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How to take care of your books.

Please cover with plastic or paper. (old newspaper or magazines)
Please make sure you have clean hands before you use your book.
Always use a book marker do not fold the pages.

If the book is damaged please repair it as quickly as possible.

Be careful who you lend your schoolbook to.
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When you lose your book please report it immediately to your teacher.
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Do not write on the book cover or inside pages.

Do not cut pictures out of the book.

Do not tear pages out of the book.

Do not leave the book open and face down.

Do not use pens, pencils or something thick as a book mark.
Do not force your book into your schoolbag when it is full.
Do not use your book as an umbrella for the sun or rain.

Do not use your book as a seat.
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Unit

| @] Classification of living things

Knowledge and
understanding

Learning outcomes

Skills

Attitudes

«  Understand
the systems
of classifying
organisms.

o  Classify organisms according to
the seven level system.

o  Use different equipment and
laboratory techniques for
collecting and preserving
specimen for identification.

o Investigate the features of each
group (for example, phylum and
class among others) through field
study using equipment such as
sweep nets, specimen bottles or
containers, forceps, hand lens,
trays and microscopes.

o  Appreciate
and value
knowledge of
classification
of living
organisms.

Introduction to classification

Name as many living things that you know and you have interacted with. Where do
they live? Briefly state the observable features of the named organisms.

There are over five million different kinds of living organisms on earth today.
But only about two million of them have been identified and named by scientists

to date. Not all organisms have been discovered.

1.1 Definition of classification

Individually:

Research Activity

Find out the meaning of the word classification from textbooks or the Internet.
Write a report and share with your class members.




Classification is the process of placing and organising organisms into groups
according to their similarities and differences in structure and the ancestral
origin showing their biological relationship. In Secondary One, you learnt about
the necessity of classification of organisms in the five major Kingdoms, Phyla and
Divisions. Below are examples of different types of living things.

Fig. 1.1: Different types of living things.



Activity 1.1: Collection and
observation of plant specimens

In groups:
Requirements

Containers or specimen bottles,
tongs, forceps and hand lens among
others.

Procedure

1. Using the apparatus or
equipment above, collect
different leaves and flower
specimens. Note: Take care to
minimise damage to the plants.

2. Take each specimen at a time
and observe it carefully using
the hand lens. Identify it using
the local name and the scientific
name.

3. Draw and work out the
magnification of each.

4. Record the main observable
features in each specimen.

Activity 1.2: Collection
and observation of animal
specimens

In groups:

Requirements

Containers or specimen bottles, tongs,
forceps, hand lens, microscope, sweep

nets, pitfall trap and pooter among
others.

Procedure

1. Using appropriate apparatus
or equipment above, collect
different types of animal
specimens taking care not to
harm the specimens.

2. Place each specimen into an
appropriate container and close it.

3. Take each specimen at a time
and observe it carefully using
the hand lens.

4. Record the main observable
features in each specimen.

5. Identify each animal using the
local name, English name and
the scientific name. For the
organisms whose scientific
names you do not know, get
help from the following sources.

(a) The Biology teacher.

(b) Taxonomy textbooks.

(c) The National Museum.

(d) Arboretum.

(e) Various research
institutions such as
The Sudd Institute and
International Institute

of Tropical Agriculture
(IITA).

6. Draw and work out the
magnification of each.

Remember!

The environment in which the

organisms are, should always be
protected and taken care of to keep
it as natural as possible.

1. State precautions which should
be taken during collection of
specimens.




2. Distinguish between
classification and taxonomy?

3. Group the following organisms
into plants and animals: Donkey;,
pawpaw, cat, rat, grass, housefly,
sugarcane, mango, COw, orange,
bird and dog.

Check your progress 1a

1. State the functions of the
following apparatus: Pooter,
pitfall trap, sweep net, bait trap,
fishnet, forceps and hand lens.

2. Name the taxonomic units used
for classification.

1.2 Necessity of
classification

From Activities 1.1 and 1.2 you can
clearly see that it can be difficult to
group different organisms which exhibit
common features while others have
different features. This is equivalent to
mixing rice, white beans, sorghum and
millet. Then you are told to separate
them out. Hence the necessity of
classification.

o To help in the identification of
living organisms into their correct
groups for easier reference.

« To help us arrange the information
about living organisms in an
orderly manner to avoid chaos and
confusion which would arise if
done arbitrarily.

o To help us understand the
evolutionary relationship
(phylogeny) between different

organismes.

« To enable us to separate living

organisms with different features
and group those with similar
characteristics.

oo

There are two types of classification:
o Natural classification

« Artificial classification

Natural classification is grouping of
organismsbased on natural relationships
between organisms inclusive of internal,
external features, biochemistry and
physiology. In the natural system, all
living things were traditionally placed
under two major groups called Plantae
and Animalia kingdoms (refer to
Activities 1.1 and 1.2).

Artificial classification or modern
classification is based on one or a
few easily observable features and
is usually designed for a practical
purpose with an emphasis on
simplicity and convenience.

It does not take into account the
important natural relationships. An
example of artificial classification

is grouping different types of fish
regardless of their natural environment.

Based on the descriptions
above, create Table 1.1 to show
differences between natural and
artificial classification.

Table 1.1: Differences between
natural and artificial classification.

Natural Artificial
classification classification




Note: Phylogenetic
classification is the one based on
the evolutionary relationships
hence the family tree.

2. Watch the video link
https://www.youtube.com/
watch?v=oxhYaiSnlAo

3. Study the evolutionary tree
below.

. TIS
(Eukaryotic, unicellular
and multicellular)

ARCHAEBACTERIA
AUnicellular, prokaryotic)

(Unicellular,
prokaryotic)

1.3 Taxonomy

The science of classification is called
taxonomy. It has two branches, namely:
nomenclature and systematics.

« Nomenclature is the naming of
organismes.

« Systematics is placing of organisms
into groups which are referred to
as taxa (plural) or taxon (singular)
on the basis of their similarities and

differences.

Biologists who study taxonomy are
called taxonomists.

In 1707 — 1778 a Swedish naturalist
named Carolus Linnaeus pioneered
the classification technology for
taxonomy which is called numerical
taxonomy in which he devised a
way of recording data.

1.4 Hierarchical
taxonomical units of
classification

Activity 1.3: Naming organisms
In groups
1. Using Practical Activities 1.1
and 1.2, name the organisms in
your native language.
2. Doall members of the discussion

group or the class understand
the names you have given?

3. What is the impact of the
observation in question 2 above?

SETN T

It is difficult to identify living things
using their localnames. Thisisbecause of
the existence of several local languages.
To assist scientists from different parts
of the world to communicate, one
scientific name is given. This ensures:

« No confusion when studying the
organismes.

«  No change of name. Scientific
names rarely change.

«  Use of a common language around
the world.



My heritage my pride! [N
Our language reflects who we are as

a people. It is our nation’s identity.
Always be proud of your language.

Activity 1.4: Grouping different
lengths of plant stem

In groups:

Requirements
Rulers, forceps and plant stems.

Procedure

1. Using the apparatus provided
above, measure the lengths of
plant stems labelled a, b, ¢, d, e, f,
gand h.

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
2. Record the lengths from the
longest to the shortest.

Study question

Compare the order of lengths
of the stems with hierarchy of
classification.

i) -

Organised order enables easier study
of specimens or organisms during
classification. The study of grouping

of organisms depending on their
similarities is called taxonomy. Different
levels of classification form taxonomic
units. These refer to the groups called
taxa (plural) or taxon (singular).

Cevniin A Ativitnn 1
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1. Look at Figure 1.2 below.

2. In groups, discuss and work out
the reason the figure is presented
as an upside down pyramid.

Kingdom

Phylum or Division
Class
Order

Family

Genus

Species

Fig. 1.2: Taxonomic hierarchy used in
classification.

Activity 1.5 Grouping
organisms

In groups, use pictures of the
specimens in Practical Activity
1.1 and Practical Activity 1.2 to
group the various organisms into
various taxa using the observable
features of the specimens.

SETTEEN

Kingdom

It is the largest group of the
taxonomical units with the highest
number of organisms based on similar
characteristics.




In this hierarchy, the similarities
increase while the differences decrease
from the highest rank to the lowest
rank. Members of the same kingdom
have fewer characteristics in common
than those in the lower level.

Basically, there are five kingdoms
namely; Monera, Protoctista, Fungi,
Plantae and Animalia. The kingdoms
are divided into Phyla (singular:
phylum) For animals or Divisions
for plants. The Phylum or Division is
divided into Classes which are further
divided into Order, then Family, Genus
or Genera (plural) and then Species.

Species

Species is the smallest unit with the
most specific organisms in the group.
Members of the same species have the
same number of chromosomes and
interbreed naturally or freely to give rise
to viable or fertile offspring. However,
organisms from different species can
reproduce but the offspring is infertile
or sterile. For example, a donkey and
a horse reproduce a mule or a hinny
which is sterile.

Remember!

Do not destroy the natural habitat of

the specimens. Our environment is
a source of knowledge.

1.5 History of
classification

Classification of living things
and naming

In science, the practice of classifying
organisms is called taxonomy (taxis
means arrangement and nomos means

method). The modern taxonomic
system that was developed by
Linnaeus used simple physical
characteristics of organisms to identify
and differentiate between different
species, and is based around genetics.

Linnaeus developed a hierarchy of
groups for taxonomy. To distinguish
different levels of similarity, each
classifying group, called taxon is
subdivided into other groups.

Remember!

To remember the order, it is helpful
to use a mnemonic device. Such

as, Dear King Philip Came Over
for Good Soup or Do Kids Prefer
Cake Over Fried Green Spinach?

The taxa in hierarchical order are:

o Domain - Archea, Eubacteria,
Eukaryote

« Kingdom - Plantae, Animalia,
Fungi, Protists, Eubacteria
(Monera) and Archaebacteria

o  Phylum
o Class

o Order

o Family
« Genus

o Species — smallest classification unit.

Three-domain system is a biological
classification introduced by Carl Woese
etal., 1977 that divided cellular life forms
into archaea, bacteria and eukaryote
domains. In particular, it emphasises
the separation of prokaryotes into two
groups, originally called Eubacteria
(now Bacteria) and Archaebacteria (now
Archaea). Woese argued that, on the



basis of differences in RNA genes, these
two groups and the eukaryotes each
arose separately from an ancestor with
poorly developed genetic machinery.
To reflect these primary lines of descent,
he treated each as a domain, divided
into several different kingdoms. Woese
initially used the term “kingdom” to
refer to the three primary phylogenic
groupings, and this nomenclature was
widely used until the term “domain”
was adopted in 1990.

Parts of the three-domain theory have
been challenged by scientists such as
Radhey Gupta, who argues that the
primary division within prokaryotes
should be between those surrounded by
a single membrane, and those with two
membranes. The domain is the broadest
category, while species is the most
specific category available.

The taxon domain was only introduced

in 1990 by Carl Woese as scientists
reorganised living things based on new
discoveries.

Two kingdoms classification

In his Systema Naturae, first published
in 1735, Carolus Linnaeus distinguished
two kingdoms of living things: Animalia
for animals and Plantae (Vegetabilia) for
plants. He classified all living organisms
into two kingdoms - on the basis of
nutrition and locomotion (mobility).
Linnaeus placed unicellular (protozoans)
and multicellular (metazoans) animals
under animal kingdom because of their
compact body, holozoic nutrition
(ingestion of food) and locomotion.

All other organisms were grouped
under plant kingdom because of their
immobility, spread out appearance and
autotrophic mode of nutrition. Thus, the
traditional plant kingdom comprised
bacteria, algae, plants and fungi.

-

~

Animals

Fig. 1.3: Two kingdoms classification.



Linnaeus developed the present system of naming organisms using two names in
Latin language. This is because the Latin language was used widely by the scientists
during the time and it did not change over time.

Fig 1.4: Carolus Linnaeus

R. H. Whittaker proposed the Five Kingdom classification in 1969. The most common
system of classification in use today is the Five Kingdom classification. In this
system, all living organisms are divided into five kingdoms as shown in Figure 1.5

below.
4 )

Fig. 1.5: Five Kingdom classification.



Basically, organisms have their common
names and scientific names.

Group Activity 2
In groups of three, role play

Linnaeus, Woese and Whittaker by
explaining their systems.

Table 1.2: Differences between common
names and scientific names.

Common name Scientific name

The local names | It is known and
used and known | internationally
by the local accepted all over
people. the world.

It is written in
Latin language.

It is written
in vernacular
language.

Does not bear |Bears the generic
generic name and | name and specific
specific name. name.

In scientific naming, an organism
is given two names which adopt the
double naming system. This system of
naming is called binomial system. The
organism bears the generic name and
specific name. For example, Zea mays
is the scientific name for maize, where
Zea denotes the generic name and mays
denotes the specific name.

Table 1.3 Classification of some organisms

Garden pea |Maize

Plantae

Napier grass

Plantae

The assigning of scientific names to
living organismsis governed by a definite
set of internationally recognised and
accepted rules referred to as binomial
nomenclature.

Principles of binomial nomenclature

o 'The first part of the scientific name
is the generic name and it begins
with a capital letter whereas the
second part of the name is the
specific name. The specific name is
written in small letters.

o The generic name refers to the
Genus while the specific name
refers to the Species.

o The scientific name should be
printed in italics. For example,
Pisum sativum for garden pea
(English) and when hand written
or typed it should be underlined
as separate words. For example,
Pisum sativum.

o All the scientific names should be
Latinised (written in Latin). For
example, Aloe kilifiensis.

o The scientific name should bear
the name of the first scientist who
adequately described and named
the organism. For example, Balanus
balanoides Linnaeus.

Examples of naming of organisms, with
scientific names, are shown in Table 1.3
below.

Domestic |Lion
dog

Animalia

Leopard

Animalia |[Animalia

Angiospermae  |Angiospermae Chordata  |Chordata |Chordata

Monocotyledonae Monocotyledonae Mammalia [Mammalia Mammalia

Poales Poales

Carnivora |Carnivora |Carnivora




Leguminosae |Poaceae Poaceae Canidae  [Felidae  |Felidae
Pisum Zea Pennisetum Canis Panthera |Panthera
sativum mays purpureum familiaris  |leo pardus
Pisum sativum |Zea mays Pennisetum Canis Panthera |Panthera
purpureum familiaris  |leo pardus

From the table 1.3 above the garden pea and maize are of different Genus and
different Species while lion and leopard are of the same Genus because of common
features but they are of different Species.

Check your progress 1b

1. Study the table below and answer the questions that follow:
(a) Fill in the blank spaces in the table.

Taxon }:)-Iuman ’Maize ’Napier grass  [Domestic [Domestic |[Leopard
dog cat

Kingdom Plantae Plantae Animalia |Animalia |Animalia

Phylum or Angiospermae  |Angiospermae  (Chordata |Chordata |Chordata

Division

Class Monocotyledonae Monocotyledonae Mammalia Mammalia

Order Carnivora |[Felidae  |Carnivora

Family Canidae  |Canidae |(Canidae

Genus Pennisetum Felis

Species purpureum domestica

Scientific Zea mays Pennisetum Canis Panthera

name purpureum familiaris pardus

she made.

(&

3. Define binomial nomenclature.

4. Define the term species.

(c) Explain why the leopard and lion cannot procreate.
2. A learner wrote a scientific name as CANIS LUPUS. State the mistakes he or

(b) Are the domestic cat and domestic dog closely related? Give your reason.

Group Activity 3
As a class, debate:

a) why Linnaeus is held in high
esteem today, and
b) why the five kingdom binomial
system is favoured today.

e Mone

« Fungi

ra

o« Protoctista

1.6 The five Kingdoms

In the modern classification, as earlier
stated, there are five major kingdoms:




Plantae

Animalia

These kingdoms are arranged from simplest form to the complex forms.

Kingdom Monera

This kingdom consists mainly of the bacteria such as Azotobacter, cocci, vibro
cholerae, Salmonella typhi, Bacillus anthracis, Treponema, Nostoc, Cyanobacteria or
blue green, among others. These are the simplest forms of organisms. The study of
bacteria is referred to as bacteriology which is a branch of microbiology.

Nuclear material

Small self replicating circle of extra
DNA with fewer genes (plasmids)
in the cytoplasm of a bacterium
gives extra survival advantage such
as resistance to antibiotics and
enable some to break down complex
chemicals such as food and sewage
containing hydrocarbons.

i) -

General characteristics

They have different body forms.
Some are microscopic, some
unicellular (single-celled
organisms) and some live in
colonies or singly.

They are prokaryotic (their cell
organelles are not bound by a nuclear

membrane).

Cell wall
Cytoplasm

Cell membrane

They have slimy mucin cell
wall, fewer organelles and no
mitochondria.

They move by use of flagella (plural)
or flagellum (singular).

Most have single circular DNA
molecule while some species
contain one or more plasmids.

Most are heterotrophic or
saprophytic or parasitic. A few are
autotrophic.

Most reproduce by asexual
reproduction or binary fission
while others by sexual reproduction
or conjugation.

Most of them respire anaerobically
though few respire aerobically.

Distinguishing characteristics

They are prokaryotic (the cell
organelles are not nuclear membrane

bound).



o The cell wall is made of slimy mucin.

«  They have fewer organelles and lack mitochondria.

Coccus Diplococci Staphylococci

O O

Sy o

Streptococcus pneumoniae

Streptococcus Sarcina Tetrad
pyogenes :
Arrangement of cocci Vibro cholerae
N J

Fig. 1.7: Examples of bacteria.

1. Find out from the books in the library which bacteria cause both food
poisoning and mastitis in camels.

2. Find out the economic importance of bacteria to man.

Kingdom Protoctista

The members of Kingdom Protoctista are: amoeba, paramecium, euglena,
Plasmodium, chlamydomonas, spirogyra and trypanosome.

Blepharoplast

Contractile vacoule
Cell wall Rhizoplast

Nucleus
Cell membrane

Chloroplast
(cup-shaped)

Centrosome

Chloroplast

Fig. 1.8: Chloroplast of chlamydomonas Pyenoid

Fig. 1.9: Chlamydomonas structure



Paramecium

Euglena

Trypanosome

Amoeba

Fig. 1.10: Examples of members of Kingdom Protoctista.

Practical Activity 1.5: Observing
organisms from pond water
using microscope

Requirements

Microscope, coverslip, cover slide
a dropper, pond water culture and
mounting needle.

Procedure

1.

Using the dropper, place pond
water onto a glass slide.

Gently lower the coverslip on the
drop of pond water.

Examine the setup under low and
medium power objective lens of
the microscope.




4. Draw and label organisms

observed.

NI

General characteristics of protoctista

These organisms are unicellular,
microscopic or colonial, or form
multicellular thalloid. For example,
the spirogyra.

Fig. 1.11: Spirogyra
They are eukaryotic (the organelles
are nuclear membrane bound).

They have many organelles
including mitochondria.

They exhibit asexual reproduction
(binary fission, fragmentation and
sporulation) though some show
sexual reproduction by conjugation.

Some are motile; they use flagella
or cilia or pseudopodia while others
are sessile. Amoeba move by
pseudopodia, paramecium moves
by cilia and chlamydomonas moves
by flagella.

Some are autotrophic while others
are heterotrophic.

Some have specialised structures
that perform specific functions. For
example, contractile vacuoles for
osmoregulation.

Protoctista are colourless. They take
the colour of the materials inside
them, including the food they have
just eaten.

Kingdom Fungi
The members of this kingdom include:
mushroom, toadstool, yeast and mould.

Practical Activity 1.6:
Examination of bread mould
(Rhizopus)

Requirements

Bread with mould, hand lens,
mounting needles, glass slides,
coverslip and microscope.

Procedure

1. Using the mounting needle,
isolate a little portion of the
mould and place it on the
glass slide.

2. Using a hand lens, observe the
structure of the mould.

3. Draw a well labelled diagram of
at least two complete observable
structures of the mould.

4. Repeat the procedure in step 1
and mount another little portion
of the mould on the microscope.

5. Observe the structures under
low power objective lens,
medium power objective lens
and then high power objective
lens.

6. Draw a well labelled diagram of
at least two complete structures
of moulds under medium power
objective lens.


















































































































































































































































































































































































































































































