁﬁu ar fissue | for fertilisation, mature, the
Bryophytes Mosses are release
* Thalles plant - ng frue ds on the
ronts, slems, laaves. Forng = = Bu
* Dependont an water Because th
far fertifisation Ge i . tial fo
neral classification of plants essentia
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Evisinn: Bryophyta

Eryophytes are the most primitive land plants. They ar
The two main groups are the mosses and liverworts.

Structure and characteristics of a moss plant
« Moss plants have a thallus structure, i.e. they lack true roots , stems and leaves.

« No vascular (conducting) tissue is present. Viascular tissue is not required since the plant, being small, can rely
trap waler, preventing

dehydration. The lack of vascular tissue also limits the size of the plants so they grow close to the ground.
« Bhizoids (root-like structures) anchor plant and absorb water and mineral salts from the soil.
. The “stem” lacks supporting tissue since mosses grow in clumps to support each other. Male and female shoots

arise from the "stems”.
+ The “leaves” are small and are one cell layer thick. The central portion of the “leaf” may have a few layers of

cslls. The “leaves” lack cuticle, stomata, xylem and phloem (conducting tissue). The lack of cuticle means that
water can be lost from the entire body of the plant. So the moss plant is restricted to growing in damp and shady

places. The leaves are green as they contain chlorophyll and photosynthesise.
. There are two phases or generations Lo the life cycle of a moss plant:
- a gametophyte generation that has male and female organs which produce gametes (

Water is needed for fertilisation.
- a sporophyte generation in which spores are produced (asexual reproduction).

e very small plants that grow in damp shady areas.

sexual reproduction).

covars opening
to capsule

bud that develops into gametophyte [0

protonema produces spores

5{Jr:rL'rEhp,ﬂ:¢ I—-

produces spores

supports capsule

foot of sporophyte embeaded
in female branch

rhizaid

Moss protonema

reen - manufactures |
= ond by photosynthesis

W b supports
gagﬁﬂmhyte -

Y |_ o anchors plant 1o soil
o absorbs water from

Moss plant with Sporophyte attached to Gametophyte — _

1 gametophyte l— rmale "{

produces gametes

thallus

Bryophyte Reproduction

Moss plants have a two-phase life cycle. Adult moss planis
are called gametophytes because they produce gametes on
#eir male and female branches. Sperm are produced on the

capsule | produces spores

—ale branches and ova develop on the fermale branches. . Painl of attachment of the

Under wet conditions, sperm swim to the ova 1o fertilise Zﬂﬁrﬁ; :‘: the

sem. The fertilised ovum is now called a zygote and grows |, assorts e G e

on top of the female branch, 1o produce a sporophyte. salts from the gametaphyto —
po =

The sporophyte consists of a foot, sela and capsule. Inside
the capsule, spores are produced. When the spores are
mature, the calyptra breaks off the capsule and the spores
=re released. Each new spore germinates into a protonema.
2uds on the protonema develop into new gametophyte.

S=cause the sperm have to swim to the ova, water is ;
=ssential for reproduction in Bryophytes. Sporophyte Generation

Life Sciences 11

« Holds capsule in uprght
position aliowing speres to be
dispersed over a greater anza

+ Conducts water and mineral
salts to capsula
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Pterophytes (or Pteridophytes) are an interm
features and yet are still reliant on water for
non-seed producing vascular plants,
Structure and characteristics of ferns
= Ferns have true roots, stems and leaves.

« Ferns can grow into large plants becau

ediate group of plants that show

SOme advanced terrestrial
certain aspects of their Jife cycle.

require water to swim to the Q

va for fertilisation.
« The sporophyte generation p

roduces spores (asexual i

b
: fit
reproduction). ‘ lu‘
! A o
t"""i‘ N N ._J
‘11-. L » o
M i 7, g
. o
.
Vantral surface of pinng -
showing sunp Al " - | leaf (frond)
"l * compound leaf with many
- pinnae (leafiets)
. g * cuticle and stomatg are present
I — it = SO0 present on the veniral
= underground horzontal stem - known surface of mature pinnae
as a rhizome
+ stores food
" covered by small, brown seale leaves
- prevents water loze

= tightly coiled ang hairy - reduces
transpiration

) . o = adventitious
» coiled leaf allows arowing point  — '
10 be protected - / ¢

* arise fram rhizoma

« functions: anchorage
and absorption

The Fern Plant {Sporoph yie)

Pterophyte reproduction

On the undersurface of ma i
Sporangia that produce spores
spores, The spores are dispe
habitat.

=
Scer
They are the largest group of #he L

==

Sign
- Say

viein :
archasgonium

N (female organ)
ventral \.
' ‘\
surface

L]
of pitha antherdium

A ;
{male organ) N

unicellular rhizaids
(absorbs water and
Mineral salts)

capsule

— WY
Tis of Pinna and Sorus Ventral surface of 5 prothallus
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Division: Spermatophyta |(Seed-bearing plants)

ermestrial  Spermatophytes are the most highly advanced group of plants. Seed plants evolved about 400 mya during
=5l group of #e Devonian era and they rose to dominance in the late Carboniferous as the climate became drier. The
spermatophytes are divided into two subgroups: the Gymnosperms and the Angiosperms.

Significance of seeds

= Seeds are adapted for dispersal in a variety of ways which allow them to be transported away from the
m + xylem). = parent plant, thereby reducing competition for resources.
 waxy cuticle® S2eds have a protective coat (testa) which allows them to lie dormant until conditions are right for
| moi ermination.
moist areas . e
e oroa = Seeds store food that nourishes the embryo when germination starts.
9ans | Seeds have a greater chance of survival than spores.

Fﬁ--ﬂivisiun: Gymnospermae | (Naked seeds)

Symnosperms include conifers, gingkoes and cycads. Conifers are the most diverse group of gymnosperms.
=ine trees are conifers that belong to the species Pinus. The wood from pine trees is important in the
Surniture and building industries.

Structure of a pine tree

& pine tree has true roots, stems and leaves. Well developed strengthening and conducting tissue is present
and the plant itself can grow into a large tree (the sporophyte).

Roots
_ Symnosperms have a tap root system with lateral roots. No root hairs are present. There is a mutualistic relationship
W many Setween a mycorrhizal fungus and the roots of pine trees. The fungal hyphae absorbs water and mineral salts from the

i3 are presant Srem

= ventral The stem is prolected by a bark called the rhytidome. Two types of
e Branches occur:
= branches of unlimited growth which lengthen each year
« dwarf shoots (limited growth) which grow to a length of about Scm.
Dwarf give rise to needle-shaped leaves.

Lsaves

Scale leaves are found on the branches of unlimited growth.
Needle shaped leaves arise from the dwarf shoots.
Transpiration is minimised by the:

= « reduced surface area of the needle shaped leaves i
- thick cuticle SreGn it

unlimited growth
2 = sunken stomata.
Eﬁmrage Branches of Pinus sp.

Reproduction
= Gymnosperms produce male and female cones. Inside male cones thousands
of pollen grains, containing male gametes, are produced.

= Mature pollen grains are dispersed by wind; Gymnosperms are therefore the byt

y first group of plants that are not dependent on water for fertilisation.

i the = Female cones house the ova (female gametes) on their bracts (woody scales). \

ble moist = = T ertilisation occurs when a male gamete fuses with an ovum on the bracts of
the female cone. A zygote is then formed which develops into an embryo that is

wim to . enclosed in a seed. The seeds of the pine have papery wing-like structures,

after - which aid in dipersal by wind. Because seeds are not enclosed within a fruit,

they are referred to as "naked seeds”.

needle-shaped leaf

dwarf shoot

mizome

Adaptations of Pinus to a terrestrial mode of life Female cone

= [t has a large tap root system for anchorage and seed
absorption of water and mineral salls.

“rhizoids © = In addition, the root system has a mycorrhiza for assisting wing
;:aﬁtgr ang with water and mineral salts absorption. @
‘ = The stem is protected by bark.

« The stem has conducting and strengthening tissue. A pine-aned
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= Needle-shaped leaves reduce water loss through transpiration.

Acapt

* The leaves also have a thick cuticle which assists in reducing water loss. =N
* The gametes are protected by cones. »F
= Pollen grains are light and have air sacs which facilitate dispersal by wind., =B
= Pine seeds have “wings” which aid in dispersal of the seeds =1
* The seeds have a testa (seed coat) which prevents drying out (desiccation). =k
* Seeds have an endosperm which provides nutrients for the germinating embryo. E
Sub-Division: Angiospermae (Flowering plants) e

orm of plants on Earth. Angiosperms are vascular plants and are the only

rs contain male and female reproductive organs. The ovaries
are chambers in the female parts that enclose one ar more egg-producing ovules. After fertilisation the ovule!

matures into a seed and the ovary becomes a fruit. Fruit aid in the dispersal of seeds

Some characteristics of Angiosperms

« They are vascular plants with true roots, stems and leaves,

« Plant sizes vary in height as strengthening tissue allows for the growth and development of large trees.

» Produces flowers and seeds, Seeds are found within fruit, which protects seeds and aids in their dispersal.
= The process of pollination ensures water is not required for fertilisation.

= The sporophyte is dominant and the gametophyte, within the flower, is very much reduced.

Generalised Structure of a Flower
Flowers consist of four whorls or layers: an
outer calyx, a corolla, the androecium and
an inner gynaecium.

petal
+ Set of potals make up the whorl
called the corslla.

= Brightly colaurad to attraet pollinating
agents, namedy, insects and binds,

»
stigma
anther
o » The sat of stamens
shyia

The !
Seed
-
-
-
-
-
-
: Zesg

filament | makes up the
E F;.|'5 Gil l. androgcium, which is R
aoa

= One or more pistils make up

the gynaecium the femate Pan
e — g
-
-
-
-
-
-
i
|

the male whor,

* Astamen is made up of
whiorl.

an anther and a
d avary filamen,
" F_’IsluF made up of sligma, fwith ovidos) Aniher produces pollen.
style and cvary, sepal
* Owules inside the ovary

producea ova,
» Stigma is sticky or hairy to avulle
Irap pollen.

» el of sepals forms the outermost wharl
called the calyx.

= Sepals are green - photosynthesls, }
* Prolects the Rower in the bud slage,

. - : « 15 thw Aower stalk
UAfter fertilisation: ovary forms the - It supports the
fruit and ovules form the seeds. flweer

Lfs of a typical dicotyledonous flower
Reproduction

Fertilisation in Angiosperms is completely independent of water.
contain the male gametes. Pollen grains are transferred from th
pollinating agents, such as wind, birds or insects,

The female part consists of the stigma, style and ovary, The ovary may contain one or more ovules. Each
ovule produces an ovum (female gamete). The zygote which forms after fertilisation develops into the
embryo. The ovule develops into a seed which contains the embryo. The ovary develops into the fruit.

22 (C) All rights reserved

The anthers produce pollen grains which
& anthers to the stigma of a flower by
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Bdaptations of Angiosperms (e.g. Hibiscus) to pollination
« Many pollen grains are produced to ensure successful pollination,
= Petals are brightly coloured to attract agents of pollination.
= Nectaries at the base of flowers produce sugary nectar that attracts birds and insects.
= The stigma is sticky or hairy to ensure pollen adheres to it.

= Pollen grains are small and light, making them easily transported by the pollinating agent. They are produced
in large numbers.

—

Characteristics and relationships among the four group of plants

0iC era
2 only
' ovaries
ne ovule
Bryophytes Pterophytes 3 ysperm \n rms
Mo xylem or phioem. « Wascular tissua present. « Vascular tissue prasant. = Mascular tissue present.
Thallus structura « True roots, stems and leaves « True roots, stems and leaves.| |* True roots, stems and leaves
BES. Gametophyte dominant. = Water not required for « Water not required for

« Water required for fertilization. = : ilisation: i
spersal, fe -'r:aler required for fertilisation « No seeds produced, only Eﬂgﬁ:ﬁg@ﬁ:ﬂgggs Ifartr:;zﬁnal];i:nrleg!?sl_ns
Pty | | o Prodca ok s, | |*Secdeorm oo
reproductive organs.
= Examples: mosses, » Examplos: femns, tree femns, » Examples: conifers, cycads, | |+ Examples: all flowering
PeRrworts.: horsetails. gingko. plants.
The Significance of Seeds
Seeds as a food source
= Seeds of cereal grasses are called grains e.q. oats, rice, wheat, maize.
j‘ﬂ}g;“”g » Grains provide a major part of the energy requirements of humans and form the staple diet of many
' people.
= Grains contain carbohydrates, fibre, essential vitamins and minerals.
« Pulses are the seeds of leguminous plants e.g. peas, beans, soya and lentils.
« Pulses are a good source of protein.
] = Many seeds are a fich source of oils e.g. nuts, clive oil, grapeseed and sunflower seeds.
. Seed banks
whichis | HuUmans are causing a great change to the biodiversity on Earth. As a result of human activities such as
-‘._; o wbanisation, farming practices and human population growth, severe strain is put on plant resources.
2 PPiant bindiversity is decreasing. Many species are vulnerable and many more are becoming extinct. Seed
- . banks have been established in an attempt to conserve seeds from all species of plants.
: « Seeds from all over the world are sent to seed banks.
o] « Endangered plants can be protected and reintroduced to the environment.
« Original wild types of food and crop plants are conserved to maintain their gene types in case our food
supplies become threatened.
» Seeds are stored under the right environmental conditions that keep them dormant for many years.
;z‘-a'k = |f required, they can be germinated when exposed to the right conditions.
« There are over a 1 000 seed banks in the world.

The Svalbard Seed vaull in Norway
This is the most farmous seed bank in the world. 1t is built deep into the side of a mountain and can withstand
earthquakes and bombings. This vault acts as a backup for all other seed banks across the world. Norway's cold
-h climate is ideal for storing seeds and can keep them viable for thousands of years.
Endemic species in South Africa
South Africa has a rich biodiversity of plants and many of them are endemic. The South African National Biodiversity
-H Institute (SANBI) and the Royal Botanic Gardens at Kew in England, are working together to conserve our seeds as
part of the Millennium Seed Bank Project. The seeds of more than 2 500 species have been collected and
preserved. Many are endangerad, threatened or very rare South African plants. SANBI is also working on programs
to cultivate critically endangered plants so that they can be reintroduced into the environment.
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Reproduction in Plants

Asexual and Sexual Reproduction

Introduction

Plants and animals reproduce so that the offspring can be produced ensuring that the species does not
become extinct, There are two types of reproduction:

= asexual: reproduction without the formation of gametes (sex cells).
= sexual: involves the fusion of sex cells (gametes).

LA

Asexual Reproduction in Plants

Asexual reproduction does not involve sex cells (gametes). Offspring formed from asexual reproduction are
genetically identical to the parent, as the process involves producing new structures, or growing parts of
plants by simple mitosis. The following are ways in which asexual reproduction can occur;

Asexual Reproduction by Spores
Some plants like the moss and fern do not form seeds. During their life cycles, they reproduce both sexually
and asexually. They reproduce asexually by producing spores. The spores germinate into gametophyte

plants. When the gametophyte matures and produces gametes, sexual reproduction occurs, because sperm "
fertilise ova.
e e e '_-_'_:-"'.' T e s e s =y ':-.Er“l
Moss Fern ?H
i GAMETOPHYTE PLANT {n) ¥ \4 i
& - male female 5
8i \ 87}
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@ I
2 | sperm (N} owvum{n) i@
R | water required =
o spores(n) i
=i ° \ i =
% 4 {2
e e o e e e s B T E
i [ % ! ‘o
@ §r ) L 4 -
W f )
< ! KIII,-' ',\ zygote (2n) G

embryo (2n) A
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\

."Ir |

¥ | -

A

II vase ~Femn | .
. SPOROPHYTE PLANT{Zn) .
Meiosis is a form of cell divisicn in which the | — —
\chromosome number is halved. 2n represents
the number of chromosomes in a cell, and n i
|represents half that number., Desa
|ln Bryophytes and Pterophytes meiosis i
creates spores (n) and in Spermatophytes,
|mei£:s_is creates ga metes (n). i .

Reproduction in fow order plants viz., mosses and ferns
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I

ual Reproduction (Vegetative Reproduction) in Plants
tive reproduction does not involve the male and female sex organs of the plant; vegetative parts of
piant are responsible for producing new plants. As new plants are formed from the parent plant, by
s, the genetic make-up of the new plant is identical to the parent plant. Different plants have
rent ways in which they may reproduce by asexual means. \egetative organs such as tubers
toes), bulbs {onions) and corms (garlic), may also serve as food for armimals and humans.

¥ q

s does not

roduction are
g parts of

-

A sprouting potato (tuber) Onion (bulb) Garlic (corm)

- Doth sexually
wtophyte
eCause sperm

#rficial methods of vegetative reproduction include
F gusmngs of stem, tissue culture and grafting.

0 ued jenxeg

8942 8))] §

Rase cuttings

erantages of Asexual Reproduction in Plants
= Only one plant is needed.

= Offspring are genetically alike. Hence if the parent plant is well adapted to the environment, so will be
the new plants.
= New plants are produced relatively quickly.
= Agents of pollination and seed dispersal are not required.

= One can select a plant with desirable characteristics, e.g. producing beautiful flowers and create
identical plants with that characteristic,

' Disadvantages of Asexual Reproduction in Plants
= Aweak parent plant will produce weak offspring since they are genetically alike.

= If there are changes to the environment, the new plants may not survive since all offspring are
genetically alike, e.g. vulnerability to a particular pest, or frost.
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Sexual Reproduction in Angiosperms (Flowering Plants)
Sexual reproduction occurs in most plants and animals. It involves the fusion of a sperm cell with an egg cell
to form a zygote. The zygote develops into an embryo and after repeated mitosis, a new individual is formed.

Advantages of Sexual Reproduction
« Offspring are genetically different.
= Allows offspring to adapt to and evolve in an ever-changing environment.

= May lead to the formation of new species.

Disadvantages of Sexual Reproduction
= It is a relatively slow process.
= Adult male and female organisms are required in order to produce gametes.

» Mutations may occur.
- In plants pollen transfer and seed dispersal requires special agents like insects, birds and bats.

Life Cycle of Flowering Plants

Inside a flower, pollen, which contain male gametes, and the ovary produces ovule, each ovule containing a
female gamete. Following the fertilisation of the ovum by the sperm, a zygote is formed. The zygote develops
into an embryo, which is protected inside a seed. After dispersal of the seed, and when conditions are
favourable, the seed germinates and a new plant grows.

W

L

flower
N
<§ anther }

bean plant
{sporophyte - 2n)

Halves chromosome
number from 2n (diploid] MEIOSIS _!
fe n (haploid). |
; I
g seed J
ovum pollen grain

(n) (n)

embryo
(2n) Daubles chromosame
number from n (haploid)

(2n)

FERTILISATION

Life cycle of a flowering plant e.g. bean plant
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Flowers as reproductive structures

g cell Adaptation of flowers for Pollination

med.
Pallination refers to the transfer of pollen
grains from the anther to the stigma. When
this occurs within the same flower. it is
known as self-pollination. When it occurs
between different flowers of the same
species, it is referred to as cross-pollination.
Insects, birds and wind are the main agents
of pollination.

Self pollination Cross pollination

Insect-pollinated flowers (e.g. Asters, Salvia)
Flowers that are pollinated by insects have the following

« They are brightly coloured to attract insects.

g a = They have large petals which serve as a landing area for

« They have a scent or nectar to attract insects.

» Pollen grains are sticky and become attached easily to the
insects.

= Anthers are firmly attached so that they cannot be broken by
visiting insects. Salvia

Bird-pollinated flowers (e.g. Aloe, Strelitzia)
Flowers that are pollinated by birds have the following

= Flowers are long and trumpet-shaped.

» Flowers are usually red, orange or yellow.
= Flowers are not scented.

* Flowers produce nectar,

Wind-pollinated flowers (e.g. maize, grass)
Flowers that are pollinated by wind have the following
features;

« They do not have brightly coloured petals,

= They do not have a scent and do not produce nectar.

« They produce large amounts of pollen which increases the
chances of pollination.

« The pollen grains are light and float easily.

« Their anthers are large and hang out of the flower. This
allows the pollen grains to be carried easily by the wind,

» Stigmas are large and feathery which easily trap pollen grains

anthers

stigma

Maize plant
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Animal Diversity

The earliest had a simple cellular level of organisation, while the more advanced animals developed tissues,
then organs and finally systems, which enabled them to become increasingly more complex. The evolution of
animals can be seen in the increasing complexity of their body parts.

3
Ar
All multicellular animals have descended from a common ancestor. They display varying levels of complexity. ge
de
Th

Important Features of Body Plans

1. Symmetry M
2. Cephalisation =
3. Embryonic tissue layers e

o
4. Development of a coelom =

5. Number of gut cpenings
6. Blood systems I:

1. Symmetry

The way in which body parts are arranged in the body plan is referred to as its symmetry. Three types of
symmetry are possible.

Asymmetry Radial symmetry i Bilateral symmetry I
« No symmetry in the body shape. « Body parts are arranged around a » Body parts are arranged on either side of
: i al axi
« No pattern to bady parts; unicelilar | | ©eniral axis. o N
animals are irregular, « Mirror images will be seen along a + Can be cut in two mirror images in only
e ] : number of planes if sliced OME plana to give a right and a lefl half,
« Cannot divide animal into halves banaihd, F « Bilslarat aninale ammotie
that are mirror images. ongitudnaiy. gy = P ' G
: 2 . . . ave a front (anteror) and a bac
» Animals usually sessile (attached to | |* Radial animals have no front or qpcva};eq‘ror} end. } ™
bstrate) back end.
alt ; - ] ; : = There are definite dorsal (top) and 4.
1,_\‘ = y + Radial animals are mostly sessile. ventral (battom) surfaces
! -~ : iy
\
b =
<A ) , ' co
— -
e “ : v, =
(e > ) T
Sy VIR e
k ; ™ for
, Wi
Amoeba - asymmetrical Starfish - radially symmetrical Human - bilaterally symmetrical to
Tr
( INCREASING COMPLEXITY Ll
SIMPLE __ COMPLEX m
th
Asymmetry (Porifera) Radial Symmetry (Cnidaria) Bilateral Symmetry A
+ Irragularly shaped - no symmeiry = sodentary/sessile organisms {higher erder phyla)
+ simple organisms = sanses stmull from all directions = body plan shows two equal halves
+ sadentary = mabile arganisms
« pibtain food from water which flows through them = allows for cephalisation, making detection
« i need la sense amironmant for food of prey, danger elc. much easier
L9 "
2. Cephalisation (cephalos means head)
» Cephalisation is a characteristic of bilaterally symmetrical organisms.
= The head forms the anterior end in which there is a concentration of nerve cells. This concentration of
nerve cells is a simple brain in primitive animals. In highly advanced animals, the mass of nerve cells in the
head form a more complex brain, which receives and interprets stimuli from sensory cells.
= Sense organs are housed in the head region, which places them near the concentration of nervous tissue
or 'brain’. Animals move forward with their heads entering their environment head first.
» The organism is able to detect food, danger and other stimuli and respond quickly.
28 (© Al rights reserved Life Sciences 11 Li
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3. Embryonic tissue layers

An animal's body plan is laid out during its embryological stage. An embryo develops layers of cells called
city. germ layers. These garm layers give rise to specific tissues and organs that make up the body of a fully
25, developed animal.
n of There are three living germ layers: ectoderm - (outer layer that forms the skin)

endoderm - (inner layer which lines the gut)

mesoderm - (middle layer that gives rise to internal organs)
More primitive animals had only two germ layers in their embryos, the ectoderm and the endoderm and are
termed diploblastic. The more advanced animals have all three germ layers and thus triploblastic. The
evolution of a three-layer embryo allowed an increase in complexity. Most modern animal groups have
organs derived from the mesoderm. Simple animals e.g. sponges, do not form tissues and organs — they
remain at the cellular level of organisation.

Diploblastic animals Triploblastic animals
« Organisms have cells arranged in two layers during = Organisms have their cells arranged in three layers
embryonic develapment. during embryonic development.
« Cuter layer is called the ectoderm. = Ectoderm, endoderm and mesoderm.

= Inner layer is called the endoderm.

T It
E- ! ectoderm ectoderm
S mescdarm
de of i
endoderm T

gut cavity sndcderm
'ELE]'I gut cavity
sk A diploblastic body plan A triploblastic body plan

4. Development of a Coelom

In certain triploblastic animals, a fluid filled cavity called the
coelom develops in the mesoderm. The coelom separates the
gut from the body wall. This allows the outer parts of the body
to move independently from the inner parts of the body.
Tissues in the outer part of the mesoderm form muscle layers
of the body and tissues on the inner layer of the mesoderm
form muscles of the gut. Separating these two muscle layers
with a coelom allows muscles of the gut, which aid digestion,
al to contract without affecting the rest of the body.

Triploblastic animals without a coelom are called acoelomate.
They have a more or less sclid mass of tissue in the

LEX mesoderm which surrounds the digestive cavity and contains
the organs of the body.

A coelom provides a number of advantages:
s It allows materials to diffuse rapidly through the fluid in the coelom to body cells.
« Redistribution of body fluid can help an animal alter its body shape and aid in locomotion.

ectogaerm

coelom
rmesodert
{spdit by coalom)

endoderm

qut

A triploblastic coelomate body plan

i « Organs are not restricted by a mass of tissue and are able to grow larger and move more freely.
— « The fluid in the coelom serves as a hydrostatic skeleton.
LUnicellular Multicellular
Diplobalstic
Sue s : Triploblastic
acoelomate Triploblastic coslomate
Increasing complexity from unicellular to triploblastic coelomate
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5. Number of gut openings

More advanced animals have two body openings. The head end of a
bilateral animal has an opening for taking in food (the mouth), a tubular
gut, and an anus at the posterior end. This has the advantage of increasing
specialisation along the digestive system - different parts are specialised
for taking in food, digesting food, absorbing food and releasing wastes.
Simpler animals have only one body opening. They take in food through
this opening into a sac-like digestive cavity and wastes are also released
through the same body opening e.g. Hydra. The digestive cavity or |
coelenteron is termed a blind gut or blind-ending gut. |

nypostoms

maouth

oescphagus
stomach

mouth

intestines

coelenteron

J

The blind gut of hydra A through gut

anus

Disadvantages of a blind gut

« The animal cannot ingest and egest at the same time.

- The ingestion, digestion and egestion are not systematic.
« There is a mixing of digested and undigested food.

. Digested food is also expelled during egestion.

Significance of a through gut

. Allows specialisation: mouth ingests food, stomach and intestines digest food; intestines absorb food;
anus egests undigested food.

« The ingestion, digestion and egestion are systematic processes.

« There is no mixing of digested and undigested food.

6. Blood systems °

Small animals can obtain sufficient gases and nutrients through diffusion of these
substances in the body. Large animals cannot move sufficient substances through their
bodies quickly enough to keep them alive by simple diffusion . Special transport systems
are required to carry gases, nutrients and metabolic wastes to and from body organs.
Circulatory systems transport these substances in the blood of the animal.

There are two types of blood systems found in animals:

Open blood system: blood flows through blood vessels that open info a body cavity
called a haemocoel. Inside the haemocoel blood comes into direct contact with the
tissues of the organs and diffusion of gases and exchange of nutrients and wastes
occur. Blood returns through open vessels to the heart and is kept circulating in one
direction. Arthropods have an open blood system with a haemocoel.

Closed blood system: a heart acts as a pump which propels the
blood through a continuous system of tubes around the body.

The blood remains in the vessels and w

does not come into direct contact with

the cells of the tissues. Substances +

diffuse out of the blood vessels into the ] _

cells and vice versa. A closed blood B g = I haermocoel

system allows for a faster circulation of = with organs

blood, be more active and allows an

animal to increase in size e.g. as in all

mammals. An open blood system A closed blood system
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Animal Phyla
Animals are classified into about thirty phyla. Only the following phyla will be studied in detail:
1. Porifera — sponges.
2. Cnidaria — hydra and jellyfish.
3. Platyhelminthes — flatworms e.g. tapeworms.
4. Annelida — segmented worms e.g. earthworms.
5. Arthropoda — animals with jointed appendages and an exoskeleton e.g. insects, spiders and
crabs.
6. Chordata — animals with a spinal cord e.g. fish, amphibians, reptiles, birds and mammals

Sponges are asymmetrical animals that consist of a
collection of cells that are arranged in the shape of a vase.
The cells are not differentiated into tissues and no coelom
is present. They have a hole at the top to let out water that
is sucked in through pores in the body wall.

Features of Porifera

» No tissues or organs are present.

« Adults are sessile — attached to a surface e.g. rock.

« Larvae are motile and swim around for a while before
settling and maturing.

s They filter bacteria out of the water for nutrition.

= No coelom is present.

» They are vase shaped and have a water-filled internal cavity called the spongocoel.

« One body opening exists at the top called the osculum.

« Pores are found in the sides which draw in water and food. Water is circulated in the cavity by the action of
flagella and then gjected through the osculum.

« The body wall has two layers of cells. Each layer of cells is not regarded as a tissue. A jelly-like substance
is found between the two layers, »

opsculum

Sponges are commercially harvested and sold for
use in bathing and as cleaning products.

lagellum

spongocosl

epidermal cell

F——_ water flow

pores

Diagram showing the structure of a sponge
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Phylum: Cnidaria | (hydra, sea anemone, jellyfish and coral)

Features of Cnidaria
« Radially symmetrical; has a circular nerve net so it can sense food or danger
equally well from all sides.
« All are aguatic - most live in the oceans and some are freshwater,
« Simple body plan with tentacles and stinging cells (nematocysts),
« One body opening - mouth, surrcunded by the tentacles. &,
« Body wall surrounds sac-like body cavity. Piilis
= No blood system is present; simple diffusion allows for gaseous exchange.
= Mo coelom is present. {
« Have a more complex body plan than sponges; e.g. nerve cells form a nerve

network through the body wall which allows it to detect stimuli and move the
body or body parts towards or away from the stimulus.

« Are diploblastic with a jelly-like matrix between the ecto- and endoderm:
e Ectoderm - outer layer with specialised protective cells such as stinging cells
with poison that can paralyse prey.
e Endoderm - inner layer with modified cells for digestion.

Sea anemone

Exanipl'e of cnidarians
Example of a Cnidarian - Hydra

Hydra lives in fresh water. It occurs in ponds and slow-flowing streams. It is a small animal that is attached to
the substrate by the pedal (or basal) disc. It is cylindrical in shape and radially symmetrical. The mouth,
which is the only opening into the digestive cavity, is situated on the hypostome (raised cone-shaped
structure). The tentacles (6 to 8 in number) are attached in a ring at the base of the hypostome.

« raised area below mouth

+ gllows entry of food (ingestion) and
aids in ingestion

« gxlt of undigested food (egastion)

« aids in capturing and immaobilising prey . forms a sac-like cavity in which

+ used for locomation extracellular digestion occurs

« filled with water - forms hydrostatic
skeleton

95

S B B e B R G R

coelentaron

« autermost protactive layer (iiving)

naadiorInay

= aftaches Hydra to substrate

middle non-cellular, non-living layer
= used in locomotion

|pedal or basal diss

« innermost layer {living) - concerned
mainky with digestion

i no BoEd

ectoderm
coslentergn mesoglea
ehdoderm
Body plan of cnidarians (T/5)
Radial Symmetry
a) Advantages b) Disadvantages
Since sensory cells are distributed equally all around the A disadvantage of radial symmetry is that no head or
body, the animal can react to a stimulus, e.g. food or anterior end exists and therefore no cephalisation can
danger (predator), from any direction, A radially develop. The nerve network does not form a "brain' and
symmetrical animal can move in any direction. Radial movement will not be directed - movement is random,

symmetry thus suits a sessile organism like the Hydra. Mo specialised sensory organs exist,
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Phylum: Platyhelminthes |(Flat worms: tapewrom, planarian, liver fuke)

Features of Platyhelminthes

« Bilaterally symmetrical.

= Bodies are flat and soft.

» Most are aquatic or living in damp places, e.g. Planaria which live in
fresh water.

» Some are parasites and live in the bodies of other animals e.g. flukes

and tapeworms.

= Triploblastic: ecto-, endo-, and mesaderm layers in the body wall

» No coelom is present and this limits the size of the animal. Generalised body

» No blood system is present. Gases diffuse into or out of the body from plan of Platyhelminthes

the environment.

s Body is dorsoventrally flattened and this facilitates diffusion of gases

and nutrients as all body cells are close to the gut or the environment.

» Mesaderm separates the ectoderm and endoderm. It gives rise to

organs such as muscles and reproductive organs.

« Cephalisation is simple with a 'head’ (front) end that has a cluster of

nerve cells forming a ganglion and light detecting eyespots.

» They have a single body opening and a branched gut. The mouth takes Drawing of a planarian

in food and lets out waste,

= Flatworms are typically hermaphrodites (bisexual).

aut cavity
ectoderm

mesoderm

endoderm

Example: The tapeworm (Taenia solium)

Habitat

Taenia solium is an endoparasite (living inside its host). This tapeworm has two hosts in its life cycle. The
orimary host is man (small intestine) and the intermediate host is the pig (liver and especially the muscles).

Structure
Taenia is a long, flat, ribbon-like animal. It can reach a length of 5 metres. The body is covered by a tough

cuticle which protects it from the digestive enzymes of its host. The body has a head (scolex), a neck and
strobila (composed of segmented divisions or proglottides). It is bilaterally symmetrical. _

The scolex has 4 suckers and a rostellum with 2 rows of hooks for attachment to the intestinal wall.

The neck is narrow and new proglottides are produced here. The strobila is the longest part of the animal.
Young proglottides are found near the neck, mature proglottides towards the middle and gravid proglottides
are at the end. The gravid proglottides, which leave the human host via the anus, are filled with fertilised

atrobila 2 rows of hooks
L —-— on rostellum
suckers : 8 ftgr a&aﬁhmam
} e intesting
p=) o= s .r
for attachmeant i g %
to intastina o oL
neck
} mmature
proglottides

sealottides .
i Scolex and neck of Taenia

¥ ]
: line of symmetry—

External Structure of Taenia

K Some advancements that Platyhelminths show over Cnidarians E Bilateral symmetry [ §

or fo e
i Platyhelminth Cnidarian i ofglaneininn.
gin' and » triploblastic (three-layered) = diploblastic (two-layered) Lol e
ndom. = hilaterally symmetrical = radially symmetrical

« cephalisation evident = no cephalisation
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(Segmented worms: earthworm, fanworm, leech)

Features of Annelids

« Bilaterally syrmmetrical.

¢ Round segmented bodies.

» Segments are separated internally by membranes and they compartmentalise body organs,

« Complete digestive system (through-gut) with a mouth at one end and an anus at the rear end.

» The gut is a tube that extends through the body with specialised regions that process the food efficiently.

» Closed circulatory system with a simple heart and continuous blood vessels that circulate nutrients, metabolic wastes
and gases through the body.

« Cophalisation is well developed with a collection of sensory organs at the front. & simple ‘brain’ is formed from a
collection of nerve cells

+ The body is triploblastic — an ectoderm, mesoderm and endoderm are present.

» A coelom divides the mesoderm and contains coelomic fluid which provides a hydrostatic skeleton for the body.

= Separation of gut and body muscles allow them to work independently.

ectoderm

mesgderm

endaderm
coslom

qut An earthworm

T/S Body plan of
triploblastic coelomate animals

Habitat

Earthworms live in moist soil that is rich in organic material. They eat their way through the damp soil,
creating burrows. They are nocturnal (active at night) so as to avoid the drying effect of the air and ultraviolet
rays of the sun.

i Segqimette
bristles or chastae B
* locometion : clitellum z anus
= . exits&f undigested
= W
-\..E__
ol
anterior end ol E / posterior end
§
mouth =
* ntake of soil 2
Ventral view of an earthworm
Some advancements that Annelids show over Platyhelminths
| | | Platyhelminthes |
« has a coelom with coelomic fluid « no coelom (acoelomate)
s has a through gut = one body opening; branched gut
« gas exchange surface is moist skin « no spacial surface; simple diffusion through ectoderm
« blood system present = no blood system; simple diffusion
= greater degree of cephalisation = lesser degree of cephalisation
« hydrostatic skeleton present s no skeleton present
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Ehylum Arthropoda | (Animals with jointed appendages)

Arthropods are a large and successful group with more than a million living species. They are invertebrates
(have no backbone) and have jointed appendages and an exoskeleton. Arthropods have adapted to every
type of habitat, on land and in water.

The four main classes of arthropods are: .

wastes : Py
| It is the largest class in this phylum. In addition to having jointed appendages and an exoskeleton, they have

a | three body divisions (head, thorax and abdomen) and three pairs of legs. Examples - locusts, flies, bees.

I Class: Arachnida Class: Myriapoda Class: Crustacea

| Two body divisions:
\cephalothorax and abdomen,
\and 4 pairs of legs.

Have many legs.
Examples: centipedes and
millipedes.

Have 5 pairs of legs.
Examples: crabs, crayfish,
prawns.

| Examples: spiders, scorpions,
ficks.

aviolet &

ndigested
]
Features of Arthropods
« Bilaterally symmetrical.
« Well advanced cephalisation. Many sense organs and a 'brain' exist. The sense organs include simple
and/or compound eyes and antennae on the head that detect touch, odour and vibrations.
« The bodies are covered with a hard exoskeleton made of chitin. This restricts the size of arthropods
and they have to moult in order to grow.
. Their bodies are segmented and specialised paired appendages appear on the segments.
« All arthropods are triploblastic.
- They have a coelom in which the excretory system and reproductive organs are housed.
« They have an open blood system with a haemocoel — gases are transported to and from their
ctoderm respiratory surfaces and nutrients from the digestive system diffuse into the haemocoel, from where
they are circulated to the rest of the body.
« A through gut with differentiated sections extends the length of the body. Specialised mouthparts are
found around the opening of the mouth.
« The body plans of most arthropods change during their lifecycle and they undergo metamorphosis.
ences 11 Life Sciences 11 (C) All rights reserved 35
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Role of invertebrates in agriculture and ecosystems

Pollinating agents
Invertebrates such as insects play a vital role in plant reproduction. As they move from one flower to
another, feeding on nectar and pollen, they act as pollinating agents. Many crops such as most fruits and
vegetables that humans consume, are dependent on insects for pollination.

Decomposers
Decomposition results in the minerals and nutrients from dead organisms being released and becoming
available to the environment. Invertebrates such as earthworms and insects play a vital role in the
recycling of nutrients.

Aerators of the soil
Burrowing invertebrates such as worms and insects create tunnels and spaces in the soil that are filled
with air. Well aerated soil allows mare oxygen to be available for the roots of plants and for the animals
living in the soil. It enables water to drain through the soil more efficiently. Invertebrates improve the
quality of the soil, which in turn allows healthy plants to survive and grow.

Pest and diseases
Many invertebrates act as vectors of pathogens, spreading diseases like malaria (mosquitoes) and
sleeping sickness (tsetse flies). Aphids, grasshoppers and caterpillars cause damage to crops.

Biological control
Some invertebrates can be used as predators of pests, thereby controlling pest populations. Ladybird
beetles attack aphids; wasps attack caterpillars of moths and butterflies and dragon flies eat the larvae of
mosquitoes,

Many other invertebrates also have ecological and agricultural importance, such as bees, which make honey,
and insects which are used as biological control agents to prevent pest species from destroying crops and
erradicating alien plant and animal species.

Phylum: Chordata (Animals with backbones)

Chordates are a very diverse group in terms of body plan and size. They are very successful and occupy all
environments. The majority of chordates are vertebrates _ i.e. they have a vertebral column or backbone.

Features of Chordates
» Bilaterally symmetrical.
» Highly developed cephalisation — a large brain in the head region. The brain is protected by the skull.
« Sensory organs are concentrated in the head region.
= A central nervous system co-ordinates the whole body.
= Triploblastic.
= A highly specialised through-gut exists, with a mouth at one end and an anus at the other,
= The processing of food is highly efficient.
s There is a well-developed coelom.
« A closed blood system with a heart and a continuous system of blood vessels conveys substances
around the body.

The classes of chordates (with their body covering in brackets) are shown below:

. -'f-ju
A i

i 'i‘-.‘.-‘w..-j’\

¢ ="
ﬁ Class: Amphibia

) {moist skin) lia

Class: Osteichthyes {dry scales)
[slimy scales)
Class: Aves
il Class: Mammalia
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Phylogenetic trees

A phylogenetic tree or evolutionary tree is a diagram that shows

the evolutionary relationships among biological species that are
thought to have had a common ancestor. ,

The phylogenetic tree below shows the
evolutionary links amongst the various
animal phyla.

backbone and
endoskeleton

Phylum Arthropoda

jointed appendages
and exoskaleton

Phylum Annelida

Phylum Cnidaria

T

Phylum Porifera

A phylogenetic tree for the animal kingdom
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.Life Processes in Plants & Animals
_A: Photosynthesis |

Introduction

Almost all life on earth is directly or indirectly dependent on the process of photosynthesis which occurs in
green plants. Photosynthesis is a complex chemical process that converts radiant (light) energy into
chemical potential energy (carbohydrates). Plants are autotrophic organisms since they manufacture their
own food and are therefore the producers in any ecosystem.

Photosynthesis occurs within the chloroplasts of plant cells. During the process, water and carbon dioxide
are required, glucose is made and oxygen is given off. This section outlines briefly this important process.

Requirements
» carbon dioxide: from atmosphere = glucose: high-energy; soluble;
« water: absorbed by roots and delivered converted to insoluble starch and
via xylem stored
= chlorophyll (present in chioroplasts) « oxygen: released into atmosphera
= anergy (sunlight) via stomatal pores
* ENZYMes

Definition:
Photosynthesis is a process whereby carbon dioxide and water are combined, in the presence of chlorophyll
and light energy, to form energy-rich carbohydrates. During the process oxygen is released.

The summary reaction for photosynthesis is:

I

| .

| 6CO, + 6HO ot el _,  CH.0, + 60,
| carbon-dioxide watar glucose oxygen
L

The process of photosynthesis

Shotosynthesis takes place in the chiloroplasts of cells. The process may be divided into two phases: the
Light-dependent Phase (Light Phase) in which light energy is essential; and the Light-independent Phase
\Dark Phase) where light is not required. Light dependent reactions occur on photosynthetic membranes.

double membrane

starch grain

= parmeable to oxygen, CQ,,
{ water and glucose
iAteraranum
= connects one
thylaksid granum to another
ghotosynthatic membranes
gontains chiorophyll for
ghotosynthesks
?r‘ﬂhum
stroma lstack of thylakoids)
& sami-liquid that bathas the interior of = stacked thylakolds increase
shioroplaste o area for light absorption
sontains enzymes for light-independent
gras=e of photosynthesis
=== rbosomes which make enzymes
S ohotosynthesis Structure of a chloroplast
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granum

Centre for Electron Microscopy
Uinbversity of KZN

Light Phase (Light-dependent) - in grana

The Light-dependent Phase occurs in the grana of
the chloroplast. The chlorophyll molecules absorb
radiant energy. Some of this energy is used to split
water, obtained from the sail, into hydrogen and
oxygen. This process is known as photolysis. The
oxygen is released into the atmosphere via the
stomatal pores. The energized hydrogen is taken up
by a carrier and used in the next phase.

This phase occurs in the stroma of the chloroplast.

starch grain
strama

thylakoid

intergrarum

An electron micrograph of a chloroplast

Dark Phase (Light-independent ) - in stroma

It occurs immediately after the light phase. Carbon
dioxide from the atmosphere enters the leaf through
the stomatal pores. In the stroma of the chloroplast,
the carbon and oxygen of carbon dioxide, combines
with the energized hydrogen which was released in
the light phase to form glucose. The energy
required for this phase comes from the light phase.

Feleased to
atmosphere S granu
USED
Radiant energy BY FLANT
Glucose
ﬁ‘oﬁ
: STORED
CO, AS STARCH

fram atmosphers

Factors affecting the rate of photosynthesis

Carbon dioxide concentration

Carbon dioxide is essential for photosynthesis. When CO, concentration is
low, the rate of photosynthesis is low. As the CO,concentration increases
there is a corresponding increase in the rate of photosynthesis. Very high
CO,levels in the plant cause the rate of photosynthesis to drop. This
happens because the excess CO, combines with H,O to form carbonic acid.
The acidic conditions damage the enzymes that control photosynthesis,

causing a drop in the rate of photosynthesis.

Light intensity

At low light intensity, the rate of photosynthesis is low. As the light
intensity increases the rate of photosynthesis also increases up to the
optimum for a particular environmental temperature. Any increase in light
intensity beyond the optimum light intensity does not result in an increase

in the rate of photosynthesis.

40 (C) Al rights reserved

Optimum CO, concantration
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ELE temperature < 25°C

Light Intensity
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Temperature Optimasn rate
Photosynthesis can take place in mesophytic plants between 10°C and 35°C, the \
optimum being 25°C. As the temperature increases, the rate of photosynthesis

also increases, until an optimum temperature of 25°C is reached.

increasing temperatures above 25°C, cause the rate of photosynthesis to rapidly
decline, to the point at which photosynthesis can no longer take place. This is
because, when exposed to very high temperatures, the enzymes involved in
photosynthesis become denatured (lose their shape) and are rendered useless.
Al low temperatures photosynthetic enzymes become inactive and the energy -
available for the reaction is reduced. 25°C

Rate of photosynthesis
e

Greenhouse Systems

A greenhouse is a structure built specially for the growing of
plants in a controlled environment. The greenhouse allows
sunlight to get to the plants in order for photosynthesis to take
place; while preventing pests, birds and other animals from
getting to the plants. The amount of water and nutrients that
the plants receive are controlled.

Other environmental conditions that may be controlled in a
greenhouse are the carbon dioxide levels, light and
f=mperature. These three environmental conditions play a
significant role in determining the rate at which the plants
ghotosynthesise.

Inside a fypical greenhouse

Role of CO, enrichment, optimum light and optimum temperature in greenhouse systems
1. Carbon dioxide enrichment
By enriching the CO, concentration within the greenhouse, plants will increase the rate at which
photosynthesis occurs. This will result in an increase in plant growth and crop yield.

2. Optimum light
The amount of light in a greenhouse can be adjusted so that the plants receive the optimum light to
maximise the rate at which photosynthesis occurs. Artificial lighting may be used to enhance the light
conditions, while shade cloths are used to reduce the amount of light that gets to the plants,

3. Optimum temperature |
The temperature within the greenhouse is kept at the optimum temperature for maximum plant growth.
On cold days, heaters are used, while on hot days, fans are used. In this way, the plants in the
greenhouse grow in an ideal temperature to improve crop yield.

Sole of ATP in the cell

ATF is the high-energy carrier in plant and animal cells. When ATP breaks down, energy is released and is

wsed by the cell for all metabolic work. Some ATP is formed in the cytosol, while most of the ATP is formed
thin the mitochondria,

Biological importance of photosynthesis

% Energy-rich carbohydrates are formed during photosynthesis. These compounds form the basic source of
energy for almost all organisms.
Large volumes of carbon dioxide are released into the atmosphere as a result of cellular respiration,
gecomposition and the burning of fossil fuels. During photosynthesis, carbon dioxide is utilised, thereby
maintaining the atmospheric carbon dioxide levels at a relatively constant level.

2 Oxygen is released as a by-product of photosynthesis. This replenishes the oxygen in the atmosphere
. that is used by organisms during cellular respiration.

s Sciences 11 () Al rights reserved 41
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Practical Work: Phe

Experiment 1

Aim: To test a green leafl for starch

The starch test is important to remember, as it will be repeated in later experiments in this chapter.
Method:

1. Boil the leaf in water to stop all funclions and soften the tissues.

2. Boil the leaf in alcohol (with care!) to remove the chlorophyll. Chlorophyll dissolves in alcohol and is
therefare extracted.

3. The leaf is then rinsed in hot water to soften it.
4. Add lodine solution to the decolourised leaf.

o S

|
| - aleoheal
- { ioding
bailing water solution
m— e = ; hot: water i
\ decolourised
A leaf
—_ —_
‘ ¢ L €
. 4. Add iodine
1. Boil leaf in water 2. Boil leaf in alcohol 3. Rinse solution

Precaution
Alcohol is highly inflammable! Ensure that the burner is off when bailing the leaf in alcohol. Alcohol boils at
78°C. Its vapour catches alight very easily.

Results and Conclusion
When iodine solution is added the leaf turns black (blue-black). This colour change proves thal the leaf
contains starch, sinee starch tumns black (blue-black) in the presence of iodine.

Experiment 2

Aim: To determine whether light is essential for photosynthesis.

Method:

1. A plant is first destarched by placing it in a dark
cupboard for 48 hours.

2. A pattern is cut out of aluminium foil and placed over o
the leaf of a plant. i _iﬂ’

3. The foil is wrapped around the leaf such that light Wmm _La
strikes the leaf surface in the cut-out portionand ne * & :

green blue-black

light is allowed to enter under the foil. —

4. The plant, with treated leaf, is then placed in an area ‘ f
with adequate sunlight for 3 to 4 hours.

5. The starch test is then performed on the leaf. /

At start of experiment After starch test

Resuits and Conclusion

The area of the leaf that was exposed to sunlight had been photosynthesising, since it turned blue-black
when subjected to the starch test, thus tested positive for starch. The area of the leaf that was not exposed
to sunlight (covered in aluminium foil) had not been photosynthesising, since it tumed brown when subjected
to the iodine test, thus proved negative for starch.

Since only the area of the leaf that was exposed to sunlight tested positive for starch, it can be conciuded
that light is essential for the process of photosynthesis,

42 (©) All rights reserved Life Sciences 11
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Experiment 3 (Demonstration)
Aim: To determine whether chlorophyll is essential for photosynthesis.

A plant with variegated leaves is chosen for this experiment. The non-green portions do not contain
chlorophyll. However, the plant is first destarched so that any stored starch in the non-green areas is
cansumed.

The plant is left in sunlight for a few hours.

A drawing of a variegated leaf is made with the green (chlorophyll) areas clearly marked. The leaf is then
subjected to the starch test.

ults and Conclusion white part brown

J-QES d Canmalgion . (ne chlorgghyll) {starch absert)

since only the areas that contained

chlorophyll tested positive for starch,

we can conclude that chlorophyll is

essential for photosynthesis. green

ke ks (has chlorophyll) Flus-tlack
(starch present)
At start of experiment After starch tast

Experiment 4 (Demonstration)
Aim: To determine whether carbon dioxide is essential for photosynthesis.
Method:

1. Destarched plants are set up as in the diagram below and left in sunlight.

2. Chemicals such as soda lime or caustic soda are used to ensure that carbon dioxide is removed from
the bell jar (Experiment A).

3. The bell jars are sealed with vaseline to prevent the entry of carbon dioxide.
4. Aleaf from each plant is tested for starch after 24 hours.

N i [ pieces of chalk 1)71—— soda lime
\‘ﬂi o (abscrts CO,)
/:! | H‘\\
/ \ '

--‘ 4-—— leafy twig
" e e caustic soda
| _. - . / (absorbs CO,)

i I
| | |
EXPERIMENT CONTROL

1
— bell jar

Results and Conclusion

The leaf from bell jar A, which did not have access to CO,, had not been photosynthesising, since it tested
negative for starch. The leaf from bell jar B, which did have access to CO,, had been photosynthesising,
since it tested positive for starch.

since the leal from bell jar B contained starch and the leaf from bell jar A did not, it can be concluded that
CO, is essential for photosynthesis.

Life Sciences 11 (© Al rights reserved 43
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Experiment 5a (Demonstration)
Aim: To determine whether oxygen is released during photosynthesis.

Method
The apparatus is designed in such a way that any gas evolved by the plant can easily be trapped and lested. Aguatic
plants serve this purpose since they continuously respire in water.
1. An aquatic plant (e.g. Elodea) is placed under an inverted glass funnel and then placed in a trough of
water.
. Atest tube is filled with water and placed over the stem of the funnel to collect the rising gas bubbles.

2
3. The glass funnel is placed on coins or blocks so that water can move out of the funnel as the gas evolves.
4

. The apparatus is left to stand in light for a period of time. Light intensity will increase the production of

as.
g I/..—.}&i gas evolved

glawing splinter
g ursting into
flame
stem of .
funnel 2
water —m e
o e Fannd e L— water plant e.g. Elodea
a T —
e block
Resuilts

Bubbles of gas were given off by the plant and were trapped at the top of the inverted test tube.
A glowing splinter is ignited spontaneously when it is held at the mouth of the test tube.

Conclusion

Since oxygen supports combustion, the gas evolved must be oxygen, proving that oxygen is liberated during
photosynthesis.

Experiment 5b (Alternative Experiment) (Demonstration)
Aim: To determine whether oxygen is released during photosynthesis.

Method:

The experiment involves the use of the indicator,
methylene blue, which is colourless in the absence
of oxygen, but turns blue when oxygen is present.

A solution of methylene blue (initially colourless) is
prepared and placed in a conical flask. A few sprigs

of water plant (e.g. Elodea) are placed in the flask methylene blue

: PR soluti
and sealed. The apparatus is then placed in bright sl
sunlight to increase the rate of photosynthesis.
A control is set up in the same way except the water water plants

plants are remaoved.

Results and Conclusion

The once clear methylene blue solution became blue indicating that oxygen entered the water.
Since oxygen could have only been produced by the living plant, it can be concluded that oxygen is released during
photosynthesis.
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B: Animal Nutrition _
Balanced Diet

A balanced diet is one that has the correct proportions of carbohydrates, proteins, fats, vitamins, minerals
and fibre (roughage). The daily energy requirement of an individual changes according to the age, sex and
the activity of a persan. This is shown in the table below:

Person Energy requirements per day (kJ)
8 year old 7500
18 year old girl 9 000
16 year old boy 12 000
Woman doing light work 2 000
Woman doing strenuous work 10 500
Pregnant woman 9 800
Man doing light work 11 800
Man doing strenuous work 14 000

From the table above, it can be seen that if one eats more than what the body requires, then one will
become obese (fat). Obesity often leads to heart disease, strokes and diabetes.

Mutrition - Processes
1. Ingestion: the taking in of food through the mouth.

2. Digestion: the breakdown of food, mechanically by the action of the teeth, or chemically by the action of
enzymes and stomach acid. Food needs to be digested before it can be absorbed into the blood.

3. Absorption and transport: movement of digested food from the lumen (gut) into the blood vessels that
surround the gut. Absorption of nutrients obtained from food is an active process, since energy is required
for the process to take place. Blood transports nutrients throughout the body.

4 Assimilation: a process which occurs in the body cells, where nutrients are broken down to yield energy
during cellular respiration.

5. Egestion: removal of undigested food from the alimentary canal.
Mutrition and dentition in animals

B

®
T

Y

Animals that only eat plant material | | Animals that only eat other animals | | Animals that eat both plants and
are known as herbivores. For are known as carnivores e.qg. a lion. | | @nimals are known as omnivores.
example, the cow’s teeth consist of: | | camivores have powerful jaws with | | 59 humans. pigs, bears.
= \Wide sharp incisors for cutting sharp canine teeth, They have: Omnivores have:
of grass. « incisors s incisars
. Mpi:_rs that are used for . cCanines « canines
grin mga. | « premolars and = premolars and
+ No canines
The grass is digested in a i TS
T i i rumen . . ) : f . .
-'partgof alimenthary carial of The digestion of proteins occurs Chemical digestion staris in the
: _ ; mainly within the stomach. maouth and continues in the stomach
herbivores), with the aid of bacteria. and snallinestine,
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Human Nutrition

Food contains many nutrients for the body’s supply of energy, as well as the building, growth and repair of
tissues. Food in the form in which it is taken in cannot be utilised immediately. It must be broken down into
molecules, so that it can be used in the many chemical reactions that occur within the body.

We now look at the step-wise breakdown of food, its entry into the cell and its utilisation by the body.

The importance of food
« Food is a source of energy, with carbohydrates and lipids (fats) being the main source.
= [t provides proteins and minerals for the growth and repair of tissues.
= Food contains regulating substances such as minerals, water and vitamins, which assist in controlling
various body functions.

Digestion
Digestion may be defined as the step-wise breakdown of large food particles into molecules, small enough to
enter the body's cells.

Overview of the mechanism of nutrition

a) Ingestion: Taking in of food into the mouth (eating).

b) Secretion: Cells within the walls of the alimentary canal and accessory organs, secrete water, enzymes,
and acids and alkalis.

c) Mixing and Propulsion: Altermnating contraction and relaxation of the smooth muscle in the walls of the
alimentary canal, mix food and secretions and push them along.

d) Digestion: The mechanical and chemical processes involved, which mix secreted fluids with ingested
food and break down larger food particles into smaller particles and molecules.

Mechanical digestion involves the physical breakdown of food by teeth, the swallowing of food and the
action of smooth muscles of the stomach and intestine that churn food so that it is mixed with enzymes.

Chemical digestion involves a series of catabolic reactions where enzymes and chemicals break down
carbohydrates, lipids and proteins into smaller molecules.

e) Absorption: The entry of the products of digestion into the epithelial cells lining the lumen of the small
and large intestine and thereafter passing into the blood and lymph. Most drugs, as well as alcohol, are
absorbed in the stomach.

f) Defaecation (egestion): The elimination of undigested food and waste material from the large intestine
through the anus. *

Structure of the digestive system (Refer diagram on the next page)

The digestive system of man consists of the alimentary canal and
its associated organs.

The canal starts at the mouth and ends at the anus. Some of the
organs associated with the alimentary canal are the tongue, teeth,
liver, pancreas and salivary glands.
The mouth

The mouth is the first part of the digestive system

attached eng

where food enters. The lips, cheeks and tongue bitter
serve to keep the food between the teeth, ensuring . .
uniform chewing and proper mastication. taste buds
Tongue: Sour
The tongue is a muscular organ attached to the floor of
the mouth. It serves to move the food in the mouth and salty
keep it between the teeth. The tongue helps shape food
into a bolus (ball of food) and pushes it towards the back - sweet
of the mouth cavity for swallowing. It is also the organ of — e
taste (salty, sweet, sour and bitter) and stimulates the '
secretion of saliva. The tongue as the organ of taste
46 © Al rights reserved Life Sciences 11
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L
2 nasal passags
oral (mouth) cavity
pharynx
3 oesophagus (gullet) ;
&
1 D | 'i
liver
gall bladder P ’
~ stomac
s,
duodenum of spleen
small intestineg pancreas
an
transverse colon [
!
ascending colon ; jejunum of small intestine
\l:. i 1.3 descending colon
5. cascum = " ; ; ;
. i ileum of small intesting
appendix -
PECLLUM
anus

The alimentary canal of man

Teath
Teeth are found in sockets in the upper and lower jaws. An adult has 32 teeth.
Teeth cut, tear and pulverise food into smaller particles for swallowing.

In both jaws there are:

= 8 incisors are used for biting and :
= snipping food, :
= 4 canines are used for gripping and e st .
tearing food. « The human dental formula is: 2' ] - 2' ]
= § premolars help in chewing food. i
This implies that on half of the upper jaw,

i 1oels cen Lisac for cawing: there are 2 incisors, 1 canine, 2 premalars
and 3 molars present. The same applies to
the lower jaw.

Salivary Glands
Three pairs of salivary glands are present in the mouth.

They secrete saliva which consists of water, mucin and an FomgLe

enzyme. Saliva serves to soften and lubricate food which
- Secilitates chewing, mixing and swallowing.

Mouth with Salivary glands
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The pharynx

The pharynx is the area at the back of the mouth cavity, leading to the oesophagus and trachea. It allows
the entry of food into the oesophagus during swallowing. When food is swallowed, the epiglottis closes so
that food does not enter the trachea.

The cesophagus

The oesophagus is a narrow muscular tube that links the pharynx to the stomach, It lies immediately behind
the trachea. The oesophagus forces the bolus down into the stomach, by a muscular wave-like motion
called peristalsis. Goblet cells in its wall secrete mucus, which serves to lubricate the walls for the smooth
passage of the bolus.

oesophagus

The stomach /_ i

The stomach is a muscular bag-like organ, lying in the upper part sphincter
of the abdominal cavity, just below the diaphragm. ILis divided i
into three sections; the fundus, corpus and pylorus. ' R

The inner surface of the stomach is composed of pyloric sphincter |
many muscular folds called rugae, which =
become fewer as the stomach distends. I £

[}

—T— C-"_:I!'FJLIFE-
i =

pylaric
portion

The stomach secretes gastric juice which
contains enzymes and hydrochloric acid (HCI).
The muscular action of the stomach mixes the
food with saliva and gastric juice, forming a
watery mixture called chyme.

The cardiac and pyloric sphincters control the
entry and exit of food.

muscular folds
(rugae)

duodenurm

The stomach

The pyloric end of the stomach narrows down to form the first part of the small intestine, the duodenum. The
liver, gall bladder and pancreas are important organs associated with the duodenum.

Liver

The liver is the largest gland in the body, lying in the upper portion of the abdominal cavity, just below the
diaphragm.

Functions of the liver:
» Makes and secretes bile ( bitter fluid which
emulsifies fats).

« Converts excess glucose into glycogen and fat.
« Deaminates excess amino acids inlo urea.
« Detoxifies harmful substances.

= Stores minerals (iron and copper).

= Stores vitamins A, B,,, D, Eand K cystic duct

liver

hepatic duct

common bile duct

gall bladder pancreas

._/_,#4"

4

duodenum

hepato-pancreatic duct e hereatlc duct

(common bile & pancreatic duct)
The liver and associated organs
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Gall Bladder
The gall bladder is a pear-shaped pouch found in the depression on the lower surface of the liver. Il stores
bile.

islets of Langerhans
Pancreas

The pancreas is a gland lying below the greater l
curvature of the stomach. Ducts connect the pancreas
to the duodenum.

It secretes pancreatic juice which contains a number
of enzymes.

Special groups of endocrine cells called islets of ~S— pancreas
Langerhans are found in the pancreas. They secrete pe d":é: wE

the hormones insulin and glucagon, which control e

blood sugar level, The pancreas

Small intestine

The small intestine begins at the pyloric sphincter, extends through the central part of the abdominal cavity
and opens into the large intestine.

Enzymes are found on the surface of the columnar epithelial cells.

Numerous finger-like projections of the mucosa, called villi, serve to increase the surface area for the
increased absorption of nufrients.

The muscles of the small intestine cause peristalsis, which move food along towards the large intestine.

colurmnar epithelial cells (with migrovilli)

connective tissus

capillaries

mucus of goblet

lacteal cell

il

crypt of Lieberkilhn microwvilli

arteriole

vanule
hymph vessel

Diagram of a villus (I/s)

Structural Adaptations of the Villus

= Has a single layer of epithelial cells to facilitate diffusion.

» Has a lacteal to transport absorbed fats.

= Well supplied with capillaries for the transport of absorbed nutrients.

» Columnar epithelial cells of the villus have many mitochondria, which provide the energy for the active
absorption of nutrients (mostly lipids).

= Globlet cells secrete mucus, which protects the villi and aids absorption.

« Brunners glands secrete an alkaline mucus, which serves as a lubricant and protects the lining of the
intestine against the acidic chyme, by neutralising it.
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Large Intestine The imj
The large intestine extends from the ileum to the anus.

Foughag

Itis attached to the abdominal wall. It consists of the material s

caecum, colon, rectum and anus. = = :

The colon contains bacteria which break down 5 o E"’wﬁi
undigested carbohydrates. Gases like methane and o 8

carbon dioxide are released by the bacteria during this b B Swpose |

process. % o increa

8 =) mater

consti

CAgscum Th g

i _—F'L- ¥ restum rol

Append ' By increz

bl Sssues a

Digestion The large intestine (colon) B) Chen

The need for digestion Chemica

Food taken in consists of large molecules which are often insoluble in water. This food must be broken down |nzymes

into a form that can be readily absorbed by the cells of the body. The breaking down of food into smaller found in |

molecules so that it can be absorbed, is known as digestion. juice, Bils

a) Mechanical digestion -

Mastication: Food is pulverised into smaller particles, by the grinding action of the teeth and jaws, and Mouth

mixed with saliva so that it can be swallowed. '

Bolus Formation: The tongue rolls the moistened food particles into a ball called a bolus, which makes it '
easier to swallow.

Swallowing: The movement of the bolus down the pharynx and into the oesophagus is called swallowing. The Stoma
tongue pushes the bolus to the back of the mouth cavity, where the action of swallowing is friggered.

Peristalsis of the Oesaphagus, Stomach and Intestine: Peristalsis is the successive muscular contractions

along the wall of the alimentary canal, causing the food to move along. These muscular contractions
cause the moist bolus to slide downwards until it reaches the stomach.

Peristalstic movements ‘in the stomach are greater, causing food to be thoroughly mixed with gastric juice.
Food is thus churned into fine particles in a fluid medium which is now called chyme.
Peristaltic movements within the small intestine are similar to those which oceur in the oesophagus. Food

is forced along the small intestine and eventually enters the large intestine. Peristalsis in the large
intestine allows for the movement of food and its elimination (defascation).

oesophagus |
conslriction constriction 4
Absor
Folus of fooed = Most!
h bolus « The v
pharynx
i 2 = Sugal
AU
relaxation relaxation = Absor
epiglottis
pesophagus Fatﬂ o
stomach = Sugar
trachea snerg
« Aming
down)
- Fatﬁ d
Peristalsis in the Oesophagus Teserv
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The importance of roughage

Roughage promotes the efficient operation of the alimentary canal. It consists of indigestible plant cell
material such as cellulose, hemicellulose, pectin and lignin.

Sources: All raw and cocked vegetables, peanuts and tree nuts. Roughage is also found in brown and
whole wheat bread, as well as fresh and dred fruit.

Purpose of Roughage: Roughage gives volume fo the waste material in the large intestine (colon). This
increased volume results in stretching of the colon, stimulating peristalsis and movement of waste
material towards the rectum for defascation. Roughage also enables fasces to retain water, preventing
constipation and piles {haemorrhoids).

The role of water in facilitating movement of food
By increasing the fluidity of food, water enables it to move freely along the alimentary canal. It also enables
tissues along the alimentary canal to remain soft and pliable, ensuring free movement within the canal.

b) Chemical Digestion

Chemical digestion involves the breakdown of large food melecules into smaller molecules, with the aid of
enzymes. The enzymes speed up the reactions, but are not used up the reactions. These enzymes are
found in the digestive juices. There are 5 digestive juices: Saliva (mouth), Gastric juice (stomach), Pancreatic
juice, Bile and Intestinal juice {intestines). The latter three are active in the small intestine.

Carbohydrates, like starch, are chemically broken down

saliva (hydrolysis) in the mouth by enzymes in saliva.
Stomach |
, o Proteins are mainly broken down in the stomach by the
o | gastric juice acidic conditions and enzymes present in gastric juice.
Small Intestine Final breakdown of carbohydrates, proteins and fats occur

1. pancreatic juice | in the small intestine with the help of bile, pancreatic juice
and intestinal juice. (N.B.: Bile has no enzymes.) The end
products of digestion are:

« Carbohydrates = monosaccharides (single sugars).
+ Proteins = amino acids.
» Fats or lipids = glycerol and fatty acids.

2. bile (no enzymes)
3. intestinal juice

Absorption of Digested Food

» Most foods are absorbed in the small intestine.

» The villi play an important role in the absorption of food.

» Sugars and amino acids are absorbed into the blood and are carried to the liver via the hepatic portal vein.
» Absorbed fat enters the lymphatic system via the lacteal and later joins the blood system.

Fate of Absorbed Food
» Sugars, like glucose, are stored in the liver and muscles as glycogen, or they are used up as a source of
energy during cellular respiration.

« Amino acids are used to make proteins in cells and tissues. Excess amino acids are deaminated (broken
down) in the liver, then filtered by the kidneys and excreted as urea in urine.

» Fats are stored under the skin or around delicate organs like the heart and kidneys. Fats serve as a
reserve source of energy.
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Homeostatic Control of Blood Glucose Levels

Plood vesss
Blood glucose levels are controlled by two slets of Langerhans 3 / A b2l
hormones: insulin and glucagon. These _{ j (1] ﬂﬂ“&f;;,. ot R Azaa
hormones are secreted by the islets of oy . il 3w 09 Boc g
Langerhans, which are found within the i~ . F—— ¥ g 3% l"‘(’ -
pancreas. g LW sve
= o R On 2w
B cell '
Pancreas showing « and /i cells
o LN R 3§ At
| promotes: <
e : . ion of g to gl
= Insulin is secreted into the blood, a E;'?;ﬁfn” ot 33&1? i.m;.g é‘.:,",fi‘f:‘iz"s -_ﬁ“
» Insulin decreases the blood glucose levels by: [iNsuLN] MU
= converting excess glucose lo glycogen, ' : Foalz
which is then stored in the liver and muscles. ' T S Unc
= promoting the absorption of glucose into | o
body cells. £ fi cells in islets of Langerhans
e 5 in pancreas secrete insulin
g :
IE I L
When blood glucose levels are lowered g : Ar
=) If glucose level is HIGH in blood then -
» Glucagon is secreted into the blood. E
= Glucagon increases the blood glucose level = T ML
by converting stored glycogen to glucose, M
which is then relegsed into the blood. —* | NORMAL BLOOD GLUCOSE LEVEL |+—— B
— l
g =
| a 2 Owi
If glucose level is LOW in blood then = Ot
l g ac
' - h
Diabetes ; ' < gz
5 i - o cells in islets of Langerhans =
Diabetes mellitus is a condrtrontwhelre thte | in pancreas secrete glucagon Z
pancreas does not secrete sufficient insulin, | o Horn
resulting in blood glucose level being high. l Bt
Two
Symptoms of Diabetes =
» Frequent urination. | Sl
Bl d visi [ a hormone that converts stored
& Blurred vision. glycogen back into glucose
= Presence of glucose in the urine (urine test). - " MPCCYRPS LSS WSSO
= Being thirsty. Negative feedback in the control of =
. bigod glucose levels Differ
= Wounds that will not heal. Huma
; health
There are two types of diabetes:
Type 1 Diabetes (insulin-dependent) Type 2 Diabatﬂ [iﬂsulln-—imigpendngﬁ _ _. [A ver
A ti
= Occurs when the pancreas does not secrete = Pancreas in people diagnosed with type 2 ;?DS,
insulin, diabetes does not secrete adequate insulin. meat
= Young children and adults up to the age of 30 » Common in adults who are obese and over don't
are usually diagnosed with type 1 diabetes, the age of 40. and
« They have to rely on insulin injections to » Glucose level in these adults is usually 5'.;2:-’
survive. | controlled by prescribed medication. ot b
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Problems associated with nutrition
A balanced diet
A balanced diet is one which contains essential food components, in sufficient quantities, from the five major
food groups. These groups are: carbohydrates, proteins, lipids, vitamins and minerals. The actual daily
requirements will differ because, different populations have different dietary habits according to their life
siyle.
On average, the approximate daily food intake should be:

1) 50 - 60% carbohydrates, with less than 15% from simple sugars,

2) less than 30% fats,

3) 12 - 15% proteins.
Water is very important. About 2 litres should be taken in every day, however some of this water is found in
food. '

Malnutrition
Malnutrition is a state of poor or bad nutrition that may be due to inadequate food intake (under nutrition),
imbalance of nutrients, or over nutrition. Some of the consequences of malnutrition are:

1. Under nutrition

MDITION
{%?SGRI]ER] CAUSE SYMPTOMS
Kwashiorkor | Children fed on a high carbohydrate and low | Swollen abdomen, stick-like arms and legs,
protein diet. retarded growth, sores on skin and swollen face.
Anorexia Psychological - person refuses to eat. Excessive weight loss which could lead to death,
nervosa There is also a decreased resistance to diseases.
Nutritional Children receiving too little carbohydrates, Loss of mass, tightly stretchad skin, thin muscles
marasmus proteins and fats. and very little fatty tissue.
T Exact cause is unknown. May be psychological, | Guilt associated with eating, frequent weighing,
Bulimia neurological or endocrinal. Episodes of over- low body weight, secrefive behaviour, low blond
aaling followed by self-induced vomiting. pressure.

2. Over nutrition Obesity

Obesity is caused by a person eating too much carbohydrates and fats, resulting in an excessive
accumulation of adipose tissue. Obese persons are more likely to suffer from cardiovascular diseases,
hypertension, diabetes, certain cancers and gall bladder diseases. Recently, obesity has been linked to
genetic factors related to metabolic rates.

Hormonal Control
Two hormones play a role in the digestion process in humans:

| Gastrin . secreted by the stomach walls. Secretin . secreted by the walls of the duodenum and travels via

| the blood to stimulate the:

| « stimulate glands in the stomach e pancreas into releasing pancreatic juice.

| walls to secrete gastric juice. = [iver into releasing bile which is stored in the gall bladder.
Different Diets

Humans have different diets for different reasons. It may be due to cultural practices, religious practices,
health reasons or personal reasons.

| Avegan is one that avoids | | A vegetarian does not eat || Foods are said to be Muslims will only eat meat

| eating or using any animal meat, fish and eggs. They || kosher if they meet all the that is Halaal. This implies

| products. They do not eat eat vegetables only, Many ||criteria laid down by Jewish || that the animal was

| meat, fish or eggs. They Hindus are vegetarians law. Foeds that have a slaughtered according to

| don't drink dairy products due to their religious mixture of meat and milk the Muslhim principles and

! and don't use any beliefs. Some eat only are regarded as non- technigues. Halaal foods

| substance that is derved vegetables on certain days || kosher. Foods purchased purchased have a symbol

| from animals. They don't of the week. have a symbol indicating or declaration on them,

| gat honey as well. whether it is kosher.
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Dietary Suppiements
People take supplements for various reasons. Some of the reasons for taking supplements are:
e to improve one’s health.
« t0 enhance one's performance in sport.
= {0 improve one's appearance (beauty).
« to have a young appearance (anti-ageing).

If a balanced diet is eaten regularly, then dietary supplements should not be taken. Dietary supplements :
include vitamins, mineral salts, plant and animal extracts etc. Since vitamin B, is only found in animal -
products, vegetarians should take a vitamin B, supplement. Calcium and vitamin D supplements will help -
prevent osteoporosis (brittle bones) from occurring as one gets older. ps
Tooth decay related to diet i
Regular ealing of sweets and chocolates could result in tooth decay. One must brush ones teeth regularly to T
reduce the chances of tooth decay. Drinking lots of milk (calcium) will help strengthen anes teeth. T
Fluoride exists naturally in our water and it helps prevent tooth decay by strengthening the enamel. The
fluoride also prevents new cavities from forming.
Fluoridation occurs in most countries. This process involves the addition of fluoride to drinking water.
However, high dosages of fluoride in drinking water can be hazardous.
Effects of alcohol abuse
Excessive alcohol is harmful to the body and affects the body in many ways. The liver is one of the first
organs to be affected by excessive alcohol consumption. A condition known as cirrhosis (“cirrhosis™ means
‘orange”) occurs where the liver becomes hard, turns orange and the cells die.
Other ways that alcohol affects humans are:
* Impaired judgement.
« Impaired speech.
= Social relationships.
= Job efficiency. iz
« Deficiency of certain vitamins. A
« Red and white corpuscle
deficiency.
= Immune system depressed,
resulting in cancer of the stomach, A normal liver Cirrhosis of the liver
liver, pancreas, colon and tongue.
""'I-.
E-
=
Effects of drug abuse i=
Marijuana
Marijuana is a drug that is obtained from a plant Cannabis sativa. Those that smoke Marijuana
experience euphoria, together with alterations in vision and judgement. Often brain damage occurs
together with respiratory diseases and lung cancer.
Cocaine 3
Cocaine is an addictive drug that affects the human brain. Memory and concentration levels are affected.
Men that take cocaine can become impotent. High doses of cocaine can lead to seizures as well as
cardiac and respiratory arrest. E
H
Heroin .
Heroin is also an addictive drug. Some of the side effects of taking heroin are nausea, vomiting, b
respiratory and circulatory depression, leading to death. -7
1
= A
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' C: Cellular Respiration

Energy in our universe remains constant. Energy is neither created nor destroyed.
Energy exists mainly in two forms.

« potential energy (stored energy)

« kinetic energy (energy due to motion)
Living organisms need energy 1o survive. Plants are autotrophs, as they manufacture their own food.
Animals are heterotrophs, since they cannot make their own food. They obtain energy by eating plants
(herbivores) or other animals (carnivores)
Cellular respiration releases the energy in food, so that the organism can get the energy it requires. When

oxygen is available to a cell, aerobic respiration takes place and lots of energy is released and stored as
ATP. When oxygen is not available to a cell, anaerobic respiration occurs and little energy is released.

The Mitochondrion
The mitochondrion is the organelle in which the process of aerobic respiration is completed.

outer membrans
double membrans

mitochandrial DA
inrer membrane

intermembrane space

raatrix

ribosomes -1
% crigtas

A mitochondrion (l/s)

Aerobic Respiration
Aerobic respiration takes place in the presence of oxygen. A summary of aerobic respiration follows :

CH.,0, + 860, bt o , 6CO, + 6H0O + Energy
glucose 0Xygen carbon dioxide water ATP

The energy released is stored in the mitochondria as adenosine triphosphate (ATP), a chemical containing
an energy-rich bond. When this bond is broken, energy is released. During aerobic respiration, 1 glucose
molecule will produce a net product of 38 high energy ATP molecules.
&srobic respiration involves three stages:

1. Glycolysis (occurs in the cytosol).

2. Krebs cycle (occurs in the mitochondrion).

3. Oxidative phospherylation (occurs in the mitochondrion).

Summary of the Process of Aerobic Respiration

Glycolysis >

« Clucose is broken down to form pyruvic = Pyruvic acid enters the mitochandrion « The energised hydrogen aloms
acid in the cytosol and joing a cyclic series of reactions. are used to make 36 ATP

+ Byruvic acid contains energy-rich « 0, and energised hydrogen atoms are molecules.
mydrogen atoms. released. » The de-energised hydrogen

= The pyruvic acid molecules move into L EG: is released from the cell, while the atoms combing with cxygen o
#a mitochondrion, energised hydrogen atoms are used in form water,

« & et of 2 ATP molecules are produced. the next stage.
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Energy Carrier in a Cell

ATP is a carrier of energy in a cell. When energy is

high snergy bongd
required, ATP breaks down to ADP + F {adenosine

diphosphate and phosphate) and the energy that is s '..n.( :} r,@ ,
released is available to the cell. [: +
ATP is formed when ADP + P + energy forms ATP, b

ADP + P

Anaerobic Respiration

Anaerobic respiration Is a catabolic (breaking down) reaction
oxygen is not available in the cell. The reaction occurs in the
plant and animal cells are different

In Plant Cells

In plant and yeast cells, energy-rich glucose is broken down to ethan
energy is released. The process is called alcoholic fermentation.

Beer Making:

Beer is made when the yeast (fungus) is allowed to ferment under anaerobic
conditions (absence of oxygen} to produce alcohal,

Bread Making;

Yeast is also used in the making of bread. The yeast breaks down the
sugar via anaerobic respiration to produce ethanol and CO, . The
alcohol evaporates while the CO, forms pockets of “air". causing the
dough to rise. The yeast is killed by the time the bread is fully baked.

In Animal Cells

In animal cells, anaerobic respiration is also known as lacti
(e.g. glucose) is broken down to yield some energy and Ia
to pain and muscle cramps.

N.B. Lactic acid can be converted ba
respiration may continue.

¢ acid fermentation. During this process, food
ck to pyruvic acid when oxygen becomes available, so that aerobic

Comparison between Aerobic and Anaerobic Respiration
Similarities: In both processes:

= Glucose is the source of energy.

= Energy in the form of ATP is released.

= The reactions are controlled by enzymes.

Differences between Aerobic and Anaerobic Respiration

that occurs in both plant and animal cells, when
cytosol of the cell and the products formed in

ol (alcohol). Carbon dioxide and some

ctic acid. A build-up of lactic acid in muscles leads

Aerobic Respiration r

Anaerobic Respiration |

Occurs when oxygen is present in cell, Occurs when oxygen is absent in cell.

Starts in the cytosol and ends in the mitochondria. | Oceurs in the cytosol.

One glucose molecule releases 38 ATPs (net).

ATP, CO, and water are the by-products in both
l plant and animal cells,

One glucose molecule releases only 2 ATPs (net).

ATP, CO, and ethanol are the by-products in plant cells.
ATP and lactic acid are the by-products in animal cellsj
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Differences between Photosynthesis and Respiration

| Photosynthesis

« Occurs only in chlorophyll-containing organisms,
.g. green plants.

« It is an energy storing process converting radiant
energy (sunlight) into chemical energy.

« It takes place in the presence of light.
» Carbon dioxide is a raw material for the process.

I Respiration

« Oceurs in all living organisms and is independent
of chlorophyll.

s |t is an energy releasing process, releasing
chemical energy stored in glucose.

« It is independent of light.
« Carbon dioxide is a product of the process.

s,dwh&n « Glucose is produced. « Glucose is broken down.
2d In
I « Oxygen is a product of the process. « Oxygen is a requirement for aerobic respiration.
» Water is required. » Water is released.
some « Equation: = Equation:
CO, + H,O + Energy—= Glucose + O, Glucose + O, — CO, + H,O + Energy
(=unlight) [ATF}
=
\
) Practical Work: Respiration
J/ Experiment 1
To determine whether carbon dioxide is given off during respiration.
« Geminating seeds are used in this experiment as they are actively respiring.
i . The apparatus is designed such that any gas given off by the germinating seeds is trapped in the flask.
: « When the clamp is removed and the thistle funnel is raised to just above the water level in the flask, the
water from the thistle funnel will drain into the flask.
« This will cause the same volume of trapped air, together with the gas evolved during the experiment to
bubble through the lime water.
, food « The lime water will turn milky if the gas passing through it is carbon dioxide.
s leads « A contral is set up in exactly the same way except germinating seeds are replaced by seeds that have
been killed, by bailing them in water and sterilising them. Sterilisation kills any bacteria and fungi to
bic prevent them from respiring.

water
rubber tubing

—n  glass tube

clamp

thistle funnel

Sesults and Conclusion

germinating
seeds

Bey gas released by the seeds has to escape through the lime water. Since the lime water turns milky, the

ret).

ﬂar:tc:t";- e liberated by respiring seeds must be carbon dioxide.
na :

-jences 11 L¥e Sciences 11
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Experiment 2
Demonsiration to prove that oxygen is used by respiring seeds.

The apparatus is set up as shown below.

" wire mesh

rubber tubing
germinating sssds

B— |

,._ U-shaped tube

potassium hydroxide (KOH) coloured liquid

= The germinating seeds will undergo cellular respiration rapidly, where carbon dioxide will be released and
oxygen will be taken up by the respiring seeds.

= Potassium hydroxide is a chemical that absorbs carbon dioxide. The level of the coloured liquid in the
capillary tube will not be affected by the any carbon dioxide released by the respiring seeds.

» However, since oxygen is taken up by the seeds during aerobic respiration, the coloured liquid will move
from point A to point B.

Observalions and Explanation

The level of the coloured liquid rises in the left side of the U-shaped tube (and drops on the right side). Any
carbon dioxide produced will be removed when it is dissolved in the potassium hydroxide, and will not affect
the volume of the gas in the test tube.

The rising of the coloured liquid indicates that a gas is being consumed in the test tube containing the bean
seeds. Nitrogen gas, which makes up almost 80% of the air in the test tube, is unreactive and has no
influence on the experiment. The only reactive gas in the test tube is axygen, whose volume must be
decreasing, causing the level of the coloured liquid to nise. The germinating bean seeds must then be
CONSUMING OxXyoen.

| Setting up a Control |
| Another set of apparatus is set up exactly as shown above, except: !

» The seads are boiled to kill all tissues, ensuring that there are no living celis to respire and consume oxygen.
« The seeds are sterilised to kill all bacteria which may be present, again ensuring that there are no living '
organism capable of respiring and consuming oxygen,

Al the end of the experiment one would notice that there is no change in the level of the coloured liquid in the U-
| shaped tube, confirming that respiring seeds consume oxygen . I
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D: Gaseous Exchange

All cells in the body continuously use oxygen in reactions that result in the release of energy during cellular
respiration. At the same time, carbon dioxide is released. An accumulation of carbon dioxide will increase the
acidity of the contents of the cell and eventually prove toxic. A living cell therefore requires a regular supply
of oxygen and the constant removal of carbon dioxide. In unicellular organisms, simple diffusion suffices.
However, in complex organisms like man, a system is required . The respiratory system serves this purpose.
The cardio-vascular system transports these gases between the lungs and cells of the body.

Difference between Cellular Respiration, Breathing and Gas Exchange

» Ocours in living plant and animal cells
e |t is a chemical process.
» Glucose is broken down to release energy (ATP) and carbon dioxide.

Breathing

» Involves inhalation and exhalation.

s |t is 2 mechanical process.

» Inhalation is when air is taken into the lungs.

s Exhalation involves the removal of air from the lungs.

e Occurs at two sites in the body, the lungs and in body tissues.

s |t is a physical process involving diffusion.

e In lungs, O, diffuses from the air sacs into the blood, while CO, diffuses from the blood into the air sacs
(alveoli).

e At the tissue level, O, diffuses from the blood capillaries into the body cells, while CO, diffuses from the
body cells inta the blood capillaries.

Requirements for an efficient gaseous exchange system

Requirements In humans

The gas exchange surface area must be large
enough to allow for the maximum intake of O, and

sufficient release of CQO..

A large number of alveoli provide the large area for
the exchange of gases.

The secretions of certain cells lining the alveoli keep
the surface moist.

The exchange surface must be kept moist for the
gases to dissolve before diffusing and to prevent the
drying out of the alveoclar cells,

The exchange surface must be thin to facilitate
diffusion.

The squamous epithelium of the alveolus is only one
cell layer thick.

An efficient transport system must be in close
proximity to the exchange surface for the transport of
gases.

An efficient ventilating mechanism must be present to| The diaphragm and intercostal muscles between
ensure a constant intake of O, and removal of CO,. ribs provide an efficient mechanism for ventilation.

Alveoli are richly supplied with blood capillaries.

There must be adequate protection for the delicate
lung-tissue exchange surface.

The thoracic cage, consisting of the ribs, sternum
and vertebral column protects the lungs.

{C) ANl rights reserved 29
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The requirements for an efficient gaseous exchange system are met in different ways by different plants and

animals.

Uniceliular organism (e.g. Amoeba)

= Being unicellular, it cannot have
specialised breathing struciures.

+ Process of diffusion is sufficient.

« Oxygen from its environment enters by
diffusion across its cell membrane.

= Carbon dioxide leaves by diffusion.

Dicotyledonous Plant

= Plants get their oxygen from the air that
enters the plant through the stomata.

» Oxygen diffuses into the plant cells and
allows aerobic respiration to take place.

An Earthworm

+ Earthworms breathe through their skin,

+ Their skin has fo be kept moist al all
times, since oxygen dissolves in the
moisture on the skin, before diffusing
intz the body of the earthworm.

= The elongated body of the earthworm
provides a large surface area for
gasecus exchange to ocour,

Insects Bony Fish

s Insects have a system of fubes that
carry air laden with oxygen to the body
calls directhy

* Openings (spiracles) on the thorax and
abdomen, allow air to enter and exit the
tubes.

» Blood plays no role in the transport of
gases in insecls

wvia their gills.

g
= Bony fish oblain axygen from the water

+ Gills are very thin, allowing oxygen to
diffuse through the gills into the blood.

+ Gill filaments provide a large surface
area for gas exchange to take place.
The gills are protected by the gill rakers
and by the operculum (gill cover).

Mammals

* In mammals, gas exchange ocours in
the alveoli (air-sacs) of the lungs,

= Alveoli are thin and sac-iike which,
provides a large surface area for the
rapid exchange of gases,

= The lungs are prolected by the rib cage.

Structure of the Human Breathing System Refer next page

The Mechanism of Breathing

Differences in pressure, caused by changes in volume of the thoracic cavity, force air into/out of the lungs.

+ Inhalation

= The diaphragm contracts and flattens, increasing the
valume of the thorax from top to bottom.

= The diaphragm relaxes and is raised, decreasing the |
volume of the thorax from top to bottom. ‘

= The external intercostal muscles contract, causing the
ribs to be lifted upwards and outwards. The volume of
the thoracic cavity increases sideways,

« The external intercostal muscles relax, causing the rib |
cage to be lowered and become smaller. The volume of
the thoracic cavity decreases sideways. !

+ Interpleural pressure (pressure between pleura)
decreases, causing a decrease in the pressure in the
lungs.

« Interpleural pressure (pressure between pleura)
increases, causing an increase in the pressure in the
lungs.

+ Since atmospheric pressure is now higher than pressure
within the lungs, air rushes into the lungs via the nostrils.

+ Since pressure within the lungs is now higher than
atmospheric pressure, air is forced out of the lungs via

the nostrils.

Comparison between inhaled and exhaled air

From the table alongside, the following may be deduced

about gas exchange in the lungs:
» Nitrogen gas is not absorbed into the blood.
= About 4% oxygen is absorbed into the blood.

= Almost 4% carbon dioxide is expelled from the lungs.
= The lotal volume of inhaled air equals the total volume of

exhaled air.
« Far more CO, is exhaled than inhaled.

60
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%gasin| % gasin
Name of gas '"E;?Eﬂd Exf;?rlad
Nitrogen (N,) 78 78
Oxygen (O.) 20 16
Carbon dioxide (CO,)| 0.03 4
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Homeostatic Control of Breathing

Modification of the breathing rate in relation to the needs of the body
Strenuous physical activity increases the body's need for energy. This in turn, demands a greater intake of
oxygen, whilst producing more carbon dioxide. When CO, levels in blood rise, the medulla oblongata
responds by increasing the heart rate and the breathing rate. Hence more blood flows to the lungs, more O,

is taken up and more CO, is expired from the body.
nxyg?nated blog
i to pulmonary ves
Gaseous exchange in the lungs F 2
The capillaries surrounding an alveolus have
a high concentration of CO, and a low
concentration of oxygen. Air in the alveolus
has a high concentration of oxygen and a low
concentration of CO,. This concentration

layer of molsture

gradient causes diffusion to occur. Oxygen sauamaus epithelial
dissolves in the moisture lining the alveolus wall of alveolus

and diffuses into the blood stream; CO,

diffuses out of the blood stream into the endothelial wall
alveolus. The oxygen forms a loose of capillary

combination with haemoglobin of the

erythrocytes (red blood corpuscles) to form gﬁﬁgﬁ;ﬁﬁeﬂmd L
oxyhaemoglobin. A minimal amount of

oxygen may dissolve in the blood plasma, red blood corpuscle
where it is transported in solution form. (RBC)

AU e § 1 ELd

Gas exchange in the lungs

Gaseous exchange at the tissues

Blood in the capillaries reaching the tissues has a high concentration of O, and a low concentration of CO, . Tr=:
The tissue fluid has a higher concentration of CO, and a lower concentration of O,. This concentration

gradient causes diffusion to occur. Oxygen diffuses into the tissue fluid, then into the cells; CO, diffuses out

of the cells, into the tissue fluid, then into the blood. Cellular respiration causes the consumption of oxygen

and production of CO,.

il

oxygenated blood

from heart
deux&rgenateﬁ
blood to heart
Gaseous exchange at the tissue level
Transport of gases by the blood Pr
[omgen—| Croon Gt
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Tuberculosis (TB)

Tuberculosis (TB) is caused by the bacterium, Myobacterium tuberculosis. It usually attacks the lungs, but
can also attack any part of the body. Most people who become infected with the TB bacterium might not

e of : s ; PR
even need treatment, if their immune systems fight the bacterium and stop it from multiplying. Such people
e 0 have a latent TB infection and cannot infect others. Globally, TB causes over three million deaths annually.
z
Transmission of TB
d blood When a person coughs or sneezes, the TB bacteria get into the air. Other people breathe in the bacteria
Ve which then settles in their lungs and start to multiply. From there the bacteria can move via the blood to other

parts of the body, such as the kidney, brain and spinal cord.

Symptoms _
= Loss of appetite
= Weight loss
» Fever
= Chills
s Chest pains
« A bad cough that lasts for more than two weeks
= Coughing up blood or sputum

TB is confirmed by:
s X-rays,
s TB skin test,
e tissue culture of body fluids such as phlegm.

CO, . Treatment
1 Since TB is a bacterial disease, IT GAN BE CURED. There is medication available to help eliminate
5 out the bacteria from our bodies.
ygen 2 Patients have to ensure that they take their medicines daily, and must complete the course which is at
least six manths long.

3. Sometimes patients stop taking their medicines as soon as they start feeling better. These patients
may suffer a relapse. There is also the danger that the TB bacteria may become resistant to the
medication and thereafter become extremely difficult to cure.

4. The World Health Organization (WHO) now strongly advocates the use of the Directly Observed
Therapy Shortcourse (DOTS) method. The WHO recommends that the patient be observed while
taking medication and must be seen to swallow their medication by trained individuals, like health
care workers or even members of the community who have volunteered to be trained to assist these
patients. Along with the proper prescription of drugs, the WHO believes that DOTS monitoring, which
ensures that patients take the prescribed medications for the appropriate periods of fime, will greatly
reduce drug resistant TB.

Prevention

1 The BCG vaccine, that was developed by two French scientists, Calmette and Gruerin, is given to
babies immediately after birth, and if no scar is visible at three months, it is then repeated.

2. People with weak immune systems, such as babies and young children, people with diabetes or HIV,
organ transplant patients and drug abusers, should stay away from infected individuals.

A healthy diet and regular exercise keeps the immune system strong.

Health care workers should be educated about TB and be screened regularly for the disease.
Keep rooms well ventilated by opening windows and doors 10 prevent contamination.

Air in rooms can also be cleaned through air filtration.

=R
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PROBLEMS ASSOCIATED WITH BREATHING
Asthma

Asthma is caused when the bronchicles become constricted. .ﬁl'-fsr}li-{:‘: ?’\q
This makes breathing difficult, since air cannot move freely !
into and out of the lungs. The constriction may be due to
inflammation of the bronchioles and contraction of the
smooth muscles around the bronchioles.

Dust and pollen grains in the air result in the production of
histamines in the body by leucocytes and mast cells. This
causes excessive mucus to be secreted into the bronchioles, ’ L,
causing them to become constricted. Normal airway  Asthmatic airway

bronchiole

Hay Fever

Hay fever (allergic rhinitis) is an allergic reaction to dust and pollen in the air. It causes watery eyes and
sneezing, due to inflammation of the mucous membranes of the eyes and nose.

Cancer of the Lungs
Smoking (passive and active) is one of the main causes of cancer in the lungs. The cancer presents as a
tumour in the bronchi, where the cells do naot appear to be normal. These cells divide abnormally and
block the path of air into and out of the lungs. This causes the lungs to collapse. The lung tissue
becomes infected and abscesses, possibly resulting in pneumonia.

Emphysema
Emphysema (Greek word for 'inflation’) results from infected bronchi. This causes air to be trapped in the

lungs. The walls of the alveoli (air sacs) rupture and large air spaces form within the lungs. Gaseous
exchange is not efficient. Cigarette smoking and polluted air are thought to cause emphysema.

Bronchitis
Bronchitis is caused by exposure to infectious microbes and or polluted air, including tobacco smoke.
Bronchitis is a respiratory disorder when the bronchi are inflamed and there is a build up of mucus. The
air passage is then blocked and breathing is impeded. Acute bronchitis usually responds to antibiotic
therapy.

Choking

This is caused by an inability to get air into and out of the lungs. Food or any object can cause the
blockage in the air passages.

Symptoms of choking
« Gasping for air
= Unable to speak
« Face tuming blue in colour

Action fo lake
« Respond to patient immediately.

» If patient cannot cough, give 4 sharp slaps between the shoulder blades with
the heel of your hand.

« Remowve any foreign object from the patient's mouth,

- If patient is still not breathing, stand behind the patient. Clench your fist and
place over patient's stomach (upper abdomen). Grasp your fist with your other
hand and pull suddenly inward and upward. The obstruction should come aut.
(The Heimlich Manoeuvre)

« If patient loses consciousness, open and clear the airway and begin mouth-to-
mouth ventilation (see next page).

The Heimlich Manoeuvre
Effects of Smoking on Gas Exchange

Cigarette smoke has many harmful substances that reduce the amount of oxygen that gets to the body cells.
Blood vessels become narrow, resulting in less oxygen getting to body cells. Cigarette smoke has tar which
affects lung tissue and causes lung cancer. Toxic substances like nicotine, paralyse the cilia that line the
respiratory tract. This allows harmful dust and smoke particles to accumulate along the inner walls of the air
sacs (alveoli), which then impede effective gas exchange. Carbon monoxide is present in cigarette smoke.
Oxygen transport is affected since the pigment haemoglobin has a greater affinity for carbon monoxide than
oxygen. Cigarette smoke causes a build up of mucus in the lungs. This leads to "smoker's cough’.
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Smoking Legislation in South Africa
= Smoking has been banned in public places.

» Special designated rooms must be available in bars, restaurants and places of employment for
smokers to use.

» Cigarettes may not be sold to children under the age of 18.
= Advertisements for smoking have been banned.
« Tobacco companies are not allowed to sponsor sporting events.

Artificial respiration
Artificial respiration is necessary when a person is unable to breathe on their own.

Artificial respiration ensures that adequate oxygen gets to vital parts of the body. In
a hospital, a ventilatdr is used for this purpose. Outside a hospital, mouth to mouth
resuscitation needs to be done. The following procedure should be undertaken:

= Allow the person to lie on their back with their head tilted
backwards.

= Block their nostrils with your thumb and finger. —
« Gently blow into their mouth until their chest rises.
» Then allow the air to escape through their mouth.

« Repeat this procedure at a rate of 15 times per minute until the
person starts to breathe on their own or until the paramedics arrive.

Administering artificial respiration
Oxygen Levels At High Altitude

At sea level, the air is very dense and there is more oxygen in the air. As the altitude increases, the air
becomes less dense resulting in less oxygen being present in the air. Humans that live at high altitudes have
more red blood corpuscles in their blood compared to those that live along the coast (low altitude). This is
one of the reasons why long distance athletes that live in high altitudes perform better than athletes that live
in low altitudes. The greater number of RBC's resulls in more oxygen being carried to the muscle cells, which
enhances their performance in races.

Practical: Gas Exchange

To demonsirate the mechanism of breathing in humans.

The apparatus comprises: glass tube
« a bell jar which represents the thorax in man: the cavity within {trachea)
the bell jar represents the thoracic cavity.
= a Y-shaped tube which represents the trachea and bronchi.
« a rubber sheet, tied at the open end of the bell jar; which
represants the diaphragm.
= balloons tied at the arms of the Y-tube represent the lungs.

bell jar
(thoracic cage)

Inhalation
= When the rubber sheet is pulled downwards this represents
the contraction of the diaphragm muscles in man. :
» When the balloons inflate, this represents the inflation of the g o
lungs in man.

Exhalation

= When the rubber sheet is raised this represents the
relaxation of the diaphragm muscles in man.

+ When the balloons deflate, this represents the deflation of
the lungs in man.

palicon {lung)

rubber shesting

[eliaphragm)

attachment to pull
down rubber sheast

Shortecomings of the apparatus
= The bell jar which represents the rib cage, is inflexible. In man the ribs and muscles are movable.

« There is a large space between the balloons and the glass of the bell jar. In man, the lungs lie against the inside of
the thoracic cage, and occupies a larger region of the thoracic cavity.

Life Sciences 11 (©) Al rights reserved 65
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The metabolic processes that take place within the body produce a variety of waste products, such as CO,,
ammaonia, urea and uric acid. The accumulation of these waste products within a cell would have a negative
impact on its normal functioning. Excretion is the removal of waste producis from the body. Several organs
and processes contribute to the transport and elimination of these products.

The main excretory organs are:
= Skin: produces sweat, which contains water, salts and urea.
= Lungs: removes CO, (released from body cells during cellular respiration) and some water.
» Kidneys: removes urea, uric acid, ammonia and water.
s Large intestine: removes heavy metals.

The Urinary System

The urinary system consists of the two kidneys, two ureters, bladder, urethra and its associated blood supply,
the renal artery and renal vein. The main function of the urinary system is to maintain homeostasis by
regulating the compaosition, volume and pressure of the blood.

aorta

adrenal gland
inferior vena cava

renal artery
right kidney
renal vain
ureter
bladder
urethra

V
The Urinary System

Ureters: Ducts that carry urine from each kidney to the bladder.

Bladder: Located in the pelvic cavity, it serves to store urine prior to urination.

Urethra: A tube leading from the bladder to the exterior through which urine (and semen males) is
discharged.

The Kidneys

The kidneys are reddish brown bean-shaped organs, situated above the waist. The kidneys are enclosed
and protected by a smooth transparent membrane, the renal capsule, which also maintains the shape of the
kidneys.
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Internal structure of the kidney (Macroscopic structure)
A section through the kidney shows two distinct regions: an outer reddish part called the renal cortex, and an

>0, inner reddish-brown region called the renal medulla.
ative The medulla consists of a number of cone-shaped structures called pyramids. The base of a pyramid faces
jans the cortex and the apex faces the calyx.

The renal cortex and the pyramids make up the functional portion of the kidney. The functional unit of the
kidney is the nephron. About 1 million nephrons are found in each kidney. Urine formed by the nephrons

drains into papillary ducts, which lead into cup-shaped calyces. The urine drains into the renal pelvis,
passes down the ureters, enters the bladder and eventually leaves the body via the urethra.

renal ca peule

cortex
calyx
g i pyramisds of madulla
P, renal artery
pelvis
renal vein
papilla of pyrarmid
ureter
Internal structure of the kidney
Microscopic structure of the kidney (The nephron)
A nephron consists of two portions:
= a renal corpuscle (Malpighian body) where plasma is filtered and
» 2 renal lubule into’which filtered fluid passes
artericle :
I
afferent vessel gzgﬁllrgal satiekitea
lomerulus , i
renal corpuscle (18t capillary network] e
Bowman's capsule _
——— distal convaluted
efferent vessel | tubule
—— /— collecting tube
; g descending |
:; lim
i
- ascending 5
A Nephron and associated structures i limk | T
1 s}
N - i
. (=]
— S
»sed 3
 of the
hairpin behel
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a) The Renal Corpuscle (Malpighian body}
The renal corpuscle consists of two parts:
+ the glomerulus: a capillary network, and

« the Bowman's capsule: a double-walled cup that surrounds the glomerulus. The outer wall of the cup has
sguamous epithelial cells. The inner wall consists of modified cells called podocytes, which are in close
proximity to the glomerular capillaries. The podocytes and endothelial cells of the glomerular capillaries
form a slit filtration membrane which acts as an ultra filter. The space between the outer and inner wall of
the Bowman's capsule is called the capsular space.

efferent vesael

affarent vessel

alomsrulus

wall of Bowman's
capsule

modifizd epithelial cells
(podocytes)

capsular space of
Bowman's capsule

cuboidal call with
brush border of micro-villl

A Malpighian body

b) The Renal Tubule and Ducts

The renal tubule consists of three main parts: the proximal convoluted tubule, the loop of Henlé and the
distal convoluted tubule. Fluid from the capsular space passes into the renal tubules. The distal convoluted
tubules of a number of nephrons empty into a single collecting duct. Collecting ducts unite to form papillary
ducts which drain into calyces and then into the pelvis. From the pelvis the urine passes into the ureter,
which conveys it to the bladder.

c) Blood supply of the Nephron

The renal artery, a branch of the abdominal aorta, enters the kidney and branches into small arterioles. The
afferent blood vessel divides into finer capillaries to form the glomerular capillaries, which reunite to form the
efferent vessel, The efferent vessel divides to form a network of capillaries around the tubules. These blood
vessels eventually unite to form the renal vein which then joins the inferior vena cava.

The Functioning of the Kidney
The kidneys perform the following functions:
a) Excretion of nitrogenous wastes and poisonous substances e.g. food additives in urine.
b) Osmoregulation, by controlling the water content of body fluids.
¢c) Regulation of blood pH, by ensuring that the pH is kept at about 7.4.
d) Salt regulation, by extracting excess salts from the blood.

Blood in the glomerulus has the following constituents:
« useful substances such as water, ions, glucose, amino acids, vitamins, fatty acids and glycerol.
» waste substances, e.g. urea, uric acid and crealinine.
» normal blood constituents (blood plasma, proteins RBC and WBC).

The nephron is the functional unit of the kidney.
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Functioning of the kidney
2) Glomerular Filtration (Ultra Filtration)

« Blood in the glomerulus is under pressure since the afferent afferent vessel EFF*’;"'{”": vessel
vessel is larger in diameter than the efferent vessel. (large) narow]

» The increased pressure forces out both useful and harmful
substances through the glomerulus and inner wall of the
Bowman's capsule, into the capsular.

« The tiny pores in the capillary wall of the glomerulus and the
specialised cells (called podocytes) forming the wall of the inner
cup of the Bowman's capsule, together form an ultra filter with
siit pores, which seleclively allow certain substances to pass
through. ;

= Substances that pass through include: water, glucose, amino
acids, urea and uric acid.

= Large substances like plasma proteins and blood cells do not

filter through. substances forced

£ because of high
« The fluid, together with the dissolved substances, that enters Shenainn o

the capsular space is called the glomerular filtrate.
« The glomerular fillrate contains both useful substances and
waste products.
= The glomerular filtrate passes along the renal tubules. Glomerular filtration

high pressurs

B8) Tubular Reabsorption

The renal tubules consist of a single layer of cuboidal epithelial cells with brush border microvilli and numerous
mitochondria. About 99% of the filtrate passing through the renal tubules is selectively reabsorbed; a process
which is active (energy required), beginning at the capillary network of the proximal convoluted tubule.

» In the proximal convoluted tubule, some water and almost all the glucose and other useful substances are
selectively reabsorbed by the second capillary network.

= The process of selective reabsorption is an active process requiring energy, which is obtained from the
mitochondria of the cuboidal cells.

» The filtrate passes through the convoluted tubule and enters the loop of Henlé.

« The function of the loop of Henlé is to ensure that the medulla has a high concentration of sodium ions, i.e. a low
water potential when compared to the tubular fluid, to ensure that the maximum amount of water is removed
from the tubular fluid,

« Sodium ions diffuse passively into the tubular fluid along the descending limb of the loop of Henlé.

The Sedium Pump
« Sodium ions diffuse passively into the tubular fluid
along the descending loop of Henlé, whilst water

. . ascending limb
leaves the tubular loop of Henlé, via osmosis. st Eﬂllﬁ _

In order to facilitate the reabsorption of the impertieabls to watsr)

remaining water by osmosis, sodium ions are

actively (energy involved) pumped out of the . = Na ions pumped qut (activaly)
[

ascending limb of the loop of Henlé into the tissue m;jmu ng tissus

fluid of the medulla. Ma ions antar g = Medulla will now have more

. . . d ding limi . lutes and th o il
This sodium pump mechanism ensures that the  Saashey = potential becauss of fts higher

i id i i solute concentration
water potential .of the tubular .ﬂmd is raised. _ o Tiagu ] o stare *drawing
The concentration of solutes in the medulla is now out’ ¥ w‘r’éﬁraﬁ?fgu the remainder
high, causing its water potential to be low.
Water does not leave the ascending limb as its
thicker walls are impermeable to water. The sodium pump mechanism of the loop of Henlé

In the distal convoluted tubule and collecting ducts, water is reabsorbed by osmosis out of the tubules and into
the medulla, and finally back into the blood. Water is therefore conserved.

The remaining fluid in the collecting tubule is known as urine.

The antidiuretic hormone (ADH) regulates the re-absorption of water from the tubules into the blood capillaries.

T continuation of renal tulbule

descending limbk
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c) Tubular excretion

The epithelial cells of the tubules also excrete substances into the tubules. Tubular excretion is the movement of =Tt
substances from the blood into the tubular fluid. Excreted substances include hydrogen ions, potassium ions, >
ammonium ions, creatinine and certain drugs e.g. penicillin, The excretion of these substances into the tubules is B
an aclive (energy requiring) transport mechanism, 1 e
The pH of the blood is regulated by the amount of hydrogen ions (acid) and bicarbonate ions (alkaline) present. If
the blood becomes too acidic, then the tubules extract more hydrogen ions from the biood: if too alkaline, then - Tl
more bicarbonate ions are extracted. b
Note: Ammonia is manufactured by the epithelial cels of the tubules (kidney metabolism) and excreted into tubular -G
fluid as ammonium ions. =
The tubular fluid (urine) passes along the collecting tubule. A number of collecting tubules from other nephrons =Tl
unite to eventually form a much larger tube called the duct of Bellini, which pours urine into the pelvis. The urine BA
travels down the ureter, to the bladder, where it is temporarily stored, until it is released to the exterior via the =
urethra.
The role of antidiuretic hormone (ADH) in osmoregulation o
ADH controls the amount of water re-absorbed by the blood in the capillaries within the medulla. It is Ll
produced by the hypothalamus and released into the blood stream by the pituitary gland. The release of ADH
depends on negative feedback.
When the water content of blood is low, osmoreceptors in the hypothalamus are stimulated. A message is sent fo
the pituitary gland, which now releases ADH into the bloodstream. ADH increases the permeability of the cells in
the wall of the distal convoluted tubule and the collecting tube. More water now leaves the tubule by osmosis and
enters the blood in capillaries in the medulla. The water content of the blood therefore increases and the urine
becomes more concentrated.,
When the water content of the blood is high, osmoreceptors in the hypothalamus are stimulated. A message is
sent to the pituitary gland and less ADH is released into the blood. Due to the low level of ADH in the blood, the
permeability of the cells of the distal convoluted tubule and collecting tubules is reduced. Less water leaves the
tubules. Dilute urine is passed out.
In summary:
When blood water nun;unt is low
pio ADH rele d permadbility of cells in t wfater abbiolt
osmoreceptors release . : more water of blood
in hypothalamus || Messageto | into L g | wall of distal convoluted| o | leayves tubules i sed:
stimoiated Filultary grand bioodstream i et tilles by nsmosis = concantrated
urine produced
osmoreceptons less ADH Eility of calls in wall less waler water content
in hyputha’iamus—p mDeJS-[Saga Egnd | released into [—p g?ﬂdﬂ?; c:l:-t;lu%h.m;\dwﬂ | laaves tubules p|Of blond_ i
stimulated pilutary g bloodstream collecting tubules reduced by osmosis reduced; dilute
il urine praduced
The role of aldosterone in osmoregulation 5

Aldosterone is secreted by the adrenal glands. It controls the sodium levels of the blood in the capillares
surrounding the renal tubules. It has a direct effect on the sodium pump mechanism.

If sodiurm levels in the blood fall, the adrenal glands secrete aldosterone, which causes more sodium to leave the
loop of Henlé and return to the blood.

Composition of "normal™ urine

The composition of urine is not constant. Factors such as nature of the diet and the amount of liquid intake,
amongst others, affect its composition.

Under normal conditions urine contains urea, uric acid, salts and water, and excess ions like potassium and
hydrogen. 1

Dilute urine contains less solutes in a given volume than blood. The reabsorption of ions such as sodium,
potassium and chloring from the tubular fluid reduces the solute content of urine.

Low water intake or excessive loss of water, results in concentrated urine. The kidneys must still conserve water,
This is achieved by water being reabsorbed by the blood, resulling in a small volume of concentrated urine.
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The structural suitability of the kidneys in carrying out its functions
The afferent blood vessel is wider than the efferent blood vessel. This causes a pressure build up in the
glomerulus, which facilitates the filtration process.

« Podocytes of the Bowman's capsule and endothelial cells of the capillaries form an effective filtration
membrane.

= The cup-shape of the Bowman's capsule allows for a close fitting of the glomerulus and a greater area for
filtration.

« Cells of the tubules have brush border microvilli which provide a large surface area for selective
reabsorption.

« The renal tubule is long and convoluted, allowing sufficient time for tubular reabsorption and excretion.

« A large number of mitochondria are present in the cells of the proximal convoluted tubule. This provides
sufficient energy for active reabsorption to occur,

Diseases leading to kidney failure

1. Kidney Stones

A common disorder is the formation of kidney stones. They form from salts (calcium/urea) present in the
urine. These crystals grow with time and can cause a blockage in the ureters. Kidney stones may be
removed surgically, or they may be broken down into fine fragments using laser treatment.

To reduce the chances of developing kidney stones, one must drink at least 8 glasses of water per day.

stone proken into

stone small pieces

}

PﬁEE}ﬂd out with uring

Kidney with sftone Kidney with stone
(receiving laser treatment) after treatment

2. Kidney Infection
Kidney infection is common in women. Bacterial infection starts in the bladder and spreads to the urinary
tract. Kidney infection is treated with antibiotics. Symptoms include:
= Very high temperature.
= Back and side pain.
= Frequent urination.
= Pain while urinating.
= Blood/pus in urine.

3. Bilharzia
Bilharzia is a disease caused by a parasitic worm found in infected water, which enters the body via cuts
in the skin. Once infected, the worms live in the blood vessels around the intestines and bladder. A
symptom of bilharzia infection is the presence of blood in the urine. Bilharzia infection can lead to kidney

damage.
Life Sciences 11 (©) Al rights reserved il |
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Kidney failure
Kidney failure results when the kidneys fail to remove water, salts and nitrogenous wastes, like urea and uric
acid, from the blood. Failure of the kidneys to function results in death. Haemodialysis or peritoneal dialysis
is available to patients who are suffering from kidney failure.

1. Heamodialysis

This involves the use of a dialysis machine, The patient's blood, from an artery in the hand, is connected to
the dialysis machine. The machine performs the functions of the kidney by removing impurities from the
blood. These impurities diffuse into the dialysis fluid which is then discarded. The dialysis fluid has a similar
composition to that of the blood plasma. The cleansed blood then returns to the patient's vein. This
procedure has to be done at least three times a week in a hospital.

2. Peritoneal Dialysis

Peritoneal dialysis involves the passing of a dialysing solution into the patient’s abdominal cavity. During the
4 ta 6 hours of the procedure, the nitrogenous wastes and other impurities diffuse into the dialysing solution.
The dialysing solution is then removed from the patient's abdominal cavity.

This draining in and draining out procedure of the dialysing solution is done at the patient's home and is very
convenient. The number of times per week that the procedure has to be done depends on the extent of the
kidney damage of the patient.

R isiatiiizd B |

Advantages and disadvantages of kidney transplants vs dialysis

Kidney Transplant __ Dialysis 3
» Once off procedure. « Daily/every week procedure.
« Operation expensive but once off, « Relatively inexpensive but on going.
« Can lead to organ rejection, = Mo rejection.
« Patient is not required to live near the hospital as the + Procedure is time consuming, patient must live close
procedure is once-off. to the hospital, wE3S
= May have difficulty finding donor. « No donor is necessary. ;":
« Some religious beliefs prevent organ donation. « No religion prevents dialysis procedure. i
not drawn to scale filter and bubble trap i
PR ]
dialysis fluid in T
"
— = Mo
PO
T
E ]
heparin [ ]
ﬁ [ )
roller = J = dialysis fluid out
pump ot [ As
dialyser Note: Por
&I
= The roller pump pushes biood into the dialyser, 2y

The dialyser has fluid that is made up of water, glucose and salts.

= Harmiful substances such as urea and unc acid leave the blood Em
and enter the dialysis fluid, via the pariially permeable membranes.

dialysis membrane

Em
’ k = The filter and bubble trap prevent air bubbles from entering the
Schematic view of a dialysis machine  |qjien's blood. il : ava
= Heparin prevents the blood from clotting.
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s+ § IS Environmental Studies
b5 ection A: Population Ecology

milar A. POPULATION SIZE

A population consists of a group of organisms of the same species which occupy the same habitat, at a
particular time and are able to produce viable offspring. Example: a population of Zebra in Hiuhluwe Game
Reserve, a population of frogs in a pond.

the Population numbers are dynamic (always changing). A population continually changes due to environmental
' factors and/or factors within the population.

jution.
The size of a population changes according to the season, the availability of resources, immigration,
o emigration, the numbers of deaths (mortality) and the number of births (natality).
" thew The change in a population size is a balance between losses and gains in the number of individuals in that

population:

« If the balance is positive, the population will grow.
» If the balance is negative, the population will decrease.

= Natality Immigration

ose = . .

Matality is the increase in the population Movement of erganisms into a new

owing to new offspring being added to the area, i.e. they come into an area.

, population. In humans it is expressed as the
| mumber of births per 1 000 persans per year,
Population
SiZe
Mortality

Mortality refers to the death of individuals in a Emigration

sopulation. In humans it is expressed as the

swmnbar of deaths per 1000 persons per year. Movemenl of organisms out of an area,

in other words they leave an area,
Factors that alter the size of a population, i.e. population parameters
spects of Population Fluctuation and Regulation
2oulations will grow if the number of births and/or immigration is greater than the number of deaths and/or
gration. The maximum size a population can reach is determined by the carrying capacity of the
ronment.

D Sl
= ironmental resistance
::- ronmental resistance is determined by the carrying capacity of the environment, when the resources

@lable in an ecosystem begin to limit the population's growth.
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Limiting factors
There are two groups of factors that can affect a population's size:
Density independent factors
Density independent factors will affect the population size no matter how many individuals are in the

population. These factors are normally abiotic, examples being, natural disasters such as earthquakes,
droughts, floods and extreme temperature variations.

Density dependent factors
Density dependent factors will affect the size of a population when the population reaches a certain
number or density i.e. when the population is large there will be more stress placed on resources such as
food, water and space. Individuals will die because there will be competition for the limited resources.
Predation is also a density dependent factor. The density dependent factors are listed below.

= Food

+ Space

= Discase

* Shelter

= Predation

= Competition

= Accumulation of waste products

= Seasonal fluctuations

= Termritorial behaviour

Population Growth

The characteristic pattern of increase in the population is called its growth form. There are two main
population growth forms, geometric and logistic.

1. Geometric or Exponential growth form.

In a simple situation, in which the growth rate of a population can be easily measured and the growth of that
population is unlimited, the graph of population size versus time will show that the geometric or exponential
growth will have a characteristic J-shape.

Example: 8001
The number of yeast cells in a petr dish was counted over 5
consaecutive time periods of equal length and recorded as shown 5007
below. A graph of the number of yeast cells was plotted against u
the time period. The graph is shown alongside. '—E 400t
: = 300}
Period Mo. | 1 2 3 4 5 ;5%.
Ma. of 200
yeast calls 20 | 45 | 83 | 140 | 385
In reality, population growth that is exponential and unchecked 1001
leads to an unstable environment. The increased population will
eventually exhaust the supply of natural resources, such as food. 5 : : A .
The environment, because it cannot supply enough resources, & e e S
resists the increase in numbers i.e. environmental resistance 5 Tz
oceurs and the population will stop growing exponentially. Geometric or Exponential growth form

2. Logistic growth form

The logistic growth form of a population can be represented by an S-shape graph (next page).

If, for example three zebra, one male and two females are introduced into a new area, it will take some time
befare the animals settle down into their new habitat. The animals need time to mature and then reproduce.
A few years later, two zebra foals are born. The population number has now increased to five. The offspring
have to grow and mature before they are able to reproduce. The population slowly begins to increase. This
period of time is known as the lag phase (labelled 1 on the graph).

In the early stages, the population is not affected by limiting factors such as food and space, and growth
therefore becomes exponential. This growth phase is known as the geometric or logarithmic phase
(labelled 2 on the graph).
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When the population becomes too large for available resources, especially in the winter months when food
and water are in short supply, the resources can no longer hold the whole population. The weak, sick and old
individuals will be the first to die. This will decrease the population so leaving the available resources for the
stronger individuals. In the spring, offspring will be born, so increasing the population size. The population
size changes between small numbers in winter, to larger numbers in summer. The average number of these
two population sizes is known as the carrying capacity of the habitat i.e. the maximum number of
individuals that the habitat can support or “carry” on a sustainable basis.

The environment resists an increase in the population numbers as it does not have the resources to support
an ever-increasing population i.e. environmental resistance occurs. The population numbers eventually level
out and stabilise at the carrying capacity. This phase is known as the stationary or equilibrium phase.
(labelled 3 on the graph).

These populations can be adversely affected by drought or disease and the environment can no longer
support the population. The population will then decrease and this phase is known as the death or extinction
phase (labelled 4 on the graph). As this phase can affect the population at any stage in its growth, these
factors are known as density independent factors.

+ third phase

+ longest phase

+ population growth slows down as there is a limit to the number of
individuals an area can supporl

+ this limit is called the carrying capacity
+ competition increases and environmental resistance builds up
+ population size stabilises at a particular level

B e e i + population grows to the camying capacity of the anvironment
| i \ z ety
de1errn¢nv35 Giﬂwﬁgfﬂﬂww @ stationary or equilibrium phase
1
- carnying capacity : '
The maximum number of individuals
1hat the environment can support.
@ death ar extinction phase
« first phase
o ||+ growth is graduai + fourth phase (death or
= [ « poputation is adapting to its extinction phase) _
- amvironmant + due to envircnmental resistance
é « few sexually mature individual and other factors e.0. increased
S @ (@) geometric or logarithmic phase W s
B L ‘-\
E Ea%gr + gecond ph_ase : = ™,
E‘Starljilll_laséﬂﬂl'll d pnpl.rlat_lon TeARases faplcﬂy due to little or Carrying capacily is the number
no environmental resistance between the large population in
+ survival rate is high summer and the smaller population
« species realises its full reproductive in winter hence the ling rises and
potel'ltisalﬂ & falls around the average number,
[ 1 I 1 1 1 1 1 ]
o

Time (days, weaks, months, years)

A logistic growth form

Determining Population Size

When working with populations, an ecologist must establish the number of individuals in a population.
Depending on the species and habitat, some populations can be counted directly. It is not always possible to
ebtain an exact number of a population, so an estimated number may be taken. A sample of the population is
then used to estimate the size of the total population.

Some commonly used counting methods are:

2) Direct method
Total counts (census)
Total count {census) involves the counting of every individual in the population. It can only be used on very
large animals such as elephants, people and sedentary (stationary) animals such as bamacles in a rock
pool.

Life Sciences 11 (©) Al rights reserved 7 {5
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b) Indirect Methods

i) Mark-recapture method

The mark-recapture method involves the capturing of a small sample of the animal population. The animals
in the first sample are Marked (M), either by tags or non-toxic paint and then released back into the
population. The animals are then allowed to mix with the rest of the population before a sacond Capture is
made (C). The number of previously marked animals Recaptured (R) in this sample is counted. The size of
the population can be estimated by using these figures in the Petersen Index.

total na. of animals

in second capturs ho. of animals marked
estimated total number t in 15t captured sample
of animals in population *—_|
PR ] total no. of marked animals

recaptured in 2nd sample

The animals captured in the second sample are then released to remix with the rest of the population and
after another period of time another capture is undertaken. This procedure is carried out a number of times
and the average of all the captures determined.

Example 1: In a game park, 5 kudu were trapped and 1070 h!
marked with a tag and then released. After a "
period of time a second caplure of 10 kudu

L4 LN 4

was made, Two of those kudu had tags.
Eslimate the total kudu population of this 1 TR R U N & |
game park. Kudu originally tagged {marked): ie. M=35

[These 5 were released ... |

Solufion:

CxM [.-. and second capture made after a period of time |
R
5

_ 10x5 G Y ED ‘aj'\ et o 3 [

= 2 . ; ; .

v AAAAAAAAAA
(RGR AR e (] S B TL H

' |
1 4
LY

N =

L [
Ten kudu in second caplure: i.e. C =10
Two tagged kudu in second capture: ie R=2

Example 2: A trout farmer wants to determine how many trout he has in a dam. He caught 40 trout, tagged
them carefully on their dorsal fins and then released them back into the dam. A few days later he
caught 20 trout of which 8 had tags on them. He calculated an estimate of the total number of
trout in the dam as follows:.

. CxM
Solution: = M= R
M =40
i _ 20 x40
8
= 100 trout

The following precautions will ensure a greater accuracy when using this method:

« The mark must not harm nor affect the animals' behaviour, movement or acceptance within the population.
= The mark must last for the entire period of the investigation.

» The population must be a closed population i.e. no immigration or emigration must take place during sampling and
the eount must not be undertaken during the breeding season.

« Sufficient time must be allowed for the marked animals to mix with the population before the 2nd capture is made.

« The chances of animals being captured must not be affected by the method of capture i.e. they should not be able
to avoid capture because of previous experience and they must not be attracted to the trap either by food or shelter

= A number of samples should be taken and an average result calculated to reliably estimale the total population size.
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ji) The Quadrat Method

The quadrat method can be used for plants, slow-moving animals such as snails or sedentary animals such

s as oysters on rocks. A quadrat is a square-shaped sampling frame. A metal or wooden frame 50 cm x 50cm
05mx0.5m= 025m")in size is used.

5 The use of the quadrat method is explained in the following example:

of

The number of weeds in a school hockey field were to be counted. The field measured 100 m by 20 m (100 m

« 20 m = 2000 m®). In order to estimate the weed population, a person walked over the field dropping the
quadrat frame randomly behind him. This would ensure that he would not consciously choose an area where
weeds were or were not growing. The numbers of weeds growing in the area within the frame were counted
This was repeated ten times and the results are shown in the table below. Once the average number of weeds
per quadrat was calculated, the formula given below could be used.

A generalised formula is:

—

Estimated total number in population =

Average no. of individuals per quadrat _x total area

—-1
guadrat area
Sampleno:| = Mo. of weeds
in sample quadrat
1 25
2 13
3 60
4 35
5 B3
6 45
7 19
L 8 89
a 123
10 48
i Total 550
1. Find the average number of weeds per quadrat: Or simply -..
i Average = m—% = 55 weeds per quadrat Av. no. per quadrat = % = 55 weeds
 he :
: 2 Determine the area of the quadral: {note 50 cm = 0.5 m) given R 55 x 2000
Areaofquadrat =05m x 0.5m =0.25m 0.25
3. Determine the area of the field: 2 000 nr  [given) = 440 000 weeds
4. Detarmine how many quadrate will fit in the field.
Mo. of quadrats = field area + area of quadrat
=2000 + D25
= 8 000 quadrals
5. Determine the total number of weeds:
Mo. of weeds = av. no. of weeds per quadrat x no. of quadrats
=g =55 x 8000
= 440 000 weeds
o)
D
—
==
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Practical Werlk

Experiment
The simulation of simple sampling

This experiment is simulated using 50 g of small coloured
heads in 500g of sawdusl. The coloured beads represent
the organism and the sawdust the habitat.

The beads and sawdust are placed in a conlainer and
shaken well. A sample is then removed from the container,
e.q. 59 (1% of the habitat) and placed in a petri dish. The
number of beads (organisms) are then counted and noted.
The whole sample is then returmed to the container.

The above procedure is repeated several times. The total
number of beads for each sample is then determined by
the formula below.

Total Mo, _ _iotal mass of beads+sawdust _ No.of beads
ofbeads mass of samgie in sample
S0g + 500g 3
Example: ——— X
4 59 El

= 330 beads -..___

Results and Calculation

No. of Beads
Sample No in sample Est. of Tot Mo. of beads e
| 3 330 7
2 220
3 - 220
u | 1o
5 o dudd
Average | J6d |
Discussion

- By repeating the experiment and taking more samples
the reliability of our estimate is increased.

« The randomness of the sample is dependent on the
investigator: how well the beads and sawdust are mixed
and from which section of the mixture the sample is
taken.

. Heavy beads will tend to settle al the bottom of the
beads-sawdust mixture, affecting the bead distribution in
the sampie.

78

Experiment 2
The simulation of the Mark-Recapture Technigue

This experiment simulates the procedure used to estimate
the total population by the mark-recapture technigue. This
technique is used for animal populations.

A jaris filled with kidney beans. Forty beans are removed
from the jar and marked with a felt-tipped pen (N). The
beans are then placed back into the container and shaken
well to ensure adequate mixing. A sample of beans is
then removed by hand from the jar.

The total number of beans are first counted and noted (C)
then the number of marked beans are counted and noted
{R). The sample is then put back in the jar and shaken
well,

The total number of beans is then estimated using the
Patersen-Lincoln index:

M = Estimated number

C = MNo. caught in sample
M = Mo, ariginally marked
R = Mo. marked in sample

The procedure mentioned is repeated several times.

you salculate and
il In this colurin

Resulfs and Calculations

e, b Mo.rmarked | Esfimate of th
Sampia & mﬁsa“"qe.:] in Q'ammﬁla iR mm.afnhegns
| 5 5 120 «-._
2 12 3 160
3 u 3 157
U 10 | uoo b
5 6 u 160 :
Average 205
Example: M= CxM
R
_ 15x40
~ h
= 120

Discussion

. A number of samples are taken to increase the reliability
of the estimate.

- The average is also taken for increased reliability.

« The results of a single sample cannot represent the
actual number of animals in a habitat. A number of
factors determine the number of animals at a given
lncation at a given time, e.g. availability of food and
water.
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B. Interactions in the Environment

1. Predation

In each ecosystem there are interactions between predators and prey. A predator is an animal that hunts
gown living prey, kills it and eats it; prey is the animal that is killed and eaten.

As predators are dependent on their prey for survival, the predator population must not be too large, as over-
predation will lead to elimination of the prey species. The graph below shows the typical rise and fall in
population numbers in a predator-prey relationship.

In the graph it can be seen that there is a delayed response to the change in the prey population. This time
\ag is due to the time it takes for the predator to react to the effect of the increase or decrease in the prey
population.

During a season with abundant grazing, the prey species, for example, springbok, may increase in number.
A= a3 result there is more food for the predators, the lions, and the predator population will then increase as
e stronger, healthier lions produce more lion cubs. Increased predation results and the springbok
population decreases. The predators now struggle to find sufficient food and as a result starvation kills off
‘some of the weaker predators and survival will decrease. The predator population is thus stabilised or at a
‘evel that can be supported by the prey population.

Note: There is a dedayed response of the predator
population size to the changes in the prey
population. This time iag s due to the time it takes

for the predator o "feel” the affecl of the increase
{or decrease) in the prey population,

Fapulation

’ 1\ N :

Predator-Prey relationship

The Martial eagle is a very large eagle found in South Africa. It preys on other birds such as storks and
guinea fowl. In some cases it kills young impala, baboons and mongooses. It usually circles high above its
=2y then swoops down suddenly catching its prey by surprise. The graph above can also be applied to the
artial eagle and its préy, showing a similar lag as depicted in the graph.

2 Competition

living organisms have to compete with other organisms for food, shelter, space, breeding mates and even
light in the case of plants. In order for a population to survive and thrive, it must reproduce faster than

= minimal rate of mortality, in other words there must be a higher birth rate than death rate in a given time
‘period. Overcrowding of a particular habitat may result in emigration. Competition for limited resources can
sult in an increased risk of exposure to predators, disease and starvation, all of which will increase the

eath rate in the weaker organisms.

N !
Intraspecific competition Interspecific competition
Individuals of the same species competing for a Individuals from different species competing for the
resource. For example whita rhinos will compete same resources. For example zebra and white rhino
amongst themselves for water during a drought. would compete for space and grazing in a particular
Intraspecific competition may encourage aggressive | habitat. Interspecific competition between two different
behaviour in animals and plays an important role in | species inhabiting the same area, can result in the

decline and eventual extinction of one of the species.

establishing dominant hierarchies in populations.
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An experiment to illustrate interspecific competition was carried out by Guase, a Russian ecologist, using two
different species of Paramoecium, He placed Paramoecium aurelia in one container with a bacterial broth to
provide nutrients and Paramoecium caudatum in a second container also with bacterial broth. Waste products
from the containers were constantly removed during the experiment so that they did not affect the growth of the

organisms. The two different growth forms which resulted are shown below.

population size
population size

time (days) tima {days)

Graph showing population of P. aurelia

Graph showing population of P. caudatum

Guase then placed both species into the same container (environment) and aliowed them time to reproduce. The

results of this experiment are shown in the graph below.

The results of the first experiment show that when the
two species were cultured (grown) in their own
containers (environments), each species survived and
increased in size, but P aureliz had a greater overall
growth rate. When the two species were placed in the
same environment in the second experiment, F
caudatum initially thrives (see graph at A) but at B on the
graph, P. aurelia experiences exponential growth and
out-competes P caudatum until P. caudatum begins to
die out as shown at C on the graph. P. aurelia is possibly

population size

P aurelia

a stronger paramoecium and survives better in a
restricted environment and reproduces well, therefore
there are more of that particular species to make use of
the limited resources such as food and space. The
principle explained above is known as the:

time {days)

Graph showing the growth forms of the two
species cultured in the same container.

Competitive Exclusion Principle which states that two organisms cannot use the same resources in the same

eccological niche and coexist indefinitely.

Resource partitioning

Resource partitioning invalves different species living in the same habitat, but using different resources. In

this way species live in harmony or co-exist so that they all can survive.

i) Stratification in forest ecosystems

In a forest, plants compete for light, water and
space. This results in a layering or “stratification”, of
the plants. The tallest plants in the canopy, usually
trees, require a lot of light for photosynthesis. The
shorter plants (herbaceous layer/fundergrowth)
growing close to the ground under the trees are
shade-loving plants and are able to photosynthesise
at a lower light intensity. There are also other plant
species (mid-canopy) found in between these two
layers, which have moderate light requirements. This
is a clear example of resource partitioning, as the
plants have evolved to use the same resource, light,

but at different intensities.
Stratification in a forest
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) Coexistence of the large predators: lions and leopards
ions and leopards live in similar habitats and are both predators. If they both relied on identical prey it would
%ead to interspecific competition. Lions prey on medium to large mammals including zebra, buffalo, giraffe

d antelope. Leopards prey on a wider range of animals. Their diet includes insects, reptiles, fish and birds
their main prey is antelope. These two predators have evolved temporal partitioning. Lions tend to hunt
ring the day while leopards hunt at night. By preying on different animals, at different times of the day,
Sons and leopards can co-exist in the same area and not be in direct competition with each other.

; .-._1‘-'.-' e A
feeding on a hippo Leopard with its kill

- Ty
Lions

3. Symbiosis (means ‘living together”)

biosis is the relationship between two different species of organisms that are interdependent, One
=mber of the relationship will always benefit and the other member may benefit (mutualism), may not be
ed (commensalism), or may be harmed (parasitism).

3 Mutualism
This is a relationship in which both organisms benefit.

Example 1: Oxpecker and buffalo

‘Oxpeckers are birds that sit on the back of large animals such as buffalo and
amen. The oxpecker removes ticks from the skin of the animal so providing
ood for itself and benefitting the buffalo/ oxen by removing harmful ticks.

‘=xsmple 2: Fungi are not capable of photosynthesising as they do not
wentain chlorophyll. Algae do contain chiorophyll and can photosynthesise.
chen is a composite organism consisting of a fungus growing in close
ssociation with algae. It can be found growing on trees and rocks and
spears as a blue, orange or grey growth. The two separate organisms 3
=re are two organisms living together, each providing the other with

=fits: the algae photosynthesise and provide food for the fungus and the fungus traps moisture from the
fo be used by the algae.

other example would be Nitrogen-fixing bacteria in the root nodules of legumes (refer Chapter 1).

Commensalism
#is relationship one partner benefits and the other is not affected.

Example 1. Egrets and cattle.

An example of commensalism is the relationship between cattle
| egrets and the bovine family (cattle, buffalo). Cattle egrets are
white birds that stay close to the cattle. When caitle eat, they
disturb the vegetation in which the egret's prey lives, making the
prey easier to catch because the insects, worms and frogs are
flushed out of the grass by the herbivore.

(©) Al rights reserved 3 ].
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Example 2: Remora fish and sharks

The remora is a sucker-fish that lives in close association with
sharks or other larger fish. The top or dorsal fin of the sucker-
fish is modified to form a sucker, This sucker is used to attach
the remora to the shark. The sucker-fish is small and does not
harm or benefit the shark, but it is protected from predators
and lives on the hits of leftover food generated when the
shark eats its prey.

TR0 M

iii) Parasitism
Parasitism is a relationship in which one organism benefits and
the other is harmed.

Example 1: Tapeworm (endoparasite)

Tapeworm infection occurs in the human intestine. People acquire
tapeworms ( Taenia soliun) by eating undercooked meat such as pork
or from freshwater fish that contain tapewaorm cysts. The cysts hatch
into larvae and then develop into adult worms which latch on to the
intestinal wall in order to obtain nutrients from the person. Tapeworm
infestations may cause abdominal discomfort, diarrhoea or loss of
appetite. If the larval cysts are found in the brain, symptoms can /o
include headaches and seizures. Infected people pass out the D
tapeworm egg-bearing segments in their faesces and these eggs may LA
be eaten by pigs or cattle completing the tapeworm life-cycle. One Portion of tapeworm
dose of Biltracide is usually sufficient to cure a mild infestation. {can be up to 5 m long)

Remora fish attached to a shark

0w w

Example 2: Bilharzia (endoparasite)

Bilharzia (Schistosoma genus) is caused by a type of flatworm, or parasitic fluke. Fluke larvae are released

by freshwater snails. When people swim in snail-infested waler, these larvae penetrate the human skin and

mature into adults in the human bladder. Symptoms of bilharzia include muscle pain, headache, diarrhoea, E
fever, vomiting, coughing, a burning sensation when passing urine, passing urine more frequently and blood
in the urine. The bilharzia parasite benefits by reproducing in the human but the human is harmed by the
presence of the bilharzia parasite. Untreated, bilharzia may be life-threatening.

-
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Example 3. Dodder (Plant parasite)

Dodder is a leafless, twining, parasitic plant. Dodder
contains no chlorophyll, so needs to absorb food through
root-like organs called haustoria. Haustoria penetrate the
stems of a host plant, and absorb nutrients from the host
sometimes killing it. The stems of the dodder may be
yellow, orange, pink, or brown in colour.

il

dodder

haustoria

Courtesy Meelima Sinha

Dodder on host

SOCIAL ORGANISATION

Social organisation is when members of a population live and work together to benefit the whole group.
Social organisation improves the chances of survival of a species. When animals group together they
. “experience the following advantages:

« Protection against predation. A few individuals in the group watch out for predators and give a warming
signal if one does approach. This gives other individuals time to forage unhindered.

« Division of labour, so relieving some individuals to concentrate on only one task such as hunting for
food.

» When a group of animals lives together they tend to come into their reproductive cycles at the same
time so that they all give birth to their young around the same time

= The young offspring have a greater chance of survival, as there are many adult animals in the group to
care for them and to protect them from predators.

Examples:
. Benefits of herds or flocks as a predator avoidance strategy (safety in numbers)

ghad

Herds e.g. buffalo ] Flocks e.g. cattle egrets (Bubulcus ibis)
When buffalo (Syncerus caffer) are threalened, the herd Foraging in flocks disturbs the prey species in the grass
bunches together with the male adults on the outside or 30il, This makes it easier to catch the prey as it leaps
and the females and calves in the middle of the circle. or flies upwards. The more birds there are the more

- The outer animals toss their heads to threaten prey will be disturbed and more food will be made
approaching predators, available.

& Packs as a successful hunting strategy e.g. wild dogs.

'he African Wild Dog (Lycaon pictus) hunts in packs. The
can Wild Dog's main prey is impala, Thomson's gazelle,
sangbok, kudu, reedbuck, wildebeest calves, zebras and
L ogs. The dogs chase the prey in a long, open chase.
Leo-operation between the dogs means that only some
Sogs chase the prey at any one time allowing others to rest. =%
Sunting larger prey requires a closely coordinated attack,
ginning with a rapid charge to confuse the prey. One dog
il take hold of the victim's tail, while another attacks the
pper lip or nose, and the remainder of the dogs
S=s=mbowel the animal while it is being held down.

bers of a pack use yelps, squeaks and a characteristic
rping sound to help co-ordinate their movements,

er a successful hunt, hunters regurgitate (vomit up) meat for the dogs that were not present during the
L, such as the dominant female and the pups. They will also feed other pack members, such as the sick,
=d and the very old that cannot keep up, or those who stayed back to watch the pups.

Wild dogs attacking a spotted ha
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3. Animals with a dominant breeding pair e.g. meerkats.
In a group or gang of meerkats (Suricata suricatta), there is only one breeding pair, known as the dominant

breeding pair, or the alpha breeding pair. The dominant female will successfully raise a litter of pups and if

another female gives birth to pups, the alpha fernale may kill them, adopt them as her own, or allow the
mother to raise them. Having a dominant breeding pair ensures that not too many offspring are produced
and keeps the population size within the carrying capacity.

4. Division of labour among castes — naked mole rats, termite colonies, bees.
Division of labour allows individuals of a group to use their energy only on specific tasks. An individual

performs one important task in the colony.

Bees:

Social insects live together in well organised communities or colonies. The individuals are dependent on

each other for their survival.

Groups of individuals perform different tasks within the colony, specialising in a particular task. This

division of labour ensures the harmonious functioning of the colony.

Caste: Queen
Gender: Female

Reproduction
{mate with the drones)

Caste: Drone
Gender: Male

Reproduction
{mate with the queen)

e

Caste: Worker
Gender; Female

Cleaning out cells, leeding older
larvae, secrete royal jelly and feed
younger larvae, construct cells,
protect hive, inspect incoming bees,
forage for nectar, pollen and water.
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C: Community Change Over Time

Ecological succession

The gradual process of change in the structure and function of communities over time is known as
ecological succession, or community development. A community, especially vegetation, changes in
response to climatic changes. As the plants change, so will the shelter and the food supply for the animals
change.

There are two types of succession :

1. Primary succession

Primary succession involves the development of biotic components of a community in a new habitat, for
example a bare rock, or an area of soil that has been completely cleared of all vegetation. Other examples
are a newly formed sand dune at the beach, or surface mines from which all the top soil has been removed.
Primary succession is a slow process as it takes a long time for topsoil to be formed.

The first species to move into or colonise a barren area are known as pioneer species. These species are
usually blown in by the wind, such as maoss and lichen spores. These plants grow close to the ground and
reproduce rapidly, so establishing large populations quickly. Some secrete acids which slowly break down
the rock. These low-lying plants trap soil particles that are blown in the wind and loose fragments or grains
that have been worn away from rock. When small pockets of soil have developed, other seeds from grasses
and small shrubs can germinate and succeed the pioneer species. This process continues over a length of
time until taller plants such as trees are established and these are known as the climax species.

A climax community consists of all the plant and animal climax communities. It is very stable and will remain
unchanged unless climatic conditions change.

Shnbs Fasl growing Lress, Hardwoods

Rock exposed to | First plants (ploneer
&.q. softwonds,

weathering, | species)e.g. kchens
| and

forming soil. grasses establish

themsahes

L}
I
I
I
I
I
I
I
|
|
I
I
I
1
i

Time
Diagram showing primary succession

2. Secondary succession

Secondary succession involves the colonisation of an area that was covered in vegetation but for some
reason was cleared. Examples are landslides, abandoned farmlands, building sites, bumed or cut forests,
heavily polluted streams and land that was dammed or flooded to produce a shallow body of water.
Secondary succession proceeds at a faster rate than primary succession because there is usually some
form of topsoil remaining. The pioneer species are normally alien plants such as bug weed and lantana.
These pioneers establish themselves quickly and it takes time for them to be replaced by indigenous plants.

Denuded soi with ,’ Weeds and grasses Fast growing trees,
remaing of roots |
froen presvious

growth.

e

T Al Al
I T e M R S
Time =
Diagram showing secondary succession
’ i
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HUMAN POPULATION

The factors discussed previously can all apply to human population numbers as well. However, humans with
their intelligence, have been able to manipulate and change their environment to suit their needs. If they run
out of food, instead of moving to a new area, humans plant more crops, or genetically modified existing
species to increase yields. If they run out of living space, they start fo make use of unsuitable living areas
such as reclaimed wetlands. The environment will enly stand so much intervention by people and already the
unlimited population growth of humans is having negative effects in such areas as climate change, extinction
of some species and pollution,

Trends in Human Population Growth

Pre 1650

Determining the size of the world's population before 2 000 years ago is difficult, as no accurate records
exist. The Roman's were one of the first societies to undertake a census. Using their records, plus other
information, demographers estimate that around 2 000 years ago, the world's population was 250 million (%
of a billion) people.

Around 10 000 years ago, people started settling in communities and practicing agriculture. People began to
domesticate animals and grow edible plants. The world's population 10 000 years ago was approximately 5
million people. For the next § 000 years, the global population slowly increased to 250 million. During this
time, people were at the mercy of their environment. Droughts and pests caused famines, diseases
destroyed entire communities, malnutrition was extremely common and infant mortality remained very high.

Post 1650

Farming practices continually improved and by 1850 the Agricultural and Industrial Revolutions in Europe
changed human populations forever. With the creation of factories, better agricultural machinery could be
produced. Farming practices improved and people became better nourished. Mortality rates started declining
and life expectancy increased. The world's population started growing exponentially. The table below lists
some of the factors which contributed to this exponential growth.

In just 200 years, from 1650-1850, the world's population doubled and reached 1 billion.

Eighty years later, in 1930, it doubled again, reaching 2 billion people.

Forty four years later, in 1974 it reached 4 billion.

Factors causing rapid
population growth from 1850 | By: 1650 - 500 million
1850 - 1 billion {200 yrs later)
1930 - 2 billion (80 yrs later)

i : 1975 - 4 billion (45 yrs later)
2. Industrialization - better agricultural 1999 - 6 billion {24 yrs later)

(23] =
e

1. Improved agriculture - better yields
and thus better nourishment.

(3]

]
=4
=]
=
machinery, more efficient transport B c Misjor advinces in Scisnce
: : 2010 - 6.8 hill t £4
of goods, greater variety of food BlionEns e 5 ang Mopowe
being manufactured. =3
3. Improved transportation - food E_ %ﬁﬂ;‘iﬁ i
rapidly moved from rural areas to o 2

cities. Bubarie Plague
4. \mproved sanitation - development Dinck: Dot
of better water supplies, water
purification and sewerage disposal. 0 5000

5. Better personal hygiene - soap
readily available and people h .
educated about hygiena. Human population size

: : The rate of human population growth for the world has been estimated at

6. Discovery of immunology - people . : ;
vaccinatrgd reducing thgipnia?jpnf 1,6% annually. Using this percentage, the world population for 2025 can
i be estimated at 8.4 billion. On 31 October 2011, the world's population

0

4000 2000 BC-AD 1g9ag
BC BC

- stood at 7 billion (and counting). J

In 2011, the world's population reached 7 billion people. Nearly 1 billion of the people living today do not
receive sufficient food. Most of these people live in Africa. There are huge differences between the standards
of living between people who live in developed countries and those whao live in developing countries. The
effects on population growth on differences in standards of living or levels of economic development can be
depicted using population pyramids.
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Population pyramids and economic development status

In 2011, the world's population reached 7 billion. Nearly all population growth now happens in develaping
nations because many developed countries have negative growth rates. Over 80% of the global population
lives in developing nations, where the quality of life is low and levels of poverty are high. Most countries in
Africa, South America and Asia are classified as developing. South Africa has components of both a
developed and a developing nation. The table below compares some of the characteristics of developed and
developing nations.

1. i e I T R LA B S

2. Infant mortality rate Low High . ]
3. Life expectancy High Low

4, Population growth rate Low High 22

5. Food availability "~ |Verygood Poor

| . Acoesstodeanwater ' Ueryﬁnﬁd 'Puur

7. Standard of living Very high | Very low

B. Access to technology ~ |Veryhigh | Low

9. Access to good medical facilities |High AR L | = Shiih Tlow

| Examples of counties USA, UK, France, Japan, Australia | Brazil, Zambia, India

Developed Country Developing Country MNegative Growth
= 4 ® Yo
el = Y
Male (a]] Femake Male o Female Mals O Female
ik F Y 'y
= F= =N
=3 =1 o
= == L]
=) f=— = i |
e —— 4] i
=ty | ey ol =— -
s E
; Emﬁ g;m il C e
i > mEE + Tt . |
Poputalion in milicns Poaputalion size Papulatian m milkons

The population pyramids of developing
countries look very different from those of
developed countries. Because of their high birth
rates, developing nations have a very broad
base to their pyramids. The slope of the
pyramid tends to be guite steep, owing to high
infant and child mortality rates and because life
expectancy is lower than in developed nations.
By contrast, economically developed countries
have a relatively narrower base, as fewer
educated people are choosing to have
children. People in developed countries

have better food and health care and

live longer than those in developing

countries. As a result, the apex |

of their population

pyramids is broader and

higher than developing Dottt

Male

nations. T T . . |“ = T
3 2.4 1.B 1.2
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Some developed nations have a negative growth rate. This means that less children are being born, than
elderly people are dying. The populations of those countries are aging. Problems arise when large numbers
of retired people have to be supported by fewer income-generating younger people. Switzerland and
Germany have negative population growth rates.

South Africa’s population

The 2001 South African pyramid is typical of a developing country. There is a large percentage of the
population (32%) below the age of 15 years and a very small percentage in the 85+ group. The largest group
is the 10 — 14 year olds. The fact that there is a decline in the 0 — 9 year old category is an indication either
of a decline in fertility or an increase in infant and child mortality.

Forecasts for South Africa’s population growth in the next 20 years

In 2010, South Africa’s population was 49,1 million. By 2011, the population had grown to 50,5 million. One
third of the current population is younger than 15 and 39% of the population is between 15-35 years old. The
life expectancy of men is 55 and women 53 years.

The negative growth rate depicted on the pyramid is mﬁ:m"

riot because South Africa is a highly developed nation. - = a— F
Rather, it reflects high infant and child mortality rates 25 :
and lower fertility rates, possibly a consequence of ~ [ — =
more people being infected with HIV. 10,6% of the N 70 M- i
population (5,38 million people) is HIV positive. — - S
IS 36— 2
45 =
o 1o [ g
- m —_— . :

14 -

rid- 10 e T T . SRS
- - 5 . -—— —"
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3 4 1.4 12 nE (£] 1 06 1.2 18 z4 3

Populolion in milang

Statistics South Africa predicts that the proportion of young people (15 — 35 years old) will increase in the
future. Catering for this large number of young people is a huge challenge for the government and places a
lot of pressure on education and health facilities. If good facilities are developed and the youth are provided
with high standards of education, the future of South Africa will be positive, with a highly skilled workforce
able to contribute positively to the economy. In this situation, the population pyramid of South Africa will look
more like that of a developed nation.
A great deal more environmental and economic resources are going to be required in the future. It is more
important than ever for every South African to contribute towards the economy and to concentrate on ways
of using natural resources in a sustainable way.

[t Afrea 2020

If the necessary infrastructure is not developed and mind o
set not changed, there will be an increase in low skilled = 5 pa
workers. Long-term unemployment will increase and the s
cycle of poverty will continue. The predicted appearance Bl —
of South Africa’s population pyramid under these ] 70
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Section B: Human Impact on the Environment

South Africa is considered to be one of the five most diverse countries in the world. It has almost 10% of the
waorld's known bird, fish and plant species and over 6% of the world's mammal and reptile species which are
contained on a land surface of only 1,1 million square kilometres (about 1% of the Earth's tolal land area).

However, South Africa’s increasing population growth, habitat destruction, overexploitation of resources,
pollution and the growth of invasive alien species are all placing increasing pressure on our natural systems.
Current crises for Human survival: Problems to be solved within the next generation

Human Impact on the Environment can be divided into five main areas of concemn:

= the atmosphere and climate change

» water, the issues of its availability and water quality
= food security

e loss of biodiversity

» solid waste disposal

1. The Atmosphere and Climate Change
The atmosphere is made up of a mixture of gases:
= Nitrogen (N.) 78%
= Oxygen (0,) 21%
= Water vapour (H,0)
» Smaller amounts of other gases are:

o Carbon dioxide (CO,) 0.003%

= Methane (CH,)

o Mitrous oxide (N,O)

= Ozone (O,)

o Chloroflucrocarbons (CFCs)

s The inert gases: Helium (He), Neon (Ne), Argon (Ar), Xenon (Xe), Krypton (Kr)

greenhouse
gases

1
A

Greenhouse gases and their sources

Carbon dioxide’ (50%): is the principal greenhouse gas, reached a level of 3909 parls per million {ppm). This is
primarily from burning fossil fuels, but also from deforestation, land-use patterns, and modem large-scale agricultural
practices. About half of this carbon released since then remains in the atmosphere - much of it remains for centuries,
The impacl of the acceleraling emissions curmently measured won'l be seen for years or decades, and the growing
signs of global climate warming we are now experiencing are the consequence of emissions from years and
decades ago. While forests and oceans have historically acted as a carbon sink, sponging up a large amount of this
added carbon and helping keep the atmosphere in balance, there are growing signs that these natural carbon sinks
are now increasingly unable to act effectively.

Methane (25%): is on the increase and comes mainly from catlle, sheep, rice paddies and other wellands and leaks
from gas and coal industries,

Nitrous oxide (6,25%): is caused by burning of fossil fuels, the use of fertilisers, deforestation.

Ozone (0,) (6,25%): at low altitudes is formed from the action of sunlight on air pollutants from car exhausts and
industries.

CFC's (12,5%): a gas used in refrigerators, foam products and fire extinguishers.

%, ",

Greenhouse gases have the ability to trap heat in the earth's atmosphere, preventing the heat from escaping

into space. The biological importance of trapping heat is to create a climate that is warm enough to sustain

life on the Earth. Without the heat being trapped in an insulating layer around the Earth, life would not be

able to exist.

In nature, natural emissions of greenhouse gases occur as a result of biochemical activities in living bodies
of all organisms and as a part of the nutrient cycles that exist in all ecosystems. However, as a result of the
ndustrial activities of man, the level of these specific gases being released has increased dramatically since
the Industrial Revolution. The emissions of increased guantities of greenhouse gases into the atmosphere
have caused an increase in the heat being trapped in the atmosphere and therefore an increase in the
overall global temperature.

Life Sciences 11 (©) Al rights reserved 39
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Carbon dioxide emissions
Since the Industrial Revolution
(around 1850), the amount of CO, in
the atmosphere has steadily risen
owing to the increase in fossil fuel
combustion. As atmospheric CO,
levels have increased, there has
been a corresponding increase in
the average atmospheric
temperature. The graph below
depicts the relationship between
CO, and atmospheric temperature
over the past 1000 years.

CO, concentration {ppm)

Temperature and CO, levels in the atmosphere

over the past 1000 years
—— Temperature
— C0, concentration [ The Industrial Revolution |

T T
1200 1400 1600 1800
Time {years)

Adapted from: www forourgrandchaldren ca

The Greenhouse Effect and Global Warming

Greenhouse gases form a barrier layer
above the earth's surface and prevent
the heat from escaping back into the
atmosphere. The warming of the
Earth's surface has led to global
warming. Global warming has arisen
because the greenhouse gases have
formed a dense blanket that is too thick
and traps too much warmth. This
blanket of gases prevents the escape of
heat from the earth, causing the earth's
temperature to rise.

Effects of global warming

« Changes in weather patterns such as an increase in rainfall in some areas and in drought in others.
* An increase in the number and intensity of extreme weather events, for example: cyclones, high winds

and hail storms.

{010 smeladiug)

2000

The Greenhouse Effect

» Changes in food production due to temperature changes in areas.

+ Reduction in availablity of water supplies.

« Increase in evaporation from water surfaces such as oceans, lakes, dams and rivers.
= Changes in the composition and location of forests.

= Reduction in biodiversity.

= Rise in sea levels. Polar ice is melting and will cause sea levels to rise, flooding low lying coastal towns

such as Cape Town and parts of Durban.

+ Threats to human health,

90
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The Carbon Footprint

A carbon footprint refers to the amount of carbon dioxide generated through human activities. These
activities include such things as transportation (driving, flying, riding a bus, etc.) and energy use (lights,
electricity, etc.). It can also include indirect activities like going to a restaurant, throwing trash away, or even
eating food. When you go to a restaurant your presence there is causing more energy to be used and
therefore, more carbon dioxide is generated. Much CO, is also created by the manufacture of consumer
products that a person uses in their lifetime.
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Every type of industry, each country and continent, also has a carbon footprint. The carbon footprint reflects
the amount of CO, generated by their specific activities and will vary depending on whether it is a first or third
world country or the particular products that are being produced.

Compared to the rest of the world, South Africa's carbon footprint appears insignificant. However, the more

goods and services that are imported from countries that have a large carbon footprint, the larger South
Africa's carbon footphint becomes.

Methane emissions

Methane (CH, ) is an odourless, colourless gas that is released by the fermentation and decay of organic
materials. Methane is part of the natural carbon cycle, however it becomes a potential greenhouse gas when
released in vast amounts. This may occur from the large scale decomposition taking place on municipal land
sites, from gas released by grazing herbivores and natural gas leaks. in KwaZulu-Natal, the Marianhill landfill
site has technology in place to trap and then use the methane gas produced by the landfill to produce
electricity. It is also a conservancy site, showing how a potential problem can become a positive feature of
the area in which it is found.
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The ozone layer in the stratosphere filters and V0 \\ =" Ozone layer b/ / / U
protects the Earth from harmful ultra-violet (UV) rays \ ¥ -

of the sun. It is composed of molecular oxygen (O,). P \‘

Ozone at ground level is a pollutant that helps form 4 \

photochemical smog and acid rain. It is a poisonous
gas. The ozone layer is destroyed by CFCs.

In 1987, the Montreal Protocol was drawn up to
=ncourage all countries (o decrease the production , _
and consumption of ozone-depleting substances UV penetration depends on the thickness

‘such as CFC's. of the ozone layer

The global consumption of ozone-depleting substances declined dramatically. It is predicted that the ozone
ayer in the non-polar regions should achieve complete recovery by 2050.
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Boreholes and their effects on aguifers

Historically, water resources management in South Africa i
has focused on surface water, resulting in an extensive
network of dams, inter-basin transfers and pipelines. 4.4
However, recent work has revealed significant reserves of L
groundwater that are not being fully utilized. Since most e,
water stored in catchments is stored in aquifers
underground, groundwater can provide an important buffer
against an increasingly uncertain rainfall future.

The potential for underground storage and increased use of
groundwater heightens the importance of minimizing water
contamination, from mining, industrial, agricultural and
domestic sources.

Rain water that soaks through the ground collects in
aquifers. The downward flow filters the water to a high
standard. Bore holes are drilled through rocks to the aquifers|
in order to extract the water. Because of the filtering effects
of the ground, much of the aquifer water can be consumed
immediately without any chemical additives. The reason
ground water is so0 clean is because most life needs light,
oxygen and warmth. Underground there is no light, very little |
oxygen and the temperature is around 8°C.

Water wastage

Water conservation and water demand management strategies are becoming a fundamental part of life.
These require changes in behaviour at the municipal, household and personal level and include actions such
as: leakage detection and repair, use of water efficient fittings, and user education. Ways of reducing water
wastage include: recycling and re-use, desalination and rainwater harvesting,

Cost of water

All South Africans receive the first six kilolitres of water they use each month, free. To discourage water
wastage, municipalities charge for water on a sliding scale. The greater the volume of water used, the higher
the charge for that month. Effective monitoring of the state of the country's water resources, water use, water
infrastructure and institutional performance, is becoming increasingly important to inform decision making on
the availability, allocation and pricing of water.

Costs of water can also be reduced by installing rainwater tanks, using grey water (water which has been
used for bathing and washing) for gardens and using boreholes. South Africa is reportedly in danger of
having a 17% gap between supply and demand for water by 2030

The impact of different land uses on water quality
Domestic water consumption

If human waste as well as soaps and detergents from toilets, baths, basins, showers and dish washing water
are not correctly disposed of, they can enter water systems and cause the BOD (Biological Oxygen Demand)
to increase. The BOD refers to the amount of oxygen that saprophytic micro-organisms require in order to
decompose organic matter. The BOD is usually defined for a particular volume of water, over 3 given period
of time. The higher the BOD, the more polluted the water and the more methane gas that is released as a
by-product of decomposition.

Waterborne diseases

In the developing world, waterborne diseases are common. Informal settlements in urban areas and most
rural communities do not have access to clean water sources, or to water-borne sewerage systems. Many
rural communities share their water with domestic animals and wash clothes in the same rivers from which
they draw their drinking water. As a result, 90 — 95% of all sewage is deposited untreated in water systems.
Water contaminated with human waste causes diseases. Outbreaks of diarrhoea and vomiting, caused
mainly by Escherichia coli, intestinal bacteria found in human faeces, are common. Other pathogenic micro-
organisms found in human faeces are responsible for: cholera, hepatitis A, dysentery, gastroenteritis and
typhoid fever.

In South Africa, gastro-intestinal deaths, caused by waterbome diseases are the third highest cause of death
amongst children under 5 years old, with over 10,000 deaths occurring annually. All these deaths could be
prevented if communities had access to clean water,
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industry, agriculture and mining

Water-soluble inorganic chemicals such as acids from factories and mines, salts, mercury and lead
compounds can affect aquatic life, make the water unfit to drink and can harm crops which are irmigated with
this water.

Many factories and power generators release hot water into rivers which results in plants and animals being
killed. This thermal pollution also lowers the dissolved oxygen content in the water, which further negatively
affects living organisms.

Estuaries have become polluted with
fertilisers being washed down from
farmlands, from oil spills from ships and
from chemicals that are released from
factories upstream. As these estuaries acl
as breeding grounds and nurseries for
many fish, these pollutants harm and kill
the fish eggs and young fish, causing less
fish to enter the oceans. Other animal life
such as shellfish and molluscs which are
found in estuarine habitats and form an
important food source for animals and
humans, are also affected.

Eutrophication and algal blooms

Eutrophication is a process which starts with the addition
of excess nutrients to a water body and ends with the
collapse of the aquatic ecosystem. Sewerage plants, .
abattoirs, farm animal holding pens and runoff of fertilisers  |Eeae
from crops, add excess nitrates and phosphates into river
systems. The increase of nutrients in the water causes
plants such as algae, to flourish to such an extent that the
whole surface of the dam can become covered with them.
Owing to the algal bloom, light can no longer penetrate
below the surface of the water, which causes deeper
dwelling aguatic plants to die. With their death, oxygen is
no longer released during photosynthesis and so the
oxygen supply for aquatic animals declines. The animals
then die. As the dead plants and animals decompose,
further oxygen is used up and methane gas is released,
giving the dam a strong smell of putrification (rotting).

The end result of eutrophication is that the dam is no longer a healthy ecosystem and its aquatic food webs
and pyramids collapse.

Effect of mining on water quality

Many mines use vast quantities of water during their daily operations, including: washing the ore and for
chemical processing. In the Witwatersrand gold mining area alone, an estimated 500 megalitres (500 million
litres) per day is consumed by mining. The used water has to be continually pumped out of the mines to
prevent flooding underground. Owing to the water having been used in various mining processes, it is acidic
and can contain chemicals such as sulphides, toxic cyanides and heavy metals. Recently, water pumped
from mines has also been found to be radioactive. This poor quality mine water creates serious pollution
problems when it is released into local rivers.

Thermal pollution

Many factories and power generators release hot water into rivers. The high temperatures can kill plants and
animals. An increase in the temperature lowers the amount of oxygen that can dissolve in the water. This has
a detrimental effect on all aquatic organisms.
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The need for water purification and recycling

Owing to the number of waterborne diseases and deaths resulting from poor quality water, it is essential to
ensure a clean supply of drinking water for everyone. One way of achieving this is by installing septic tanks
that separate human wastes from water sources.

The diagram below shows a simple septic tank that could be used in rural areas and which is relatively easy
to install. The system traps grease and large solids and discharges the remaining wastes over a large
drainage field. As these wastes percolate downwards, the soil filters out potential poliutants, Soil bacteria
decompose biodegradable material. To work effectively, these septic tanks must be installed in soils with

adequate drainage, not be placed too close together or near borehole sites. rivers or dams. Septic tanks
must be pumped out regularly when they become full.

manhale
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sewage inlet

outlet (water)

waste water

Septic tank construction

Alien aquatic plants

Alien aquatic plants such as the water hyacinth, Eichornia spp shown below, are a threat to the quality of
fresh water in storage bodies such as rivers, lakes and dams. In the absence of their natural predators, they
rapidly increase in number.The dense mat they form and the organic material they provide, contributes to the
eutrophication process as well as shutting out the sunlight required by indigenous aquatic plants that the
indigenous food webs depend on. The dense mat of alien plants also clogs up waterways, blocks irrigation
pipes and canals and block pumps that contral the flow of water from dams.

Water hyacinth invasion

Bio-control measures have been introduced to decrease the numbers of these plants but the control
methods are not particularly effective. Surveys have shown that physically clearing invasive alien plants from

a watershed can increase the water yield significantly. The resulting extra water can then be sold and the
money used to offset the clearing costs.

Bﬂ (©) Al rights reserved Life Sciences 11

Study copy distributed by EduResource ZA | eduresourcza.com

B e aND =

| (A ml-- N B B -l |

a2 m - i irNeITOAFrAsASaIE T

Sl

[T s ]



https://eduresourcza.com

| to
nks

=asy

3. Food Security

The impact of human exponential population growth
Some of the reasons that have resulted in the exponential growth of the human population are:
» Improved diets
« Improved housing
« Improved medical health care for all age groups
= People are living longer.

The exponential growth of the human population underpins all the problems that are inflicted on the
environment. The human population can no longer be sustained by the natural environment, so societies are
increasingly dependent on intensive agricultural practices to provide food and resources. The problems of
monoculture and the resulting soil erosion and water pollution have already been discussed. If people are
not eating natural products, they are exploiting them for other means, such as for medicines, buildings, to
burn or to trade. As natural products are consumed, the food webs and food pyramids that they previously
supported are also destroyed, leading to a massive reduction in biodiversity and subsequent collapse of
entire ecosystems.

The effects of climate change: droughts and floods

The extreme weather phenomena that are occurring as a consequence of human-induced climate change,
have a direct impact on food security. In southern Africa, the provision of food is made even more
complicated by the cyclical impacts of El Nino and La Nina.

For example, droughts in the central parts and western parts of the country in 2012 caused pastures to
become so depleted, that farmers were compelled to sell their livestock because the grazing conditions were
too poor ta support them. Dry veld conditions also lead to extensive veld fires, which further reduce grazing
land and accelerate soil erosion.

In the same year, extreme hail storms in Gauteng and Mpumalanga destroyed hectares of fruit crops, just as
the fruit were starting to set. Unseasonal cold weather killed many new born lambs in the Eastern Cape and
massive floods destroyed acres of crops in a number of provinces. Changing weather patterns have also
been linked to the outbreak and spread of numerous animal diseases.

Owing to climate change, weather is becoming increasingly unpredictable, which makes it very difficult for
farmers to plan their activities. The effect of this, is that food availability can no longer be guaranteed.

Poor farming practices

Large-scale modemn farming often involves planting large areas with only one type of crop. This is termed
monoculture. The land is used intensively to achieve the highest possible yield in order lo maximize profits.
Often farmers plant one kind of crop year after year, for example, maize or sugar cane. Farmers use
fertilizers to enrich the soil, herbicides to kill weeds and pesticides to kill pests. All of these aspects have
disadvantages. Fertilizers can enter water bodies following heavy rains, leading to eutrophication; herbicides
blown by the wind can kill neighbouring indigenous plants and pesticides can kill non-target organisms and
they have a tendency to encourage the development of resistance to them in the pests. Also, if fields are left
fallow, wind can blow the top soil away and heavy rains can wash much of the top soil into rivers, leading to
sedimentation.

There is no biodiversity where monoculture is practiced. This lack of biodiversity may encourage the
breeding of pests, as they have vast amounts of food and no predators. This encourages the pests to breed
extensively, destroying the crop. Farmers then have to use large amounts of pesticide, which in turn may
wash into streams and pollute them.

Alien plants and the reduction of agricultural land

Alien plants are those which are not indigenous to a region and which have been introduced from another
area. Because they are not indigenous, they often have no natural predators. As a resuli, they tend to spread
rapidly, out-competing similar indigenous plants. When alien plants spread onto agricultural land, they
compete with crops for natural resources. The costs of eradicating alien plants from farmland can be
expensive and sometimes farmers choose to abandon fields invaded by aliens. If alien invasions cannot be
stopped, less land will be available for agriculture.
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Plantation species are blamed for 38% of all the alien plant invasions in South Africa. Pine and wattle
plantations are valuable income-generating enterprises and supply timber and pulp for paper products.
However, the central American pine, Pinus patula, and the Australian black wattle, Acacia mearnsii, are
aggressive invaders and have overpowered many indigenous forests, woodlands and grasslands.
Legislation exists to ensure thal plantation owners do not allow their trees to invade the surrounding
environment and they have to keep surrounding areas clear of seedlings.

Other sources of alien plants come from gardening cenires
which distribute species for hedges, ormamental use, shelter and
shade. In the Western and Eastern Cape, alien Australian
wattles are planted to fix or stabilize sand dunes. Large South
American grass species that are adapted to the acid conditions
of gold mine dumps are planted on Gauteng mining wasteland
sites in an attempt to reduce the dispersion of the acid-laden
sand by wind.

The pompom weed, is an example of an ormamental alien
invader found in all South African provinces.

Courtesy Phetole Manyama (SANBI)

Pompom weed

The impact of the loss of wild crop varieties on the gene pool

Modern commercial farming uses hybrid varieties of crops which have been selectively bred to have the
most desirable characteristics for that crop. For example: wheat that has large kernels, is drought tolerant
and has a rapid growing cycle. The effect of selective breeding, combined with monoculture, is that many of
the wild varieties of crops are no longer available. The problem arises when environmental conditions
change, as is occurring through global warming. Hybrid crops often are not able to adapt to change and fail.
Scientists have realised that the original wild varieties of the current crops may contain genes, which make
them more adaptable to changing conditions and so finding and preserving wild crop varieties is vital to
ensure food security.
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Mung beans play a vital role in feeding some of the most vulnerable people in South Africa. Extensive Thet
crossbreeding has created mung bean plants with a 55-day maturation process, good yields and hardier TP
pods that grow on the top of the plant for easy picking. ﬂe
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Mung beans
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Genetically engineered foods

Genetically modified (GM) foods are foods that are derived from organisms which have had specific changes
introduced into their DNA by genetic engineering techniques.

Maize and soybean are the only two GM food crops commercially grown in South Africa. Globally, these two
food crops, plus cotton, account for 94% of all GM crops planted. In South Africa, 77% of all maize seeds
that are sold to farmers and 78% of soybean seeds are genetically modified. Genes have been infroduced
into these crops that increase drought and herbicide tolerance and make plants more pest resistant.

People are often concerned about the consequences of eating GM foods and the impact that GM organisms
may have on the natural environment. However, genetically engineering crops to enable them to grow in
harsh environments and to make them resistant to diseases, will go a long way in alleviating hunger in many
nations.

A good example of how GM can contribute to food security is the example of the development of "scuba”
rice. Every year, 800 000 tons of rice - enough to feed 30 million people — are lost to flooding in Bangladesh
and India. Scientists at the International Rice Research Institute in the Philippines developed “scuba” rice
that can survive, completely submerged, for up to 2 weeks. When covered by water it becomes dormant.
Researchers made the rice by isolating a gene that creates flood tolerance, from a variety that is particularly
hardy but has yields too low for commercial use. After 3 years of testing across South Asia, the first scuba
rice was released in 2009. After changing to the GM rice, one farmer recorded a 50% increase in his crop
yield.

Golden rice, like scuba rice, is genetically modified rice. It is rich in vitamin A. The presence of B-carotene in
golden rice helps prevent blindness and increases immunity to disease, especially in young children.

GM golden rice “Normal” rice

Food wastage
According to the United Nations Food and Agriculture Organization (FAO), 925 million people were hungry in
2010. Of those people, 26% live in Sub-Saharan Africa. The FAQ listed the causes of world hunger as;

1. The neglect of the agricultural sector in poor countries by governments and aid agencies.
2. The worldwide economic crisis.
3. The significant increase in food prices over the last few years.

Currently in South Africa, legislation forbids industries to sell food which has reached its expiry date at a
cheaper price, or to give the food away to such things as soup kitchens. All leftover food has to be dumped.
There is something seriously wrong, when the amount of food produced, or the pricing of food, leads to a
surplus that is being discarded, while thousands of people are hungry. Wastage of food, from the individual
level to the national level, needs to be addressed in order to ensure food security for everyone and not just
fhe wealthy.

According to Food4Africa, an intemational aid organisation working in South Africa, 1 in 5 children
suffer from chronic malnutrition and 1 in 10 children are severely malnourished. 20% of South African
children have stunted growth because of a lack of adequate food.
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4. Loss of Biodiversity (The sixth extinction) Mo

In 2005, a detailed assessment of South African biodiversity was undertaken. The results were as follows: Mor
= 34% of land ecosystems are threatened and 5% critically endangered. el
= 82% of river ecosystems are threatened, 44% being critically endangered. g,?;
= 12% of marine bio-zones are under serious threat, Enk:
= 3 of the 13 estuarine ecosystems are in critical danger. lach

Habitat destruction

Poor farming methods, for example: overgrazing and monoculture, the development of golf estates, mining,
urbanisation and commercial plantations are all contributing to deforestation, loss of wetlands and
grasslands and general habitat destruction. The massive reduction of biodiversity associated with human
activity is often termed “The sixth extinction”™. There have been five massive extinctions during the history of
the Earth, but the current one is the only one caused by a single species: humans.

Overgrazing

Evidence of overgrazing is visible throughout South Africa. Goats are particularly detrimental because they
rip up the roots of vegetation, which leads to soil erosion. Once the topsoil is removed, grasses and shrurbs
can no longer be supported and the entire food webs which depend on them are destroyed. Overgrazing,
coupled with climate change, is causing the spread of arid land throughout the central part of the country.

=,
(34]

Fortunately there is a practical way of rolling back desertification using the remarkable succulent Portulacass
afra (spekboom). This plant grows in abundance in many areas. Spekboom can be grown from cuttings
planted in either wet or dry soils. Farmers across the Eastern Cape have used spekboom cuttings to great
effect for restoring large areas of the goat-degraded landscapes.

Thickets in their natural or restored state have significant environmental benefits:

» Black rhino, elephant and other game thrive in this
vegetation and ecotourism opportunities abound with
tens of thousands of hectares of spekboom-rich thicket
in place.

= Bees are also highly productive insects in intact thicket. [§
Beekeeping can be a viable business in the restored
landscapes.

= Planting spekboom is labour intensive and
consequently farmers will be major employers in the
Eastern Cape, providing a much-needed stimulus to
the depressed rural economy of the region.
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Monoculture and Increased Pest Population

Monoculture refers to the cultivation of a single species of a plant population. In order to obtain the maximum
yield per hectare, large areas of land are cleared of their indigenous vegetation and a single kind of crop is
grown. The removal of the natural flora also implies the indirect remaval of the fauna in the area, and the
subsequent decrease in the biodiversity in that area. In addition to disrupting predator-prey relationships,
links in the food chain are also broken. The uniform flora (plant) attracts only a few species of animals. This
lack of a variety of plants and animals may lead to the rapid increase in pest populations in the area.

If a pest enters the monoculture, the pest population rapidly increases. This rapid increase is due to the
presence of only one species and the lack or absence of predator populations.

The use of pesticides is not always successful because pesticides are not species-specific and not only kil
pests but also their predators. Pesticides also wear off, and when this occurs, the pest population increases.
Pests are also known to develop an immunity to pesticides which aids in the increase of the size of the pest
population.

The solution to this problem is planting a variety of crops together i.e. a mixed species culture. A mixed
species culture would attract a variety of animals and predators, increasing the biodiversity in the area. The
natural predators of the pest will then act to regulate the pest population.

Biological control i.e. the artificial introduction of the predator is another effective method of controlling pest
populations. An example of this would be the use of beetles to feed on the dung in which flies lay their eggs.
Thus the maggots of the fly do not survive and the fly population is eventually greatly reduced.

Mining

The Minerals Act of 1991 requires a details about possible environmental risks of a proposed mine and what
will be done about these risks, before mining begins and during and after mining has ended. This is termed
“cradle to grave” environmental management. : —— - - — g2

In addition to the loss of biodiversity at the mining
site, the processes associated with mining can
also have a detrimental impact on organisms.
Waste water from mining operations can contain
chemicals such as: sulphides, toxic cyanides,
heavy metals and radioactive material. If this
water enters natural waterways, it is extremely
detrimental to life and greatly reduces biodiversity.
Experiments are currently being done with
planting sunflowers around mines, as they seem
1o be able to absorb some of these poisonous
chemicals and in so doing, reduce the amount of
toxins entering the water.

Toxic water from a gold mine
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Poaching

The illegal hunting and trade in bush-meat in Southem Africa, has been
mistakenly perceived as a small scale phenomenon practised only for
subsistence living, however it has the potential to cause a conservation crisis
soon. This was according to a report recently released by conservation
organisation, Panthera.

The report found that Africa’s large carnivores such as cheetah, leapard, lion
and wild dog were particularly vulnerable to bush-meat activities. This was
because they were caught directly in unselected methods, such as sharing,

or because their prey populations were being reduced by illegal hunting for
the bush-meat trade.

Some of the key factors behind this increase included hunger and the
increasing demand for the meat in rural and urban areas, human

encroachment in wildlife areas, inadequate penal systems and lack of
enforcement.

Pulled from the brink of extinction almost a century ago, South Africa’s white rhino population was flourishing
thanks to the extensive conservation measures that were put in place. However, their existence is being
jeopardised once more due to the dramatic increase in rhino poaching over recent years. During 2008, 57
rhinos were illegally killed country-wide and this increase has been linked to a rising demand for rhino hom in
the Far East. In 2011, the number of poached rhino was 488 and by the end of Movember in 2012, 612 rhino
had already been killed. Rhino horn is used in traditional medicine as an anti-rheumatic and anti-

inflammatory treatment and more recently rumours have surfaced about its anti-cancer properties. All these
ailments can be treated with other medicines.

White rhino

Rhino horn has become a highly sought after commaodity, which people are prepared to pay a lot of money
for. Numerous poaching networks and syndicates thrive in this environment. FPoachers are often recruited
from communities neighbouring protected areas and private game farms. Their poverty makes them an easy
target and their bush skills make them a prized asset. These are the people who are taking the largest risks
and are making the least from it, as it is not the people at the beginning of the chain that make the money. It
is the middle men, the poaching network leaders and exporters in South Africa and the importers of hom in
the far Eastern countries who are capitalising on this illegal, yet lucrative trade.

“South Africa and Vietnam plan to sign a memorandum of understanding (MoU) that will address the illegal
trade in rhino horn. Albi Modise, spokesperson for the Department of Environmental Affairs, said that the
government was convinced that these international engagements and agreements were crucial in fighting
the current scourge of poaching.” Taken from an article written by Lindi van Rooyen, Farmer's Weekly,9 Nov
2012,

Unless drastic measures are employed, rhinos will soon be extinct,
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Alien plant invasions

Land owners needed to take responsibility for invasive plants on their properties. Invasive alien vegetation,
including various species of wattle, pine, poplar, weeping willow, gum trees, hakea and prickly pear, among
others, pose a serious threat to South Africa’s water supply, as well as the country's agricultural potential and
biediversity. If the 20-million hectares of alien invasive vegetation across the country could be condensed
into a single area, it would form a dense, impenetrable thicket about twice the size of the Kruger National
Park.

The Eastern Cape has also lost over 200 000 hectares to prickly pear, and the same area again to invasive
Australian gums. A further 250 000 hectares of KwaZulu-Natal have also been taken over by the North
American invader, Chromolaena odorata, more commonly referred to as "paraffin® bush because of the fire
hazard it poses. .

Other significant alien invasives include lantana, syringa, queen of the night cactus, agave, guava, Spanish
reed and sesbania.

g S T L,

G 2 e
The alien invasive fantana

The Working for Water programme was initiated in 1995 in an attempt to quantify alien invasion on a national
scale. The program has since spent R3,2 billion on alien plant control. At a conservative estimate, it will cost
R34 billion over the next 25 vears to clear the 20-million hectares of alien vegetation. Left untouched, the
alien vegetation will spread at an average rate of one percent a year, threatening water and food security.

Ways in which alien invasive species can be controlled

Mechanical removal is achieved by digging the whole plant out, roots included. In the larger tree
species, such as syringa, ring barking can be used, however the trees have to be monitored closely and
any new growth that starts emerging at the roots, has to be removed. If this is not monitored on a regular
basis, very rapid regrowth can occur, resulting in an even thicker growth.

Chemical removal is carried out by using alien plant-specific herbicides that are biodegradable, to
prevent the damage of indigenous food webs.

Biological methods are carried by out using beetles, weevils, insects or fungi that will eat or destroy the
organs, fruits and/or seeds of the alien plants. Biological control could reduce the clearing costs by
between 10 and 20 percent, assuming that such control can reduce the plants' seed set and expansion.

Use in the commercial sector. Another possible way of dealing with alien vegetation is to utilise dense
stands of alien vegetation for bulk fibre production, or as an energy source. This could also offset costs
involved in clearing the area. An example of this is the use of syringa, which has medicinal values in
certain cultures and is also an excellent wood with which to make furniture.
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Indigenous knowledge systems and the sustainable use of resources

The use of indigenous plants for medicinal purposes, has been an important part of our indigenous
knowledge system (IKS) for hundreds of years. The rapid growth of the population and the averuse of these
traditional plants is damaging biodiversity. Almost 50% (+ 2107 tonnes) of the approximately 4 400 tonnes of
medicinal plant material traded annually in KwaZulu-Natal, is sourced from the forest biome. In addition to
the already overexploited communal forest areas, forest areas on private land are the only other areas
potentially available for medicinal plant harvest. To meet the current market demand for forest sourced
medicinal plant material, 8.1 tonnes per square kilometre would be required. Existing forest resources cannot
meet this demand. It is clear that forest-derived medicinal plant species will need to be cuitivated on a large
scale if wild populations of these plants, and the forests in which they occur, are to be conserved. Many of
these species are slow growing and difficult to propagate.

In the Durban area of KwaZulu-Natal, Silverglen nursery, run by Durban Municipality, is successfully growing
many of the traditional plants that are used medicinally. The nursery cultivates about 120 at-risk species,
many of which are in large enough numbers to supply other nurseries. The municipality has developed a
network of plant and seed suppliers, including private land owners, commercial nurseries and provincial
conservation authorities. The Silverglen medicinal plant nursery is providing a viable, altemative source of
medicinal plants for the local population and at the same time protecting the indigenous plant communities
and local biodiversity.

Large corporations in Europe and the USA export expensive health supplements in the form of pills and
capsules from indigenous African species such as the African potato (Hypoxis sp), Hoodia sp, devil's claw
and rooibos. Currently, foreign companies do not have to enter into community-sharing agreements with
communities if they develop medicines based on traditional knowledge. Although a plant may not be
patented, any company can patent extracts of a plant, or a new use for plant extracts, if they can prove they
are the first to discover this use. Rich foreign companies have snapped up hundreds of patents this way,
despite ongoeing protests from traditional healers who do not have the resources to compete.

Devil's Claw

African potato

Rooibos tea
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5. Solid Waste Disposal

The correct treatment of domestic and industrial waste is essential to prevent pollution of the environment.
Major problems associated with landfills are leaching and air pollution caused by the buming of wastes.
Leaching occurs when the soluble by-products from the decaying wastes leak into the soil and enter the
groundwater. Many of these by-products are harmful to the environment. Modemn landfills limit the amount of
leaching into surrounding soil and also limit the need for the waste material fo be burnt, thereby reducing the
production of more greenhouse gases.

topsoil-sand-clay methane gas electricity ;
leachate recovery overlay (recovery and storage)  géneration g
and treatment L

[[ monitaring well

solid waste (compacted)

o
8= .
LR
i
reg -
5
i .

Gy |

leachate (dissolved substances and other
soll contaminants) pass through

A modern landfill that should prevent excessive pollution of the surrounding area,

Using methane from dumpsites for domestic use

Durban is the first African city to use landfill gas to produce electricity. Millions of cubic metres of
greenhouse gasses that would have ended up contributing to climate change have been captured and
converted to electricity at the Marianhill and La Mercy landfill sites, The Durban methane harvesting
project is able to generate 1500kW (1.5MW) of electricity and is expected to bring millions of rand in
revenue to the city through the sale of electricity (locally) and carbon credits (internationally). It will also
assist in improving air quality and providing social upliftment through job creation and providing study
bursary schemes to engineering students.

Managing dumpsites

The responsibility of dealing with waste,
whether it be domestic or industrial, remains
with the community that produced it. Local
municipalities must be responsible for dealing
with sewerage and solid waste and industries
must have an organised and legal method of
recycling or dumping their waste.

Marianhill landfill site in KwaZulu-Matal is an
example of a well run, productive landfill site.
A conservancy buffer zone around the site
reduces pollution to surrounding communities
and helps maintain biodiversity.
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The need for recycling

Human exploitation of the environment cannot continue indefinitely. As the human population continues to
grow and as more communities have access to an increased standard of living, waste generation will keep
increasing. Two major environmental consequences of increased consumption are:

1. natural resources that are used in the production of goods are being depleted: and
2. more space is required to dump the waste that is produced.

Successful public education policies have increased recycling by over 200% in the last 20 years and
organizations and industries are increasingly becoming more environmentally conscious. In many nations,
all domestic waste is separated and plastics, glass, paper and metal products are recycled. Currently,
recycling is optional in South African households. People could be encouraged to recycle by having varying
municipal waste disposal tariffs, based on the amount of non-recyclable waste they produce.

The safe disposal of nuclear waste

Koeberg is South Africa's nuclear power station. Nuclear power is a relatively inexpensive way o produce
very large amounts of electricity. However, radioactive wastes are produced as a by-product of the process
and have to be carefully discarded, because radiation can be extremely damaging to organisms, including
people. Solid waste by-products are usually cast in concrete and buried deep underground in geologically
stable areas and carefully monitored.

Hazardous nuclear waste in yellow barrels
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Biodiversity and Classification of
Micro-organisms

A: Viruses

Question 1
Give the comrect term for each of the following: (12)

1. An infectious particle capable of transmitting disease.

2. Parasites which live within the body of a host.

3. The type of nucleic acid found within bacteriophages.

4, An organism which transmits viruses to other species,
but is not affected by the virus.

5. A medical condition that occurs when a person is HIV
positive and has TB, or another disease.

6. The treatmenl given to rape victims who may have
been exposed to the HI virus,

Question 2
1. List four characteristics of life that are not found in
viruses. (4)
2. State the characteristic of living organisms that is
present in viruses. (1
3. List five different ways by which viruses can enter the
human body, {3)
[10]
Question 3
1. Explain the difference between being HIV positive and
having AIDS. (3)
2. Describe two ways by which mothers can transmit the
HI virus to their babies. {4)
3. Is it necessary that an AIDS sufferer disclose their
status in the work place? Explain your choice. {4)
(1]
Question 4

il

Refer ta this diagram of a virus.
1. This virus is able to infect people and cause influenza.

Which evidence from the diagram supports this? (2}
2. List three common symptoms of influenza. (3
8]

nucleic acid core
(RNA)

protain coat

B: Bacteria

Question 1
Write down the letter of the correct answer for the
following multiple choice questions, {10)

1. Which of the following statements about bacteria is
FALSE?
A. They are unicellular,
B. They reproduce by binary fission.
C. A clearly defined nucleus is present.
D. Some are autotrophic.

Life Sciences 11
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Bacteria...

A. are microscopic, unicellular, prokaryotic organisms.

B. have DNA and RMA in the cytoplasm.

C. produce gametes during unfavourable
environmental conditions.

D. are always pathogenic.

. All bacteria have ...

A a cell wall,

B. a protective slime capsule.
C. flagella or cilia.

D. a nucleus.

. Saprophytic bacteria...

A, always cause disease.

E. require water and carbon dioxide to decompose
arganic matter.

C. use energy from chemical processes to produce
food.

D. play a role in the nitrogen cycle.

. Some bacteria are pathogenic because...

A. they live symbiotically in the intestines of animals.
B. they are prokaryotes,

C. they feed on dead crganisms.

D. they cause disease.

Question 2

Study the diagram below then answer the guestions that
follow.

1. Provide labels for the parts marked Ato E. (5)
2. State one function of each of the parts labelled A, B
and D. (6)
3. State two ways in which this bacterial cell is similar to
human body cells. (2)
4. Name the type of bacterum illustrated in the diagram
above. {1
[14]
Question 3

2
3
4. What type of medicine is used to freat bacterial

@ All rights reserved

List three examples of mutualistic relationships
between bacteria and other arganisms. (8)

2. Describe the role of autotrophic and saprophytic

bacteria in a food chain. {4)
MName four human diseases caused by bacteria, {4)

infections? (1)
[15]

111

Study copy distributed by EduResource ZA | eduresourcza.com



https://eduresourcza.com

C: Protists

Question 1

Write down the letters A fo | one below the other, then
next 1o each letter, write down the word represented by

that letter in the table below, {9)
[ Plant-ike | Fungilike | Animaldike
protists protists protists
Mame of sub-group A B c
Exampile o E F
Mode of Nutrition G H |

Question 2
Study the drawing of an Amoeba then answer the
guestions that follow.

m

o) -\'-\. J

LM .
Y . =
"; \ \‘? \ J ¥

H-L \ '.n,
| '. o
. e y

g

1. Provide labels for the parts markel:l Ato D, i4)
2. Which slructure, B or C, is maore likely to give shape to
Amoeba? Explain your answer, (4)
3. State two functions of the part labelled D. (2]
[10]
Question 3

The histogram below shows the frequency with which a
protozoan expels water when placed in solutions of
varying concentrations. Study the histogram then answer
the questions that follow.

2
[=1] ] =

Discharge frequency
-9

(no. of times par & minute interval}

P

f=]

E—

1 2 3 4 3
Percentage of salt in water

1. Name the water expulsion structure found in many
protozoans, (1)

2. Using the information on the histogram, state the
relationship that exists between the rate of discharge

and the concentration of salt in the water, (2)
3. How often did the Amoeba discharge water when the
salt concentration was 1%7 {2)

4. How many times, in one hour, did the Amosba
discharge water when the salt concentration was 2%7
(3)
<. Based on the information provided, is the Amoeba in
this experiment a freshwater or a marine specimen?

Explain your answer. (3

l l 2 @Eljr]lghis reserved

D: Fungi

Question 1

Match the description in Column B with the comect term in
Column A. Write only the letter of the correct answer, for
example; 11 N. (10)

Column A

1. Thallus

2. Mycellium

3. Aseptate

4. Sporangium
3. Sporangiophore
6. Rhizoid

7. Stolon

8. Columella
9. Spore

10. Fungal chitin

Column B
AL a structure in which spores are produced.
B. a rootike hypha that provides anchorage and
assists with nutrition.
C. a cross-wall which seperates a sporangium from a
hypha.
D. a mass of tangled hyphae,
E

. produced in the sporangium and germinates into a
new mycelium.

. the substance that provides structure to hypahae
walls.

. being eukaryotic and having true nuclei,

. having no true roots, stems or leaves,
fused hyphae found in mushrooms.
an upward growing hypha which supports a
sporangium.

K. digestive enzymes used in saprophytic digestion.

L. having no cross-walls present,

M. a horizontally growing hypha.

-

S =

Question 2

1. List five general characteristics of fungi, (5)

2. Name three fungal infections that commonly occur in
people. (3)

3. Describe two environmental conditions that encourage
fungal growth. (2)

4. Briefly describe three ways of reducing the chances of
contracting a fungal infection, (3)

[13]

Question 3

1. Name the type of blue-green fungus which is used in
the manufacturing of antibiotics. (1)

2. Who was the first person to discover the medicinal use
of this blue-green fungus? {1)

3. Give two reasons why this blue-green fungus was not
immediately used to treat infections. (2

4. Which group of biclogical organisms is easily killed by
this blue-green fungus? (1)

5. Apart from antibiotics, list five other beneficial uses of
fungi to people. =

.
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E: Immunity
Question 1
Explain the difference between the following terms:

1. Infection and immunity, {4)
2. Antibodies and antigens. (4)
3. Natural immunity and acquired immunity, 4)
4. Passively acquired immunity and actively acquired
irmimunity. (4)
5. Attenuated vaccines and non-living vaccines. (4]
. A hypersensitive response and systemic acquired
resistance. {4)
7. MDR TB and XDR TB. (4)
[28]
Question 2

The media promotes the use of anti-bacterial soaps and
detergents in the home.

List three advantages and three disadvantages of using
anti-bacterial soaps and detergents in the home. (6)

Plant Biodiversity

Division: Bryophyta

Question 1

Write down the letter of the correct answer for the
following multiple choice questions. (10)

1. Bryophytes are adapted lo living on land because they
A. contain vascular tissue.
B. have rhizoids.
C. can photosynthesize.
0. produce gametes,

2. The dominant phase of moss plants which produces
“carpets” of green plants...
A. is semi-parasitic,
B. comprises the sporophyte generation.
C. is a thallus structure.
D. produces spores,

3. In bryophyles, the gametophyte generation is the. .
A adult plant
EB. foot, seta and capsule.
C. gametes.
D. protonema.

4. Which of the following statements about the moss plant
is FALSE?
A. The gametophyte generation is autotrophic.
B. The sporophyte generalion is semi-parasitic.
C. Gametes fuse to form the protonema.
0. Spores are produced during the sporophyte
generation,

5. The zygote of a moss plant. ..
A, results from the fusion of two spores.
B. develops into the sporophyte.
C. develops into a protonema,
D. is part of the gametophyte generation.

Life Sciences 11

Question 2

Study the daigram of nelow then answer the questions
that follow.

A
B
E
F
G
1. Identify the parts labelled A to G. (7)
2. List the letters that represent the sporophyte phase of
the plant. i3)
3. State two functions of the part labelled G. (2)

2]
Question 3

Moss plants are restricted to living in clumps in damp,
shady habitats. Give five reasons why this is so, (10)

(©) Al rights reserved

Division: Pterophyta

Question 1
Match the description in Column B with the corract term in
Column A. Write only the letter of the comrect answer, for

example: 11 N. (10)
Column A
1. Frond
2_Pinna
3. Sorus
4. Sporangium
5. Rachis
6. Rhizome
7. Rhizoid
8. Prothallus
9. Adventitious
10. Archaegonium
Column B
A. consists of many sporangia.
B. mid-vein of a frond.
C. the gametophyte generation.
D. a“leaflet”
E. unicellular root-like structure.
F. the argan in which ova are produced.
G. the sporophyte generation,
H. a compound leaf with many pinnae.
I. the argan in which sperm are produced,
J. an embryo which develops into a sporophyte.
K. an underground stem,
L. the root of the sporophyte plant.
M, the structure in which spores are praduced,
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Question 2

Study the diagram of an Amoeba then answer the
questions that follow.

1. Provide labels for the parts marked A and B, (3)
Z. State the function of the part marked C, (1)
3. Does this portion of the fern plant represent the
sporophyte or gametophyte? Give a reason far your
answer, (3)
[7]
Question 3

1.

Describe three structural characteristics of ferns which
enable them to live in more diverse habitats than
mosses. (6)

- Explain why ferns are dependent on water to complete

their life-cycle. (4)
[10]

Division: Spermatophyta

Question 1
Give the correct biological term for each of the
following:
1. Abranch in Pinus sp. from which needle-like leaves
anse,
2. The woody scales of a pine cone.
3. The type of symbictic relationship that exists between
the roots of pine trees and a mycorrhizal fungus.
4. The tissue inside seeds which provides nutrients for
the germinating embryo.
5. Asfructure of seeds which prevents desiccation.
8. The division of plants that is not dependent on water
for fertilisation.
7. The dominant form of plants on Earth.
8. The brightly coloured whorl of a flower which attracts
insects.
9. The female whorl of a flower.
10. The part of a flower which develops into g seed
following fertilisation.
11. The part of a flower which develops into a fruit
following fertilisation.
12. An organ within a flower which produces nectar,
(12)
Question 2
1. Gymnosperms were the first plants to develop a tap
root system.
Give two reasons why tap roots enabled the
gymnosperms to exploit a greater range of
environments than earlier plants. (4)
2. Many pine trees have to withstand heavy snowfalls
each winter. Describe two structural features of the
trees which enable them to do this. (4)
8]
114

Quastion 3
1. Explain why gymnosperms are not dependent on water
for fertilization. (4)
2. Name the dispersal agent of pine seads (1)
3. Describe how pine seeds are structurally adapted in
order to be dispersed. (2)
4. List three pollinating agents of angiosperms. (3)
5. State two advantages of producing seeds that are
located within a fruit, {2)
6. Name the process by which pollen grains are
transferred to the stigma . (1)
7. Describe five adaptations of Hibiscus flowers that
encourage pollination. (3}
[18]
Question 4
Study the diagram of a flower, then answer the queslions
that follow. F

K
1. Provide labels for the parts marked A to 1 (11)
2. Give the letler of the part which produces pollen. (1)
3. Which letter/s represent the female wharl? (3)
4. State two functions of the part labelled .. (2]
5. Give the letter of the part in which fertilisation ocours.
(1)
6. Give the letter of the part which will develop into a fruit
following fertilisation. (1)
7. Give the collective name for all the parts labelled 17 (1)
8. Give the letter of the part thal represents the
gynaecium. (1)
[21]
Question 5
1. In a table, compare grains and pulses. Include two
examples of each type of sead, {11)
2. List three human activities that are contributing to a
decline in biodiversity. (3)
3. Explain what a seed bank is, (3)
4. List three benefits of staring seeds in a seed bank. (3)

@NI rights reservid

[20]
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tor Plant Reproduction r Animal Biodiversity

¢ Question 1 Question 1
i\ Give the correct biological term for each of the Match the description in Column B with the correct term in
1 following: . Column A. Write only the letter of the correct answaer, for
) s : : example: 16 5. (15)

2 1. The type of reproduction involving the fusion of
: gametes. Column A

- 2. The first diploid cell that forms following fertilization, 1. Asymmetry
=) that develops into an embryo. .

. 2 2. Radial symme
3. The type of reproduction whereby offspring that are 3. Bil I.; Eﬁ;
(1) genetically identical to their parents are produced. oy atm:f ke
4. Aform of cell division which only occurs during sexual 4. Cephalisation
= reproduction, 5. Ectoderm
E-ra-r 5. A collective term for 1.Ube!'5, bulbs and corms. B. Mesoderm
_ ®) | 7. Endoderm
W SE 8. Diploblastic
:15 Explain the difference between: IT p i .
] 1. Asexual and sexual reproduction. {4) 9. Triploblastic
2. Spores and gametes. {4) 10. Coelom
3. Self pollination and cross pollination. {4) 11. Hydrostatic skeleton
[12] 12. Blind gut
9 Question 3 13, Through gut
2 1. State three advantages and three disadvantages of 14. Open blood system
L asexual reproduction in plants. (&) 15. Closed blood system
2. State three advantages and three disadvantages of
" sexual reproduction in plants. (6)
- [12] Column B
Question 4 A, most complex form of symmetry, allows for
Study the i below th th ti hich CepriallERtion,
u 2 im elow then answer the guestions whic ; ;
follo:' ege Y q B. having two embryonic germ layers.
; C. a fluid filed cavity located in the mesoderm.
D. a digestive system with a2 “mouth” at one end and an
“anus” at the other.
E. form of symmetry associated with unicellular and/or
[ sedentary animals.
F. fluid-filled cavity located in the endoderm
1" G, structural support provided by a fluid filled cavity.

7 H. form of symmefry associated with sessile animals,
{3 —— with a number of mirror images if sliced through the
(2 1. Define pollination. L . (2) centre point.

2. Name a possible agent of pollination of this lower? (1) . ) ; )
P 3. Give one visible reason for your answer to question 2 I the outer germ layer in embryos, gives rise to skin.
iy abave. {2) J. having three embryonic germ layers.
'9-"' 4. List three common features of bird pollinated flowers. K. blood remains within blood vessels and is pumped
A . . il _ {3 around the body by a heart.
(1) 5. Describe two ways in which insect pollinated flowers 3 d .
differ from bird pollinated flowers. (4) L. a circulatory system in which gaseous exchange
. [12] cannot take place.
2,; GilEsticn 5 M. middle embryonic germ layer, forms intemnal organs.
it 1. Narme the process that occurs in the ovary of a flower M. a characteristic unique to unicellular animals.
immediately after pollination. {1) 0. incorporates a blood-filled cavity called a haemocoe],
2. What does the ovule develop into after the process in which tissues come into direct contact with the
1 named in question 17 {1 blood.
3. ﬂ} Mame the structure that the ovary de"-"ﬂ'ﬂpE into after P inner emb nic germ laver which lines the aut.

3 the process named above has occurred? {1 : WO ] g Y : g :
= b) Describe two functions of this structure. (4) Q. a simple digestive system having only one opening.

= 4. Mame three different types of animals that disperse the R. having a concentration of nerve cells in the anterior
=) seeds of plants. {3) (head) region.

201 5. Why is it important for plants to have their seeds
dispersed? (2)
[12]
i |l
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Phylum: Porifera

CQuestion 1

1. Draw and label a typical sponge. Include the functions
of each labelled part on your diagram, (12)

2. Despite being multi-cellular, why are the Porifera
considered to have no tissues? (2)

3. Describe how sponges obtain their food. 4)

(18]

Phylum: Cnidaria

Question 1

Write down the letter of the correct answer for each of the

following questions. | (1

1. The outermost layer of a cnidarian is the. ..
A. ectoderm and contains specialized protective
stinging cells,
B. ectoderm and has maodified cells for digestion.
C. mesoglea and comprises non-living substances.
D. endoderm and is concemed mainly with locomotion.

2. The symmetry of sea anemones is an adaptation for...
A, an aguatic life-style.
E. rapid movement.
C. a sedentary existence.
D. a parasitic life-style.

3. Hydra has alan...
A hydrostatic skeleton.
B. exoskeleton.
C. endoskeleton.
D. axial skeleton.

4, Hydra's best defense mechanism from potential
predators is to._.
A. reduce its size by contracting its body and tentacles.
B. swim rapidly away.
C. wave its tentacles to frighten off the predator.
D. paralyse the predator.

5. Which one of the following is NOT a disadvantage of
radial symmetry?
A. Cephalisation cannol develop.
B. The animal can react to stimuli in all directions.
C. Movement is random, or non-directional.
D. Specialised sensory organs cannot develop.

Question 2
Write down the letter of the correct answer for the
following questions:

1. Aids in locomotion and capturing prey. (1)
2. The location of extracellular digestion. (1)
3. The location of intracellular digestion. i1
4. When filled with water, provides structural support to
Hydra. (1)

[4]
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Phylum: Annelida

Question 1

Sketch a simple earthworm. On your diagram, indicate all
the features earthwaorms have that are absent in the
Platyhelminthes. Next to each feature give a brief
explanation of why it is beneficial to the earthworm.  [16)

Question 2

1. Give two reasons why earthworms are nocturnal.  (4)

2. Explain the significance of having a coelom. (3

3. Name the gaseous exchange organ. (1)
(8]

Phylum: Arthropoda

Question 1

Mame the class fo which each of these animals belong

and give two examples of animals in that class; (12)

1. Has three pairs of legs and the body is divided into a
head, thorax and abdomen.

2. Has four pairs of legs and the body is divided into a
cephalothorax and abdomen.

3. Has five pairs of legs.
4. Has numerous body segments and many pairs of legs.

Question 2
1. What is the function of an exoskeleton? (2)
2. Describe three limitations of possessing an
exoskeleton, (3)
3. Name the two body systems which are located in the
coelom. {2)
4. Which two body systems are integrated into the
haemocoel? {2}
(9]
Question 3
Describe four beneficial roles that invertebrates play in
agriculture. (12)
Phylum: Chordata
Question 1
In & table, compare the five main classes of chordates
under the following headings:
1. Name of class. (3)
2. Typical body covering. (5)
3. For each class include one example of: (15)
[20]

« an aquatic animal,
= a terrestrial (land-based) animal, and
= an aboreal (flying) animal.

Note: there may be a few classes which are
not represented in all three environments.
Write the word “none” in the appropriate place.
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. A: Photosynthesis
Question 1
1B
(18) Write down the letter of the correct answer for the
following multiple choice questions. (10)
) 1. Photosynthesis is a process that. .
3) A, converts radiant energy into chemical energy.
1) B. converts chemical energy into heat energy.
E . converts heat energy into chemical energy.
D. converts radiant energy into heat energy.
2. If all the green plants in the world were destroyed, the
atmospheric gas that would increase would be:
g A. oxygen
(12} B. nitrogen
. C. hydrogen
. D. carbon dioxide
= 3. From the following graph representing the relationship

between temperature and rate of photosynthesis, it can
be deduced that. ..

Oiptienum rale
s \
j 5
Fi ‘% .:
£ a
|"'3 1 .E- E
-5 ] B ;
I.E'l 3:'; :
) 25°C
'__5, Tarmparature
=g A As the temperature increases, so does the rate of
photosynthesis.
n B. Increasing the temperature above 25°C has no
(12) effect on the rate of photosynthesis.
C. Photosynthesis increases until 25°C, then decreases
rapidly thereafter.
D. There is an inverse relationship between the rate of
photosynthesis and temperature.
—3 Questions 4 and 5 both refer to the following diagram.
= Rty F 4 R
= } ¥ pleces i 7 (absorbe GO
- . L
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&
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Life Processes in Plants and Animals

4. The aim of this experiment is to demonstrate that...
A. light is essential for photosynthesis,
B. oxygen is essential for photosynthesis.
C. the rate of photosynthesis is affected by changes in
pH.
D. carbon dioxide is essential for photosynthesis.

5. After 24 hours, the following results would be expected:
A. Leaves in B would test positive for starch.
B. Leaves in A would test positive for starch.
C. There would be no change in the starch content of
the leaves in the experiment and the control.
D. Leaves in both A and B would test positive for
starch.

Question 2

Match the description in Column B with the correct term in
Column A, Write only the letter of the correct answer, for
example: 11 N. (12)

Column A

. autotrophic
. chlorophyll

. thylakoid

. granum

. stroma

. starch grain
. photolysis

. ENZYMES

. iodine

10. destarching
11. soda lime
12. Elodea

Y

1= s - I e I R R I

Column B
A a photosynthetic membrane containing chlorophyll.

B. the matrix of the chloroplast, where the dark phase
DCCUFS,

C. stores the insoluble converted product of
photosynthesis.

D. essential catalysts of photosynthesis.

E. used io test for the presence of starch, indicaling
photosynthesis has occurred,

F. removes carbon dioxide from the atmosphere.
G. organisms that can manufacture their own food.
H

. the remaval of all starch in leaves before an
experiment to test for photosynithesis.

I. an aguatic plant used to demonstrate that oxygen is
a byproduct of photosynthesis.

J. used to demonstrate the effect of temperature on
photosynthesis.

K. a green pigment that absorbs radiant energy.

L. using light energy to split water molecules to release
high-energy hydrogen ions.

M. a stack of thylakoids.
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Question 3
The following diagram represents a chioroplast in which
photosynthesis takes place,

B: Animal Nutrition

Question 1
c Match the description in Column B with the correct term in
Column A. Write only the letter of the comrect answer, for
example: 14 P. {13}
Column A

herbivore

omnivore

. carnivore

O . Ingestion
egestion

B

. Name the raw materials labelled A and B, (2)

2. Name the parts of the plant where raw materials A and

B are obtained. {(2)

mechanical digestion
chemical digestion
absorption

. What is the name of gas C7

M |

assimilation

. Name product D and also give the name of the 10. secretion
insoluble substance that it is converted into. {(2) 11. excretion
71 12. peristalsis
13. deamination
Column B
A. elimination of undigested food, usually via
defecation.

. an animal that eats primarily meat,
. the breakdown of food using enzymes and acids.

. the release of energy from nutrients at the cellular
level.

. the breaking down of excess amino acids.
. the release of useful substances into the body.

. thythmic muscular contractions of the alimentary
canal that move food boluses along.

. an animal that eats only plant material.
enzymes used in the process of digestion.

. eating food

. @ process associated with excess intake of food.

. the release of waste products from the body.

. pigs and humans.

. the movement of digesled food from the digestive
syslem into the circulatory system.

. the physical breakdown of food by chewing and
churning of the stomach,.

Question 4

Complete the table comparing the light and dark phases of
photosynthesis. Write only the word that is represented by

each letter. (8)

Light Phase Dark Phase

Location in chloroplast: M B

Raw materials: Radiantenergy+ C | H' lons+D

Products: E+F G

Gymm

Mame of process; H

Question 5
The following apparatus was set up in the laboratory.

glowing splinter
Fursting into
Tlarme

\/

water plant
e ; | £4.Elodea

D

7

o 2T AT

stem o
funiel

l

Question 2

The following table compares the dental formulae of three
animals: a warthog, a buffalo and a lion. Study it, then
answer the questions that follow.

Pty

o e

water ._i.m.d
glass ———

R e e e

o

K
funnel

Animal

. State the aim of this experiment. (2) A
. Why was the glass funnel placed on blocks? (2)
. Name the gas which evolved and was collected at the ]

top of the test tube. (2)
. What procedure was used to determine the C

composition of the gas? (3)
. Write the conclusion for this experiment. (2) . State which animal, warthog, buffala or lion is

. Describe how you would set up a control for the rEep re;ented by A, B.and C. : (3)
experiment. 2) . Explain each of your three choices to Q 1 above.  (6)

[13] ! Ga‘_lculate the total number of teeth that each adult
animal has. (B)
[15]
Life Sciences 11
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(13)

Y

(3)

(6)

(6)
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Question 3
Refer to the image below then answer the guestions which
follow.

1. Name parts labelled Ato P. {15)

2. Give the letter/s of the parts in which each of the
following processes takes place:

21 ingestion (1)
2.2 mechanical digestion (4)
2.3 chemical digestion {3)
2.4 absorption (2)
25 peristalsis {7)
26 complex carbohydrates begin being digested (1)
2.7 most proteins are digested 1
2.8 the final digestion of food {1
2.9 bile is stored (1)
2.10 defaecation {1

[37]

Question 4

Refer to the diagram in the next column then answer the
guestions which follow.

1. Provide a heading for this diagram. (2)
2. Provide labels for the parts Ato G, (7
3. What is the function of this structure? (2
4. Give the letter / s in which amino acids and
monosaccharides are transported. (2)

5. Provide the letter / 5 which transport fatty acids. (2}

6. In which part of the small intestine does this particular
structure occur? Give a reason for your answer. (3)

7. State the function of the part labelled G. 4)
[22]

Life Sciences 11
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Y
B
C
]
Question 5
1. List five sources of roughage. (5}
2. What is roughage? i2)
3. Describe the role of roughage in the process of
digestion in humans. (B}
4. List three reasons why water is essential for digestion.
(6)
[19]
Question 6

Homeaostasis refers to the ability of the body to maintain a
fairly constant internal environment to ensure the narmal
functioning of all the cells.

1. Complete the following table that compares the role of
the hormones insulin and glucagon in maintaining a

fairly constant glucose level in the blood. {7
Blood glucose level High Lew
Hormone secreted A E
MName of cells in
pancreas that secrete B F
the hormone
Effect of the hormone LG 16

2D S
Blood glucose | Blood glucose
End result leved retums lowel relurms
to normal, Lo normal.

2. List the typical symptoms of someone suffering from
diabetes. {5)
3. Type 2 diabetes is one of the most rapidly growing
diseases in South Africa. It is also increasingly found in
children and young aduits. Give three reasons why you
think this is happening. (6)
(1]
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C: Cellular Respiration

Question 1

Write down the letter of the correct answer for the
following multiple choice questions. {100

1. The substance released during cellular respiration is...
A. glucose
B. oxygen
. carbohydrates
D. energy

2. In green plants, cellular respiration occurs. ..
A. only during the day.
B. only during the night.
C. only in chlorophyll containing tissues.
D. continuausly.

3. A common characteristic of both aerobic and anaerobic
respiration is that...
A_oxygen is used and carbon dioxide is released.
B. carbon dioxide is used and oxygen is released.
C. glucose is the source of energy,
D. they both occur in the mitochondria.

4. Two products of cellular respiration are:
A_ Water in urine and exhaled carbon dioxide.
B. Inhaled oxygen and exhaled carbon dioxide.
C. Inhaled oxygen and water in urine.
D. Exhaled carbon dioxide and glucose.

5. The source of atmospheric oxygen that is needed for
cellular respiration by all organisms is...
A, decomposing organic matter,
B. photosynthesis.
C. eombustion reactichs,
D. from the destruction of the ozone layer.

Question 2
Refer to the diagram below then answer the questions
which follow.

gmmo O

Question 3

For each of the terms in Column |, state whether it applies
to A anly, B only, Both or Mone of the statements in
Column |1, Write the number of the answer, followed by A
only, B only, Both or None. For example: 9. Aonly.  (16)

Column | Column 1

1. oceurs when oxygen is A. aerobic respiration
present in a cell B . anaerobic respiration
2. takes place in the cytosol of| A, aerobic respiration
mitochondria B . anaerobic respiration
3. requires carbon dioxide A, aerobic respiration
B . anaerobic respiration
4. glucose is the source of A aerobic respiration
energy B . anaerobic respiration
5. reaction is controlled by A, aerobic respiration
BAZYMES B . anaerobic respiration
6. end product is 38 ATP A. aerobic respiration
molecules B . anaerobic respiration
7. lactic acid is a by-product in| A, aerobic respiration
animals B . anaerobic respiration
8. used in the manufacturing | A. aerobic respiration
of beer B . anaerobic respiration I
Question 4

Refer to the diagram below then answer the questions
which follow.

1. Provide labels for the parts: A to D. (4)
1. Name parts labslled A !D G (7) 2. Write a hypothesis for this experiment. (2)
2. Name the cellular:l'esplratmn processes that occur 5 3. Explain the function of the items labelled C (2)
inside this or A i :
e ok - (2) 4. What is the purpose of the substance labelled D?  (2)
3. State the purpose of cellular respiration. {2) TR ol s o senier ) (2)
4. Which would have more of these organelles, a muscle Gyt ; ) |
cell or a bone cell? Give a reason for your answer. (3] 6. ?ﬂrﬁ:':rsi?c;::;grﬁ‘g you would you prepare a m““"{a}
[14] il i
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]TJ: Gaseous Exchange

Question 1
Match the deseription in Column B with the correct term in

Column A. Write only the letter of the correct answer, for
example: 12 N. (11)

Column A

respiratory system
cardio-vascular system
breathing

gascous exchange
cellular respiration
diffusion ‘
spiracle

stomata

. skin

10. alveoli

11. diaphragm

LENDO R W

Column B
A. the diffusion of gases across alveoli membranes and
between blood capillaries and body cells.
B. aform of gaseous exchange used by unicellular
organisms, earlhworms and plants.
. the organ through which earthworms and some
amphibians breath.
. protects the gills of fish.
- fransports dissolved gases between the lungs and
the body's cells,
. the gaseous exchange surface of mammals,
- protects the lungs of mammals,
- @ chemical process requiring oxygen, in order to
break down glucose to release Energy.
|, an opening on the thorax and abdomen of insects
which facilitates gaseous exchange.
J. the gaseous exchange opening on leaves and
young stems.
K. transports gases between the lungs and the nose.
L. the muscle that controls air pressure inside the
thoracic cavity.

M. a mechanical process involving inhalation and
exhalation.

mo O

L Gym

Question 2

1. For each animal, name the organ of gas exchange. (2)
2. Name the process by which gases enter and leave the
body of insects. (1)

3. The concentration of oxXygen in water is less than in air.
Describe the structural adaptations of the gaseous
exchange organs of fish which enable them to extract
maximum oxygen. (3]

6]

Life Sciences 11

Question 3
Refer to the image below then answoer the questions which

follew,

1. Exactly where in the body would one expect to find this

structure? {1
2. Provide labels for the parts marked A toD. (4)
3. Describe three stryctural adaptations of C that enable it
to function efficiently. {6)
4. Sfate the function of the parts labelled B. (2)
[13]

Question 4

Refer to the image below then answer the questions which
follow.

1. Give the letter of the arrow which represents the
inhalation of air, (1)
2. Give the letter which represents deoxygenated blood.
(1)
3. State the letler that represents the pulmonary vein and
state whether the blood it transports is oxygenated or

(©) Al rights reserved

deoxygenated. (2)
4. Name the molecule in blood that is responsible for
transporting dissolved gases, (1)
[5]
Question 5
1. Narne the arganism responsible for tuberculosis (TB).
(1)
2. List five symptoms of TB. (5)
3. Explain how TB is transmitted. i4)
4. Can TB be cured? (1)
5. What is DOTS is an abbreviation for? (2)
6. Describe what DOTS monitoring is, {3)
7. Why did the World Health Organization (WHO)
introduce DOTS? (4)
[20]
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CGuestion 6

1. List three respiratory illnesses that can be caused by
smoking. {3)

2. What is the effect of cigarette smoke on gaseous
exchange? (1)

3, Complete the table below which summarizes the
impact of cigarette smoke on various parts of the
respiratory system. Write the letter and the term or

explanation it represents. (109
[13]
Component of Part Megative effect
cigarette smoke affected of smoke
Smoke 1. A 1. C
2. B 2. D
Tar E F
Micating G H
Carbon monoxide | 4

E: Excretion

Question 1

Write down the letier of the correct answer for the
following multiple choice queslions. {14}

1. The skin, lungs and kidneys all excrete...
A carbon dioxide
B. mineral salts
C. water
D. urea

2. Compared with blood entering the kidney, blood that
leaves the kidney contains. ..
A. mare glucose.
B. more water.
C. less carbon dioxide.
0. less urea.

3. Glomerular filtrate contains...
A. water, glucose, amino acids, urea and uric acid.
B. water, blood, glucose, urea and uric acid.
C. blood, glucose, plasma proteins, urea and uric acid.
D. water, plasma proteins, aming acids and uric acid.

4. Sodium ions are actively pumped out of the. .
A, glomerulus.
B. descending loop of Henle.
. ascending loop of Henle,
D. distil convoluted tubule.

5. \Water cannot leave the ascending loop of Henle
bacause. ..
A. a diffusion gradient does not exist.
B. reverse osmosis cannol ocour.
C. the sodium pump is activated.
D. the tubule walls are impermeable.

122
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6. When sodium levels in the blood drop...
A. more ADH is secreted into the blood.
B. more aldosterone is secreted into the blood.
C. less ADH is released into the biood.
0. less aldosterone is released into the blood.

7. Kidneys maintain a homeostatic state in the blood by
controliing. ..
A, water content, pH and haemoglobin level.
B. water content, haemoglobin level and urea content.
C. haemoglobin level, urea content and pH.
D. water content, pH and urea content.

Question 2
Refer to the image below then answer the questions which
follow.

H
|
1. Provide labels for the parts marked Ato |, (9)
2. Mame the hormone secreted by structure A that is
involved with excretion. (1)
3. What substance is regulated by the hormone identified
above? (1
4. Name the structure that can possibly cause a blockage
inpart G (2)
5. State the function of the structure labelled H. (2)
6. Describe two ways by which structure H is suited ta its
function. (4)
7. List two functions of structure | in males. (2}

[21]
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Question 3
Refer lo the image below then answer the questions which
follow.

1. Provide labels for the parts marked Ato |. (2]
2. State the function of the part marked E. i4)
3. List three substances that are dissolved in the blood in
tube G but will not be found in tube H. (3
4. Name the part of the nephron that is located atA. (1)
5. Which parts of the nephron are located in B? {3)
6. Name the excretory substance found at C. (1)
[21]

Question 4

Refer to the diagram below then answer the questions
which follow,

1. Provide labels for the parts marked A to G, {7)
2. Name the structure represented by this diagram. (1)
3. Explain why the diameter of tubule A is greater than
tubule G. (3)
4. Name the process that takes place between B and C.
(1)
5. Describe three ways by which this structure is well

adapted for its function. {8)

6. List five substances that move from B to C. (5)
7. List two substances that do not leave tubules A or 3.

(2)

8. State the function of the micro-villi on cells F. 2)

[27]

Life Sciences 11
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Question 5

1. State the function of ADH. (2]
2. Where in the body is ADH produced? {1)
3. Where along the nephron does ADH target? {2)
4. How does ADH affect the permeability of cells in the
nephron? (2]
5. What is the consequence of ADH secretion on the
movernent of water in the nephron? (3)

6. If a person had done strenuous exercise on a hot day,
would you expect blood ADH levels fo increase or

decrease? Explain your answer. {(4)
[14]
Question 6
1. How are kidney stones formed? {2)
2. Why are kidney stones dangerous? (2)
3. Mame two medical procedures that can be used ta
remove kidney stones. (2)
4. How can a person reduce their chances of developing
kidney stones? (1)
3. Explain why there is a difference in the composition of
dialysis fluid and blood. {3)

(10]
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3| Environmental Studies

Population Ecology ‘

1. Population Size
Question 1

Write down the letter of the correct answer for the
following multiple choice questions. (16)

1. Factors that will cause a decrease in population size
include. ..
{i} Emigration
(i} High natality rate
(iii} Predation
(v}  High mortality rate

A. (i), (i) and (iii)
B. (i), (ii) and (iv)

G. (i}, (iii) and (iv)
D. (1), (iii) and (iv)

. Environmental resistance occurs when. ..
A. population sizes are low.
B. natural resources are limited.
C. population growth is exponential.
D. diseases cause high mortality rates.

. Density independeant factors are;
A. Food, space and shelter.
B. Predation, competition and floods.
C. Seasonal fluctuations, earthguakes and
accumulation of wasles.
D. Droughts, hail storms and very cold temperatures.

. A game farmer introduced 6 adult impala (5 females
and 1 male) onto his medium-size farm. Food, shelter
and waler are all available and there are no predators
or other herbivores competing for the resources. Which
description best describes the expeacted change in the
impala population?

A. The population will grow exponentially.

B. Initially there will be a lag phase as the impala
establish themselves, but then the population will
grow exponentially,

C. The population will grow slowly until environmental
resistance occurs.

D. Initially there will be a lag phase as the impala
establish themselves, but then the population will
grow exponentially until the farm's carrying capacity
is reached, then the population will remain fairly
stable.

. A census would NOT be appropriate to use when
determining the population size of...
A. Baobab trees on a golf course.
B. Forest-dwelling samango monkeys.
C. Hippopatamuses in a small dam.
D. Lichen on the side of a building.
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6. During & mark-recapture event, 12 meerkats were
initially captured and marked. During the second
capture, 15 meerkats were caught and three of them
had previously been marked.

Using the Petersen Index, the estimated size of the
meerkat population is:

A, 40

B. 60

C.24

D, 540

7. The accuracy of mark-recapture methods can be
improved by_..

M. Feeding the captured animals before releasing them,

B. Using bright lights and loud noises to ensue the
animals do not get accustomed to being caught.

C. Sampling during the breeding season.

0. Undertaking a number of samples and determining
an average value.

8. The guadrat method was used to determine the total
number of beehives in a forest. Six quadrats were
sampled and a total of 42 hives were counted. The
area of each quadrat was 1ha. If the total forest size is
565ha, approximately how many beehives will there be
in the forest?

AL 3,380
B. 3,955
C.78

D. 23,730

Question 2

The graph below illustrates the growth of yeast,
Saccharomyces sp., and the amount of alcohol it
produces. The quantity of yeast cells was nol measured
by the number of yeast cells present, but by the mass of
the yeast cells {g.cm™).

p——
J— Lo

#  aleohol

Mass of yeast {g/cm’) and
Alcohol production {giom’)
£

I:I T T T T T T 1
0 2 4 & 8 10 12 14

Tirme (h)
1. ldentify the phase of growth at C. 1
2. Explain the shape of the graph at: (i} A and (il B (B)
3. Using the graph, state the camying capacity for yeast in
this environment. (2)
4. State the general relationship between the growth of
yeast and the production of alcohol. (2)
5. Give two reasons to explain the decrease in the yeast
population over the last two hours. {2)
[13]
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Question 3

The quadrat method was used to determine elephant
damage to mopane trees in the Kruger National Park. 60
quadrats were sampled and the number of mopane trees
that had been damaged by elephants was counted. The
area surveyed was 1 340 hectares in extent and each
quadrat was % of a hectare large. The average number of
mopane trees that had been damaged in each quadrat
was determined to be 22

1. Calculate the total number of mopane trees that
probably had been damaged by elephants in the

section of the KNP that was surveyed. (5}

2. Explain how the reliability of this sampling method
could be improved. 2)
3. List two factors that may have influenced the results of
the survey. (2)
[9]

2. Interactions in the Environment

Question 1

For each of the terms in Column |, state whether it applies
to A only, B only, Both or None of the statements in
Column 1. Write the number of the answer, followed by A

3. Community Change Over Time

Question 1

Complete the table comparing primary and secondary
succession. Write only the letter, followed by the correct

answer, {14)
Primary | Secondary

SUCCeSSIon | succession

Examples of where it occurs: A+B C+D

Speed of the process: E G

Explanation of why the process F H

occurs at that speed:

First species to colonise the I I:

o A : e

Characteristics of 15t species

that colonise the area: J+K MAN

only, B only, Both or None. For example: 9. Aonly. {16}
Column | Column il
1. Predator-prey A lion - impala
relationship B. zebra - buffalo
2. Intraspecific A, baboon — vervet monkey
competition B. white rhino — black rhino
3. Interspecific A impala - kudu
competition E. fig tree — maroela tree
4, Resource A forest stratification
partitioning E. lions and leopards
5. Mutualism A, one species benefits while
the other is not affected
B. both species banafit
6. Commensalism A. remora fish and sharks
B. bilharzias and humans
7. Social organization | A. provides protection from
predation
B. improves chances of
survival of the group
§.Division of labour A, ensures only dominant
breeding pair mate
B. all members of the group
have identical roles

Life Sciences 11
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Question 2

The population pyramid below predicts Soulh Africa’s
population structure in 2020, Study the pyramid and
answer the following guestions.

[South Atiea 2630

100
45
an
ks
a0 e
15
i To
il
il 60 SR
85
50 [RIRERRD
a5
Uy an
3:. "

5
15
10
3
4]

Female:

Mala

Sourca; US Censes Buteau

1 T
24 1.8 1.2 R ¥]
Papulaticn in milions

1. Does the pyramid reflect a developing or developed

nation? Give a reason for your answer. (3)
2. Which age group has the most males? (2)
3. List two reasons why the predicted pyramid for SA
shows a negative growth rate. (2]
4. Approximately how many women are between 40-45
years old? {2)
5. Which age group of men has only approximately
600,000 people? (2)

[11]
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Human Impact on the Environment

1.The Atmosphere and Climate Change
Question 1
For each of the terms in Column |, state whether it applies

to

Aonly, B only, Both or Mone of the statements in

Column Il Write the number of the answer, followed by A

only, B only, Both or None. For example: 7. Aonly.  (12)
Column | Colummn Il
1. greenhouse | A. carbon dioxide
gas B. oxygen
2. carbon A. amount of carbon dioxide
footprint generated by a person
B. amount of carbon dioxide
generated by a country
3. methane . results from buring fossil fuels

. released by domestic herbivores

A
B

4. carbon sink A_an area that absorbs CO,
B

. being lost because of
deforestation

5. desertification | A. primarily caused by droughts
B. a consequence of poor land

management
6. afforestation | A. the cutting down of forests
B. the replacing of indigenous
forests with commercial tree
plantations
Question 2

The graph below shows the ozone concentration 10m
above the ground in twe cilies. Study it and then answer
the questions that follow.

Ozone conc. (ppm)

2
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. What is the role of ozone in the stratosphere? (2}
. In the lower atmosphere, czone is poisonous and

contributes to the formation of two atmospheric
pollutants. Name them. (2)

. Dwverall, which city, & or B, has the greater ozone

concentration? (1)
4. For how many hours a night does City B have no ozone
in the atmosphera? (2)
5. State the dependent variable on the graph. (1)
6. Mame a substance that contributes to the destruction of
the ozone layer in the stratosphere, (1)
7. Mame the document that was drawn up by many
countries in the world to reduce the destruction of the
Ozone layer. (1)
8. Has the document mentioned above been succassful?
(1)
8. State one human health benefit that has happened
because of the effects of the international document.(2)
[13]
2. Water Availability and Quality
Question 1

Match the description in Column B with the correct term in
Column A, Write only the letter of the correct answer, for

example: 19 T.

(18)

Column A | Column A (continued)

1. perennial river | 9. ElNino

2. Lesotho Highlands Water | 10. La Nina
Project i 11. commercial plantations

3. mines in Gauteng | 12. aquifers

4. hydro electric power i 13. grey water

5. Drakensberg Water | 14, waterbome diseases
Scheme i 15. estuaries

6. common problems of | 16. eutrophication
most SA dams | 17. thermal pollution

7. wetlands | 18, Biological Oxygen

8. large-scale sprinkler Demand
irrigation systems

Column B

A. a clean and cost-effective means of producing energy

B. prevent flood damage and act as natural filters

C. causes hot, dry conditions

D. reduce biodiversity and consume large amounts of
waler

E. the source of much of South Africa’s water

F. water that has been used for domestic washing and
can be recycled in gardens

G. third highest cause of death amongst young children in
SA,

H. the amount of oxygen needed for decomposition of

oo

WMoV OoOE==r

(C) Al rights reserved

arganic matter
caused by excessive nitrates and phosphales

. one that flows all year round
. kills aquatic organisms and lowers the amount of

dissolved oxygen

. stores water and provides HEP

. contaminate water and use vast amounts of 5As water
. alien aquatic plant

. high evaporation and sedimentation rates

. causes heavy rainfall and flooding

. waste water and contribute to salination of the soil

. a fairly large source of clean water

. experience pollution from fertilizers and marine oil spills
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Question 2

The following graph depicts the effect on an aquatic bacteria population of releasing organic waste into a river. Study it
then answer the queslions that follow.

o L3 P2 —

7}
§ 207 ——
e 18 Ly T
s 7 .
E 16 ! \-,\
. 14 A ! "\
B 10 ; % oxygen
ol | e
10 +--- ! N,
a 5 \_ 7"
- B | W
5 Y N et
5. P
S £ g
- o ,
L g “..___ bacteria
E ID N T e o N
S 1w 0 1 20 30 40 5 60 70 80 8 100 Ho 120
% distance (m)
addition of organic waste
. Give two examples of organic waste that may have been added to the water. (2]
. Describe the relationship between organic waste concentration and the amount of aquatic bacteria, (2)
. What do bacteria do to organic waste? (1)
. Briefly explain why the amount of bacteria decreases as the distance from the source of the organic waste increases.
(2)
. Al what distance from the point of introduction of organic waste is:
i} the concentration of bacteria the highest? {2)
i} the concentration of oxygen the highest? {2)
(1]

Question 3
Thermal pollution results from large inputs of heated water into water bodies. Study the effect of hot water being pumped
from a power station into a river, then answer the questions.

h{.r: water
discharged oxygen contant of river
i
= [ te, \\A ----------
o 1 i
=) | '-1 H
a2 ) ‘
= T :
o b X ;
B 1 L ;
= I Y Fd
= 1 %
k= % E
= \ R
@ | i, K
E 1 M ,_-".'.
& :- '\\'"“- ___________ __..--"‘l
A B
Distance downstream
1. Explain the effect that hot water has on the oxygen concentration of the river. (2)
2. Why does the oxygen concentration increase downstream? (2)
3. What will happen to fish living in the river at point A? {2)
4. Discuss two strategies that the owner of the power plant could adopt to prevent harmful hot water entering the river,
(4)
[10]
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3. Food Security

Question 1
In point form, explain the impact of each of the following on food security in South Africa;

1. Droughts (4)
2. Floods (2)
3. Monoculture (10)
4. Alien plants (3)
[19]
Question 2

1. List two crops which are genetically modified in SA and state the percentage of the total national crop that is
genetically modified for each one. (4)
2. In point form, explain how the use of genetically modified crops may help alleviate food security in South Africa.  (5)
[9]

4. Loss of Biodiversity

Question 1
For each of the terms in Column |, state whether it applies to A anly, B only, Both or None of the statements in Column |1,
Write the number of the answer, followed by A only, B only, Both or None. For example: 10. A only. (16)
Columnl Column Il
1. habitat destruction A. caused by poor farming practices, residential, urban, industrial and sporiing developments
B. 34% of SAs land and B2% of SAs rivers effected
2. ovargrazing A major culprit in SA is goats
B. easily comected by rehabililating with grass
3. spekboom A. cheap to use for rehabililation because grows from seed
B. used to rehabilitate barren land in the Eastern Cape
£ monoculture A_ not practiced extensively in SA
B. attracts a variety of herbivores and their predators
5. biological control A, amare environmentally friendly means of controlling agricultural pests
B. means that less herbicides are required
6. mining A, introduces numerous toxic chemicals into water bodies
B. dumps on surface smother indigenous plants
7. poaching A. the hunting of animals to provide “bush meat” for local rural communities
B. largae-scale international operations driven by greed and ignorance
8. alien invasives A, plants that have heen removed from their natural environment

B. non-indigenous plants that out-compete indigenous species

5. Solid Waste Disposal

Question 1
1. Briefly explain what the Durban Methane Harvesting Project is. (3)
2. List five benefits that the Durban Methane Harvesting Project has created for the local environment and community.
(5)
3. Describe two positive environmental management strategies that the Mariannhill landfill site has adopted and explain
why they are so good, (4)
(12]
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Chapter 1: Biodiversity, Change... C. Protists
A. Viruses Question 1
Question 1 A— algae
1. Mius B - slime moulds
2. Endoparasiles C — protozoa
3. DMA D - green algae
4. Vector E - slime mould
G, AIDS F - Amoeba
6. PEP/ post exposure prophylaxis (12) G — autotrophic
. H — saprophytic/heterotrophic decomposers
Question 2 I — heterotrophic ()
1. Breathing / gaseous exchange, eating; respiration; respond to _
stimuli (4) | Question 2
2. Reproduction (1) 1. A- contractile vacuole
3. Breathing / in the air; ingestion — in water or food; through an B — ecloplasm
open wound; through sexual intercourse [ exchange of body C — endoplasm
fluids; via a vector. (5) D — pseudopodium {4)
Question 2 2. B—itis firmer / more gel like than C, thus provides more
1. HIV positive means a person is infected with the HI virus Srm’:[ura.l ST ' : : (4}
d having AIDS means that the HIV has weakened the irnrmlme 3. Locomotion and capluring of prey / engulfing food particles.(2)
system to such an extent that an AIDS defining, eg: TB, .
pﬁ?umuma. i also present. g (3) | Question3
2. Via the placenta during pregnancy and also via breast milk.{4) | 1. Coniractile vacuola (1)
3. Personal opinion — explanation must match the choice: 2. As the salt concentration in the water increases, the frequency
Mo — people have a right to privacy; they may be discriminated of discharges decreases, or
against etc. T_he higher the salt concentration, the less the number of
Yes — sickness may reduce productivity; employers may have discharges. (2}
more medical expenses ete. (4) 3. 10 times .femafr:.r 30 seconds _ ()
. 4. T xevery 5 minutes, so: 7 x 12 = 84 times per hour {£)
Question 4 5. Marine — al low sall concenlrations, the confractile vacuale is
1. It contains RMA — viruses that infect people may contain RNA; very active, irying fo expel excess water that entars via
it is not a bacteriophage; it is spherical like the flu virus. asmosis or: if it was a freshwater specimen, the sall
[any 1] (2) concentration of the cytoplasm would be very similar to
2. Fever, headache, runny nose, itchy/bumning eyes, sore joints, freshwater, so not much water would enter the body via
[any 31 (3) osmosis and the contractile vacuole would not be very active.
(3
B. BaFterla : D. Fungi
Question 1 Question 1
1. C 4D 1 H 6.8
2. A 5 D {10) 2 D 7. M
3. A 3 L 8.c
Question 2 4. A 9. E
1. A, Cilium 5. 10.F (10)
e Queston 2
b * 1. Eukarystic; body consists of hyphae; collectively the hyphae
D. sfima capsula form a mycelium; cell walls contain fungus-chiting they lack
E. cell wall (2) chiorophyll and are heterotrophic; most are saprophytic.
2. A- movement / locomotion [any 5 (5)
E - contains all hereditary informalion [ genes 2. Ringworm; candidiasis { thrush;, athlete's foot (3)
D - protection from harmful chemicals of host. (6) 3. Dark + damp/ moist condiions {2)
3. has ribosomes: has a call membrane; has DNA [any 2]  (2) 4. Keep skin clean + dry; stay healthy / have a strong immune
4. bacillus / rod-shaped (1) system; use antibiotics correctly; if diabetic, try and keep blood
sugar levels under control, [amy 3] (3
Question 3 .
1. Mitrogen fixing bactena in root nodules of legume plants. Question 3
Bacteria in digestive tract of animals. 1. Penicillium notatum (1)
E. coli bacteria in digestive tract of humans. (&) 2. plexander Fleming (1)
2. Autotrophic bacteria — pholosynthesize, so are primary 3. Hard to produce on a large scale + the medical fratemity weane
producers in the food chain. skeptical f didn't believe him {2}
Saprophytic bacteria — are decomposers, so break down dead | 4. Bacteria (1)
organic matter - recycling of nutrients in food chains. 4 5. Food —eg: mushrooms; cheese making, yeas! used in baking;
3. TB! tuberculosis; cholera: bronchitis; anthrax; pneumonia used to create alcoholic beverages: used in the manufacturing
[any 4] (4) of certain consumer products, which also creates jobs.
4. antibiotics (1) [any 5] (5}
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E. Immunity
Question 1

1. Infection — the infroduction of a pathogen into the boy,
Immunity — the bady's ability to resist / fight off an infection. (4)
2. Antibodies — produced in the blood and form part of the body's
nalural defense mechanism.
Antigens — proteins on the surface of pathogens which are
recognized by antibodies. {4
3. Natural immunity — the body's ability to resist infection.
Actively acquired immunity — immaunity that results from a
vaceination or infection, (4)
4. Passively acquired immunity — immunity that is not natural, but
is oblained either via breast milk, or in a serum that is
ingested.
Actively acquired immunity — immunity that results from a
vaccination or infection; 4]
Aftenuated vaccines — solutions of “live” pathogens which
have been allered to prevent them from causing a disease.
Men-living vaccines — solution of parts of dead micro-
arganisms, (4}
B. Hypersensitive response —a wery rapid response to infection
n plants, causing rapid death of cells.
Syslemic acquired resistance — a slower process resulls in the
plant becoming resistant to the infection. [4)
7. MDR TE — multiple drug resistant TE — bacteria are resistan
to at least 2 of the main TB drugs.
XDR TB - extreme drug resistant TB — bacteria ara resistant
to 3 or more of the main TB drugs. 4]

F_,'I

Plant Biodiversity
Division: Bryophyta

Question 1
B
C
A
c

B (10}

Question 2
1. A - calyptras

B - capsule

C —seta

D — foot of sparophyte

E — “leaf” of thallus

F ="stem"” { axis

G — rhizoid {7
2. B,C+D {3
3. Anchorage of plant + absorption of water + dissolved minaral

salls, (2)

L B

Question 3

= no vascular lissue - need to be in cumps because no
supporting tissue,

= no cuticle - shady areas to reduce desiccalion.

+ thallus structure — so clumps of plants supporl each ather,

» small sized plant — can rely on diffusion and osmasis for
movemeant of water.

= no rue roots — can't access soil water,

« need water for fertilisation.

Division: Pterophyta
Question 1

[any 5] (10)

T H ] K
2 D h E
3 oA 8 C
4. M - A B
4. B 10. F

1

e
b

(©) Al rights reserved

Question 2
1. A= veniral surface of pinna
B - capsule (2)
2. Protection of the sporangia | capsules. (1)
3. Sporophyte - spores are produced in the capsules/sporangia.
(3)
Question 3

1. Have true roots, slems + leaves — can grow bigger.
Presence of vascular tissue — structural suppart + grow bigger.
Presence of cuticle — not restricled to damp environments. (§)
2, Male gametes / sperm have 1o “swim” in a film of water on the
ventral surface of the prothalius from the antheridia {male} to
the archegonia (female) in order (o ferilise the ova. (4)

Division: Spermatophyta

Question 1

1. Dwarf shool 7. Angiosperms

2. Bract 8. Corolla

3. Mutualistic 9. Gynaecium

4. Endosperm 10 ovule

5, Testa 11. Ovary

6. Spermatophyta 12. Nectary (12)
Cuestion 2

T. Longer and therefore provides better anchorage than
adventitious roots.

Penetrates deeper into the soil to access deeper sources of
ground water, (4]

2. Pyramid shaped — so snow can easily fall off branches.
Have thin needle-like leaves — don't allow snow to accumulate

on them. (4)
Question 3
1. Male gamete/pollen grains dispersed by wind to female bracts
of cones, where they ferfilise the exposed ova. (4)
2. Wind.
3. Light weight with a papery wing-like structure. (2)
4. Birds; bats; insects; animals; wind; water [any 3] 3
5. Proteclion; source of nutients when plant germinatas:
Bncourages greater dispersion by animals that eat their fruit,
[any 2] (2)
6. Pollination (1

7. Brightly coloured + sweetly scented — atlract birds insects.
Produces many light-weight pollen grains.

Sticky stigma for pallen grains to attach to. {5)
Question 4
1. A— pistil 5 — anther

B —stigma H - filament

C —style | - stamen

D = ovary J— sepal

E - ovule K — pedicel

F — petal (11)
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(1)
g =]

es. (6)
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____‘-ﬂ

2 G (1)
2 AB CD+E (3
4, Protect the flower in the bud stage + photosynthesize. ()
5 E (1)
6. D (n
T. Androecium (1)
8 A {1
Question 5 (11)
1. Grains Fulses

Seads of cereal grasses. Seeds of leguminous plants.
Major source of carbohydrales | Good source of prolein .
E.g: oats, rica, wheat, maize. |E.g: peas, beans, soya, lentils.

. Urbanization, deforestation, extensive farming, human

papulation growth, (3)

. Asecure place where seeds from around the world can be

safely stored without risk of damage, in order to conserve
biodiversity.

. Endangered plants can be prevented extinction.

Endangered plants can ba cultivated + reintroduced inta the
environment,

Proevides a source of genetic material — may be useful for GM
crops { research in fulure.

Valuable research resource [any 3]1(3)

Plant Reproduction
Question 1

1
2
3

. Sexual reproduction (1) 4, Meiosis (1)
. Zygote (1) 5 Vegetative argans (1)
. Cloning /asexual reproduction (1)

Question 2

1:

Asexual reproduction — no gametes are produced. Offspring
are identical o their parents.

Sexual reproduction — gametes are produced. Fusion of male
and female gametes produces a xyqote which develops into
an offspring that is a genetic mixture of both parents. 4
Spores are produced by mitosis and are ganetically identical
to each other, Gametes are produced by meiosis, so have half
the amount of genetic material of normal cells and are all
genetically unique, {4

. Self pollination — pollen [ male gametes fertilize ova on the

same flower or plant.

Cross-pollination - pollen / male gametes fertilize ova of
different plants of the same species. {4)

Question 3

1.

will share the same beneficial genes as their parenis;
relatively quick form of reproduction; agents of pollination +
soed dispersal not required. [any 3] (3
plants often can't adapt to changing environments; plants can
be very vulnerable to disease, frost, drought ete. {3
Advantages — offspring are all genetically unique; genetic
variation meaans there is more chance of individuals in a
population surviving if environmental conditions change; may
result in formation of new specias. (3)
Disadvantages - relatively slow process; adult male + female
organisms are required; mutations can occur; pollination and

agents of seed dispersal are reguired. [amy 3] (3)
Question 4
1. The transfer of pollen grains to the stigma { gynaecium of a
Mower, (2
2. Bird / bat ! insect (1)
3. Brightly coloured; base of flower acts as a “landing pad” for the
animal. [any 1] {2)

Life Sciences 11

4. Flowers are long + trumpet-shaped; brightly coloured eg: red,
orange. yellow; neclar is produced; flowers are not scented.
[any 3] (3}

5. Large petals act as “landing pads” for insecls; flowers are
scented to altract insects, (4)

Question 5

1. Fertilisation (1)

2. Seed (1)

3. a)fruit (1)

k) source of nourishment for germinating plant; encourages
soed (o be dispersed further by animals thal eat the fruit,  (4)

4. insects; birds; bats; mammals (3

5. reduces competition for resources with parent plant +
encourages survival of the species. (2]

Animal Biodiversity

Question 1

1. N 6. M 1. G

2. H 7. P 12.Q

3 A a8 B 13.D

4 R 9. J 14,0

| 10.C 15. K (15)

Phylum : Porifera

Question 1

1. See diagram page 3. (12)

2

Cells are not grouped together into specific typesffunctions;
differentiated cells are dispersed randomly throughout the
animal. {2)

3. They are filter feeders — pores draw water + fragments of
food! bacteria into the spongocoel where they circulate + food
is engulfed by the celis. i4)

Phylum: Cnidaria

Question 1 Question 2

1. A 1.B

2.C 2.8

3 A 3.D

4.D 4. A ()

5. B (10)

Phylum: Annelida

1.

&y

1,

Sketch of earthworm wilth labels pointing o referring to:

- maist skin for gaseous exchange

- simple biood system for more efficient gaseous exchange
and cellular respiration

- head end: greater cephalisation

- anus: through-gut is present enabling more afficient
digestion (18)

. - Earthworms are noctumal so that when they come to the

ground surface, the skin does not dry due to the sun and
gaseous exchange can lake place.

Sperm exchange can take place without the possibility of
the sperm drying up

By dividing the mesoderm, the coelom enables muscles of
the ectodarm to move independently of the andoderm,
resulting in greater efficiency, Coelom also provides a

hydrostatic skeleton to the worm. 4)
Skin (1
Phylum : Arthropoda
Question 1
Insecta - grasshopper, ladybug, butterfly, ant, locust. fly, bee
[any 2] {3
. Arachnida — spider, scorpion, tick [any 2] (3}
Crustacea — crab, shrimp, crayfish, prawn [any 2] (3}
. Myriapoda — centipede, millipede (3}

2
3.
4

@MI rights reserved
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Question 2 Question 3
1. Protect the internal organs and provide support framawark far = Pollinating agents — greatly increases yield in many fruit +
locomation, 2) vegetable crops. (3)
Z. Size is resiricted; animals have 1o moult in order o grow; « Dacomposars — recycle nuinents back into soil, maintaining
during moulting animals are vulnerable to predation and fertility. (3)
desiccation. 13 « Soil aerators — burrowing animals increase availability of air to
3. Excretory + reproductive systems. (2] roots + soil-dwelling organisms., {3)
4. Respiratory + digestive systems. (2} + Biological pest control — ladybird beetles control aphids, wasps
- Atice— i Tods aat caterpillars of maths + butterflies. (3)
Phylum : Chordata
Question 1
Class; Osteichthyes Amphibia Reptilia Aves Mammalia
Body Scales (slimy) Moist skin Dry scales Feathers Furor hair
COVering:
Example:
Aquatic tuna, hake, frog, salamander, crocodile, alligator, perguin, darter, whale, dolphin
sardine newt turtle pelican
Terrestrial none toad, tree frog snake, tortoise, ground hornbill, elephant, rhino,
chamelean ostrich human, lion
Aboreal none rane none eagle, swallow bat

Note: there are many more examples for each category of Chordata. (25)

Chapter 2: Life Processes in Plants and Animals

A: Photosynthesis

Question 1 uestion 2

1. A
2D
3. C
4. D
3 A

Q
1
A
g
4
(109 5
G

O EED

(12}

Question 3

1. A—CO,/HO
B-HO/CO, ) (2)
2, COQ, - from air that enters stomata,
H.O — from water that enters via the root hairs, (2)
3. Oxygen (1)
4. D = glucose, converled inlo insoluble starch, (2}

Question 4
A - grana
B - stroma
C —water
D — carbon dioxide
E — oxygen { hydrogen ions
F - hydrogen ions / oxygen
G - glucose
H = photalysis 18)

Question 5
1. To demonstrate that oxygen is released during photosynthesis
or To determine if oxygen Is released during photosynthesis.

(2}

2. To enable water to flow out of the funnel as it is displaced by
gas in the test tube. (2}
3. Oygen (2}

4. Aglowing splinter was inserted into the test tube after the gas
was collected. Because the glowing splinter burst into flame,

the gas which is present must be oxygen. {3)
5. Owxyvgen is released from aquatic plants/Elodea during

photosynthesis, {2)
6. Sel up the axperiment in exactly the same way, but exclude

the aquatic plant. (2)

l 34 @MI rights resanved

B: Animal Nutrition

Question 1
1. H 8. N
2. M 9 D
3.8 10.F
4.4 11. L
5. A 12.G
6 D 13.E (13)
7. G
Question 2
1. A-buffalo
B — lion
C —warthog )
2. A— buffalo is a herbivere, herbivares have no canines. (2)
B - lion - is @ camivore, so has many incisors for biting and
canines for tearing flesh. (2)
C - warthog is an omnivore, so has all types of teeth present.
The molars are used for the grinding of roots and bark, (2)
3
D+0+3+3 %212 _
A= i pre = 34 teeth
J+1+3+1 k2216 _
B= o e e e 32 teeth

_ 1414343 22416 _
C'3+3+2+3 X220 “otaelh

CQluestion 3

1. A—mouth f oral cavity
B - oesophagus
C — liver
D — gall bladder
E = duodenum
F - transverse colon
G = ascending colon

Life Sciences 11
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L

WRT

e T il

H — cascum
| — appendix
J = stomach

K — pancreas

L = jejunum | small intestine
M - descending colon

M = fleum / small intestine

0 = rectum

P — anus (15)
b IO (1

2. ABJLEN (4)

8 A UE (3)

4, L+MandH,F+M (2

5 B, JELNGFEM (7)

6. A (1)

7.d (1)

8. L+N (1)

i ) (1)

10.P (1)
Question 4
1. Diagram of a longitudinal section af a villus. 2)
2. A— arteriole

B - lacteal

C: —crypt of Lieberkuhn

D — lymph vassal

E — columnar epithelial cell

F —venule

G - Brunner's gland {7
3. To increase lhe surface area of the small intestine for

ahsarption of nutrents. (2}
4, A+F (4]
5 B+D (2)
6. Duodenum — a Brunner's gland is present and Brunner's

glands are only found in the ducdenum. 3

7 Spcrete alkaline mucus to neutralise the acidic chyme so as to
protect the lining of the small intestine and to act as a lubricant
for peristalsis. (4}

Question 5 .
1. Raw, cooked and dried fruit and vegetables, peanuts, tree
nuts, whole-wheat + brown bread. {5)
2. Indigestible plant cell material, eq: cellulose, pectin + lignin.
(2}
3. Gives volume [ bulk to waste material in the colon. The bulk
causes the colon to stretch, which stimulates peristalsis.
Pearistalsis is responsible for the movement of waste along the
eclon in order for it 1o be defecated. Roughage also enables
faeces to retain water, which prevents constipation and
haemorrhoids. (8)
4. Acts as a lubricant, enabling food to move freely along the
alimentary canal.
Enables tissues of alimentary canal to remain soft and pliable,
which assists with movement + digestion.
Il is necessary for all chemical digestion reactions. (6]

Question &
1. A - insulin
B - p cells of islets of Langerhans
C — absorbs glucose into body cells
O — converts glucasa inte glycogen
[G+D are interchangeable]
E — glucagon
F — a cells of islets of Langerhans
G — stored glycoger is converted back into giucose {7l

Life Sciences 11

2. Frequent urination; blurred vision; glucose present in the
urine; thirsty: wounds heal slowly. {5)

3. Their pancreases are not secreling adequate insulin. Caused
by ohesity — people are not exercising encugh and are eating
unhealthily, particularty lots of fast foods which contain refined
sugar and starch, which cause the blood glucose level to be
continually oo high. (6)

C: Cellular Respiration

Question 1

1. D

2.0

3.0

4. A

5 B (10)

Question 2
1. A—mitochondrial DMNA
B — ribosomes
 — outer membrane
[ — inner membrane
E — inter-mambrane space

F = matrix

G — cristae {7}
7. Krebs cycle + axidalive phophorylation. (2}
3. To release the energy stored in glucose 1o enable all metabolic

progesses | life to ocour. {2)

4. Muscle cell — far mone energy is used by muscle cells as thay
are continually moving ( bone cells do not require a lot of
energy as their major rofe is structural support. (3

GQuestion 3

A anly

Both

Mone

Bath

Bolh

A only

B only

B anly (18]

Question 4

1. A—water

B — thistle funnel

C — gemminating seeds

O — clear lime water (4)
7. Seeds undergoing cellular respiration release carbon dioxide.

(2)

4. The bag holds the germinating seeds that undergo cellular

respiration rapidly. {3}
4. Clear lime water bums milky in the presence of carbon dioxide.

This will confirm whether respiring seeds give off carbon

dioxide. (2)
5 Clear lime water tums milky, implying that carbon dioxide Is

released by the respinng seeds. (3
&, Control will have the same set up excepl th bag will have

dead seeds that have been sterilized. (3)

B BB LB o e

D: Gaseous Exchange

Question 1

1. K T..1

i B,

M g. C

4. A 10.F

5 H 1.1 (11}
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Question 2
1. Grasshopper — spiracle

Fish = gill -2}
2. Diffusion (1)

3. Gills are very thin and have a vory large surface area and in
close proximity to the blood supply. all of which ensure

efficient gaseous exchange. {3)
Question 3
1. Inside the lungs. (1)

2. A—bronchicle
B — cartilage rings
C — alveolus
D = infundibulum {4)
3. Alveoli walls are one cell thick + fluid is secreted which both
enable rapid diffusion of gases. Alveali are in close proximity
lo blood capillaries, which also ensures rapid transportation of

gases. (6)
4. Prevent the bronchioles from collapsing, thus they enable
continugous gaseous exchange, (2)
Question 4
1. B {1
2 C (1)
3. D - oxygenated blood 2)
4. Haemoglobin (1)
Question 5
1. Bacterium; Myobacterium luberculosis. {1

2. Loss of appetite; weight loss; fever; chills; chest pains; night
sweats: 3 bad cough that lasts longer than 2 weeks: blood in
the sputum. (a)

3. TBis transmitted in the air when infecled people cough or
sneeze. If an uninfected person breathes in the infacted air,
the TB bacteria are lransported to the lungs, where they can

settle and start mulliplying, causing infection, {4)
4. Yes. {1
5. Directly Observed Therapy Short coursa, {1)
6. Atrained health care worker visits each TB patient daily and

observes them taking their TE medication. It is used to ensure
that the patients take all their medication correctly {3)
7. After a few weeks of being on TB medication, patients start
feeling better and often slop taking their medicine. At this
stage, the TB has not been cured and the bacteria that are still
present may become resistant to the medication and mutate
inte MDR TE. DOTS ensures that TH patients are properly
cured and that the TB bacteria do not mutate into more
dangerous forms {4}

Question 6

1. Lung cancer, amphysema, bronchitis. (3

2. Itraduces it (1)

3. A blood vessels

. alveoli

- narows vessels, reducing amount of O2 that can reach
cells

- upture, reducing efficiency of gaseous exchange
A and B, and thus C and D are interchangeabia].

. lung tissue

. causes lung cancer

. cilia

. paralyses cilia, allowing smoke particles to block alvaoli
haemaglobin molecules

. carbon monoxide, rather than oxygen is transported in
blood {10}

. Excretion
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Question 2
1. A—adrenal gland F = (right) kidney

B — renal artery G — ureter

C = renal vein H — bladder

D=l |- urethra (9)

E — inferior vena cava
2. Aldosterone (1)
3. Blood sodium levels {1
4. Kidney slones (1)
5. Temporary storage or urine. {2)
6, Thin and elastic, so can stretch as it fills. 12)
7. Urination + release of semen during copulation (2)
Question 3
1. A-corlex F — calyx

B — pyramids (of the medulla) G- renal artery

C - pelvis H —renal vein

D - papilla {(of pyramid) I — ureter (9)

E - renal capsule
2. Enclose kidney + protection of kidney {2)
3. Urea, uric acid, synthetic substances like artificial food

colourant, creatining (3)
4. Bowman's capsule (1)
5. Convoluted tubules (proximal + distil) + loop of Henle (3)
6. Urine {1)
Question 4

1. A - afferent vessel
B - glomerulus
C —wall of Bowmsn's capsule
D - podocytes
E - capsular space
F — proximal conveluted tubule { cuboidal cells with modified

brush border of micro-villi. (7}

2. Malpighian body { renal corpuscle (1)

3. In order to create hydrostatic prassure in the glomerulus. More

blood enters the glomerulus (at A) than can leave it (at G), the
buildup of pressure forces blood to leave the glomerulus and

enter the nephron. 13)

4. Glomerular filtration / ultra filtration (1)

5. Cup-shaped — increase surface area for filtration,
Glomerulus + Bowman's capsule in close proximity to each
other - rapid diffusion.

Walls of Bowman's capsule + glomerulus are each a single
layer of cells thick — easy diffusion.

Modified epithial cells of Bowman's capsule (podocytes) form
effective filtration slits,

Capsular space ensures efficlent drainage of fitrate from the

Malpighian body.

[any 3] (&)
6. Water, glucose, amino acids, urea_ uric acid, (5)
7. Plasma proteins + blood cells { corpuscles. {2}
8. Increase the surface area of the proximal convoluted tubule for

tubular reabsorption. (2)
Question 5
1. Controls the amount of water reabsorbed back infa the blood.

{2)

£. Hypothalamus of the brain. (1)
3. Distil convoluted tubule and collecting tube. (2}
4. The greater the amount of ADH, the more permeable the

tubules, ! Itincreases the permeability of the tubules. (2)

5. ADH increases distil tubule parmeahility, causing water to
lzave the nephron via osmaosis and move into the hypertonic
{very salty) medulla, from where it moves by osmosis back
into the blood capillanies. (3)

6. ADH will increase because the body needs to consarve water
and not excrate it in the urine. By ADH levels rising, distil
lubule permeability will increase, causing more water o leave
the nephrons and return to the blood stream. (4)
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Question €
1. From the crystallisalion of calcium or urea salis in the urine.

(2)
2. They can block the ureler, causing a buildup of uring in the
Kidney. (2)
3. Surgery + laser treatmenl. 2
4. Drink at least B glasses of water per day [ consume
approximately 2/ of fluids daily. {1)

5. Dialysis machines wark only on filtration — they do not have a
tubular reabsorption function. Because of this, only the
substances that need to be excrated from the blood are
removed by dialysis. To achieve this, the substances thal
should remain in the blood, eg: glucose, sufficient water and
ather useful substances, are present in the dialysis fluid. As a
result, no diffusion of the useful substances from the blood
into the dialysis fluid ccours.

By contrast, none of the harmful substances are present in
frash dialysis fluid. This causes a steep diffusion gradient to
form, resulting in the harmful substances leaving the blood.

(3)
Chapter 3: Environmental Studies
A: Population Ecology
1. Population Size
Question 1
1.D 5B
2B 6.B
3D 7.0
4.0 BB [16)
Question 2
1. Stationery [/ equilibrium phase (1)

2. i) A—lag/ establishment phase — gradual increase in
population size because animals are adapting to the
environmeni + reaching sexual maturity, (k3]

ii} B — geometric / logarithmic phase — very rapid expansion of
population because population has reached full sexual
maturity and there is no environmental resistance. (3}
3. 6-62gcm' (2}
4. Asthe yeast population increases, so does the amount of
alcohol produced | there is a direct relationship between yeast
population size and the amount of alcohol produced. (2
5. gompetition for space { food / resources | or disease, is
causing environmental resisiance. [any 2] {2)

Question 3
1. 1 quadrat = % ha and has 22 damaged trees
Therefore: 1ha has 4 x 22 = B8 damagedd irees
Area in KNP surveyed = 1 340ha
So total elephant damage: 1 340ha x 88 trees / ha = 117 920
mopane trees damaged (3]
2, Repeat the experiment using different guadrats in the area
andior increase the number of quadrats sampled.
3. The season / time of the year that quadrats were sampled.
The age of the mopane lrees.
The ability of the researchers to identify trees comaclly,
The presence of other types of vegetation in the area thal the
elephants could damage.
[any 2, there will be other cormrect answers] (2}

2. Interactions in the Environment

Question 1

1. Aonly 5. B only

2. None 6. Aonly

3. Both 7. Both

4. Both 8. None (16)
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3. Community Change over Time

Question 1
A+ B — bare rock; newly formed sand dune; surface mine; newly
formed island [any 2](2)

© + D — landslide: abandoned farm land; building site; deforested

area; poiluted stream; dammed ! fiooded land [any 2 (2)
E = very show (1)
G — quicker (1)
F — new topsoil has o be created m
H — usually some form of topsoil already exists (1)
I - lichens, moss (1
L — alien species /weeds eg: lantana, bugweed {1}

J + K — usually dispersed by wind: small plants with very shallow
root systems; grow + reproduce rapidly; some secrele acids
that weather rocks. [any 2] (2)

M + M - often alien plants; establish easily and oul-compets
indigenous species; fast growers; often bigger than primary
pionear Species. [any 2] {2)

Question 2

1. Developing — a large proportion of the population is young !
under 35 years old + there population

decreases rapidly in the older age groups. {3)

2. 25-30 years old (2}
3. deaths from AIDS; high infant mortality; decline in fertility

[any 2] (2)

4. approximately 1 million [bet, B00 000 — 1 100 000] (2)

5. B5-70 year olds (2)

Human Impact on the Environment

1. The Atmosphere and Climate Change
Question 1

1. A only 4. Both
2. Both 5. B only
3. B only 6. B only {12}
Question 2
1. Filters ultraviolet {UV) rays from sunlight and Lhis protects the
Earth. {2}
2. photachemical smog + acid rain (2}
3. City A 1)
4. between midnight (24:00 hrs) and Bam,
therefore: § hours (2)
5. ozone conceniration {1)
6. CFCs - chloro fluro carbons (1)
7. Montreal Protocol (1)
8, Yes (1)
9. thera is less: sunburn, eye damage, skin cancer, premature
wrinking [any 1] (2)
2. Water Availability and Quality
Question 1
1.4 T B 13.F
2. E 8. Q 14.G6
I M 8 C 15.8
4. A 10, P 16.1
3 11.D 17 K
6. O 12.R 18.H {18)
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Question 2
1. sewerage; organic fertilizer; runoff from feediots +/or abattoirs
[any 2] {2)

2. As the amount of organic waste increases, so does the size of
the aquatic bacteria papulation, (2]

3. decompose it [ use lhe nulrients within the organic waste for
growth (1N

4, The concentration of organic waste decreases downstream of
the source, 5o less bacteria can be supported by it (2}

5. i) 24 - 26m downstream ()
i} approximately 115m downstream 2)

Question 3

1. Hot water rapidly decreases the concentration of dissolved
oxygen in the water, (2}

2. The hot water cools down and is mixed with the normal river
water, allowing the cooler water to hold
more dissobved oxygen, {2
3. They will suffocate / die. {2
4. Allow the water to cool in tanks before releasing il into the
river,
Add ice to the water.
Change to an alternative form of power generation.
Upgrade the technology to reduce the heal of water being
released, [any 2] (4}

3. Community Change over Time
Question 1

1. Droughts

= Deplete pastures, causes less feed for livestock, reduces
number of livestock thal can be supported,

= Deplete crops, resulling in less staple food available, eg:
less maize, wheat, rice,

= Less vegetation cover encourages topsoil erosion, which
reduces soil fertility

= Dry veld can lead to exdensive veld fires, which further
reduce food availability, 4

2. Floods
= Destroy acres of crops, therafore less food available.
= Lead to soil erosion by washing away top soil,
= Soil erosion causes sedimentation of rivers and dams,
reducing available water for the production of food .
[any 2] (2)

3. Monoculture

= Runeoff of fertilizers leads o eutrophication, which reduces
fish populations as a food source.

= Herbicides can be blown onto neighbouring farmlands and
destroy crops + orchards.,

» Pesticides can kill pollinator species, resulting in less fruit
sef

= Wind erosion removes topsoil of fallow fields.

« Heavy rains also cause soil erosion of fallow fiafds,

= Lack of biodiversily can encourage massive increases in
pest populations, because of unlimited food supply for them,
resulting in destruction of crops by pesis.

= All of these factors result in an emvironment that is depleted
#nd nol capable of supporting large crops indefinitely, which
contributes 1o a reduction in food security, (10}

4. Alien plants

= Spread rapidly and outcompele indigenous vegetation for
resources; sunlight, soil nutrients and water. Where they
outcompete food plants, they reduce food security,

« Rapid colonization of aliens reduces the total amount of
available arable land,

+ Tha axpense of clearing aliens from farms is often prohibitive
and farmers cheose to abandon their land, further
contributing to a decling in food availability. (3}
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Question 2

1. Maize -77% + Soybean - 78 % {4]
2. Genetically modified crops can alleviate hunger because GM
plants are:
+ More drought resistant.
= More pest resistant.
» Requira less water than regular crops,
= More herbicide tolerant, so less herbicides need to be used,
resulting in less accidental herbicide damage to other food
Crops,
= GM crop yields are therefore less affected by droughts +
pests, 50 more staple food can be produced annually, which

should allaviate food scarcity (provided it is supplied to the
communities that need it), (5)

4. Loss of Biodiversity

Question 1

1. Both 5. Both

2. Aonly 6. Both

3. B only 7. Baoth

4. Mone 8. B only {16)

5. Solid Waste Disposal

Question 1
1. Uses the methane gas that is produced by decomposition in
landfill sites to gencrate electricity. {3y

2. 1. Caplures greenhouse gases, reducing potential climate
changa.

2. Generates electricity for local community.

3. Generating electricity from methane results in a reduction
of other, more environmentally damaging forms of
elactricity generation (eg: coal or HEP).

4. Income is generated from sale of electricity + carbon
credits,

5. Local communities are more environmentally aware /
emvironmental education programmes may cause an
increase in other environmentally benefical practices, fike

recyeling. (5)
3. 1.Harvest methane gas — reduces emission of greenhouse
gases inlo the environment, {2)

2. Have constructed a conservancy buffer zone around the
landfill site — reduces pollution affecting neighbouring
communilies and also maintains biodiversity. ()
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