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Introducing Biology for Queensland Units
3 & 4 (Fourth edition)

Congratulations on choosing Biology for Queensland Units 3 & 4 as part of your studies
this year!

Biology for Queensland Units 3 & 4 has been purpose-written to meet the requirements of the QCAA
Biology 2025 General senior syllabus. It includes a range of flexible print and digital products to suit
your school and incorporates a wide variety of features designed to make learning fun, purposeful
and accessible for all students!

Key features of the Student Books

The Biology toolkit module provides ;
an overview of the syllabus, student- E > | Mt sttt sttt v
friendly guidance for every science 1

inquiry skill and tips for success on ’ o= ;
assessment tasks

Online-only lessons

Introduction

Prior knowledge

Each module begins with a

module opener that includes:

- QCAA subject matter

+ reference to a supporting prior
knowledge quiz that assesses and 4 Introduction
informs student understanding of __
pre-requisite concepts

- alist of practical lessons that
support science inquiry.

Practicals
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Each lesson includes:
Lesson 4.6 o
Species interactions e * learning intentions and
" success criteria
+ clearly structured content
written in clear, concise
language
+ definitions for all key terms on
the page
+ engaging, relevant and
informative images and
illustrations
- arange of tips and features
designed to bring course
content to life including study
tips, worked examples, skill
drills and examples of real-
world science applications
references to supporting digital
resources
e ta— - - Check your learning
- e - activities organised according
to Marzano and Kendall’s
taxonomy and incorporating
cognitive verbs.

Spedies interactions
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Intérspecific relationships

Each module contains a range of
practical activities designed to
meet the requirements of science
understanding and science inquiry
subject matter and develop
science inquiry skills.
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Find out more

For a complete overview of all the features and benefits of this Student Book:

> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Biology for Queensland Units 3 & 4" in the "About this course” menu.

OXFORD UNIVERSITY PRESS INTRODUCING B/IOLOGY FOR QUEENSLAND UNITS 3 & 4 (FOURTH EDITION)

This work must not be reproduced, stored, transmitted or circulated in any other form.

vil



Provisioned to Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

o ¥ Key features of Oxford Digital

Oxford Digital has been designed in consultation with Australian teachers for Australian classrooms.
The new platform delivers fully accessible, reflowable course content with videos, auto-marking
activities, interactives and more embedded right where you need them.

There’s also a range of unique features designed to improve learning outcomes.

Key features for students

As a student, you can:

> view all course content in a fully accessible, reflowable format that's delivered in bite-sized chunks
SO you can work at you own pace

> use the “Read to me"” button to have any part of the course read aloud to you
> highlight, take notes, bookmark pages, or define words with the built-in Australian Oxford
Dictionary

> watch short content videos, worked example videos and practical demonstration videos to
help you revise anything you don't understand, catch up on things you've missed, or help you with
your homework

> complete hundreds of interactive questions and quizzes as you work through the content and get
the answers and results sent to vou
- "’?«"
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Key features for teachers

As a teacher, you can:
elevate your teaching and reduce planning and preparation time with Live Lesson mode.

This is an Australian first that lets you upgrade from traditional print-based lesson plans to
fully interactive, perfectly sequenced and timed interactive lessons complete with
classroom activities that are ready to go

personalise learning for every student and differentiate content based on student strengths
and weaknesses. Assign support or extension resources to any student using a range of

>

differentiation resources
revolutionise your planning, marking and reporting with powerful analytics on student

performance and progress.
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Find out more

For a complete overview of all the features and benefits of Oxford Digital:
> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Biology for Queensland Units 3 & 4" in the "About this course” menu.
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Introduction ¢ Y- ' |

Biology is the study of all living and once-living organisms on Earth. Biological

description, observation and experimentation seek to make sense of the form, function,
behaviour and processes of organisms. The great diversity of life on Earth across =
all kingdoms can be better understood and explained through application of the

scientific method in experiments conducted in laboratories and in the field. A deep
understanding and knowledge of biological concepts is essential to interpret results

and explain interconnected theory and relationships. This module contains a toolkit

of strategies and skills that can be used to successfully undertake examinations, and
experimental and research assessment tasks.

Prior knowledge " !

Prior

knowledge  Check your understanding of science inquiry skills before you start.
quiz
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Lesson 1.1

Studying QCE Biology

Key ideas

— Biology is the study of living organisms.
— Studying Biology can lead to a diverse range of career pathways.
— QCE Biology is divided into units and topics.

— The science inquiry skills and their application are important for success in
QCE Biology.

@ Rationale

Learning intentions
and success criteria Biology aims to develop students’

» sense of wonder and curiosity about life

e respect for all living things and the environment

* understanding of how biological systems interact and are interrelated, the flow of matter
and energy through and between these systems, and the processes by which they persist
and change

¢ understanding of major biological concepts, theories and models related to biological
systems at all scales, from subcellular processes to ecosystem dynamics

e appreciation of how biological knowledge has developed over time and continues to
develop; how scientists use biology in a wide range of applications; and how biological
knowledge influences society in local, regional and global contexts

e ability to plan and carry out fieldwork, laboratory and other research investigations,
including the collection and analysis of qualitative and quantitative data and the
interpretation of evidence

e ability to use sound, evidence-based arguments creatively and analytically when evaluating
claims and applying biological knowledge

e ability to communicate biological understanding, findings, arguments and conclusions

using appropriate representations, modes and genres.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024.

What is biology?

biology Biology is the study of living and once-living organisms. Biologists are concerned with the
the study of all living

| ol types of organisms that exist on Earth and how they operate individually, in interactions with
and once-living

organisms on Earth other organisms and with their non-living environment. Biology is such a vast field of study
that individual researchers tend to specialise in only a small aspect. Further specialisation

occurs within each of these broad branches.

4 BIOLOGY FOR QUEENSLAND UNITS 3 & 4 OXFORD UNIVERSITY PRESS
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Morphology (external) Anatomy (internal)

ool Molecular biology
oology (chemical basis of life)
(animals)
Botany Structure Cytology
(cells)
(plants)

Histology
(tissues/organs)

Mycology
(fungi) Physiology
r’ (interactions
Microbiology Function within
(bacteria and systems)
viruses) Genetics
(hereditary
Natural information)

Ecology history
E}(l)r.gamsr.ns and Evolution
eir environment) (changes with time)
Tropisms Ethology

(plant responses) (animal behaviour)

FIGURE 1 Major branches in the study of biology
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Studying Biology can lead
to a variety of career options in
areas such as health sciences,
environmental sciences and
education. Health sciences cover
a wide range of jobs including
nursing, dentistry, medicine,
pharmacy, physiotherapy,
occupational therapy and
veterinary science. Opportunities
to work in environmental sciences
include fields such as marine
science, conservation, soil
science, water quality, ecology,
fisheries and agriculture. Many
biologists work in research and
education as lecturers, teachers
and laboratory scientists.

FIGURE 2 Studying Biology can lead to careers in a range of fields, including (A) medicine, (B) ecology and (C) education.
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QCE Biology g

FIGURE 3 The structure of the QCE Biology course

— Unit 1: Cells and multicellular organisms

— Unit 2: Maintaining the internal environment

— Unit 3: Biodiversity and the interconnectedness of life

— Unit 4: Heredity and continuity of life

uo Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Structure of the QCE Biology course

Studying QCE Biology provides you with the opportunity to engage in a range of inquiry
tasks and develop science inquiry skills. You will develop an understanding of biodiversity
and the interconnectedness of life as well as heredity and continuity of life.

The structure of the QCE Biology course is laid out in the Biology General Senior
Syllabus. The course consists of four units. Units 1 and 2 are completed in the first year of
the QCE Biology course and Units 3 and 4 in the second year. Each unit is divided into topics
and each topic can include science understanding, science as a human endeavour and science
inquiry subject matter. You should be familiar with these categories of understanding from
your studies in years 7 to 10.

An overview of the QCE Biology units is shown in Figure 3, and Units 3 and 4 are
summarised in Table 1.

FIGURE 4 Studying QCE Biology will provide you with
the opportunity to develop your science inquiry skills.

TABLE 1 Topics in Units 3 and 4 Biology

Topic

Unit 3 Biodiversity and the interconnectedness of life
Description

1. Biodiversity In this topic you will learn about:

and populations .

genetic, species and ecosystem diversity

the biological species concept and its limitations

major taxa in the Linnaean system of biological classification and its use in classifying and naming
species

identifying and classifying organisms using dichotomous keys

estimating population size using the Lincoln index

using species richness, evenness, percentage cover, percentage frequency, and Simpson’s diversity
index to measure diversity

sampling methods (random, systematic, stratified), sampling techniques (quadrats, line transects,
belt-transects, capture-recapture)

strategies to minimise bias

abiotic and biotic factors that influence distribution and abundance of species in an ecosystem
how habitat influences distribution (uniform, random, clumped) of a species and, therefore, the
reliability of sampling

interpreting experimental data to learn how abiotic factors affect the distribution, abundance and/or

biodiversity of species in an ecosystem

6 BIOLOGY FOR QUEENSLAND UNITS 3 & 4 OXFORD UNIVERSITY PRESS
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Topic Description
* classifying and naming ecosystems using Specht’s classification system and the Holdridge life zone
classification scheme
» different modes of population growth including exponential and logistic growth
» reproductive strategies and growth curves of K- and r-strategists

* calculating population growth rate and change using birth, death, immigration and emigration data.

2. Functioning In this topic you will learn about:
ecosystems and * the transfer and transformation of energy as it flows through the ecosystem
succession » food chains, energy flow diagrams and ecological pyramids

* transfer and transformation of matter (water, carbon, nitrogen) as it cycles through ecosystems

* species interactions including predation, competition, mutualism, commensalism and parasitism
» ecological niches and competitive exclusion

» keystone species and the role they play in maintaining community structures

» analysis of food webs and population data to identify keystone species, infer species interactions and
predict outcomes of removing species from ecosystems

» overexploitation, habitat destruction, monocultures and pollution, and how they affect community
structure and ecosystem functioning

» the effect of climate, biotic changes and abiotic changes on carrying capacity of an ecosystem
» ecological succession, including primary and secondary succession

* pioneer species and the features that make them effective colonisers

* successional change in ecosystems

* comparing ecosystems across spatial and temporal scales.

Unit 4 Heredity and continuity of life
Topic Description

1. Genetics and In this topic you will learn about:

heredity * the structure and function of DNA, genes and chromosomes in prokaryotes and eukaryotes
*  DNA replication
* how errors in DNA replication and damage to DNA can lead to frameshift mutations
* meiosis (crossing over, independent assortment, random fertilisation)
* how errors in meiosis can cause chromosomal abnormalities
» genetic disorders in human karyotypes identified through ploidy changes
» protein synthesis (transcription and translation)
» the effect of point and frameshift mutations on polypeptides using the genetic code

* how gene expression is regulated in response to environmental signals and how these allow for cell
differentiation

*  how HOX transcription factors regulate morphology
* dominant, recessive, autosomal, sex-linked, polygenic and multiple allele inheritance

» patterns of inheritance and using histograms, pedigrees and Punnett squares to predict genotypes
and phenotypes

* recombinant DNA and restriction enzymes
*  PCR and gel electrophoresis
* interpreting DNA profiles.
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Topic Description

2. Continuity of | In this topic you will learn about:

life on Earth * microevolution and macroevolution
* mutation, gene flow and genetic drift as processes of microevolutionary change
* natural selection (stabilising, directional, disruptive)
* how to calculate allele frequencies from genotype data
» divergent, convergent, parallel evolution and coevolution
» allopatric, sympatric and parapatric speciation
* why populations with reduced genetic diversity face increased risk of extinction
* comparative genomics
* cladograms, phylograms and molecular sequencing as tools for inferring species relatedness
* evolutionary radiation and mass extinctions.
Source: Adapted from Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Assessment in QCE Biology

8 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

In Units 3 and 4, schools develop three assessments using the assessment specifications and
conditions provided by the syllabus.

Many schools assess students studying Units 1 and 2 as they would students studying Units 3

and 4. This means that you will likely have completed assessment in the same format required of

you this year.

TABLE 2 Units 3 and 4 assessments

Unit and
assessment type
Unit 3 Biodiversity
and the
interconnectedness
of life: Data test

Unit 3 Biodiversity
and the
interconnectedness
of life: Student

experiment

Assessment

description
Students respond
to items using
qualitative data
and/or quantitative
data derived from
practicals, activities
or case studies from
Unit 3.

Students modify
(i.e. refine, extend
or redirect) an
experiment relevant
to Unit 3 subject
matter to address
their own research
question.

Assessment objectives

Apply understanding of concepts in Unit 3 to
given algebraic, visual or graphical representations
of scientific relationships and data to determine
unknown scientific quantities or features

Analyse data about concepts in Unit 3 to identify
trends, patterns, relationships, limitations or
uncertainty in data sets

Interpret evidence about concepts in Unit 3 to draw
conclusions based on analysis of data sets
Describe ideas and experimental findings about
subject matter in Unit 3

Apply understanding of subject matter in Unit 3 to
modify experimental methodologies and process data
Analyse experimental data about subject matter in
Unit 3

Interpret experimental evidence about subject
matter in Unit 3

Evaluate experimental processes and conclusions
about subject matter in Unit 3

Investigate phenomena associated with subject
matter in Unit 3

OXFORD UNIVERSITY PRESS
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Unit and
assessment type
Unit 4 Heredity
and continuity
of life: Research

investigation

Units 3 and 4
external

examination

Assessment

description
Students gather
evidence related to
a research question
to evaluate a claim
relevant to Unit 4
subject matter. This
assessment provides
opportunities to
assess science inquiry
skills and science as

a human endeavour

(SHE) subject matter.

An examination
that consists of two
papers. Each paper
consists of a number
of questions related
to Units 3 and 4.

Assessment objectives

Describe ideas and findings about subject matter in
Unit 4

Apply understanding of subject matter in Unit 4 to
develop research questions

Analyse research data about subject matter in Unit 4

Interpret research evidence about subject matter in
Unit 4

Evaluate research processes, claims and conclusions
about subject matter in Unit 4

Investigate phenomena associated with subject
matter in Unit 4

Describe ideas and findings about subject matter
from Units 3 and 4.

Apply understanding of subject matter from Units 3
and 4.

Analyse data about subject matter from Units 3 and 4.

Interpret evidence about subject matter from Units 3
and 4.

Source: Adapted from Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

You can use Lesson 1.10 Preparing for your data test, Llesson 1.11 Conducting your

student experiment, L.esson 1.12 Conducting your research investigation and Lesson 1.13

Preparing for your exams to guide you through these assessments. Note that Science as a

human endeavour content will not be directly assessed in your examinations.

Science inquiry skills

In addition to developing your science understanding in Biology (which will be covered in
Modules 2 to 13), the QCE course requires you to develop and apply a range of science inquiry
skills. These skills are specified in the QCE Biology General Senior Syllabus and are listed at
the beginning of each lesson in this module. This module will help you develop these skills.

The science inquiry skills are applicable to all areas of study in Units 1 to 4 of the QCE

Biology course. They are especially important for preparing and planning for your data test,

student experiment and research investigation assessment tasks.

Check your learning 1.1

Retrieval and comprehension

1 Define the term “biology”. (1 mark)
2 Identify three careers that are possible after

studying Biology. (3 marks)

OXFORD UNIVERSITY PRESS
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Analytical processes

3 Distinguish between the data test, the student
experiment and the research investigation.
(3 marks)
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Lesson 1.2
Considering First Nations
perspectives in Biology

Key ideas

— First Nations peoples are the traditional custodians of the land we now know
as Australia.
— First Nations peoples have longstanding scientific knowledge.

— Correctly acknowledging cultural and/or language groups, rejecting deficit discourse,
avoiding Eurocentrism and critically evaluating sources of information can help you to
respectfully engage with First Nations perspectives in QCE Biology.

@ Science inquiry skills

Learning intentions
and success criteria This lesson provides support for the following science inquiry skills:

e identify and implement strategies to manage risks, ethics and environmental impact, e.g.

— cultural guidelines, protocols for working with the knowledges of First Nations peoples.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

D40 elleiclRA The rest of this lesson is available on Oxford Digital.

Lesson 1.3
Understanding the scientific method

Key ideas

— A hypothesis is a statement that attempts to answer a question raised by observations
and can be tested by experimentation.

— The scientific method is a way of testing a hypothesis through controlled
experimentation.

@ Science inquiry skills

Learning intentions This lesson provides support for the following science inquiry skills:
and success criteria ¢ identify, research and construct questions for investigation.

e propose hypotheses and/or predict possible outcomes.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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The scientific method

Biology is classified as a natural science. The word “science” is derived from Latin and means
to know. Therefore the study of biology is an attempt to understand the natural world, of
which we are part. All investigations begin with observations, such as:

The leaf is green.

The leaf is green. Why is the
. . 1 .
which lead to questions, such as: o

. leaf green?
(observation)

(question)

Why is the leaf green?

. FIGURE 1 Observations lead to questions.
and seeking answers.

Like other disciplines, such

) ; Interpretations
as philosophy and art, science [
has its own method to verify T T T
the answer to the question. Results
ThlS iS Called the Scientific Ruling hypothesis / \ scientific method
method. ) the testing of
Control Variables

) ) ) hypotheses
The basis of science is by controlled

experimentation

N

Design and perform
controlled experiments

accurate observations, which
are recorded as data. For

example:
Acceptance

Dewdrop spiders are found in leads to

the webs of golden orb spiders.
Orb spiders kill and ingest

7N

the body contents of living Qualitative Quantitative

things trapped in their webs. \ /

The silk of golden orb spiders Facts

1s particularly thick and

strong. Golden orb spiders are T

large. Dewdrop spiders are Observation

very small. T Data

Starting /

point

FIGURE 2 Steps in the scientific method

Male

Female

FIGURE 3 (A) A golden orb spider and a dewdrop spider share a web. (B) Male and female golden orb spiders
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data
quantitative
or qualitative

information; facts and

statistics

qualitative
descriptive

quantitative
measured

fact
information that
has been verified
by observation or
experimentation

hypothesis

a statement that
attempts to answer
questions raised by
observations and
can be tested by
experimentation

alternative
hypothesis

a hypothesis that
predicts an effect or
relationship between
variables

null hypothesis
a hypothesis that

predicts no effect or no

relationship between
variables

working
hypothesis

the most successful
hypothesis of a

particular investigation
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Eo Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Data may be qualitative (descriptive) or quantitative (measured and represented by
a numerical unit). After repeated observations have been verified, preferably by different
people, an observation becomes accepted as fact. Observations usually need to be interpreted
(logical reasoning), and this leads to question-asking.

TABLE 1 Types of data

Data Definition Example
Quantitative Numerical (measured) Leaf length
Qualitative Descriptive (describes a characteristic) Leaf colour
Objective Measured according to an identified Leaf colour using defined special charts,
criterion reproducible by others
Subjective Based on a researcher’s opinion Leaf colour based on researcher’s

judgement

Questions and hypotheses

Asking the right question is a key step in the scientific method. For example:

Are dewdrop spiders too small for the golden orb spider to detect? If spiders
larger than dewdrop spiders are placed in the webs of golden orb spiders, will they
be captured?

The essential requirement for the right question is that it is testable. Wiy and how
questions cannot be tested; what if questions can. Questions lead to hypotheses.

The hypothesis is a statement that attempts to answer the question(s) raised from
observation(s). This explanation is then tested by experimentation. For example:

It is hypothesised that the introduction of spiders slightly larger than the dewdrop
spider to golden orb webs in the D’Aguilar Forest Park, during the spring—summer
season of 2024, will result in their being captured and eaten by the golden orb spider.

This detailed hypothesis:

e sets limits on the problem to be solved, by specifying

— the species under study

— the area involved

— the effects to be studied

— the time period over which the question is to be investigated
e points the way to the solution of the question
e leads to the prediction of new information.

This hypothesis predicts that the independent variable will affect the dependent variable
in some way — this type of hypothesis is known as an alternative hypothesis. A null
hypothesis predicts that the independent variable will have no effect on the dependent
variable — it contradicts the alternative hypothesis. In this case, the null hypothesis would be:

It is hypothesised that the introduction of spiders slightly larger than the dewdrop spider
to golden orb webs in the D’Aguilar Forest Park, during the spring—summer season of
2024, will not result in their being captured and eaten by the golden orb spider.

The scientific method is unique in that it tests hypotheses by experimentation. If the
experimental evidence for the proposed hypothesis is not supported by the evidence, or if it
is inconclusive (there is no clear evidence either for or against), then further hypotheses are
suggested. The hypothesis that has the most reproducible evidence is termed the working
hypothesis.
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When an experiment compares the results of two parallel tests that are identical in all but
one respect, this is known as a controlled experiment. It provides a standard of comparison
— a basis for assessing the outcomes of experimental tests. In an experimental test, the
variation, or experimental variable, is altered in a way that is known by the experimenter.
Only one variable is changed at a time. Therefore, a different experimental group is set up for
each variable to be tested. It is assumed that the changes in the variable factor are the cause of
any new effects observed in the experimental test.

Variables

A variable is a quantity or quality that can be different at different times or places. Each
experiment has two variables: the independent variable (IV) is deliberately changed by

the researcher; the dependent variable (DV) is the property that is measured in response
to the changes in the IV (i.e. the changes observed in the DV depend on the deliberately
altered condition of the experiment). Controlled variables are variables that have been kept
consistent to ensure that any change to the DV can be solely attributed to the changes in the
IV. For example, if a researcher was testing the effect of a fertiliser on plant growth, the IV
would be treatment with fertiliser, the DV would be plant growth measured in centimetres,
and the controlled variables would include plant pot size, soil type, exposure to light, and
amount of water given to each plant.

Independent
variable

Dependent
variable

FIGURE 4 When testing the effect of fertiliser on plant growth, the IV would be treatment with fertiliser, the DV
would be plant growth, and the controlled variables would include plant pot size, soil type, exposure to light and

amount of water given.

OXFORD UNIVERSITY PRESS
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controlled
experiment

an experiment in
which a control group
or standard acts as

a reference for the
experimental group, in
which only one variable
is different from that in
the control group

experimental test
an experiment in
which a single variable
is compared with that
of a control group

experimental
variable

the single factor under
investigation in a
controlled experiment;
also known as an
independent variable

independent
variable

the variable that is
changed or controlled in
a scientific experiment

Controlled
variables

dependent variable
a variable whose

value is dependent on
another variable

controlled variable
avariable that is

kept constant by the
experimenter to negate
any effects it may have on
the dependent variable
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scientific law

a scientific theory
that has been
continually upheld

by experimentation;

a statement based on
repeated experimental
observations

prediction

forecast of a future
event based on similar
known events

scientific theory
a well-substantiated
explanation of some
aspect of the natural
world, based on a body
of facts that have been
repeatedly confirmed
through observation
and experiment

Development of theories

Repetition of the sequence (observation — hypothesis — experiment) in a number of
situations gradually allows broad generalisations to be made. It is important, therefore, that
scientists report the details of their experiments fully, so that others can repeat them and
validate their findings. These accumulated generalisations enable a scientific law to be
developed — this law describes the supported observations that have been made, but it does
not explain why or how they occur. The scientific law can be used to make predictions
(or forecasts) about an unknown. A scientific theory provides an explanation for the
observed, reproducible scientific law. In science, theories are never considered absolute,
because further discoveries can lead to more accurate ways of observing, testing or
interpreting information.

This account of the steps in the scientific method is not a rigid formula. Other factors
can play a role in scientific discoveries. Accident, assumptions, prejudice and emotions
all play a part in science and should not be overlooked. The fact remains, however, that
science is a logical method of considering problems, following a pattern of reasoning
characterised by observation, questions, formation of hypotheses, controlled experiments
and prediction.

Check your learning 1.3

Retrieval and comprehension

1 Explain why scientists prefer not to use the word
“prove”. (1 mark)
Define the term “controlled variable”. (1 mark) 7
3 Define the terms “hypothesis”, “working
hypothesis” and “theory”. (3 marks)

Analytical processes

4 Contrast quantitative and qualitative data.

(1 mark)

5 Distinguish between a scientific theory and a
scientific law. (1 mark)

14 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

Check your learning 1.3: Complete these questions online or in your workbook.

Knowledge utilisation

6 Design a simple concept map that explains the

scientific method. (3 marks)

Design an experiment to test a whether a plant

® grows best in no sunlight, partial sunlight or
direct sunlight. (4 marks)

8 Generate an alternative hypothesis and null
hypothesis for each of the following scenarios.

a A researcher is investigating whether a brand
of handwash is effective in killing a bacterial
species. (2 marks)

b A researcher is investigating whether an
increase in temperature will increase the rate
of a reaction. (2 marks)
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Lesson 1.4
Planning investigations

Key ideas

— Primary data is data you collect yourself; secondary data is data collected by
someone else.

— There are many types of investigations you can run to collect data.

Science inquiry skills

This lesson provides support for the following science inquiry skills:

design investigations, including the procedure/s to be followed, the materials required,

and the type and amount of primary and/or secondary data required to obtain valid and

reliable evidence, e.g.

— distinguish between different types of investigations: descriptive, comparative,
correlational, experimental, case studies

— consider replicates, sample size, number of data points and quality of sources

— identify the types of errors, extraneous variables or confounding factors that are likely

to influence results and implement strategies to minimise systematic and random error.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Investigation types

There are many types of investigations that can be used to answer a research question. You

might run an investigation that generates primary data, which is data you collect yourself.

Or your investigation might use secondary data, which is data that has been collected by

someone else. Regardless of whether you are working with primary or secondary data, it is

important to document all the steps you take in your investigation and all the materials and

sources you use to help answer your research question. The procedures and materials you use

will vary according to the type of investigation you run.

Certain investigation types are better suited to address specific types of research and

research questions. In QCE Biology you can run a range of investigations, including:

OXFORD UNIVERSITY PRESS

descriptive investigations
comparative investigations
correlational investigations
experimental investigations

case studies.
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©

Learning intentions
and success criteria

primary data
data collected by

the researcher from
their own experiment
designed to answer
the specific research
question

secondary data
secondhand data
obtained from other
sources
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descriptive
investigation

an investigation that
aims to describe the
characteristics of a
phenomenon

comparative
investigation

an investigation that
compares two or more
conditions to identify
similarities and/or
differences

correlational
investigation

an investigation that
is run to determine
whether a statistical
relationship exists
between two variables

correlation
the relationship
between two variables

causation

a cause—effect
relationship in which a
change in one variable
directly results in change
in another variable
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Descriptive investigations

A descriptive investigation is one that collects qualitative and/or quantitative information
that can be used to help describe a phenomenon. Descriptive investigations do not address
research questions that focus on “why” something occurs; rather, they help address questions
that focus on “what” something is. For example, “What is the average length of a diamond
python?” or “What happens to a dried eucalyptus leaf when it is burnt?” These investigations
provide information that can be used to help better understand a variable of interest.

A hypothesis is not required for this type of investigation.

FIGURE 1 Descriptive investigations help address questions that focus on “what” something is. For example,
“What is the average length of a diamond python?”

Comparative investigations

A comparative investigation involves collecting data on different factors (e.g. organisms,
objects, traits) under different conditions to identify similarities and/or differences. For
example, “Which species of birds perform courtship dances?” or “Which bacterial species
are able to survive without oxygen?” Comparative investigations are often conducted by
collecting data from natural settings; however, in some instances a researcher may need to
manipulate conditions to draw comparisons between the variables of interest. A control group
is typically not included.

Correlational investigations

A correlational investigation is one that investigates whether a relationship exists
between two variables without the researcher manipulating variables. For example, a
researcher may be interested to see if there is a relationship between shoe size and height.
They collect data on the heights of people and their shoe size, then plot each data point

to determine whether a trend exists. You will learn more about how to plot data for
correlational investigations in Lesson 1.7. It is important to note that, even if a relationship
is shown between two variables (correlation), this does not establish whether one variable
is causing the change in the other variable (causation).

OXFORD UNIVERSITY PRESS
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Experimental investigations

An experimental investigation is one that determines whether a cause-and-effect
relationship exists between two variables. There is always at least one independent
variable, a dependent variable and a control. For example, consider a researcher
investigating the effect of a nitrogen-rich fertiliser (independent variable) on the growth
rate (dependent variable) of a tomato plant. Their research question is, “Does nitrogen-
rich soil affect the growth rate of tomato plants?” The researcher sets up two conditions
of the experiment: one plant that grows in standard potting mix (the control), and one
plant that grows in potting mix that has
the nitrogen-rich fertiliser added. All
variables apart from the independent
variable are kept constant and the growth
of both plants is measured regularly.

Due to the experimental set-up, if the
researcher finds that the nitrogen-rich
plant grew taller and faster, they can
attribute this change to the independent
variable alone and thereby establish a
causal relationship between the nitrogen
fertiliser and plant growth.

Case studies

A case study is an investigation that
analyses a specific individual, group or event

-

in detail to explore or better understand a an example of an experimental investigation.
biological concept. This type of investigation

often focuses on better understanding “why”, “what” or “how” something occurs. It can
involve the collection of qualitative and/or quantitative data through observations, interviews
or literature review. Data is collected, analysed and interpreted to identify patterns,
similarities or mechanisms about the research subject. This often includes comparing data
from the case study against the scientific literature or other similar case studies. An example
of a case study in biology would be investigating the occurrence of a rare gene mutation in an

individual.

Designing valid and reliable investigations

When designing your investigation, it is important that you take measures to ensure your
results are truly representative of what you intended to investigate, and that your results are
sound enough to address your research question. Two concepts to consider when designing
investigations are validity and reliability.

Validity

A good experiment is one that has been designed to produce useful information clearly related
to the hypothesis and typical of the species under investigation. Validity is a measure of how
appropriately an investigation has measured what it set out to measure. If the experiment
provides data that refers directly to the hypothesis, then it is considered a valid experiment.
For example, an experiment that tests whether eating chocolate causes an increased number
of pimples would not be valid unless all other food choices, exercise programs and face-
cleaning regimens were also controlled.

OXFORD UNIVERSITY PRESS
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experimental
investigation

an investigation that
involves manipulating
one or more variables

to determine whether
this results in a change
in another variable

FIGURE 2 Testing the effect of a nitrogen-rich fertiliser on tomato plant growth is

case study

a detailed investigation
that focuses on a
specific individual,
group or occurrence to
better understand it

validity

the extent to which a
test measures what was
intended
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reliability

the extent to which a
measurement, test or
investigation produces
consistent results

repeatability

the extent to which

the same results

can be produced by

a researcher when

the experiment is
performed again under
the same conditions

reproducibility
the degree to which
the same results can
be generated by other
researchers using
different equipment
and methods in
different laboratory
settings
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Reliability

An investigation must be repeated many times to ensure that the results are not due to
chance. This is particularly important when using living organisms in investigations,

because some individuals may respond to the experimental variable on the basis of their
individual characteristics rather than those of the species. Reliability is the degree to which
a measurement, test or investigation produces consistent results over multiple trials. It is based
on the concepts of repeatability and reproducibility. Repeatability refers to the ability

of the same scientist to obtain the same results with the same equipment. Reproducibility
relates to whether a different scientist would be able to obtain the same results with

different equipment.

FIGURE 3 Reliable investigations produce consistent results.

Factors that can influence validity and reliability

Many factors can influence how valid and/or reliable your investigation is. These factors
include:

e number of replicates

e sample size

e number of data points
e quality of sources

e errors

e extraneous variables and confounding factors.
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Number of replicates

A replicate is a repeated observation or measurement in an investigation used to improve the replicate

consistency and reliability of the results. There are two main types of replicates: a result obtained

by repeating a
measurement using
individuals, bacterial cultures) under identical investigation conditions to make sure that the same methodology,
conditions and
materials

* Dbiological replicates, which involve testing multiple biological samples (e.g. different

the results generated are not specific to one individual, subject or sample
e technical replicates, which involve performing the same measurement or investigation

on the same sample multiple times, to account for variance in measurements or

procedures.

Increasing the number of replicates helps to ensure that the results generated are not due
to random chance. This increases the validity of the investigation, as there is more confidence
that the results obtained can be attributed to the phenomenon being tested. If an investigation
lacks replicates, its results may be skewed due to outliers or random events. Increasing
the number of replicates can also increase the reliability of an investigation by providing
consistent results across repeated trials.

Sample size

A sample is the number of subjects (e.g. individuals, specimens) tested in an sample

a subset of the
population of interest
in a study

investigation. It is a subset of the population you wish to draw conclusions about. Larger
sample sizes tend to provide more accurate and generalisable results, because they
reduce the influence of random variations between

subjects, which would affect the results. This Population

helps to ensure that the results obtained reflect

the phenomenon tested and are therefore valid.
Large sample sizes also increase the reliability of
an investigation’s results by reducing the margin of
error and generating more consistent results. If a
sample size is too small, the investigation may not
be valid due to the results not accurately reflecting
the population studied, and it may not be reliable

due to the higher chance of variability between
subjects affecting the results. FIGURE 4 A sample is a subset of the population.

Number of data points

The number of data points used in an investigation can also affect the validity and reliability
of the results. Using a larger number of data points can generate a clearer picture or
representation of the phenomenon being investigated, increasing the validity of the results.
For example, if you wanted to investigate the concentration of antibodies produced by an
individual over 60 days but only took measurements on five of those 60 days, your graph
would not provide as clear a picture as it would have if you had taken measurements each
day for 60 days. Including a larger number of data points can also increase an investigation’s
reliability, because it improves the accuracy of the statistical analysis, reducing the effect of
outliers on the results.

Quality of sources

Not all sources of information are equal. The quality of information or data used to inform or
complete an investigation can affect the investigation’s validity and reliability. High-quality sources
will provide accurate, credible and relevant information or data about a phenomenon. Examples

of high-quality sources are peer-reviewed scientific literature, textbooks, and information from
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trusted databases or organisations. Low-quality sources
may introduce bias or unjustified claims.

Using high-quality sources to inform an
investigation can improve the investigation’s
validity by ensuring that the methods used, the
interpretations of the results and the conclusions
drawn are representative of the phenomenon that
has been investigated. L.ow-quality sources can
lead to invalid conclusions being drawn about the
phenomenon investigated. High-quality sources are
also likely to provide more consistent and trustworthy
data, increasing the reliability of the investigation.

FIGURE 5 Scientific journals are a credible source of information.

extraneous
variable

a variable other than
the independent
variable that may cause
changes in the value of
the dependent variable

confounding
factor

an uncontrolled
variable that has a
systematic effect
on the value of the

Low-quality sources may introduce inconsistencies
and errors to the data, reducing its reliability.

Extraneous variables and confounding factors

An extraneous variable is any variable, other than the independent variable (IV), that may
cause a change in the dependent variable. For example, when testing the effects of a fertiliser
(IV) on plant growth, the researcher might not have grown all plants in the same temperature
conditions. Because plants are sensitive to temperature, the results could be influenced by the
varying temperatures in which the plants were grown. If the experimenter has not taken this
into account, an incorrect conclusion could be drawn. Care must therefore be taken to work
out all possible extraneous variables. An extraneous variable that is controlled for becomes a
controlled variable.

If extraneous variables are not controlled, it is difficult to determine whether the
changes in the dependent variable can be attributed to the independent variable. This can
threaten the validity of the investigation. Extraneous variables can also cause variation
in the results, making the results less consistent across repeated trials. This means the
investigation’s results are less reliable, because it might be impossible to reproduce them in
similar experimental conditions.

A confounding factor is a variable,
other than the independent variable, that
has affected the dependent variable. This
effect on the dependent variable confounds

Extraneous variable

(confuses) the relationship between the can

dependent variable; . . become
if a confounding independent variable and the dependent a..
variable exists, no valid variable. A confounding factor might Confounding
conclusions about the be an extraneous variable that has not factor
research can be drawn .
been controlled for, or it could be a type
of variable that cannot be controlled for. which can and
Additionally, some confounding factors iﬁﬂueme aﬁfe“
. . the ... the ...
may affect both the independent variable
and the dependent variable, confusing the LG AT LigpEmiemE
variable and affect variable
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relationship between the two variables. the ...

Confounding factors reduce the reliability
FIGURE 6 Summary of how extraneous

variables and confounding factors can affect an
investigation’s results

of an investigation by introducing invalid
conclusions. The investigation’s results are
likely to vary due to the presence of the
confounding factor, making it difficult to
reproduce the results.
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Errors

An error is the difference between a measured value and the true value (the value of something
if it was measured perfectly) of what is being measured. There are two main types of errors:
¢ systematic error
¢ random error.

A systematic error is an error that is consistent and repeatable. It could be caused by faulty
equipment or by using a measuring instrument that has not been calibrated. Systematic
errors cause readings to differ from the true value in a consistent way. This means repeating
the investigation will not reduce the systematic error. For example, if a weighing scale is
not calibrated and measures 0.0 g as 0.02 g each time the scale is used, it will always cause
the true value of what is being measured to vary by 0.02 g. Systematic error can be reduced
by carefully considering and conducting the investigation method and by calibrating the
equipment to be used. Systematic errors
reduce the validity of the results, because
the results deviate from the true value of
what is being measured. Reliability is also

reduced, because the deviance in results True value

Quantity A

means the same results are less likely to
be generated under similar conditions in
another laboratory setting.

® Random error

® Systematic error

Random errors are errors that are Quantity B
unpredictable. They are caused by factors
that vary from one measurement to another.

For example, consider a researcher observing

FIGURE 7 Representation of how random error and
systematic error can affect results. Systematic error affects
the accuracy of results; random error affects precision.

the number of times an animal exhibits a

specific behaviour in a set time period. If the researcher drops
their pencil and misses seeing a behaviour while picking up their
pencil, this measurement has been affected by random error.
Repeating measurements, trials and averaging results can reduce
random error. Many students describe random errors as “human
error’. However, human error is a less scientific term and so
“random error” should always be used.

Uncertainty

Uncertainty describes the degree to which you are unsure
of the true value of a measurement. Uncertainty can arise
from limitations in the equipment, lack of information or
understanding about a phenomenon, or from the variability

of different systems. For example, the thermometer shown
in Figure 8 has a scale that increases in 1°C increments.
The reading on this thermometer sits between 22°C and
21°C, and there are no smaller increments on the scale to
discern exactly where the reading falls between these two
numbers. Therefore, there is a degree of uncertainty in this
measurement. The uncertainty of a measuring instrument
is estimated to be plus or minus (f) half the smallest unit

that the measuring instrument increases by. A thermometer
with units that increase by 1°C would have an uncertainty
of (+) 0.5°C. Therefore, the reading on the thermometer in
Figure 8 can be recorded as 22°C (%) 0.5°C.

FIGURE 8 Due to the limitations
of the thermometer, there is a level
of uncertainty with each reading.
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true value

the value of a
measurement if it were
measured perfectly

systematic error
an error that causes
readings to deviate
from the true value by
a consistent amount
and in the same
direction each time

a measurement is
made; it is affected by
the accuracy of the
measurement process

random error

an error due to

the limitations
(uncertainty) of

the measurement
equipment, and the
uncontrollable effects
of the method and the
environment on the
measurement

uncertainty

the degree to which
the result of a
measurement does not
reflect the exact (true)
value of what is being
measured
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Check your learning 1.4

Check your learning 1.4: Complete these questions online or in your workbook.

Retrieval and comprehension 4 Explain how small sample size can affect the

1 Describe the purpose of the following

reliability and validity of results. (1 mark)

investigation types: 5 The scale on a ruler increases in 1 mm

a comparative investigation (1 mark)

b case study (1 mark)

increments. Determine the uncertainty of a
reading of 13 mm. (1 mark)

¢ descriptive investigation. (1 mark) Analytical processes
2 Define the following terms: 6 Compare correlational investigations and

a reliability (1 mark) experimental investigations. (2 marks)

b wvalidity. (1 mark) 7 Contrast systematic error and random error.
3 Describe what is meant by “extraneous variable”. (1 mark)

(1 mark)

©

Learning intentions
and success criteria

Lesson 1.5
Considering safety and ethics

Key ideas

— Before conducting research, scientists must consider whether the investigation is safe
and ethical, and the potential impacts it might have on the environment.

Science inquiry skills

This lesson provides support for the following science inquiry skills:
¢ identify and implement strategies to manage risks, ethics and environmental impact, e.g.
— ethical guidelines
— material safety data sheets
— workplace health and safety guidelines
— appropriate disposal methods
— standard operating procedures

— acknowledgment of sources and referencing.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Managing risks, ethics and environmental impact

Before conducting an investigation, scientists must consider whether the investigation is safe
and ethical, and the potential impact it might have on the environment. If any safety, ethical
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or environmental concerns are identified, it is the responsibility of the scientist to modify their
investigation to reach a standard that would be accepted by an ethics committee. Strategies
used to manage potential safety, ethical and environmental risks include:

e adhering to ethical guidelines

e using material safety data sheets

o following workplace health and safety guidelines

e using appropriate disposal methods

» following standard operating procedures

e correctly acknowledging sources and referencing.

Ethical guidelines

Investigations should not be conducted on vertebrate
animals (including humans) without first submitting a
full report on the experimental procedure to the bioethics
committee in the area for approval. The guidelines for
animal experimentation are extremely strict, to ensure
the wellbeing of the animals. If humans are participants
in an experiment, each participant needs to be given a
form outlining the exact procedures to be undertaken,
the established means of confidentiality (e.g. no names
recorded) and the safety measures in place. Each
participant (or their guardian if they are under 18 years
old) needs to sign a consent form. No pressure (peer or

personal relationship) should be placed on an individual to
partlc'lpate. SC_hOOI S_UJd_ents Sh.OUId not underj[ake FIGURE 1 Guidelines for experimentation using animals are
experimental investigations using human subjects. extremely strict, to ensure the wellbeing of the animals.

Safety data sheets

A safety data sheet (SDS) is a document that provides detailed information on a specific
chemical and its properties. It also includes potential hazards caused by use of the chemical, and
safety precautions required when working with or handling the chemical. Safety data sheets are
used to inform risk assessments for investigations. They can be accessed easily on the internet.

Workplace health and safety guidelines

Workplace health and safety guidelines are rules
developed by governments to ensure that workers,
including scientists, are working in conditions
that protect them from injury, illness and
accidents. They can include instructions for using
equipment, handling various materials, personal
protective equipment (PPE) that should be worn
and how to manage emergencies to maintain safe
working conditions.

Appropriate disposal methods

Some materials can be hazardous to different

species, particularly if they are not disposed
of correctly. Using the appropriate disposal

FIGURE 2 Workplace health and safety guidelines can include instructions
and information on the type of PPE that must be worn when working.

method for a substance can reduce environmental
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contamination and potential health risks. This includes disposing of hazardous materials,

recycling, and following rules for waste management. Table 1 lists safe disposal methods for

various materials.

TABLE 1 Safe disposal methods

Material Examples
Biohazardous Animal cells
waste and tissue

Grease and oils | Vegetable oil,

lubricants
Corrosive Acids
liquids
Solids Paper towel
Hydrogen > 8%
peroxide

Disposal method
Solids should be collected by your teacher for appropriate disposal.
Liquids must be deactivated with bleach before they can be
disposed of down the drain.
Collect in a bottle and dispose of in general waste. Machinery oils
should be disposed of as hazardous chemical waste.
Weak acids may be able to be poured down the drain. Strong acids
must first be neutralised before they can be poured down the
drain. Some schools have acid traps.
Dispose of in general rubbish.

Dilute before pouring down the drain.

Standard operating procedures

Standard operating procedures (SOP) are a set of instructions that detail all the tasks required

to complete an activity or process in a routine way. They are often created by workplaces,

schools, government agencies and equipment manufacturers to improve the safety of a process

and minimise risks. In addition to information on how to carry out a task, SOPs often also

include information on the equipment that should be worn during a procedure, how to handle

or store equipment, how to dispose of materials and how to prevent injury.

Acknowledgment of sources and referencing

Acknowledging sources and correctly referencing materials are important in scientific

research. They ensure that the work of researchers that has provided insights or findings

that assist with an investigation is properly credited. You will learn more about referencing

conventions in Lesson 1.10. Failing to credit or correctly reference the work of others is

unethical, as it wrongfully uses the intellectual property of others. Plagiarising means

presenting someone else’s original ideas as your own. It is a serious offence that can arise from

failing to acknowledge, or incorrectly referencing, the work of others.

Check your learning 1.5

Check your learning 1.5: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Identify three things you must do if you want
to ethically recruit human participants for a
research experiment. (3 marks)

2 Identify two pieces of information you might
find about a chemical in a material safety data
sheet. (2 marks)
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3 Explain how you would dispose of plasticine
you used in a practical activity to model the
respiratory system. (1 mark)

4 Explain why it is important to correctly
acknowledge the work of others. (1 mark)
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Lesson 1.6

Collecting data

Key ideas

— There are many ways to collect primary and secondary data for an investigation.

— Sampling is a way to select subjects for an investigation. Common sampling techniques
are random sampling, systematic sampling and stratified sampling.

— Microscopy techniques are important in biological science.
— Tools such as information and communication technology, scientific texts, databases

and online sources can be valuable in generating primary data and/or collating
secondary data for an investigation.

— Data collected for an investigation should be systematically recorded.

Science inquiry skills @

This lesson provides support for the following science inquiry skills: Learning intentions
e use appropriate equipment, techniques, procedures and sources to systematically and and success criteria

safely collect primary and secondary data, e.g.

— microscopy techniques: total magnification and field of view, scientific drawing

— laboratory and field techniques: measurement, equipment calibration,

species identification

— sampling methods: random, systematic, stratified

— sampling techniques: quadrats, line transect, belt-transect, capture-recapture

— models and simulations

— ICTs, scientific texts, databases, online sources

e use scientific language and representations to systematically record information,
observations, data and measurement error, €.g.

— symbols, units and prefixes

— scale and magnification

— indicators of measurement uncertainty
— tables, graphs and diagrams

— charts and maps

— logbooks.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Collecting primary and secondary data

There are many ways to collect primary and secondary data. The way you collect data will
vary depending on the type of investigation you are undertaking. In this lesson you will learn
about a variety of sampling methods and data collection techniques you can use to either
generate your own primary data or collate secondary data.

Sam pl Ing population

the group that
scientists wish to draw
the researcher. For example, if a researcher was conducting a study on the feeding habits conclusions about

In research, a population is the entire group of individuals or specimens of interest to
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random sampling  of Southern Cassowaries in the Daintree, the population would include every Southern
a sampling procedure

in which every member . o .
of the population has study every individual that makes up a population, researchers select a subset or smaller

Cassowary that lives in the Daintree. Because it is extremely difficult (often impossible) to

an equal chance of group of individuals from the population to represent the population in the study. This subset
being selected

f is called a sample. There are three main methods of generating a sample to work with in an
or the sample

investigation: random sampling, systematic sampling and stratified sampling.

Random sampling
Random sampling is a method of sample selection where every individual in the population

Population

has an equal chance of being selected for the sample. For example, if researchers wanted to
study the average height of trees in the Daintree, the population would include every tree in
the Daintree. To form a random sample of trees to measure, researchers could use a computer
to randomly generate a set of coordinates in the Daintree and measure the heights of each tree

ST closest to each coordinate. In this way, each tree has an equal chance of being selected into
3,2,14,7,17,9  the sample. Random sampling helps remove selection bias.

Random sample . .
Systematic sampling
FIGURE1 Random Systematic sampling is a method of sample

sampling is a selection

process where everyone selection that involves selecting members, or sections
in the population has an ~ of a larger population, at consistent intervals. For
equal chance of being  example, if researchers wanted to study the health of ' '

selected for the sample.

NRL players, they could access an alphabetised list of
systematic all NRL players and systematically select every tenth

sampling player on the list, to form their sample.
a sampling procedure

in which samples are

Stratified sampling

selected based on a
systematic interval Stratified sampling involves breaking the ' ' '
from a randomly population into subgroups (called strata) that share a

chosen starting point

similar trait and then randomly selecting from each Systematic sampling

stratum. For example, say researchers want to study

see . . . . FIGURE 2 Systematic sampling selects
stratified a species of bird that can be found in three different M Amping s¢
sampling . . . members of the population at consistent
a sampling procedure environments in a region: grasslands, shrublands and intervals.
in which population coastal saltpans. They divide the bird population into
is divided into strata three strata based on the three habitats and randomly

and random samples

are selected from each sample from each stratum. In this way, the sample is
stratum representative of birds from each habitat.
i °
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Population Strata Random selection Sample

FIGURE 3 Stratified sampling involves breaking the population into strata and randomly sampling from each stratum.

In addition to sampling methods, there are also many sampling techniques you can use
in Biology, particularly when conducting ecological fieldwork. You will learn more about
sampling techniques, such as quadrats, line transect, belt transect and capture-recapture, in
Units 3 and 4.
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Laboratory and field techniques

When working in a laboratory or in the field, there are techniques you can apply to ensure
that you collect data in a systematic and safe way. These techniques include considering
measurement, equipment calibration and species identification tools.

Measurement

Research often involves taking measurements of different physical properties such as length,

mass, temperature, time, capacity, area and volume. Data collected from measurements

accuracy

o . how close a

true value (what the measurement would be if it were measured perfectly). For example, if the | casurement is to its

true value of the length of a shell is 3.63 cm and the reading you get when measuring the shell true value

should be both accurate and precise. Accuracy describes how close a measurement is to its

is 3.62 cm, you can say that this measurement is accurate. If the length you get is 2.8 cm, it is

precision

. . how close a set of data
to each other. For example, if you take three readings of the length of the shell of 3.61 cm, values are to each other

3.62 cm and 3.61 cm, your measurements are precise, because they are all very close to each

less accurate. Precision refers to how close each of the measurements of the same thing are

other. If the readings you get are 2.8 cm, 3.61 cm and 3.2 cm, these are less precise. A visual
representation of precision and accuracy is shown in Figure 4.

= 7~
%
* € y

High accuracy Low accuracy High accuracy Low accuracy
High precision High precision Low precision Low precision

FIGURE 4 Accuracy and precision are different concepts.

It is important to make sure the instruments used to take measurements are reliable and
calibrated (if necessary). Your process of measuring should also be consistent. For example,
if you are using a ruler to take measurements of leaf length, you would want to ensure that the
ruler you use is in good condition, to provide an accurate reading of length. An old wooden
ruler with lots of scribbling and dents may lead to less accurate readings than a clean metal
ruler. You would also need to ensure that the point you measure from remains consistent for
each reading.

mmupmuu mmlmmmplggmpmpm‘nmm T g
] 4 15 18j

1 2345 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30¢cm

FIGURE 5 (A) An old wooden ruler could give less accurate readings than (B) a clean metal ruler.

Equipment calibration

Calibration is the process of configuring an instrument or measuring device to ensure it
provides accurate readings. When using equipment to record data, it is important to make
sure the equipment is calibrated. Common instruments used in research that should be
regularly calibrated are listed in Table 1.
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TABLE 1 Common laboratory equipment that requires regular calibration

Equipment
Digital scales
the known weight.
Digital
thermometer

reference temperature.

pH meter

How to calibrate

Place a standard or known weight on the scale and adjust the reading until it matches

Run a controlled temperature bath at a set temperature and place the thermometer
in the bath. Let it sit for few minutes, then adjust the reading until it matches the

Use standard buffer solutions with known pH values to test the reading given by the

meter. Adjust the meter to match the reading of the known solution.

Micropipette

Fill the pipette with water and disperse onto a scale. Weigh the volume of water

dispensed to make sure the pipette delivers the correct volume. If there is a

difference, adjust the pipette.

Species identification

Being able to identify different species is an important skill in in biological research. Given

the large number of species of organisms, biologists often rely on species identification tools
to help identify what they are observing. Species identification tools include, but are not
limited to, keys, field guides and mobile applications. A key is used to help determine species

by first identifying a general characteristic of an organism, then breaking the characteristics

into divisions, which a researcher can work through to reach the correct species. For example,

Figure 6 shows a plant key. If you knew a particular plant forms seeds and has no true

flowers, you could deduce that it is a type of gymnosperm. Other keys may ask a series of

questions for the user to work through to eventually arrive at one species.

Plant kingdom

!

Forms seeds

|

'

!

No true flowers

Has true flowers with petals

\

Angiosperms

l

Gymnosperms
(e.g. conifers)

'

Leaves with
parallel veins

i

Monocotyledons

!

Net-veined leaves
(reticulated)

:

Dicotyledons

FIGURE 6 A sample plant key

!

Does not form seeds

|

'

Has vascular tissue

Pteridophytes
(e.g. ferns)

!

Has no vascular tissue

|
| ¢

Has structures that
look like leaves and roots

; .

Bryophytes

Is often
single-celled

Algae
(liverworts, hornworts

and mosses)

A field guide presents specific information on a variety of species, as well as additional
information such as diagrams, photos and distribution data. Depending on the field guide,
it might include species for one type of animal in a region (e.g. The Australian Bird Guide) or

multiple animals in a region (e.g. the Queensland Museum Field Guide to Queensland Fauna),

or it might be very locally specific. In addition to field guides, online apps can also be useful

in identifying species. Many apps have a database of species, which you identify by searching

through images or by comparing species against photos you’ve taken.
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Microscopy techniques

Microscopy is the use of microscopes to view and observe specimens and structures

that cannot be seen or are difficult to see with the naked eye. Two of the main types of

microscopes are light microscopes and electron microscopes (Table 2). light microscope
a microscope that uses
TABLE 2 Summary of light and electron microscopes visible light and lenses
to magnify viewed
Light microscope Electron microscope specimens
How it works | Visible light is shone onto a specimen and | Electrons (which have much shorter electron
the optical lenses magnify the image. Light K wavelengths than visible light) are used microscope
reflects off the sample and the image can instead of light to form an image on a a microscope that uses

a beam of electrons to

be observed through the eyepiece. screen.

T form an image of the
Magnification | 1,000x% to 2,000x% Up to 1,000,000% viewed specimen
Applications Viewing cells, large organelles, some larger | Viewing smaller specimens

bacteria and living specimens and structures (e.g. viruses,

macromolecules, small organelles); not
for viewing living specimens

Scientific drawing

After viewing a specimen under a microscope, you might need to draw what you have seen.
What is shown in your drawing should match what you see through the eyepiece of the
microscope (Figure 7). A scientific drawing of a microscope image should include:

e atitle or description of what has been observed

e labels that do not cross over each other

e the total magnification that the specimen was viewed at.

Onion cells

Nucleus

Cell
membrane

Cell wall

Cytoplasm

FIGURE 7 Scientific drawing of onion cells compared to the microscope view

Models and simulations

A model is a representation of a complex system or concept that has been simplified to make
it more easily understood or to make predictions. There are many types of models including,
but not limited to, physical models (e.g. a 3D model of a coastal ecosystem) and mathematical
models. Models can be used to help break down complex ideas and predict how a real-life
situation may unfold. Simulations are software programs that mimic or “simulate” the
behaviour of a real-life phenomenon. Simulations can be used to test events or occurrences
that may be too difficult, time consuming or expensive to test in real life.
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information and
communication
technologies
(ICT)

computer and other
technologies that
process information
to perform a range
of tasks

database
a large, organised
collection of data
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Online tools and scientific texts

Other tools, such as information and communication technologies (ICT), scientific
texts, databases and online sources, can be valuable in generating primary data and/or
collating secondary data for an investigation. Information and communication technologies
are computer software and programs that perform a variety of operations. Different ICT can
assist the collection of data in various ways. For example, an ICT may assist with processing
the information received from a microscope, conduct statistical analysis of data, offer
programs that help manage workflow and tasks, or enable quick communication with others
you are working on a project with.

A database is an organised collection of data, often stored online in an electronic system.
Databases can provide access to raw data that researchers can analyse to generate primary
data. Data from databases can also be used to collate secondary data for an investigation.
Some databases you may find useful for conducting your own biological research are:
¢ the Australian Bureau of Statistics (ABS), which provides statistics on a variety of

economic, social, population and environmental factors
e the WildNet database, which contains information on more than 21,000 wildlife species
¢ the Australian Burden of Disease Database, which contains disease metrics for over 200

diseases and injuries.

Online sources

Online sources can also be valuable in providing information and data to assist in an
investigation. Government websites often include credible information on medical, ecological,
geographical and population data. In addition to these online sources, websites such as
Google Scholar, JSTOR, ScienceDirect and PubMed contain a wide variety of peer-reviewed
journal articles and scientific papers, which can be used to collate data or accessed to better
understand a scientific concept being investigated.

Scientific texts

Many scientific texts, such as this textbook, can offer valuable information about conducting
research. This includes information on research methods and experimental set-up, as well

as background information and context that allows you to better understand the concept you
are investigating.

Recording data

In addition to using the correct data collection techniques, you must also record and organise
your data in a way that is consistent and clear. Things to consider when recording data:

e symbols, units and prefixes

¢ scale and magnification

¢ indicators of measurement uncertainty
e tables, graphs and diagrams

e charts and maps

* logbooks.

Symbols, units and prefixes

Biological data often includes symbols, units and prefixes. Examples of symbols you may
come across in Biology are:

* W, the symbol for the unit “micro”, meaning 10-°

e X, asymbol used in mathematical formulae that means “the sum of”

e A, which means “the change in a variable”.
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Other symbols to become familiar with are the symbols for some chemical elements
frequently referred to in Biology (e.g. C for carbon, H for hydrogen, N for nitrogen,

O for oxygen). You can revise these chemical symbols using the periodic table at the back
of this textbook.

Measurements recorded should include appropriate units. The base units used in the
International System of Units (SI) for a range of sciences are listed in Table 3. However,
other units, such as grams (g) or milligrams (mg) for mass, or degrees Celsius (°C) for
temperature, can be used if these are more appropriate for what you are measuring.

TABLE 3 SI base units

Base quantity Base unit
Name Symbol Name Symbol scale
time t second s the relationship
between the actual size
length 1 metre m

of an object/specimen/

mass m kilogram kg area and how it is
i resented in
electric current 1 ampere A presente
a depiction
temperature T Kelvin K
amount of substance n mole mol
luminous intensity 1 candela cd

Prefixes are also commonly used in biological
data. Common prefixes are:

* mega-, meaning 10° or 1,000,000

Om 50m 100 m 150 m

e milli-, meaning 1073 or 0.001
FIGURE 8 A scale bar showing that the length of one

e micro-, meaning 10~%or 0.000001 ) !
segment in the figure equals 50 metres

e nano-, meaning 10~ or 0.000000001

Scale and magnification

Where appropriate, scale and magnification
should also be included. These details can help
readers to understand and interpret the biological
data. Scale describes the relationship between the
actual size of an object/specimen/area and how
it is displayed in a representation (e.g. a photo,
diagram, drawing or model). For example, if
you draw a map of a large ecosystem, you should
include a scale to show how the length of your
drawing corresponds to the actual length of the
landscape being drawn. To do this, you could
include a scale bar that shows that 2 cm (or
another length) in your representation is equal to
50 metres in the landscape.

Magnification represents the size of a
specimen as seen through an instrument’s
magnification settings compared to its actual

size. Each time you produce a photomicrograph
or draw what is seen in a microscope, you must
include the magnification at which the specimen FIGURE 9 Cross-section of a spinal cord from a mammal, as seen under a

. light microscope at x40 magnification
was viewed. & P &
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Indicators of measurement uncertainty

Indicators of measurement uncertainty are symbols or metrics used to highlight whether
uncertainty exists in measurements. These indicators include error bars, standard deviation,
standard error and uncertainty calculations. You will learn more about error bars, standard
deviation and standard error in Lesson 1.7. Indicators of measurement uncertainty help
scientists evaluate the reliability of data that has been collected.

Tables, graphs and diagrams

Raw data (measurements or observations of the dependent variable) can be difficult to interpret,
and therefore should be presented in a way that is easy to analyse so conclusions can be drawn.

Tables

Tables can be used to present quantitative and qualitative data. TABLE 4 Time taken for heart
rate to return to resting level

: o after exercise, in participants
each column has a heading. Qualitative data may show trends, of medium fitness

changes or variations in different conditions or over time, and so

The table has a heading, stating what the table is showing, and

it is often useful to present such data in a table before comparing Participant Becovery
or contrasting the effects in a discussion. timei(min)
A table of quantitative data consists of columns displaying ! 6.4
the values of related variables. But these might not give an 2 >:2
immediate or clear indication of the relationship between 3 1.5
the variables. The table is usually the first step in recording 4 2.1
the information and forms the basis for selecting the most 5 4.2
appropriate graphical presentation. Various mathematical 6 7.5
applications can be readily applied once the data is in tabular 7 2.4
form. For example, Table 4 shows the times recorded for the 8 2.6
heart rates of 10 participants in a medium-fitness group to 9 2.4
return to resting rate after exercise. 10 3.0

Graphs
A graph is a two-dimensional plot of two or more measured variables. In its simplest form, a
graph consists of two axes:

e the horizontal x-axis, which has values called abscissae, which show the magnitude of the
independent variable. This is the known quantity and is the variable whose value is chosen
by the experimenter.

e the vertical y-axis, which has values called ordinates, which show the magnitude of the
dependent variable. This is the unknown quantity and is the variable whose values are not
chosen by the experimenter.

Scientific graphs have the following features.

e The information on the graph is easily seen. This includes the heading, axis titles and
numbers.

e The title is a descriptive statement that includes the independent variable and the
dependent variable.

¢ The independent variable is on the horizontal axis (x-axis) and the dependent variable is
on the vertical axis (y-axis).

e Each axis starts at zero, and the points on each axis are of equal unit size (scaled).

¢ Each axis is clearly labelled and includes the unit measurement.

¢ The data is not plotted beyond the axis.

e A pencilled point or circle is used for plotting each point.

e If there are two sets of data on a single graph, two different symbols or colours are used.
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The change in temperature of honey over time

A /
80 I I i i 1
0 1 2 3 4
70 .
0/‘;— Trendline \/
60 >~ =t | 1 | 1 1
Q 0 1 2 3 4 5 6 7 8
g “/‘/
@ 50
2 Outlier " . : : _ -
g ./ I T I 1 | |
g 40 g 0 12 3 4 5
g [ ]
= 30 y =~
/ [ B 2 3
20 [ )
10 1] 2]
1 2 3 4 5 6 7 v %
Time (minutes) 0 T T 1 T T
e Distilled water ® Honey 0 2 4 2 4 6
FIGURE 11 When drawing a graph, (A) use the correct scale for
FIGURE 10 This graph shows the key features of a scientific graph. each axis, and (B) start each axis at zero.

You will learn more about specific types of graphs and the forms of data they help display
in Lesson 1.7.

Diagrams
A diagram is a visual aid that shows the appearance, structure or set-up of something.
Diagrams can be especially useful in Biology for presenting visual data or to show the set-up
of an investigation. For example, diagrams of

biological systems and cells show important S -
features, their locations, sizes and composition,
which allow the viewer to better understand
how the system or specimen works. Diagrams
should include labels with leader lines that do
not overlap, and a title.

—— Beaker

Scientific diagrams can be used to show how

. . . Gauze mat
an experiment was set up. Equipment in these
diagrams should be drawn in a simplified way,
using two-dimensional figures (Figure 12). Tripod
When drawing the set-up of an experiment, it is

important to:

e keep drawings clear and neat Bunsen

* use a sharp grey lead pencil burner

e draw equipment from a side-on view

e avoid shading

-~

e use a ruler for straight lines L b—— Heat proof
. . . mat
¢ label equipment with leader lines that do not
cross over each other. FIGURE 12 Example of a scientific diagram of equipment set-up
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Charts and maps

Charts and maps can also be used to collect and present biological data. Some examples

of charts are pie charts and bar charts, which help to show the frequency of a variable of
interest. You will learn more about how to present data using charts and maps in Lesson 1.7.
When reading charts to collect data, pay attention to labels and keys so you can understand
what colours, shapes, plots or patterns represent in the chart. Maps can also be used to collect
biological data. For example, the map in Figure 13 shows the distribution of sanderlings in
Australia. While this map shows distribution data on sanderling species and their habitats,

it can also be used to generate other types of data. For example, it could be used to help
categorise sanderlings as a coastal species of bird.

Darwin

Northern
Territory
) Queensland
Western
Australia
Q\ South TE—— s
i Australia |

\ ‘ i New South

i Wales
Perth
<

delaide
R Canberra,

Victoria |

e
9
Legend N
. . . asmania
. Species or species habitat
likely to occur Hobart
0 500 1,000 km

FIGURE 13 Map showing the distribution of sanderlings and sanderling habitat in Australia

Logbooks
logbook A logbook is a hard copy or digital record of how you completed an investigation or
an organised record experiment. Each entry in a logbook must include:
of investigation ideas, . . .
events, results and e the date and entries, in chronological order
interpretations e acknowledgment of secondary resources, expert advice and teacher assistance when this
information is referred to.
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Your logbook could also include the following information as you complete your

investigation:

planning notes for experiments

a description of the activities you have carried out

the results or data from guided activities or investigations (including outliers and/or risk
identification and management)

personal reflections made during or at the conclusion of demonstrations, activities or
investigations

any links to spreadsheet calculations or other digital records and presentations you
might use

any notes and electronic (or other) images taken on excursions, or any database extracts
notes of any additional work completed outside class time.
A well-organised logbook that contains all this information will make it easier to complete

your student experiment and research investigation.

Check your learning 1.6

Check your learning 1.6: Complete these questions online or in your workbook.

Retrieval and comprehension Analytical processes
1 Define the term “population”. (1 mark) 8 Distinguish between accuracy and precision.
2 Describe each of the following sampling (1 mark)

techniques: 9 Compare light microscopes and electron

a random sampling (1 mark) microscopes. (2 marks)

b stratified sampling (1 mark) Knowledge utilisation

¢ EYPIENEERRTIehise, (| ey 10 Construct a graph using the data below, which

3 Identify one advantage of using random
sampling. (1 mark)

shows the average growth of a plant species over a

period of six weeks. (3 marks)
4 Explain why it is important for equipment to be

calibrated regularly. (1 mark) LUl Sl LU ()
. 1 3
S Identify three features you must include when
drawing a specimen viewed under a microscope. 2 4.5
3 6
(3 marks)
6 Identify the SI base units for: 4 >
5 9
a time (1 mark)
6 10
b mass. (1 mark)
7 Identify one advantage of presenting data in a
table. (1 mark)
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Lesson 1.7
Processing and analysing data

Key ideas

— Translating information between graphical, numerical and/or algebraic forms is an
important skill in Biology.

— Mathematical techniques can be used to summarise data and help identify relevant
trends, patterns, relationships, limitations and uncertainty.

— Data can be presented and communicated in many formats.

@ Science inquiry skills

Learning intentions This lesson provides support for the following science inquiry skills:
and success criteria e translate information between graphical, numerical and/or algebraic forms, e.g.

— units and measurement conversions
— ratios and percentages
— symbols and notation
— charts and maps

e use mathematical techniques to summarise data in a way that allows for identification of
relevant trends, patterns, relationships, limitations and uncertainty, e.g.
— comparative investigations: mean, standard deviation, standard error, Student’s t-test
— correlational investigations: regression analysis, Pearson’s correlation coefficient,

Spearman’s rank

e select and construct appropriate representations to present data and communicate
findings, e.g.
— summary tables
— column graphs (with error bars)
— scatterplots (with trendline and R2)
— profile diagrams
— scientific drawings
— charts and maps
— indexes and summary statistics

e analyse data to identify trends, patterns and relationships; recognising error, uncertainty

and limitations of evidence
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Translating information

After data has been collected and organised in a systematic way, you can work with it to
understand what it means. Processing your data the right way can help you discover trends,
patterns or the significance of the data, to help answer your research question. In this section
you will learn how to:

e translate information

e use mathematical techniques to summarise data
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e select and construct appropriate representations to present data and communicate findings
e analyse data to identify trends, patterns and relationships.

Data can often be presented in different forms. In Units 1 & 2 Biology it is important to be
able to translate information between graphical, numerical and/or algebraic forms. This may
include unit and measurement conversions, ratios and percentages, symbols and notation, and
charts and maps.

Units and measurement conversions

In Biology, the measurements used might need to be converted in order to calculate results,
analyse data or make comparisons. Units commonly used in Biology are units of length, time,
mass and capacity, and volume. Figures 1 to 5 summarise how different units can be converted.

+ 1,000 =100 + 1,000
Micrometre Millimetre Centimetre Metre Kilometre
um mm cm m km
x 1,000 x 100 x 1,000

FIGURE 1 Unit conversions for length

=60 =60 +24
Seconds Minutes Hours Days
x 60 x 60 x 24

FIGURE 2 Unit conversions for time

= 1,000 = 1,000 + 1,000
mg g kg tonne
x 1,000 x 1,000 x 1,000

FIGURE 3 Unit conversions for mass

+ 1,000 + 1,000 + 1,000
mL IL, KL ML
x 1,000 x 1,000 x 1,000

FIGURE 4 Unit conversions for capacity
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ratio

a measure that
compares the
magnitude of two
quantities in terms of
how many times one
value is contained
within the other

percentage
a number expressed as
a fraction of 100
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=103 =10° =10°
mm?> cm? m? km?3
x 103 x 106 x 10°

FIGURE 5 Unit conversions for volume

Ratios and percentages

A ratio is a mathematical representation that shows the relationship or a comparison between
two numbers. For example, if there are 1,200 eucalyptus plants in a population and 200 of
them show a particular trait, the ratio of eucalyptuses showing the trait to the total number
of eucalyptuses in the population can be written as 200:1,200. Ratios can also be simplified
as fractions. So, for the eucalyptus example, to convert the ratio to a fraction, divide the
which gives % You can

number of eucalyptuses with the trait by the total population 1’2380,
use this fraction to simplify the ratio to 1:6. This means that for every six eucalyptuses in the
population, there is one that displays the trait.

A percentage is the amount of something expressed as a number out of 100. To convert
a ratio into a percentage, write the ratio as a fraction and multiply it by 100. For example, to
write how many eucalyptuses in the population are affected by the trait as a percentage, use

the following calculation:

é x 100 = 16.66%

Symbols and notation

In Units 3&4 Biology you may come across symbols used to represent information. For
example, chemical equations often use chemical symbols from the periodic table to show
which elements are involved and the relative amounts in which they occur in a reaction.
Consider the photosynthesis reaction:

6CO, + 6H,0 - C H,,0O, + 60,

In this equation, the element symbols C, O and H represent carbon, oxygen and hydrogen.
The subscripts indicate how many times the element occurs in each molecule, and the
whole numbers in front of molecules indicate how many molecules there are. From this
representation you can deduce that photosynthesis begins with 18 oxygen, 6 carbon and
12 hydrogen atoms.

In addition to symbols, scientists often use scientific notation to write very large or very
small numbers. In scientific notation, a number between 1 and 10 is written as multiplied by a
power of 10. For example, to write the number 4,523,000 using scientific notation:

1 Change the number to a decimal between 1 and 10. So: 4.523000
2 Count the number of places you moved the decimal from the original number, and note
the direction you moved it. This allows you to work out the superscript for the power

of 10. In this case, the decimal was moved 6 places to the left. The count is a positive

value. (If the decimal had moved to 6 places to the right, it would be negative value, —6.)

3 Write the number from Step 1 as a multiplication by 10, with 10 raised to the power of the
number from Step 2. So: 4.523000 x 10°

4 Remove any insignificant figures (zeros that are not positioned between whole numbers)
to get your final notation. So: 4.523 x 10°
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Charts and maps Type AB 16%

Biological information is sometimes communicated through
charts (e.g. pie charts, bar charts) and maps. Different visual
forms often express different types of data. Pie charts often
show a ratio of values, while maps often show distribution
data. Being able to translate visual data to numeric data is

an important skill. The pie chart shown in Figure 6 shows

Type B 20%

the percentages of blood types in a population. Because this
chart shows blood types as percentages, this information can
be translated into a ratio to help people understand the data.
The percentage of type B blood is 20% and is therefore a
ratio of 20:100 or 1:5. This means one in five people in this ; ]
in a population

population have type B blood.

Type A 28%

FIGURE 6 Pie chart showing percentages of blood types

Maps are particularly useful in showing distribution data. For example, if you wanted to
show the distribution of a species in an area, you could plot the coordinates of sightings to
indicate where on a map it is likely to be found. The map in Figure 7 shows the distribution of
Eastern Brown snakes in Australia. From the coordinates plotted, it is easy to see that Eastern

Brown snakes are more prevalent in Victoria than they are in the Northern Territory.

Northern
Territory

Western
Australia

O. AE:#ta'IIia o. x‘& .

Perth : «Hh,

0
]
Legend N .
: ia
[ Eastern brown snake v
distribution ‘Hobart
0 500 1,000 km

FIGURE 7 Eastern Brown snake distribution in Australia

Summarising data

Brisbane

Once you have collected your data, you can do calculations and/or tests to process the data,
to help you understand what it means. The types of calculations and tests you do will depend
on the type of investigation you conducted, specifically whether you conducted a comparative

investigation or a correlational investigation.
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mean Comparative investigations
the average of a set of
numbers in a data set If the data you collected has come from a comparative investigation, you may be able to use

measure of mathematical calculations such as mean, standard deviation, standard error and/or a student’s

central tendency t-test to better understand the data.

summary statistic that

represents a central Mean

point in a data set . . X
The mean is the average of all scores in a data set. It is a measure of central tendency,
a summary statistic that focuses on a central point to represent your data set. To calculate

the mean, add (sum) all the scores in the data set, then divide that number by the

TABLE 1 Heights of five tomato plants total number of scores.

Mean = Sum of all scores

Tomato plant Height (m) Number of scores
A 0.7 For example, Table 1 shows data on the heights of five tomato plants. To
B 1.2 calculate the mean height, add all the heights of the plants together and then
S 1.4 divide this by five (the number of plants).
D 0.9
07+1.24+14+4+09+2.1
E 2.1 TSRS S - 1.26

The mean height of the tomato plants is 1.26 metres.

Standard deviation

measure of In addition to measures of central tendency (e.g. mean), measures of variability are also
variability

summary statistic that
describes the spread of

useful in understanding data. Measures of variability are summary statistics that tell you
how spread out the data in your data set is. Variance indicates how much, on average, each

data in a data set score differs from the mean. Because some scores are higher than the mean (have a positive
variance difference) and some are lower than the mean (have a negative difference), they will cancel
a measure of how out when calculating a “mean difference”. A mean variance can be determined by squaring
:ﬁread data is from the difference from the mean of each score. (A negative value squared results in a positive

€ mean

value: —A x —A = +A?). Continuing the tomato plant example, the mean height of the plants
is 1.26 metres. To work out the variance of each plant, first calculate each value’s difference
from the mean, and then square this number.

TABLE 2 Tomato heights with difference from mean and variance

Tomato plant Height (m) Difference from the mean Variance*
A 0.7 -0.56 0.31
B 1.2 -0.06 0.0036
C 1.4 +0.14 0.02
D 0.9 -0.36 0.13
E 2.1 +0.84 0.71

*Variance = the squared difference from the mean.

The mean variance can then be calculated. To do this, divide the sum of all the squared
differences from the mean by the number of scores.

sum of all squared differences
number of scores

Mean variance =

31 +0.0036 +0.02 + 0.13 + 0.71

5
standard =0.23
deviation . . . . T
2 measure that The mean variance is therefore 0.23 metres. Mean variance gives an indication of the
describes how far, spread of the data, but because it is a squared value, it is difficult to compare with the mean

on average, scores
are different from
the mean

score. Standard deviation, however, determines how different the scores are from the
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mean. It is calculated from the square root of the mean variance. In our example of the
tomato plants, the standard deviation is V0.23 = 0.48. The closer the standard deviation is to

zero, the less the data is spread (variability) and the more reliable it is (i.e. the data is clustered

around the mean). As the value of the standard deviation increases away from zero, the data
becomes more variable and therefore less reliable.

Standard error

Standard error (SE) is the standard deviation of a sample population. It measures how
different the mean of the population is likely to be from the mean of a sample. Standard error
can be calculated using the following formula, where SE is standard error, s is the standard
deviation of the sample and 7 is the number of subjects in the sample:

SE ==

Student’s t-test

A student’s ¢-test is a statistical test to determine whether the difference between the

means of two groups is statistically significant (i.e., the difference is not due to chance). The

student’s z-test is an unpaired z-test, which means it compares the means of two independent

or unrelated groups (often the control and the experimental group). Every significance test

has two possible hypotheses:

e the null hypothesis — that there is no significant difference between the two groups (e.g.
there is no significant difference between mean weight loss before and after treatment)

e the alternative hypothesis — that there is a significant difference between the two groups
(e.g. there is a significant difference between mean weight loss before and after treatment)
In a t-test, ¢ represents the extent to which the means of the two groups are apart. It is

calculated using the formula shown below, where:

e x, is the mean of sample 1

* s, is the standard deviation of sample 1

* n, is the sample size of sample 1

* x,is the mean of sample 2

* s, is the standard deviation of sample 2

* n,is the sample size of sample 2

IS

ONNON
o T,

Once a t-value has been calculated, you must determine the degrees of freedom (df) for
the test. This is the sum of the sample sizes of each group minus the number of samples

compared. For example, if both sample sizes were 10, df would equal 10 + 10 — 2, which gives

18. You then use a z-distribution table (Figure 8) to work out the critical z-value against the

level of statistical significance:

e If your calculated z-value is greater than the critical z-value shown in the table, then you
reject the null hypothesis — this means the alternative hypothesis is correct, and there
is a significant difference (that is, the difference is not due to chance). In the example
in Figure 8, a r-value higher than 2.101 indicates that there is a significant difference
between the two groups (at 0.05 significance, which is the most commonly used
significance level).

e If your calculated z-value is lower than the critical z-value shown in the table, then you
accept the null hypothesis — this means the alternative hypothesis is incorrect, and there
is no significant difference (that is, any difference is due to chance). In the example in
Figure 8, a r-value less than 2.101 indicates that there is no significant difference between
the two groups.
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the standard deviation
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distribution of a
statistic

student’s ¢-test

a statistical test used to
determine whether the
difference between the
means of two groups is
statistically significant

MODULE 1 BIOLOGY TOOLKIT 41



Eo Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Degrees of

freedom (df) 2 AL, A .05 .025 .01
11 1.363 1.548 1.796 2.201 2.593 3.106
12 1.356 1.538 1.782 2179 2.560 3.055
13 1.350 1.530 1.771 2.160 2.533 3.012
14 1.345 1.523 1.761 2.145 2.510 2977
15 1.347 1.517 1.753 2.131 2.490 2.947
16 1.337 1.512 1.746 2.120 2473 2.921
17 1.333 1.508 1.740 2.110 2.458 2.898
18 1.330 1.504 1.734 2.101 2.445 2.878
19 1.328 1.500 1.729 2.093 2433 2.861
20 1.325 1.497 1.725 2.086 2423 2.845

FIGURE 8 Part of a z-distribution table. The numbers in the grey row at the top are levels of significance.

Correlational investigations

If data has been collected through a correlational investigation, there are calculations that can
be applied or generated to determine the type of relationship that exists between variables.
These calculations include regression analysis, Pearson’s correlation coefficient and
Spearman’s rank.

uy Data points Regression analysis

;3 . Line of regression Regression analysis is a statistical technique used to model the

§ relationship between a dependent variable (y on a graph) and the

g independent variable (x on a graph). A main function of regression

% analysis is to better understand how the dependent variable changes

§ in response to the independent variable. It uses the mathematical
formula y = a + bx (where y is the dependent variable, x is the

X independent variable, a is the intercept and b4 is the slope) to generate
a regression line to fit the data plotted on a graph. This regression
line or line of best fit shows the relationship between the two

Independent variable

FIGURE 9 Regression analysis uses a mathematical

formula to produce a regression line that shows the ] o
relationship between the IV and the DV. variables and can be used to make predictions about the data.

Pearson’s correlation coefficient
line of best fit
a trendline that gives
an approximation of

the linear relationship e An rvalue of +1 indicates a perfect positive correlation (when one variable increases by one
between two variables . . .
unit, the other also increases by one unit).

Pearson’s correlation coefficient (r) is a measure of the strength and direction of a linear
relationship between two variables. It will generate a value that ranges from —1 to +1.

Pearson’s .. . . . .
correlation ¢ An rvalue of —1 indicates a perfect negative correlation (when one variable increases by
coefficient () one unit, the other variable decreases by one unit).

a measure of the

. e An rvalue of 0 indicates that no relationship exists between the two variables.
strength of the linear

relationship between It is important to remember that correlation does not equal causation. This means that if
two Cg’l“ti““"us two variables happen to show a statistical relationship (correlation), it does not confirm that a
variables

change in one variable truly causes the change in the other variable.
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40
Strongest positive Y 30 Weakest positive
correlation correlation
- 20 —_—
10 20 30 10 20 30
X X
r=+1.00 r=+0.60 r=+0.20
Strongest negative 409 409 40 Weakest negative
correlation v 30 v 30 v 30 v 30— o correlation
20 20 20 20
T T 1 U 1 1
10 20 30 10 20 30 10 20 30
X X X
r=-1.00 r=-0.80 r=-0.60
FIGURE 10 Scatterplots showing Pearson’s correlation coefficient
Spearman’s rank
Spearman’s rank (p) is a measure of the strength of a relationship between two variables Spearman’s
rank (p)

that often have a monotonic relationship (that is, when one variable increases, so does the
other; when one variable decreases, so does the other). Like Pearson’s correlation coefficient,

a measure of the
strength and direction

Spearman’s rank provides a value between +1 and —1. However, what is determined to be a of a monotonic

strong relationship differs slightly between the two measures. Table 3 provides a summary

relationship between
two variables

of positive Spearman’s rank values and the strength of the relationship they indicate.

Spearman’s rank is often used when:

e the data does not meet the assumptions of the Pearson’s

correlation coefficient

e the relationship is not linear, meaning it does not show a
straight-line relationship but there is still a clear relationship
between variables (e.g. Figure 11)

e ordinal data (categorical data that have a set order or scale) is

included in the data set

e outliers are present in the data set.

TABLE 3 Spearman’s rank values

Spearman'’s rank (p)

p=0
0<p<0.19
0.20 < p<0.39
0.40 < p < 0.59
0.60 < p < 0.79
0.60 < p < 1.00
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Strength of relationship
No correlation
Very weak relationship
Weak relationship
Moderate relationship
Strong relationship

Very strong relationship

Spearman’s rank = +1
Pearson’s correlation coefficient = +0.88

y
10

_5_;

-10

-15 T T T T L
0.0 0.2 0.4 0.6 0.8 1.0

FIGURE 11 Spearman’s rank is often used for data that is
non-linear. In the graph, p = +1 while » = +0.88.
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TABLE 4 A summary table presenting the

Plant species

Eucalyptus longifolia

Presenting and communicating data

Once your data has been collected and analysed, you need to determine the best method of
presenting or communicating that data to others. The best representation to use will depend
on the nature of the data you have collected and the message you want to communicate.

Summary tables

Summary tables organise data into columns and rows. This can make it easy to compare
and analyse values. Summary tables can also be used to present key findings or statistics you
determined when analysing data. For example, if you measured 30 plants from two groups
to compare their average leaf length, your raw data is likely to include all

average leaf length of two plant species the lengths measured from both sets of plants. In your data analysis you
would have worked out the average leaf length for the two sets of plants.
Average leaf A summary table can then present these two average values in a concise
(oLl (el way (Table 4). The headings of your table should be clear and concise,
ig and any units used in measurements should be included next to the

Eucalyptus macrocarpa

line graph

a graph of data linking
two variables, where
one variable is plotted
on the y-axis and the
other on the x-axis
and the points are
connected in a line
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appropriate heading.

Column graphs (with error bars)

Column graphs use vertical bars to present data, where each bar represents a group or
category. They are particularly useful for comparing discrete (countable) data from different
categories. The height or length of a rectangular column shows the value of one category of
data. Column graphs can also include error bars. These are bars that show how variable or
uncertain the data is for each column. Error bars may relate to different types of measures of
uncertainty, including standard deviation and standard error, or they may relate to range (the
difference between the maximum and minimum values in set of data). In Figure 12, from
the error bars you can see that there is more uncertainty in the data related to percentage

of female toads trapped with lights on than data related to the percentage of female toads
trapped with lights off.
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FIGURE 12 A column graph with error bars showing the percentage of male, female and juvenile toads trapped
with and without lights

Line graphs

A line graph is a representation of data in which specific values of a function are plotted as
dots on a coordinate plane. The adjacent pairs of dots are connected by straight lines. If the
slope of the line is positive (Figure 13A), the conclusion is drawn that as the IV increases, so
too does the DV — this is a positive correlation. If the slope of the line is negative (Figure 13B),
then you can say that as the IV increases, the DV decreases — this is a negative correlation.
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FIGURE 13 (A) The effect of enzyme concentration on the rate of conversion of a substrate: a positive correlation; (B) The effect of humidity

on plant transpiration: a negative correlation

With a straight-line graph, the value of the dependent variable can be determined for a
value of the independent variable that has not been measured. This can be done by extending
the line outside the data set, at either end of the graph (extrapolation), or by reading between
the measured points within the data set (interpolation). For example, in Figure 13A, at an
enzyme concentration of 12 units, the expected reaction rate is 30 g/minute (extrapolation).
At an enzyme concentration of 5 units, the reaction rate was 12.5 g/minute (interpolation).

The slope of the graph shows the mean change between the independent and dependent
variables. The rate of change is calculated as the change in y-axis (dependent variable) values
divided by the change in x-axis (independent variable) values.

change in y-axis(dependent variable)values

Rate of change = change in x-axis(independent variable)values

For example, from the graph in Figure 13A, for every 2 units of enzyme concentration
increase there is an increase of 5 g substrate converted per minute.

Scatterplots

Often the points plotted on a graph do not form a straight line but are scattered — this is
known as a scatterplot. In this situation, a line of best fit (or trendline) can be drawn so that
the plotted points are evenly distributed above and below the line.

The amount of scatter from the line of best fit indicates the closeness of the positive or
negative relationship (correlation) between the two variables. The closer the points are to the
line of best fit, the stronger the correlation between the variables.

When the points are so scattered that a line of best fit cannot be drawn, there is no
correlation between the two variables.
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extrapolation

an estimation of

a value based on
extending a known
sequence of values
beyond the values that
are certainly known

interpolation
an estimation of a
value within two
known values in a
sequence of values

scatterplot

a graph in which

the values of two
variables are plotted
along two axes, the
pattern of the resulting
points revealing
whether a relationship
(correlation) exists
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FIGURE 14 Lines of best fit on a scatterplot: (A) mass versus height of 20 sixteen-year-old males; (B) gum tree height versus
number of branches over 3 cm in diameter

index

a composite measure
that summarises and
compares multiple
variables and presents
these factors as a single
number

summary
statistic

a value that provides a
summary of a data set

limitation

a factor or condition
that can affect the
validity and/or
reliability of results
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Indexes and summary statistics

An index is a numeric, composite measure of multiple variables. It combines multiple
variables from complex data sets into a single number that can summarise a general trend

or state, based on different biological observations, conditions or processes. For example, a
biodiversity index measures the variety and abundance of species in a locality. Biodiversity
indices can be used to assess the health of ecosystems and compare changes in the overall
health of ecosystems at different points in time. A summary statistic is a numeric value
that summarises the main features of a data set. Examples of summary statistics are measures
of central tendency (e.g. mean, median, mode) and measures of dispersion (e.g. range,
variance, standard deviation). Presenting the summary statistics of key data can be effective
in providing a snapshot of your findings to others.

Other methods of presenting data

Other methods of presenting data include:
e scientific drawings — for example, showing the structure of a cell you have observed under
a microscope. Information on how to use scientific drawings can be found in Lesson 1.6.
charts and maps — for example, using a pie chart to show the percentages of blood groups
in a population, or plotting the distribution of disease on a map. For more information on
charts and maps, refer to Lesson 1.6.

profile diagrams — visual representations that show the vertical distribution of different
ecological or environmental factors in an area.

Analysing data

Once you have collected, processed and presented your data in its most useful representation,
you can analyse the data to identify trends, patterns and relationships, and recognise error
and uncertainty. When analysing data, you may also become aware of limitations in the
evidence collected.

Limitations

Limitations are factors that may affect the reliability or validity of findings from research.
Limitations generally relate to the investigation methods used or the external environment in
which the investigation was conducted (e.g. methods used, limited funding, time constraints,
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sampling constraints, ethical considerations). Limitations are often outside the control of

the researcher. They are not the same as extraneous variables or confounding factors. They
may result in an extraneous or confounding factor existing within the study. For example,

in a study examining the relationship between exercise and sleep duration, a limitation

could be the inability to control for participants’ dietary habits, which could introduce an
extraneous variable that affects participants’ sleep, independent of exercise. If any limitations
in an investigation are identified, then recommendations should be suggested to negate

the limitation in future. This might include suggesting improvements to the investigation
methods or identifying whether further research needs to be conducted.

Check your learning 1.7

Check your learning 1.7: Complete these questions online or in your workbook.

Retrieval and comprehension 4 The heights of students in a friendship group are:
170 cm, 148 cm, 150 cm, 180 cm and 136 cm.

a Calculate the mean height. (1 mark)

1 Identify the new measurements for:

a 360 millimetres converted to metres (1 mark)

b 3.6 minutes converted to seconds (1 mark) b Calculate the mean variance. (1 mark)

¢ 760 millilitres converted to litres. (1 mark) ¢ Calculate the standard deviation. (1 mark)

2 In a plot of 40 wattle trees, only 8 wattles are d Calculate the standard error. (1 mark)
flowering. Analytical processes
a Determine the ratio of flowering wattles to 5 Contrast the terms “positive correlation” and

non-flowering wattles. (1 mark) “negative correlation”. (1 mark)

b Calculate the percentage of wattle trees that 6 Compare Pearson’s correlation coefficient with

are flowering. (1 mark) Spearman’s rank. (2 marks)

& aloriathy o exmmmplle off daik Shet mey be 7 Distinguish between interpolation and

beneficial when presented on a map. (1 mark) extrapolation. (1 mark)

Lesson 1.8
Evaluating evidence

Key ideas

— Data and reasoning can be used to discuss and evaluate the validity and reliability
of evidence.

— Sources of information should be evaluated before being used to support
scientific research.

— If limitations or uncertainty in data have been identified, the researcher should suggest
how these can be minimised in future research. @
— Peer review is a process that ensures the work of research scientists is evaluated and

of high quality prior to publication. Learning intentions

and success criteria
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data, observations or
facts obtained from
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Science inquiry skills

This lesson provides support for the following science inquiry skills:
¢ use data and reasoning to discuss and evaluate the validity and reliability of

evidence, e.g.

— discuss ways in which measurement error, instrumental uncertainty, the nature of
the procedure, sample size or other factors influence uncertainty and limitations in
the data

— evaluate information sources and compare ideas, information and opinions presented
within and between texts, considering aspects such as acceptance, bias, status,
appropriateness and reasonableness

— compare findings to theoretical models or expected values

e suggest improvements and extensions to minimise uncertainty, address limitations and
improve the overall quality of evidence

e appreciate the role of peer review in scientific research.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA 2024)

Evaluating the validity and reliability of evidence

Evidence is information or data about a concept that has been systematically collected and
can be used to form conclusions. Evaluating evidence is an important science inquiry skill in
QCE Biology. Evaluating the evidence that has been used in an investigation should be done

research

before conclusions are drawn about the data. In a scientific report, evaluation of the evidence
and suggested improvements are typically included in the discussion section. To evaluate
evidence, you should consider how measurement error, instrumental uncertainty, the nature
of the procedure, the sample size and other factors may influence the level of uncertainty and
limitations of the data. Table 1 provides some guidance to help you evaluate evidence based
on these factors.
TABLE 1 Factors to consider and questions to ask when evaluating evidence

Factor to Example of questions to ask to

evaluate evaluate evidence Impact

Measurement Were there random errors in Random errors reduce the precision of data.

error the data?

Were there systematic errors in Systematic errors reduce the accuracy of data.
the data?

Instrument Was the equipment calibrated Uncalibrated equipment may lead to incorrect

uncertainty before being used in the readings or may introduce systematic errors

investigation? into the data set.

Nature of the Were experimental procedures Variations in collection methods can result in

procedure followed in a systematic way? variability in data.

Sample size Was the sample size large enough? | A small sample size may not provide an
accurate representation of the population of
interest, and may also increase the effect of
outliers skewing results.
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Comparing findings to theoretical models or
expected values

Another component of evaluating evidence is to compare the results
obtained against biological models, or to compare the results against
expected values. If the findings align with what is understood by biological
models or with expected values, you can be more confident in the
investigation methods and the conclusions drawn. If the findings contradict
a theoretical model or deviate from expected values, it could indicate flaws
in the investigation design or the hypothesis proposed.

Evaluating information, ideas and opinions

FIGURE 1 To evaluate evidence,
take a close look at the results and
Another important science inquiry skill is the ability to evaluate the investigation methods.

information sources and compare ideas, information and opinions

presented within and between texts, considering aspects such as acceptance, bias, status,

appropriateness and reasonableness. An important part of evaluating information from

sources is the ability to distinguish between scientific ideas and non-scientific ideas. scientific idea
Scientific ideas are ideas that have been acquired, refined or supported by the scientific an idea or theory that

. . . . . is based on empirical
method (e.g. the theory of evolution, which is based on years of scientific research). Non- evidence and has been

scientific ideas are ideas that have been established by techniques that do not follow the tested or supported by

scientific method or are not supported by the scientific method (e.g. horoscopes are not the scientific method

supported by scientific evidence). Being able to distinguish between scientific ideas and non- non-scientific
scientific ideas will help you better evaluate information from different types of sources. idea

an idea or theory

that is not based on
empirical evidence and
has not been tested

or supported by the
scientific method

FIGURE 2 Predicting the future using tarot cards is a non-scientific idea.

Sources of information

Many sources of information can be used to help conduct research or understand the findings
of research. Understanding the strengths and weaknesses of different sources of scientific
information can help you evaluate the credibility of the information, assess claims, make
informed decisions and communicate effectively. Table 2 outlines some common sources of
information and their strengths and weaknesses.
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TABLE 2 Sources of information and their strengths and weaknesses

Source

Journal articles

Description
Scholarly papers
published in academic
journals that present
original research
findings, theories or
reviews

Example
A paper published
in The Fournal of
Infectious Diseases
that outlines a
treatment for Ebola

virus

Strengths
Provides detailed
information about
research methods,
results and conclusions
Undergoes peer review
by experts in the field

Weaknesses
Can be highly technical
and difficult for non-
experts to understand
Can take a long time to
publish
May not be accessible to
the public

Mass media
communications

News articles or
broadcasts that present
information to a wide

audience

A news segment on
the ABC about a
study on the impact
of bushfires on
wildlife populations

Reaches a large
audience

Can raise awareness of
scientific issues

May oversimplify complex
scientific concepts or
exaggerate findings for
dramatic effect

May not provide sufficient
context or detail

Opinions Personal views or A TikTok video by Can provide different May not be based on
beliefs on topics a fitness influencer perspectives on scientific evidence
discussing a diet scientific issues Can be biased or
plan to improve Can be accessible to influenced by personal
muscle gain the public beliefs or interests
Policy Documents created The Environment Can influence public May not be based on the
documents by governments or Protection and policy and decision- most up-to-date scientific

organisations that
outline plans or
guidelines related to
an issue

Biodiversity
Conservation Act

making

Can provide a
framework for
addressing scientific

issues

research
Can be influenced by
political or economic
interests

Reports in the
public domain

50 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

Documents created
by researchers or
organisations that are
publicly available and
provide information
about issues

Suicide Prevention
Australia’s annual
report

Can provide accessible
information about
scientific issues to the
public

Can highlight areas
for further research or
action

FIGURE 3 Mass media communications can reach a large audience.
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May not undergo the same
level of scrutiny as peer-
reviewed journal articles
May be biased or
influenced by the interests
of the organisation it was
produced by
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Factors to consider when evaluating information

Not all information is reliable or written by experts. You need to be careful that you only
refer to data and research that is credible. To evaluate the reliability of a source, consider the
following factors:

e acceptance — the quality of the research as judged by major science journals. Research
papers with high acceptance usually use high-quality methods, descriptive or qualitative
analytical methods, and a large sample size, and they disclose any funding sources.
Acceptance by a well-respected journal is evidence of reliability.

e bias — the tendency to present unbalanced consideration of a question that encourages
one outcome or answer over others. As some degree of bias is nearly always present in a
published study, also consider how bias might influence the study’s conclusions. Internal
bias could come from poor study design and implementation, or from data analysis that
favours one side. External bias happens when the findings are generalised to other groups
or populations without justification.

e status — how well a source is regarded by the community. This could range from generally
reliable in its areas of expertise, to marginally reliable, generally unreliable, misleading or
even blacklisted. LLook for sources of high status.

e appropriateness — how well a source is suited to a particular purpose. In our case,
appropriate sources would be scholarly, peer-reviewed articles and books. Less appropriate
sources would be magazine articles and newspaper articles from well-established companies.

e reasonableness — whether the solutions proposed are based on results, assumptions and
observations that make sense. Being able to judge whether an answer is reasonable requires
a deeper understanding of biology than just being able to solve a problem mechanically.

Suggesting improvements

Once you have analysed and evaluated the evidence and the investigation methods, you
should suggest improvements and extensions to minimise any uncertainty or limitations
identified, and/or provide suggestions that can help improve the overall quality of evidence.
Depending on what you have identified in your evaluation of evidence, you might suggest
changes to sample size, equipment used, calibration procedures, sampling techniques used,
data analysis methods applied, or to specific steps in the investigation.

The role of peer review in science

Peer review is a process in which the work of a researcher or author is evaluated by other peer review
experts in that field. Before a scientific article can be published, it must undergo peer review the process in which
experts evaluate the
quality, relevance and
and reliable. This process helps ensure that only high-quality findings are published and is validity of another
researcher’s work prior
to its publication

to ensure that the ideas presented in the research and the investigation methods used are valid

why journal articles from science publications have high credibility.

OXFORD UNIVERSITY PRESS MODULE 1 BIOLOGY TOOLKIT 51

This work must not be reproduced, stored, transmitted or circulated in any other form.



Eo Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Check your learning 1.8

Check your learning 1.8: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Identify one strength and one weakness of each
of the following sources of information.

a journal articles (2 marks)
b mass media communications (2 marks)
¢ opinions (2 marks)

2 Identify where evaluation of evidence and
suggested improvements would be included in a
scientific report. (1 mark)

3 Describe peer review and explain why it is
important in scientific research. (2 marks)

Lesson 1.9

4

Analytical processes

Distinguish between scientific and non-
scientific ideas. (2 marks)

Libby is evaluating a research investigation and
notices that the sample used seems much smaller
than what is typically used in investigations of
that kind. Evaluate how a small sample size may
affect the reliability and validity of results.

(2 marks)

Communicating scientifically

Key ideas

— Evidence can be used to construct scientific arguments.

— Scientific arguments and evidence can be used to draw a conclusion, which is a
short summary of the findings of an investigation in response to the investigation

hypothesis.

— There are many ways to communicate scientific information.

— Correctly acknowledging sources using referencing conventions is an important part of

scientific communication.

@ Science inquiry skills

Learning intentions

This lesson provides support for the following science inquiry skills:

and success criteria » select, synthesise and use evidence to construct scientific arguments and draw

conclusions

e communicate to specific audiences and for specific purposes using appropriate language,

nomenclature, genres and modes

* acknowledge sources of information and use standard scientific referencing conventions
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA 2024)
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Constructing scientific arguments

When you have evaluated evidence and found it to be valid and reliable, you can use it to

construct evidence-based, scientific arguments. In doing this, you may address the following

broad questions:

e What is the origin of, or who was responsible for, the experimental results, findings,
evidence or raw data collected?

e Are the experimental results, findings, evidence or raw data accurate, precise, reliable
and/or valid?

e What kinds of errors, inconsistencies and outliers may have affected the experimental
results, findings, evidence or raw data collected?

e What kinds of background information (such as biological concepts, scientific
understanding or other researched information sources) were used to link or connect the
experimental results, findings, evidence or raw data to the investigation question and to
the aim?

e What series of steps or procedures could be used to improve the investigation design or
methodology for future trials of this scientific investigation?

Argument structure

The structure of the overall argument usually follows a pattern. Its length is determined
by the number of supporting arguments addressed. One supporting argument usually
corresponds to one paragraph.

Introduction (what is your overall argument/point of view?)
e Position statement (what is your hypothesis or summary of the scientific investigation?)
e List the arguments that you will make.

Explain your supporting arguments
e Supporting argument 1:

— Point — identify your argument in a topic sentence

— Explanation — support the argument with evidence, scientific findings, results or data
e Supporting argument 2:

— Point — identify your argument in a topic sentence

— Explanation — support the argument with evidence, scientific findings, results or data
e Supporting argument 3:

— Point — identify your argument in a topic sentence

— Explanation — support the argument with evidence, scientific findings, results or data

Reinforce your main point — “To sum up ...”

Language features
When writing a scientific argument, using the following language features will enhance your
writing:

e connectives to show cause and effect — for example, “As an outcome of ...”, “As a result of ...”,

9«

“because ...”, “consequently ...”
e scientific terminology and/or supporting figures

e supporting facts and/or quotes from experts or other researched external sources of
information — for example, “A study conducted by XX found that ...”
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conclusion

a summary of the
findings and results
obtained from an
investigation

support
agree with (in relation
to the hypothesis)

refute

contradict or not
support (in relation to
the hypothesis)

generalisability
the extent to which
findings can be applied
to other situations or
populations

externally valid
in relation to
investigation results,
applicable to other
settings outside the
investigation

The hypothesis that pea plants treated with fertiliser will have a faster growth rate than
untreated pea plants was supported.

Bo Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

e evaluative statements — for example, “The data shows a clear trend ...”, “Evidence
contradicts the argument that ...”

¢ formal language — avoid personal language (e.g. I, you, he, she, we, they, me, him, her, us,
them); for example, use “The hypothesis was supported”, not “I proved my hypothesis”.

Drawing conclusions

Once you have evaluated your evidence and used this to construct your arguments, you can
then develop an evidence-based conclusion. A conclusion is a statement or a few statements
that summarise the findings of an investigation in response to the investigation hypothesis.
Scientists never say that a hypothesis has been “proved” or “disproved”. After all, there may
be another hypothesis that explains the relationship even better than the one that was tested.
Instead, the conclusion assesses whether findings either support or refute the hypothesis.
If the results or investigation methods had low validity or reliability, or did not address
the research aim, then you should not draw a conclusion. Generalisability is the degree
to which the findings of research can be applied to other situations. Most conclusions from
an investigation only apply to the population of that specific study. Conclusions can only be
drawn for wider populations if the investigation is externally valid.

= [ntroduction

The results showed that mean rate of growth of fertilised pea plants was significantly

higher than the mean rate of growth of unfertilised pea plants. These results are
consistent with scientific literature on the effects of nitrogen-rich fertiliser on the
growth of legumes.

However, two limitations have been identified in this investigation. Firstly, a small
sample sized was used, which may not provide an accurate representation of the
population. Additionally, the study was restricted to a single growth season, potentially
impacting the generalisability of the results.

Future research should include a large sample size of plants and be run over multiple
growing seasons. Additionally, future research could test different fertiliser compositions
to determine which formulations yield the most significant increase in plant growth.

In conclusion, the results of this investigation showed that pea plants treated with
fertiliser had higher growth rates than untreated pea plants, supporting the investigation

hypothesis.

Argument supported
by evidence from
data and research

et [Limiitation identified

Improvements
suggested

e Summary statement

FIGURE 1 Example of using evidence to structure arguments and form a conclusion
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Communicating findings scientifically

Scientific writing has its own requirements and expectations, just as any other type of writing
does. It is important to pay attention to those writing conventions.

The findings of experiments can be presented in a number of formats: as a scientific
report, a scientific poster, a conference presentation or a journal article.

When it is time to communicate your findings, you need to plan what is to be written.
Time spent in planning will save time overall and result in a better report, which is also

easier to write. Think about the different sections in a report in order, and plan each section
(Table 1).
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TABLE 1 Components of a scientific report

Section Purpose
Title Outlines the problem or research question under investigation
Introduction | Indicates what the report is about. It should include:
e arationale for the research question
* findings from background research
¢ identification and justification of modifications to the initial methodology
* ahypothesis for the experiment that includes the IV and DV
Context A background paragraph that helps to give the reader the knowledge required to
understand the rest of the essay
Equipment Lists pieces of equipment or materials needed to carry out the experiment and
list information about concentration and amount of substances
Risk Outlines the possible hazards involved in the experiment, as well as the measures taken
assessment to control and/or remove these hazards
Method Lists clearly and concisely all steps involved in conducting the experiment. There
should be enough detail to allow another person to conduct the same experiment
and collect sufficient data. It may be necessary to include a diagram or photo of the
experiment set-up
Results Displays the collected qualitative and/or quantitative data from the experiment in a
format that can be interpreted easily (e.g. table, graph, photo, descriptions, or any
equations necessary)
Discussion Includes:
¢ an analysis of the data in relation to the research question and an identification of
trends, patterns and/or relationships
¢ an evaluation of the validity of the experiment through the identification of
uncertainty and limitations of the evidence collected
¢ suggestions for improvements to the experimental design.
Do not re-state the results in the discussion unless it is to analyse or interpret them in a
meaningful way
Conclusion States the findings in relation to the research question; acknowledges whether the
hypothesis was supported or refuted
Bibliography | Lists all the references used in the research; may be presented in alphabetical order,
using a consistent style for each entry
It is important to proofread what you have written. L.ook for spelling and grammatical
errors. Be alert for unnecessary repetition and sentences that are too long. Strategies include
proofreading from the bottom of the page and reading up one sentence at a time, or reading
the report aloud. The first draft should never be the last draft.

Tips for writing scientifically

The following tips will help you write scientifically.

* Use shorter sentences and words where possible. This will make your meaning clearer and
your argument easier to follow. When there are many subordinate clauses, each winding
around a meaning lost somewhere in a muddle of obscurantism and verbosity, included to
make the author seem more clever and important, this often instead results in the reader
becoming lost, in a maze of impenetrable text, when the sentence really needs to be split
up into shorter, more digestible sentences in order to facilitate comprehension of the
written text. How hard was the preceding sentence to read? Instead, keep it short, keep
it simple. For example, “The aim of the present study by the author was to provide insight
into ...” is too wordy. It could be better written as: ““The aim of the experiment was to ...”.
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Scientific writing avoids the first person. So don’t use “I” or “We?”, or if you must use it,
do so sparingly.

If you are reporting the results of an experiment, use the past tense because it is a report of
work that you have already carried out. Often, instructions are given in the present tense,
but a lab report reports what was done. For example, “The liquid was heated to 78°C, and
the temperature was measured using a thermometer”.

When discussing analysis of data, use the present tense. For example, “The mean of the
results in Table 2 is 6.4 cm, which overestimates the actual length of the stem by 15%”.

It is never possible to prove a fact definitively. For this reason, biologists talk about
evidence being consistent with a hypothesis, rather than proving the hypothesis. It is
possible that the results may show that a particular hypothesis should be rejected. If so, it
is fine to say that.

In referring to work done by others, some verbs that are commonly used are “claimed”,
“suggested” and “demonstrated” — these are in order of increasing confidence by the
writer in what has been written.

When using a key term or an unusual abbreviation for the first time, provide a definition.
Some common abbreviations do not require an explanation — examples are e.g., i.e., et al.,
ca. and etc. Use these abbreviations correctly.

Don’t be vague. For example, do not use “structure” when you mean “organelle”. If there
is a specific biological or scientific term to describe what you are referring to, then you
should use it.

Always report numbers with their associated units. Consider using either scientific
notation for very small or very large numbers, or a unit with an appropriate prefix. For
example, 0.000045 grams is better written as 4.5 x 107 g or 45 ug.

Pictures, graphs, equations, biological structures and reactions can all play an important
part in communicating meaning in a scientific essay. These should be referred to in the
main part of the text by a figure number. For example, “Reaction rate levelled off after

1 minute, as shown in Figure 1”.

In an essay or a report, where you are relying on the work of others, use references to
indicate this. Your teacher will advise you on the precise format to use. One method

is to put the surname of the author(s) and the year of the publication in brackets; for
example (Smith and Jones, 2019). Another method is to insert a superscript number

at the end of the relevant sentence or phrase. The full details of the source are provided
in a references section (or bibliography) at the end of the essay or report. These details
should include the authors’ names and enough details for readers to find them for
themselves. There are various free online and downloadable tools to help you keep

track of references and to create a properly formatted bibliography (e.g. Zotero, Citation
Machine). However, even though these tools will do much of the work, you still need

to check the end result and proofread it, particularly when it comes to consistency

in references.

Referencing

An important part of communicating in science is acknowledging the sources of information

you have used to obtain and make sense of your findings. Correct acknowledgement of where

you have sourced or collected data from is very important. When acknowledgement is not

given, it can appear as if you are trying to pass off the work of other people as your own.

This is called plagiarism.
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There are many referencing styles that can be used to acknowledge sources. You should
always check your assessment details to see whether a particular style of referencing is
required. If not, two common referencing styles used in science are:

e Harvard-style referencing
¢ APA (American Psychological Association) referencing.

Whichever style you select, make sure you stick to it and only use one style consistently —

do not mix and match different referencing styles.

In-text references are used each time you write about, refer to or quote the work of in-text references
references that appear
in the flow of body
text; also known as

others in the body text of your response. These references are placed next to, or within,
the flow of text or information in your response that has come from an external source.

A final reference list or bibliography should be included at the end of every scientific citations
report. This is the full list of sources you have used in your research. Each referencing bibliography
style has specific conventions for how in-text references and references lists are presented. a detailed list of all

Different sources of information (e.g. a website versus a book) can have slightly different references used

conventions. Many universities have online referencing guides that explain the conventions
used in different reference styles. An example of APA style for an in-text reference and the
corresponding entry in the references list is shown in Figures 2 and 3.

Publication year
Writing in scientific reports should be clear and concise (Incognito & Doe, 2023).

Author(s) last name

FIGURE 2 Example of an in-text reference (citation) from a journal article using APA 7 style

Author initials

Publication year Title of journal that the article appears in (in italics) Start page—end page

Digital object identifier

Incognito, M.G. & Doe, J. (2023). How to reference in a scientific report. = Journal of Scientific Posters, = 23(2), 246-53. https://doi.org/10.0000/abc1234567

Author(s) last name Title of article Volume number (issue number)

FIGURE 3 How to list the referenced (cited) journal article from Figure 2 in a references list using APA 7 style

Check your learning 1.9

g Check your learning 1.9: Complete these questions online or in your workbook.

Retrieval and comprehension d a statement explaining whether the hypothesis

1 Identify which section of a scientific report was supported or refuted. (1 mark)

features the following: 2 Describe how scientific writing differs in style

a the hypothesis (1 mark) from other kinds of writing. (1 mark)

b interpretation of results (1 mark) 3 Explain the purpose of a list of references at the

¢ suggested improvements that could be made end of a scientific report or essay. (1 mark)

to the investigation (1 mark) 4
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4qAnalytical processes a “We hypothesised that tomato plants treated

4 For each of the following statements, identify with fertiliser would have a faster rate of

2
how the statement has not adhered to scientific growth compared to untreated tomato plants.
writing conventions and propose how the (2 marks)

statement could be rewritten to be scientific. b “The results of the experiment proved the
hypothesis.” (2 marks)

Lesson 1.10
Preparing for your data test

Key ideas

— The data test is an assessment that gets you to apply understanding, analyse data and
interpret evidence.

— You can prepare for your data test by completing practical work, skill drills and
data drills.

Learning intentions .
and success criteria oxfordd |9|ta| E ) The rest of this lesson is available on Oxford Digital.

Lesson 1.11
Conducting your student
experiment

Key ideas

— Your student experiment requires you to modify an experiment and address your own
related hypothesis or question.

— You will research and plan your experiment, analyse, interpret and evaluate your
evidence, and communicate your findings.

Learning intentions o g
and suciess criteria OO CISHEIRIY The rest of this lesson is available on Oxford Digital,
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Lesson 1.12
Conducting your research
investigation

Key ideas

— There are two parts to the research investigation: obtaining secondary evidence for
your research question through scientifically credible sources and then, based on the
research you have conducted, reaching a justified conclusion about whether your
findings support the claim.

forddicital > . . . . Learning intentions
oxiordaigita The rest of this lesson is available on Oxford Digital. and success criteria

Lesson 1.13
Preparing for your exams

Key ideas

— There are a range of habits you can practise to maximise your success in exams.

— Cognitive verbs tell you what information you need to provide in your answer to
a question.

o ¢ Learning intentions
{0 olleNEIRIN The rest of this lesson is available on Oxford Digital. and success criteria
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Lesson 1.14
Review: Biology toolkit

Ssummary

-
~

Biology is the study of living organisms.

Studying Biology can lead to a diverse range of career pathways.

QCE Biology is divided into units and topics.

The science inquiry skills and their application are important for success in QCE Biology.

First Nations peoples are the traditional custodians of the land we know now as Australia.

First Nations peoples have longstanding scientific knowledge.

Correctly acknowledging cultural and/or language groups, rejecting deficit discourse, avoiding
Eurocentrism and critically evaluating sources of information can help you to respectfully engage with
First Nations perspectives in QCE Biology.

A hypothesis is a statement that attempts to answer a question raised by observations and can be tested
by experimentation.

The scientific method is a way of testing a hypothesis through controlled experimentation.

Primary data is data you collect firsthand; secondary data is data collected by someone else.

There are many different types of investigations you can run to collect data.

Before conducting research, scientists must consider whether the investigation is safe and ethical, and
the potential impacts it might have on the environment.

There are many ways to collect primary and secondary data for an investigation.

Sampling is way to select subjects for an investigation. Common sampling techniques are random
sampling, systematic sampling and stratified sampling.

Microscopy techniques are important in biological science.

Tools such as information and communication technology, scientific texts, databases and online sources
can be valuable in generating primary data and/or collating secondary data for an investigation.

Data collected for an investigation should be systematically recorded.

Translating information between graphical, numerical and/or algebraic forms is important in Biology.
Mathematical techniques can be used to summarise data and help identify relevant trends, patterns,
relationships, limitations and uncertainty.

Data can be presented and communicated in many formats.

Data and reasoning can be used to discuss and evaluate the validity and reliability of evidence.
Sources of information should be evaluated before being used to support scientific research.

If limitations or uncertainty in data have been identified, the researcher should suggest how these can be
minimised in future research.

Peer review ensures the work of research scientists is evaluated and of high quality prior to publication.
Evidence can be used to construct scientific arguments.

Scientific arguments and evidence can be used to a draw conclusion, which is a short summary of the
findings of an investigation in response to the investigation hypothesis.

There are many ways to communicate scientific information.

Correctly acknowledging sources using referencing conventions is important part of scientific
communication.

The data test is an assessment that gets you to apply understanding, analyse data and interpret evidence.
You can prepare for your data test by completing practical work, skill drills and data drills.
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own related research question.

communicate your findings.

*  Your student experiment requires you to modify an experiment you have conducted and address your

*  You will research and plan your experiment, analyse, interpret and evaluate your evidence, and

There are two parts to the research investigation: obtaining secondary evidence for your research
question through scientifically credible sources and then, based on the research you have conducted,
reaching a justified conclusion about the whether your findings support the claim.

e There are a range of habits you can practise to maximise your success in exams.

* Cognitive verbs tell you what information you need to provide in your answer to a question.

Review questions 1.14A Multiple choice

Review questions: Complete these questions online or in your workbook.

(1 mark each)

1 “Koalas are adapted to their environment.” This
statement communicates that
A due to features that they possess, koalas are able

to survive in most environments.

B koalas developed special features that they
needed in order to survive in their environment.

C koalas are able to develop features that make
them better suited to the environment should
the need arise.

D due to features that they possess, koalas are well
suited to the environment in which they are
naturally found.

2 Which of the following statements best describes the
relationship between a hypothesis and an experiment?
A The results of an experiment may support a

hypothesis.

B The results of an experiment are needed for a
hypothesis to be formed.

C A hypothesis cannot be formed unless
experimental evidence is available.

D An experiment is designed to show whether a
hypothesis is supported or not.

Use the following information to answer questions 3 and 4.

A biologist is interested in a certain chemical
compound (compound X) that might be used to
promote the growth of plants.

To test the effect of compound X on plant growth, the
biologist planted three groups of plants of the same
species (50 plants in each group) and watered each
plant with the same weighted quantity of rainwater or
solution of rainwater and compound X. The results of
the investigation are summarised in the table.

OXFORD UNIVERSITY PRESS

Average
Watered No. N.O'. weight of
Group . dead surviving -
with lants lants surviving
P P plants (g)
I Rainwater 3 47 310
II 1% compound 12 38 420
X in rainwater
III 2% compound 26 24 410

X in rainwater

3 Which of the following could explain the difference
in average weight of the surviving plants in groups I
and II?

A Compound X stimulated the growth of some
plants.

B Compound X caused the death of some plants,
which may have been the smaller ones.

C Compound X caused the death of some plants,
which left more room for the rest to grow.

D All of the above could explain it.

4 In considering the causes of death of the plants in
all groups, which of the following seems the most
reasonable interpretation?

A The deaths could not have been due to
compound X because some group I plants died.

B Compound X can kill plants but the lethal
concentration (that required to kill) varies with
individual plants.

C Twice as many plants died in group III as in
group II because they were given twice as much
compound X.

D Compound X caused the death of plants in
groups II and III, but the amount applied to
different plants must have varied.
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A researcher is recording the length of gum leaves
on a eucalyptus branch. The lengths of the leaves
are as follows: 10.3 cm, 9.8 cm, 10.4 cm, 7.8 cm,
9.3 cm and 7.6 cm. What is the mean length of gum
leaves on the branch?

A 9.2cm

B 9.6 cm

C 9.2 mm

D 9.6 mm

Which of the following » values indicates the
strongest correlation?

A +0.8

B +0.7

C -0.9

D -0.6

Which of the following investigation types involves
a researcher manipulating variables to determine
whether a cause-and-effect relationship exists?

A case study

B descriptive investigation

C correlational investigation

D experimental investigation

Provisioned to Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

8 Which of the following statements is correct?

A Random errors reduce the precision of data, while
systematic errors reduce the accuracy of data.

B Random errors increase the precision of data,
while systematic errors reduce the accuracy
of data.

C Random errors increase the accuracy of data,
while systematic errors reduce the precision
of data.

D Random errors reduce the precision of data,
while systematic errors increase the accuracy
of data.

In which section of a scientific report are

limitations identified and suggested improvements

recommended?

A Method

B Conclusion

C Discussion
D Introduction

10 Which of the following summary statistics relates to

the spread of data around the mean?
A mean

B range

C variance

D standard deviation

Review questions 1.14B Short response

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension .

11 Describe the scientific method in three steps. 120 °° . o :. *
(3 marks) g e o o o

12 Explain the importance of a logbook during a = 1o ¢ °°
student experiment. (1 mark) Eo 19 . ‘ : o ‘ .

13 Define validity. (1 mark) En 7 ¢ o0 0

80 e o o oo
Analytical processes 0 *e oo 0

° o o °
L\ T T T T T T T T T T
50 60 70 80 90 100 110 120 130 140
Length of stride (cm)

14 A student noticed that there seemed to be a direct
relationship (correlation) between the length of a

person’s leg (measured in centimetres from the hip

joint to the base of the ankle) and the length of their a Deduce what hypothesis the student was
testing. (1 mark)

b Identify the IV and DV in the experiment.

stride. To check the accuracy of this observation,
the student measured the leg length and stride of

several people. A sand area with a base board was
set up. The subjects aligned the tips of their toes
with this board and stepped into the sand. Length
of stride was measured as the distance from the base
board to the back of the heel marking in the sand.
The results were plotted on the graph shown.

(2 marks)

¢ Explain whether this was a controlled
experiment. (1 mark)

d Determine what scientists call the
measurements shown on the graph. (1 mark)

e Explain why the results were presented
graphically. (1 mark)
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f Determine the range of lengths of stride
recorded for people with legs 90 cm long.
(1 mark)

g Divide the graph into four equal boxes to give
four categories: short leg, short stride; short leg,
long stride; long leg, short stride; and long leg,
long stride. Count the number of people in each
category. Determine which boxes most people
fit into. (1 mark)

h Reflect on the hypothesis. Was it supported?
(1 mark)

i Identify a possible extraneous variable in this
experiment. (1 mark)

j Describe two ways this experiment could
be improved to give a more accurate
interpretation. (2 marks)

Knowledge utilisation

15 A student germinated 50 oat seeds. Once
germinated, the height of each seedling was
measured every 2 days for 26 days. The mean
height of the seedlings was calculated for each set of
measurements. The results are shown in the table.

Time (days) Mean height (mm)
0 1
2 2
4 4
6 11
8 24
10 43
12 73
14 92
16 105
18 112

20 117
22 122
24 124
26 126

OXFORD UNIVERSITY PRESS

a Deduce how the student determined the
mean height for each set of individual heights.
(1 mark)

Construct this data as a graph. (3 marks)
¢ Determine the rate of growth on:

i day 3 (1 mark)

ii day 15 (1 mark)

iii day 22. (1 mark)

d Interpret the data to draw a conclusion about
the growth of oat seedlings over this period.
(1 mark)

e Judge the reliability of the data. Explain your
answer. (2 marks)

f Predict the mean height of the oat plants on
day 28 from this data. Explain your answer.
(2 marks)

16 School ovals are primarily well-maintained grass
with heavy usage during school terms. The ovals
are not used during school holidays, so weed and
grass growth changes.

a Design an experiment to determine the
percentage cover of grass on the school oval
during term time and school holidays. (4 marks)

b Draw any equipment used and explain what
and how outcomes will be measured to achieve
consistent results. (4 marks)

¢ Write up a method and identify any
uncontrolled variables. Describe how they
might affect the validity and reliability of your
results. (4 marks)

Module 1 checklist: Biology toolkit
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Unit 3 overview

In Unit 3, students explore the ways biology is used to describe and explain: the biodiversity within ecosystems;
arange of biotic and abiotic components; species interactions; adaptations of organisms to their environment; 1
principles of population dynamics; and how classification systems are used to identify organisms and aid scientific )
communication. An understanding of the structure of ecosystems, the processes involved in the movement of ?
energy and matter in ecosystems, and how environmental factors limit populations is essential to appreciate

the dynamics, diversity and underlying unity of these systems. Students investigate the interactions within

and between species, and the interactions between biotic and abiotic components of ecosystems. They also
investigate how measurements of abiotic factors, population numbers, species diversity and descriptions of
interactions between species can form the basis for spatial and temporal comparisons between ecosystems.
They examine and analyse data collected from fieldwork to understand the interconnectedness of organisms, the
physical environment and the impact of human activity.

Unit objectives
1 Describe ideas and findings about biodiversity and populations, and functioning ecosystems and succession.
Apply understanding of biodiversity and populations, and functioning ecosystems and succession. -
Analyse data about biodiversity and populations, and functioning ecosystems and succession. e PR
Interpret evidence about biodiversity and populations, and functioning ecosystems and succession. :

u b W N

Evaluate processes, claims and conclusions about biodiversity and populations, and functioning ecosystems
and succession.

6 Investigate phenomena associated with biodiversity and populations, and functioning ecosystems and
succession.

Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Unit 3 Topics

Topic Module
Topic 1 Biodiversity and populations Module 2 Biodiversity
Module 3 Populations
Topic 2 Functioning ecosystems and succession Module 4 Functioning ecosystems

Module 5 Succession
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Ecosystems are classified based on both the biotic (living) and abiotic (non-living)
factors that exist at the location. Factors within these ecosystems determine the <
distribution and abundance of the organisms that live there. Scientists have developed
several methods of observing the distribution and abundance of species, in order to y
effectively manage ecosystems and protect biodiversity. ‘ l /
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) Subject matter
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4

Science understanding

— Describe genetic, species and ecosystem diversity.

— Describe the biological species concept and identify its limitations.

— Identify the major taxa in the Linnaean system of biological classification and
explain how it is used to classify and name species.

— Use dichotomous keys to identify and classify organisms.

— Use the Lincoln index (N = M,;; ") to estimate the size of a population.
— Determine the diversity of species using measures such as species richness,

evenness (relative species abundance), percentage cover, percentage frequency and

Ynln — 1))
NIN-1D
— Describe how sampling can be used to investigate the species diversity of a given

area, considering the most appropriate

Simpson’s diversity index, SDI = 1 — (

— sampling method: random, systematic, stratified

— sampling technique: quadrats, line transect, belt-transect, capture-recapture

— strategies to minimise bias: size and number of samples, random-number
generators, counting criteria, calibrating equipment and noting associated precision

measure/s of diversity.

A
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— Describe how the distribution and abundance of species in an ecosystem are
influenced by
— biotic factors — food availability, competition for resources, predation, disease
— abiotic factors — space, shelter, availability of water, nutrients, environmental

conditions.

— Explain that ecosystems are composed of varied habitats, including microhabitats,
which may impact the distribution of species (e.g. uniform, random or clumped),
and therefore the validity and reliability of different sampling methods/techniques.

— Interpret data from an experiment investigating how abiotic factors affect the
distribution, abundance and/or biodiversity of species in an ecosystem.

— Interpret data to classify and name ecosystems using Specht’s classification system
and the Holdridge life zone classification scheme.

Science as a human endeavour

Appreciate that

— there are multiple definitions for species, and each has limitations. Examples include
the biological species concept, phylogenetic species concept, ecological species
concept and morphological species concept.

Science inquiry

— Use the process of stratified sampling to

— identify different habitats within an ecosystem

— investigate changes to abiotic factors in different strata

— investigate changes to community composition in different strata, e.g. layers of
a forest

— infer species interactions within and between strata
— classify an ecosystem.
— Investigate
— how abiotic factors affect the distribution and/or abundance of species in
an ecosystem
— changes in species composition along an environmental gradient
— how environmental factors affect the global distribution of ecosystems
— how the process of classifying ecosystems allows for effective ecosystem
management.
— Compare species diversity in two spatially variant ecosystems of the same

classification.
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

UNIT 3 BIODIVERSITY AND-THE INTERCONNECTEDNESS OF LIFE



'(Aust) Pty Ltd on 13/08/2025 under licence.

N\ Egrage

e o |
Practicals | -
. o
N Do) (slo[le[ICIRA These lessons are available on Oxford Digital.
»
Lesson 2.11 Analysing vegetation patterns using a line transect
\ Lesson 2.12 Stratified sampling of vegetation patterns
A Lesson 2.13 Quadrat sampling to estimate distribution and abundance

Lesson 2.14 Comparing species diversity in two spatially variant ecosystems
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Lesson 2.1
Understanding biodiversity

Key ideas

— The unique combination of biotic and abiotic factors within an ecosystem creates
biodiversity.
— Diversity exists between different species in an ecosystem.

— Variation of the genes in individuals of the same species creates diversity within
the species.

Biodiversity

Organisms (living things) exist in a variety of environments. They can be found in water,
on land, in the air, in the soil or even inside or attached to other organisms. Some organisms
have even been found in environments that we would consider uninhabitable. Each type

of organism has special structures and behaviours (adaptations) that help it obtain food

and water and avoid predation, to survive in its environment. Because ecosystems vary so
much, organisms have developed a myriad of adaptations to best fit their environment. When
studying or managing an ecosystem, it is important to know the types of organisms that make
up the community, their needs for survival and how they interact with the world.

FIGURE 1 Different organisms can live in a variety of environments, including (A) land, (B) the sea and even
(C) on another organism.

©

Learning intentions
and success criteria

organism

an individual living
thing, such as a plant,
animal or bacterium

environment
the conditions (biotic
and abiotic) in which
an organism lives

adaptation

a physical or
behavioural feature

of an organism that
enhances its ability to
survive and reproduce
in a particular
environment

ecosystem

a biological community
of interacting
organisms and their
physical environment

community

all the species that
occupy a particular
place at a given time
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biodiversity

the range of living
organisms and their
environments

species

the most specific
taxonomic group
containing very closely
related organisms;
allocated two (genus
and specific) names;
members of the same
species can produce
fertile offspring when
mating under natural
conditions

species diversity
the number of species,
and the relative
abundance of each
species, in a community

genes

segments of DNA
that are passed from
parent to offspring
and determine the
attributes of an
individual

genetic diversity
the variety of different
genes and alleles in a
species or population
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The term biodiversity refers to the variety of life, from the smallest microbe to the
largest animals and plants, including the genetic material that gives them their specific
characteristics, and the ecosystems in which they survive. In this lesson we will explore the

three levels of biodiversity:

e ecosystem diversity. i i l

e species diversity
e genetic diversity

Species diversity Genetic diversity Ecosystem diversity

Variation of
environment
and communities
within ecosystems

Variation of species
in a community

Variation of genes
within species

FIGURE 2 The three levels of biodiversity

Species diversity

A species is a group of organisms with similar characteristics that can mate and produce
fertile offspring. Species diversity is the variety and abundance of different species within
an ecosystem. In a natural ecosystem, there is usually a high level of diversity of species. The
most diverse ecosystems on Earth are tropical rainforests and coral reefs. Factors such as high
availability of resources, shelter and nutrition enable these locations to maintain a high diversity
of species, from the trees and corals that epitomise these ecosystems to the many species of
animals that live in, on and around them. For example, different species of fish, shrimp,
starfish, coral and turtles can thrive in the reef and many species of birds, insects, mammals
and plants can thrive in the rainforest. A rich variety of microbial species (e.g. bacteria) also
inhabit every possible region of these environments. Species diversity relates to the wide array
of organisms present in an area, as well as the diversity between closely related species, such as
the Ulysses and birdwing butterflies in the Daintree rainforest in North Queensland.

FIGURE 3 The closely related (A) Ulysses butterfly and (B) birdwing butterfly of the Daintree rainforest are
evidence of species diversity.

Genetic diversity

Every individual has a unique set of genes, which create unique attributes for that individual.
This unique combination of genes creates genetic diversity, the variation of genes within

a species. This variation of genes within a species is the result of mutation (a change to the
structure of a gene, which may lead to a change to the attribute that the gene expresses) as
well as the exchange of different genes through sexual reproduction. You will learn more
about the inheritance and mutation of genes in Unit 4.
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FIGURE 4 All these dogs belong to the same species, Canis lupus familiaris, but they look different because of
genetic diversity.

Ecosystem diversity

An ecosystem is a system made up of a community of organisms within a geographical

area and their interactions with each other and the environment. Ecosystem diversity is ecosystem
. . .. . . . iversi
the variety of habitats, communities and ecological processes that exist between different dive sity .

i . the variety of habitats,
ecosystems. There are seven main types of ecosystems on Earth: terrestrial, forest, grassland, communities and
tundra, desert, freshwater and marine ecosystems. Every ecosystem varies, due to abiotic ecological processes

. . . . o . ithin and between
or “environmental” factors, such as temperature, rainfall, sunlight availability and soil type, :/cosystems W
as well as biotic or “living” factors, such as the types of organisms in a specific region. This
abiotic

means that each main type of ecosystem can be broken down even further, into more specific . )
. . X the non-living physical
categories. Three examples of more specific forest categories are: factors within an

e tropical rainforests — defined by their proximity to the equator and large amounts of environment that
infall affect an organism’s
raimnta ability to survive

¢ montane forests — defined by mountainous regions

biotic
e sclerophyll forests — defined by trees with hard, leathery, evergreen leaves (e.g. eucalypts) the living components
that are adapted to areas with lower, more erratic rainfall. of an ecosystem
This diversity of ecosystems provides unique interactions for different species, which
drives the species diversity that exists within a specific ecosystem.
FIGURE 5 Three examples of forest categories: (A) tropical rainforest, (B) montane forest, (C) sclerophyll forest
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Check your learning 2.1

Check your learning 2.1: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Summarise the three levels of biodiversity.

(3 marks)

2 Identify abiotic factors that may vary between

two wetland ecosystems. (4 marks)

Knowledge utilisation

3 The table shown on the right lists some abiotic
factors in two estuarine environments (where a

river meets the sea).

a Deduce which level of biodiversity this

demonstrates. (1 mark)

b Use the information in the table to determine
which abiotic factor would most likely affect
the species diversity of these ecosystems.

Justify your choice. (2 marks)

©

Learning intentions
and success criteria

biological species
concept

a concept that defines
a species as a group of
similar organisms that
are able to interbreed
to produce viable,
fertile offspring

reproductive
isolation

the inability of
different populations
or species to
interbreed due to
behavioural, structural
or physiological
differences between
the organisms

Lesson 2.2

Abiotic factor
Location

Temperature (°C)
Salinity (ppt)
pH

Dissolved oxygen
(mg/L)

Turbidity (NTU)
Water depth (m)

Estuarine
ecosystem 1

Moreton Bay,
Qld
22-28

25-35
7.5-8.1
6.5-8.5

4-15
1-5

Estuarine
ecosystem 2

Botany Bay,
NSW
18-24
30-35

7.6-8.0
6.0-7.5

5-20
0.5-6

4 Large areas of native forest in Queensland
have been logged and replaced by monoculture

(growing one crop) pine plantations. Discuss
the impact this process would have on

the biodiversity of the area at each level of
biodiversity. (3 marks)

The biological species concept

Key ideas

— The biological species concept is the most common method of classifying a species.

— Alternative definitions of species are required for asexual organisms, fossils and hybrids.

— All definitions of species have limitations.

Understanding the biological species concept

The basic unit of biological classification is the species. The word “species” comes from
the Latin word for kind. It is written in the same way in both singular and plural. The

biological species concept is the most-used definition of a species. It defines a species as
a group of similar organisms whose members can interbreed with each other in their natural

environments to produce viable (living), fertile (can breed) offspring. This implies that two
different species cannot interbreed to produce fertile offspring, meaning they experience

reproductive isolation.
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Reproductive isolation may result from:

e different types of behaviour, including
different mating rituals (e.g. the visual and
vocal displays of many bird species) or
different mating times, including different
times of day or different seasons

e different mating seasons (e.g. one species
breeds during summer and another breeds
during winter)

e different orientation or structure of the sex
organs (e.g. different Drosophila fruit fly species

have different penis structure) hybrid
 different arrangements of the genetic material (nucleic FIGURE 1 A peacock spider  a plant or animal that
. s performing a mating dance is heterozygous for a
aCld) within the cells. particular trait; results
While organisms that are closely related but not the same species have been known from a Cr}‘l’ss between
. . oo o . . . . . . . parents that are
to interbreed, often in artificial situations (e.g. lions and tigers in zoos), their offspring, a genetically unalike for
hybrid, will typically be sterile. that trait

FIGURE 2 Examples of hybrids: (A) a liger (cross between a male lion and a female tiger) and (B) a mule (cross between a male donkey
and a female horse)

Limitations of the biological species concept

Although the biological species concept works well with extant (currently living), sexually extant

reproducing animals, it presents some problems in classifying many other organisms. currently living or

existing

Fossils and extinct organisms

Fossils are the remains and/or impression of dead organisms embedded in the rock record.
Because fossils are no longer alive, they cannot be classified on the basis of their ability to
reproduce. Many partial fossils are discovered separately (such as leaves and flowers), so
it is common for each to be given a different species name, then later found to be the same
species. As more fossils are discovered, species identifications evolve.

OXFORD UNIVERSITY PRESS MODULE 2 BIODIVERSITY 73

This work must not be reproduced, stored, transmitted or circulated in any other form.



asexual
reproduction
reproduction without

fertilisation, leading
to the formation of
offspring that are
genetically identical to
the parent

apomixis

in plants, asexual
development of seeds
or embryos

parthenogenesis
in animals,
development of an
embryo from an ovum
without fertilisation

74 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

0 Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Asexual reproduction

Bacteria, archaea and several unicellular eukaryotes do not form gametes such as eggs or
sperm and do not exchange genetic material through sexual reproduction. Instead, these cells
produce genetically identical clones of themselves via asexual reproduction. Because of
this, their ability to reproduce in natural conditions with other similar individuals to produce
viable, fertile offspring cannot be tested. As a result, the biological species concept definition
cannot be used for these organisms.

FIGURE 3 A green alga undergoing asexual reproduction

Apomixis

Many multicellular, sexually reproducing eukaryotes are also able to undergo asexual
reproduction under certain circumstances. One form of asexual reproduction is apomixis,
which is the ability of an embryo to develop without fertilisation. In animals, this process

is called parthenogenesis. Parthenogenesis can also occur in plants, in another form of
apomixis where the embryo develops from the cells of the ovule instead of the egg cell.
This asexual process means that traits favourable for survival are passed on, but there is no
variation provided through the process of fertilisation.

FIGURE 4 (A) Sea stars, (B) Komodo dragons and (C) aphids are examples of eukaryotic organisms that can
reproduce via parthenogenesis.
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Ring species

If a species evolves around a geographic barrier in a ring-like way, the adjacent populations
that live within close proximity to each other around the barrier can interact regularly. Due

to this regular interaction, these close neighbouring populations are capable of sexually
reproducing even if the populations develop slight genetic variations due to their environment.
However, the more isolated the populations are around the barrier or “ring”, the more
genetically different they can become. Eventually, when two populations of a species converge
again at the end of a barrier, they may have evolved to be so genetically different that they are

unable to produce viable fertile offspring. These are known as ring species. ring species

. . . . .. ies of lati
For example, seven linked populations of the salamander species Ensatina eschscholtzii A series of popurations
within a species where

interbreed around the Central Valley in California, which acts as a geographic barrier each population
separating populations of the species (Figure 5). These seven populations of Ensatina interbreeds with

the neighbouring

o ; populations, but the
characteristics as the species evolved around the Central Valley. At the two ends of the base end populations differ

of the Central Valley are E. e. klauberi and E. e. eschscholtzii, which cannot interbreed. This significantly and are
unable to interbreed.

eschscholtzii are thought to have evolved from a common ancestor and have developed unique

means that while there is only one species at most points of the ring, the two populations that
meet at the end of the barrier may be considered separate species, making the differentiation
of species ambiguous.

E. e. oregonensis

E. e. platensis

Geographic barrier

E. e. eschscholtzii

x Aubéri =

C. .
annot interpreed

FIGURE 5 The neighbouring populations in this ring can reproduce with each other. However, two populations
that converge at the base of the geographic barrier (E. e. eschsholtzii and E. e. klauber?) cannot interbreed.

Infertile organisms

Many social insects (e.g. bees, ants, termites) have different castes of males, fertile females
and infertile females. For example, many of the ants in a colony are worker ants that are
unable to reproduce. It is thought that the role of the ants is determined by the quantity and
composition of food given to the larvae. Because some individuals of the species are unable to
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FIGURE 6 A fertile
queen ant surrounded
by infertile females
(worker caste)

variety

a group that has a
set of characteristics
distinct from other
varieties within the
same species, e.g.

a poodle and

a Great Dane

geographic
isolation

when a physical barrier
prevents interbreeding
between members of
different populations
of a species

subspecies

a taxonomic rank
immediately below a
species; a population
that is genetically
isolated from other
populations of the
same species in a
particular geographic
region, often capable
of interbreeding
successfully where
ranges overlap
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reproduce, they would not meet the description of a species in
the biological species concept, as they cannot interbreed with
other members of their species.

Varieties and subspecies

Members of a species may differ, but not enough
to be considered separate species. They are
placed into categories called varieties. For
example, British shorthairs and Siamese are two
varieties of the same species of cat (Felis catus).
These different varieties may have differences in
appearance, but they can interbreed freely. In other
situations, members of a particular species may be
reproductively isolated because they live in different
places with limited overlap between their ranges. Those
members at the far ends of the range are geographically
isolated. These groups have adaptations (e.g. different
colour patterns) that make them better suited to their particular
habitats, but they still belong to the same species because they
are most often capable of interbreeding. Biologists term these groups
subspecies. They are distinguished from varieties beecause they are geographically
isolated. This isolation increases the potential of subspecies to form new species, because
genetic variation and adaptations are more likely occur in response to different environmental
pressures.

FIGURE 7 Two varieties of Felis catus: (A) a British shorthair and (B) a Siamese cat

Ring species (as discussed earlier) are now considered to be subspecies of a single species.
Crimson, yellow and Adelaide rosellas, for example, were once considered separate species
but are now classified as one species of rosella, Platycercus elegans. The crimson rosella in
Queensland is Platycercus elegans nigrescens, but in eastern NSW and Victoria it is Platycercus
elegans elegans. The yellow rosella is Platycercus elegans flaveolus and is found along the Murray
River, while the Adelaide rosella, Platycercus elegans fleurieuensis, is found in the Adelaide
region (Figure 8).
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FIGURE 8 Subspecies of the crimson rosella include the crimson rosella (found along the eastern side of the Great
Dividing Range), the yellow rosella (along the Murray River) and the Adelaide rosella (Adelaide region).

Real-world biology

Multiple definitions of species

There have been many attempts to establish an all-
embracing definition of species. Some definitions
refer only to fixed characteristics, mate recognition,
genetic similarity or environmental requirements.
In each case, some organisms do not fulfil all
requirements of the definition.

Microraptor demonstrates the difficulties of
classification. Fossils of this small, feathered
dinosaur have been dated back to the Early
Cretaceous period, approximately 120 million years
ago. Microraptor is known for its unique combination
of avian (bird-like) and reptilian traits, which makes
its classification difficult.

Using the biological species concept is not
possible for Microraptor, because there is no way to
study its ability to interbreed and produce fertile
offspring. For this reason, alternative concepts or
definitions of species must be considered. Similarly,
the ecological species concept, which considers an

OXFORD UNIVERSITY PRESS

organism’s role within an ecosystem, cannot be used
for an extinct species.

The phylogenetic species concept defines a
species as the smallest group of similar organisms
that share a common ancestor. This can be used to
help distinguish Microraptors from other organisms,
as its unique characteristics suggest a close
relationship with both birds and therapod dinosaurs.
The lack of clear information for Microraptors and
other, probably closely related species, such as
genetic information, still makes this classification
difficult and inaccurate.

The morphological species concept provides the
method of classifying Microraptors. This concept
defines a species based on shared physical traits.
Given the unique combination of long feathers
and reptilian features, scientists have classified
Microraptor separately from birds and therapods.
This method may still lead to confusion, however, [
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< as more fossils with similar features are
found. This is seen in specimens such as
Cryptovolans, whose classification and
distinction from Microrapror is still debated.

Each species concept provides a

method of classifying organisms based
on a variety of factors. However, each of
these definitions is limited, especially when
applied to extinct organisms, where direct
reproductive and genetic data cannot be
collected.

Apply your understanding

1 Summarise each species concept in
your own words. (3 marks)

2 Evaluate the use of the morphological
species concept in fossils such as
Microraptor. (2 marks).

FIGURE 9 The fossils of dinosaurs, such as this Microraptor, show
similarities in their skeletal structure and physical appearance, but cannot be
used to determined species based on reproductive success.

3  “Microraptor is considered an evolutionary stepping stone between dinosaurs and birds.” Construct a

research question that could address an aspect of this claim. (1 mark)

Check your learning 2.2

Check your learning 2.2: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Define “species” in terms of reproductive
isolation. (1 mark)

2 Identify three limitations of the biological
species concept. (3 marks)

3 Explain why lions and tigers are considered
different species despite their ability to produce
offspring. (1 mark)

4 Describe how a ring species presents difficulties
in determining a species using the biological
species concept. (2 marks)

5 A farmer bought two mules (a hybrid between
a horse and a donkey) with the intention of
breeding them. Explain why the farmer may not
succeed. (1 mark)
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Analytical processes
6 Deduce why it may be difficult to determine
whether the following two groups of organisms
are the same species. (3 marks)
a 'The African plant genus Acacia and the
Australian genus Acacia
b The variety of bacteria in the human intestine
¢ The fossilised remains of a pine tree, and
the modern-day Woolamai pine found in
Australia.

Knowledge application

7 “Biological classification is a dynamic and evolving
process that keeps changing as our understanding
of living organisms changes.” Justify this
statement, with two examples. (2 marks)

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Lesson 2.3
Linnaean classification

Key ideas

— Organisms are classified using hierarchical systems.

— Modern-day classification is based on the Linnaean system and considers physical as
well as genetic similarities.

— Scientists use a consistent naming system to aid communication in biology.

— The method of classifying organisms depends on the purpose of classification, and the
classification changes as new information is discovered.

Hierarchical classification @
Humans characteristically name and group objects together to make sense of the world and Learning intentions
communicate effectively with others. The more specific the object, the greater the detail in and success criteria

which it is described. For example, consider non-identical twins, a brother and sister, who
go to Billabong High School. They are in Year 12 and study Biology. Specifically, they are

hierarchical
relating to grouping

Mirabelle Marconi (who has blue eyes) and Joshua Marconi (who has green eyes). This things from general to
description or grouping started as general (they both go to Billabong High School, are in very specific subgroups
Year 12 and study Biology), before becoming specific (their eye colour). This method of classification
grouping from larger general groups to specific detailed groups is termed hierarchical, the grouping of

organisms based on
.. . e . their similarities in
similarities is known as classification. morphology, anatomy

with groups within groups. Arranging things into groups according to their observed

and biochemistry

Students at G !
Billabong High School enera
* > Herbs
Year 12 students at
Billabong I;hgh School . Plants 1 Shrubs
Year 12 Biology students = Trees
x
+ + = Terrestrial
Green eyes Blue eyes
* * Y “» Animals —»  Aquatic
Joshua Marconi Mirabelle Marconi Specific Ly Akl
FIGURE 1 A hierarchical classification of students at Billabong High School FIGURE 2 Aristotle’s classification of organisms
In 300 BCE, the Greek philosopher Aristotle developed a biological system of
classification. He distinguished two major groups: plants (herbs, shrubs and trees) and
animals (according to where they lived, i.e. land, water or air). Since this time, there has been
a massive expansion in knowledge of the different types of organisms and the means by which
biologists can study them. This has led to the development of different classification systems.
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taxonomy

the science of naming
and classifying living
things

taxon

any group in a
biological classification
into which related
organisms are
classified (e.g. phylum,
class); plural zaxa

genus
a classification
category between
family and species;

the first part of the
scientific name of an
organism; plural genera

family

a subdivision within
an order, in the
classification of living
things

order

a subdivision within
a class, in the
classification of living
things

class

one of the groups used
in the classification of
organisms; consists

of a number of orders
(e.g. animals in class
Mammalia all share
specific characteristics)

phylum

a major classification
group of the animal
kingdom

division

a major classification
group of the plants,
fungi and plant-like
protists

kingdom

a subdivision within
a domain; a group

of organisms with
very general common
features

domain

the broadest
taxonomic group,
based on cellular-level
differences
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Linnaean classification

The science of naming and classifying organisms based on physical and biochemical
characteristics is called taxonomy. This system was devised in the eighteenth century by
a Swedish naturalist, Carolus Linnaeus, and many of the methods he devised are still used
today. He based the classification of plants on reproductive structures and those of animals
on similar physical features — features he could readily see. Each category in the Linnaean
system represents a level of grouping from a large general group (taxon) to a smaller group
with more specific characteristics. With the development of microscopes, it was seen that
many organisms could not be easily slotted into either of the two groups of living things
(plants and animals) that Linnaeus used. Cellular and sub-cellular differences were found,
which led to these general groups being divided up further.

Grouping organisms

In the modern hierarchical system of biological classification, related species are grouped
together into a genus (plural genera), related genera are grouped into a family, related
families are grouped into an order, related orders into a class, and related classes into a
phylum (plural phyla) or division. The term “phylum” is used when describing animals
and the single-celled Protozoa, whereas “division” is used in describing all other types of
organisms (bacteria, plants, etc.).

Related phyla or divisions are grouped together into kingdoms, and kingdoms are placed
into domains. Each of these groups is referred to as a taxon. Within each of these taxa there
may be subdivisions. Thus, a phylum may include several subphyla.

N N
”-N =N
w

Arctocephalus

Species Arctocephalus doriferus (Australian fur seal)

FIGURE 3 The hierarchical arrangement used in Linnaean taxonomy. An example of the hierarchical classification
of an Australian fur seal is shown on the right. All members of the same species share characteristics at each taxon,
from broad (domain) through to very specific (species).
With advances in technology, we have gained a greater understanding of the living world,
with ongoing changes to classification, including the following:
e Until 1866, all organisms were classified into either the plant kingdom or the animal
kingdom.

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

¢ In 1866, all single-celled organisms were grouped into the kingdom Protista. Many of
these single-celled organisms cannot be classified as a plant or an animal.

e In 1938, prokaryotes were moved from the kingdom Protista to the kingdom Monera,
based on their cell structure.

e In 1959, it was found that there were significant differences (e.g. cell wall composition)
between plants and fungi, and so the kingdom Fungi was created.

e In 1977, the kingdom Monera was split into two new kingdoms — Archaebacteria (archaea)
and Eubacteria (bacteria) — based on ribosomal RNA studies and cell wall structure.

e In 1990, the three-domain system (Archaea, Bacteria and Eukarya) was introduced.

TABLE 1 Classification showing separation of the Archaea, Bacteria and Eukarya domains

Domain Archaea Bacteria Eukarya
Kingdom Archaebacteria | Eubacteria Protista Fungi Plantae Animalia
Characteristics Distinguished on the basis of rRNA
and cell wall composition
Cell type Prokaryote Prokaryote Eukaryote Eukaryote Eukaryote Eukaryote
Chloroplasts  Absent Absent Present Absent Present Absent
(in some forms)
Mode of Heterotrophic Heterotrophic or | Autrotrophic Heterotrophic | Autotrophic Heterotrophic
nutrition or chemo- autotrophic (photosynthesis), | (absorption) (photosynthesis) | (ingestion)
autotrophic (photosynthesis) | heterotrophic or
both
Multi- Absent Absent Absent Present Present Present
cellularity (except yeasts)
Locomotion  Absent Absent Present Absent Absent Present
(in most) (in some)
Nervous Absent Absent Absent Absent Absent Present
system (except
sponges)
The many levels, each with its own name, generated by this hierarchical Linnaean system
of classification could result in very long scientific names for every organism. To simplify
this, Linnaeus developed the two-word naming system, called binomial nomenclature binomial
nomenclature

(b1 = two; nomen = name; calator = caller). This two-word naming system is used to designate
the scientific name of each species.

Scientific names

Each species is given a scientific name when it is formally described. The scientific name
consists of the genus name and a specific name. A group of closely related species, most
probably arising from a common ancestor, belong to the same genus. The specific name
indicates the particular species within that genus. The genus name begins with a capital letter
and the specific name is all in lower case. The genus is always placed first in the scientific
name. For example, the lion, the tiger and the leopard have so many common characteristics
that they are placed in the same genus, Panthera. The specific names distinguish between
them:

e the tiger is Panthera tigris

e the lion is Panthera leo

e the leopard is Panthera pardus.
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a method of naming
species of organisms
with two parts: the
generic and specific
names, following
particular formatting
conventions (e.g.
Eucalyptus crebra)

specific name
the descriptive name of
a species
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FIGURE 4 These three species all have strong features in common and are grouped together into the same genus,
Panthera. Their specific names distinguish them from each other: (A) tiger (Panthera tigris), (B) lion (Panthera leo)
and (C) leopard (Panthera pardus).

When referring to a particular group of organisms, it is common to use the genus name.
The word Panthera refers to a particular group of large wild cats. A specific name, on the
other hand, is meaningless when written alone, because it can be used as a descriptor for
many unrelated genera. For example, two unrelated organisms have the specific name alba:
Ardea alba and Eucalyptus alba. Ardea alba is a large white bird that feeds in shallow waters
and swamps in tropical and temperate regions of the world. Eucalyptus alba, with its smooth
white bark, is known as the poplar gum or white gum tree and is found in the tropical regions
of northern Australia.

FIGURE 5 Both these organisms have the specific name alba (referring to their predominantly white colour) but they are not related:
(A) Ardea alba, (B) Eucalyptus alba.
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In a context where there is no possible confusion, the genus name may be abbreviated

to its initial letter. An author discussing a particular species of fruit fly, for example, might
write Drosophila melanogaster as D. melanogaster after the scientific name has already been
mentioned in full.

Common names

Scientific names were originally written in Latin, because that was the common language
of scientists in LLinnaeus’s time. Many organisms also have common names. While common
names may be easier to learn, they can lead to confusion, because different common names
can be used for the same species in different localities. For example, the fish Coryphaena

hippurus (named by Linnaeus in 1758) is known by many common names, including dolphin
fish, dolphin, dorado and mahi-mahi.

FIGURE 6 Coryphaena hippurus has a number of common names, including names shared with unrelated species.
Additionally, common names can be “ B

misleading. For example, the common name for

the bird shown in Figure 7A is the Australian

magpie. This name came from European
settlers, who thought the bird was similar

to the Eurasian magpie (Figure 7B). While
their common names may imply that the two
are closely related, these two species of bird

belong to two different families: Artamidae and
Corvidae. Because a scientific name always
refers to one specific type of organism and is

recognised globally, it avoids the confusion that
can come from using common names. FIGURE 7 Two unrelated birds with the same common name: (A) the
Australian magpie, Gymnorhina tibicen and (B) the Eurasian magpie, Pica pica

Naming organisms

The person who first discovers a species has the right to name it. There are various sources
of scientific names. The scientist may name it after a person (but never themselves), or the
locality in which it was first observed. Many Australian biologists have used words from
Aboriginal and Torres Strait Islander languages. For example, the burramys, the mountain
pygmy possum found in the high country on the NSW-Victorian border, belongs to the genus
Burramys from the place name Burra (near Taralgo, NSW, where fossils of the animal were
discovered) and the Greek mys (= mouse).
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Some biologists have used their sense of humour in naming new species. For example,
members of mosquito genera have been given the specific names of tormentor and
horrida. The Asgard archaea have been given genera names after Norse gods, such as
Thoarchaeota, Lokiarchaeota and Odinarchaeota. These archaea are newly discovered ancient

extremophiles extremophiles from hydrothermal vents on the ocean floor.

organisms that live in
extreme environments

It is more common for a name to be descriptive. The scientific name for the red kangaroo

is Macropus rufus, which gives a physical description: Macropus means “large-footed”
(macros = large; pus = foot) and rufus means “red”.

FIGURE 8 The scientific name of the red kangaroo, Macropus rufus, indicates that it has large feet and is red

in colour.

Check your learning 2.3

Check your learning 2.3: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Define the term “classification”. (1 mark)
2 Classification systems tend to be hierarchical.

Explain the meaning of the term “hierarchical”.

(1 mark)

3 Describe how scientists name a species.
(1 mark)

4 Explain why biologists use scientific names
instead of common names. (1 mark)
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5 Bactrocera tryoni is the Queensland fruit fly.

It lays its eggs in soft-skinned fruit, and when
the larvae hatch they use the ripening flesh for
nourishment to complete their development.
Identify which one of the following organisms
it is most closely related to: Rosana tryoni, Pinuta
dacus, Bactrocera cucumis or Tryoni rosana.
Explain your choice. (2 marks)

Identify the taxon level where two species have
the most features in common. (1 mark)
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9 Listed below are some common Latin and Greek
root words used in naming animals.

Analytical processes

7 Based on your own knowledge of their

characteristics, categorise the animals listed Root word English Derived from
below into groups and subgroups. Scientific meaning Latin or Greek
terms are not required. (4 marks) a- without Greek
baboon, bear, lion, clam, fly, frog, earthworm, -cephalus head Latin
horse, jellyfish, lobster, mosquito, prawn, emu, giga-, gigan- giant Greek
panther, oyster, sparrow, turtle, tuna, whale, leuco- white Greek
snake, snail macro- large Latin
The smallest hummingbird is called Mellisuga natus birth Latin
helenae and the largest is called Patagona gigas. ornitho- bird Greek
The hummingbird with the longest beak is called ptero- wing, feather Greek
Ensifera ensifera, while the one with the smallest -pus foot Latin
beak is called Ramphomicron microrhynchum. rhynchus snout, beak Greek

For the hummingbirds described above, deduce
which of the following they belong to. (1 mark)
A Same genus but different species

B Same family but different classes

C Same genus but different classes

D Same class but different genera

a Identify as many physical characteristics as
possible, for the following species. (4 marks)
i Macropus giganteus
ii Pteropus giganteus
iii Rarttus leucopus

iv Ornithorhynchus anatinus

b Determine a common name for each species
based on the descriptions you gave in part a.
(4 marks)

10 An organism has been found that has eukaryotic
cells, and is multicellular and heterotrophic.
Determine which domain and kingdom you
[ would place it in. Consider what further
information you would require to be sure of your
answer. (2 marks)

OXFORD UNIVERSITY PRESS MODULE 2 BIODIVERSITY 85

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Lesson 2.4
Dichotomous keys

Key ideas

— Dichotomous keys use a series of questions to differentiate and classify things.

— Biologists use keys distinguishing physical characteristics to differentiate species.

@ Dichotomous keys

Learning intentions Biologists often use keys to help them identify organisms. Observable features are used to
and success criteria separate organisms into smaller and smaller groups until the organism can be identified using
its unique features. It is important that the observable features used in the keys are relatively
constant, between individuals in the species and throughout the life of the individual. For
dich N example, it would not be appropriate to use the size of an organism, because this will change
ichotomous ke e .
crotomous ey as the individual grows throughout its life. It also would not be appropriate to use colour to
an identification key ) ] . ) . ]
with two alternatives at differentiate a species that changes colour throughout its life. Keys can be in the form of a
each stage i series of questions or a flow diagram, with alternatives at each stage
Does it have feathers? . i X
of the key. The alternatives in such keys should be comparative
(e.g. legs or no legs). These keys may be very general.

To use a key, start at the top and work through the

Yes No
alternatives until the organism is identified. A decision
is made about the characteristic at each branch point. A
Bird Does it have hair or fur? key with only two alternatives at each stage is known as a

dichotomous key. “Dichotomous” refers to a division

or contrast between two entirely different things.
No For example, using the key in Figure 1 to identify a
vertebrate with scales but no fins would involve the

following steps.
Does it have fins?
No feathers — No hair or fur — No fins —
Scales present — Reptile

Yes No . . .
Rather than being diagrammatic,
a key may be in tabular form. In the
Fish Does it have scales? example shown in Table 1, the

key is specific for a group of

species known to exist in
a particular locality and
Yes No therefore would not

Reptile Amphibian

be useful in other
localities.

FIGURE 1 An example of a dichotomous key
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FIGURE 2 Eucalyptus sideroxylon has mature buds greater than
2 cm long.

Check your learning 2.4

Retrieval and comprehension

24

TABLE 1 Key to ironbark species of eucalypts in Brisbane, as identified
by H.T. Clifford in 1972

1 | Mature buds greater than 2 cm long E. sideroxylon

Mature buds less than 2 cm long Goto?2

2 | Leaves opposite E. melanophloia
Leaves alternate Goto3

3 | Coppice leaves twice as long as broad E. siderophloia
Coppice leaves several times longer Goto 4

than broad

4 | Mature buds about 1 cm long E. drepanophylla

E. crebra

Mature buds less than 1 cm long

Check your learning 2.4: Complete these questions online or in your workbook.

1 Describe dichotomous keys and how they are

used. (2 marks)

Analytical processes

2 Use the tabular key provided here to determine
which phylum each of the invertebrates in the

images below belongs to.

Bilateral symmetry
(left-right symmetry)
Radial symmetry

(body parts arranged
around a central axis)
Elongated, worm-like body
plan

No worm-like body plan
Segmented legs

No legs or non-segmented
legs

Soft body, often with
tentacles

Body has rough or spiny
appearance

Goto 2

Goto 4

Phylum Annelida
Goto3

Phylum Arthropoda
Phylum Mollusca

Phylum Cnidaria

Phylum
Echinodermata

(1 mark)

OXFORD UNIVERSITY PRESS

b

(1 mark)
3 A dichotomous key identified each bird found
in a particular environment. Deduce why it
would be difficult to use the same key in another

environment. (1 mark)

Knowledge utilisation

4 Construct a dichotomous key to distinguish
between the koala, dingo, snake, lizard, turtle,
emu and green tree frog:
a in the form of a table (7 marks)
b as a flow chart. (7 marks)
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©

Learning intentions
and success criteria

ecology

the study of
relationships between
organisms and their
environment

environment
the conditions (biotic
and abiotic) in which
an organism lives

biosphere
the part of the Earth
that supports life

habitat

a specific location,
with a particular set
of biotic and abiotic
conditions; where an
organism lives

Population

A number of individuals of one
species living in a particular
place at a given time

Lesson 2.5
Factors affecting ecosystems

Key ideas

— Abiotic factors influence where an organism lives, how abundant it is and how
individuals within the species are distributed throughout their habitat.

— Intraspecific and interspecific interactions influence the distribution and abundance
of species.

Defining an ecosystem

Ecology is the study of relationships between living things and their environment. The
word “ecology” is derived from the Greek word ozkos (home), and thus in its broadest sense,
ecology is the study of the area of the world that provides homes for living things. This is
known as the biosphere.

Each organism shares its living place or habitat with other organisms of the same species.
When individuals of the same species live in the same habitat at the same time, they are called
a population. Different species living in the same habitat form a community. When the
members of a community interact with each other and their physical surroundings, they form
an ecosystem.

Community Ecosystem

All the species that occupy a
particular place at a given time

A biological community of
interacting organisms and their
physical environment

FIGURE 1 Summary of the terms population, community and ecosystem

population

a number of
individuals of one
species living in a
particular place at a
particular time

community

all the species that
occupy a particular
place at a given time

88 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

Ecosystems vary in size. They may be as small as a decaying log on the forest floor, or as
large as the Great Barrier Reef. All ecosystems interact, and the output of one ecosystem may
become the input of the next ecosystem. For example, the temperature of the water will affect
the organisms on the shoreline, and the chemical composition of the shoreline will eventually
affect the organisms in the water.
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Two broad categories of factors affect the
functioning of an ecosystem:

e biotic factors — the living factors that affect
an organism’s ability to survive

« abiotic factors — the non-living physical Abiotic Ecosystem Biotic
factors that affect an organism’s ability

to survive.

In this lesson we will look at how abiotic and
biotic factors can affect the abundance and
distribution of species in an ecosystem.

Distribution refers to the region in which the abiotic and biotic components in an area.
one or more members of a species may be
found; abundance is the number of each species in that region at that time. In any locality,
abundance can be referred to as population density — the number of individuals per unit
area. Both distribution and abundance are affected by the biotic and abiotic factors in an

ecosystem.

Population density

Population density is one way of measuring the abundance of an organism. It is a measure of
the number of organisms in a population in a predetermined area of an ecosystem. This can

be determined by dividing the population by the size of the area.
Population density = %

For example, an ecosystem that is 100m x 100m in area was found to have 15 possums
living within its boundaries. This means the population density is 15 possums for every
10,000 m?.

The population density of these possums (or any other species) can be related to the
features of the environment, including the accessibility of habitats, possible competition and

predators, or the chemical elements present.

Biotic factors

Every organism in an ecosystem is impacted by the other organisms it encounters. The
interactions between organisms affects the individual’s ability to survive and thrive in an
ecosystem. These relationships can be broken into two key types: intraspecific (between
members of the same species) and interspecific (between members of different species).
Four biotic factors that affect the distribution and abundance of species are:

e food availability e predation

e competition for resources e disease.

Food availability

The availability of food is an important factor for all heterotrophs (organisms that obtain
their energy through ingestion). Put simply, a species can only live in an area where there is
enough food for them to eat. If the food runs out in any given area, the species must move to
find more food. This means that the abundance of a species in an ecosystem is dependent on

the availability of food. If there is an abundance of food, the population can grow. However, if
there is a lack of available food, members of the species may starve and die, and reproduction

rates will be reduced due to lack of nutrition. Organisms will also tend to accumulate in an
area where there is an abundance of food, affecting their distribution.
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FIGURE 2 An ecosystem is the interaction between

ecosystem

a biological community
of interacting
organisms and their
physical environment

biotic

describes the living
components of an
ecosystem

abiotic

describes the
non-living physical
factors that affect an
organism’s ability to
survive

abundance

the number of
individuals in a
population, within a
given area

distribution

the density and
pattern of spread of a
population

population
density

the number of
individuals of a given
species per unit area

intraspecific
within a species;
between individuals of
the same species

interspecific
between different
species
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niche

the particular role of
an organism, including
its interactions with
the abiotic and

biotic factors in the
ecosystem
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Competition for resources

All resources in an ecosystem are limited to some degree, whether in quantity or access to

the resource. Organisms will compete for the resources that are required for their survival,
including water, shelter, light, space and mates. Every species has its own niche or role in

the ecosystem. This includes the specific resources and conditions it requires to survive, as
well as its interactions with other species, such as predators and prey. Because organisms

of the same species share many of the same requirements, competition within a species
(intraspecific competition) is usually fiercer than competition between individuals of
different species (interspecific competition). Intraspecific competition also limits the available
resources further for the species, which can decrease species abundance.

FIGURE 3 Examples of (A) intraspecific competition and B) interspecific competition

Because a large population of a species is harder to sustain in a small area with limited
resources, individuals in a population often need to spread out so that each individual can
obtain more resources. An example of this is seedlings. When plants first germinate, many
grow right next to each other. However, over time the individual plants begin to compete
for nutrients, water and light. Eventually the fastest-growing individuals shade out or take
nutrients or water from their neighbouring plants, leading to a decrease in abundance and a
relatively uniform distribution of the plants. This is why, when planting plants in your garden,
there is a recommended distance between them. Competition for resources not only affects
the distribution and abundance of an organism but also plays a key role in determining where
an organism is able to survive at all. This will be explained further in Module 4.

dutd T

FIGURE 4 Competition between plants for light can lead to death or stunted growth of some individuals.
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Predation
Predation is the act of killing an 160 — Snowshoe hare — Lynx
organism for food. Predators 140 predator
in an ecosystem reduce the — an organism that
. . 4 120 1 catches, kills and feeds
abundance of their prey. A high g 00 on another animal
population of predators in an 2
- . £ 80

area results in a decrease in the =

. . o -
population of prey. Alternatively, 2 60
a low population of predators Z 407
in an area allows the prey 20 1
population to increase. The 0 T T T T T T T T T T

. . 1845 1855 1865 1875 1885 1895 1905 1915 1925 1935 1945
ratio of predators to prey in an Year
ecosystem tends to fluctuate.
After an increase in predation FIGURE 5 Populations of lynx (predator) and snowshoe hare (prey)
in Canada

has reduced the population of

prey, this then limits the food available for the predators, and limits the number of predators

that can be sustained in that area. This reduces the number of predators in the population,
which in turn allows the prey population to increase again, and so the cycle continues.
Predation also affects the distribution of prey species in three key ways.

o If the prey species is mobile, they will often
move around to avoid predation, affecting
their distribution.

¢ Predators may prey on a competitor of a
particular species, enabling that species to
move into areas it was not previously able to
inhabit, due to competition.

e Prey species may clump together tightly to
avoid predation. When the threat of predation
is high, the prey species may form a tight
grouping (e.g. buffalo grouping together to

protect their young), or they might remain

close to shelter to escape predation (e.g. blue-
FIGURE 6 The grouping behaviour of buffalo protects their young from

green chromis keeping close to coral to hide .
predators, such as lions.

from predators).

FIGURE 7 Small fish like these blue-green chromis (Chromis viridis) often remain close to branching corals, where
they can shelter from predators.
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optimal range
the level of an abiotic
factor at which an
organism will best
survive, grow and
reproduce

physiological
stress

the inability of an
organism to function at
maximum efficiency as
a result of some factor,
impacting the growth
and reproduction of
the organism

tolerance range
the range of a
particular abiotic
factor within which an
organism can survive

Zone of
intolerance

Number of organisms

Unavailable
niche

Disease

High-density populations are also vulnerable to the spread of infection. Crowded conditions
can result in simple infections being easily spread through contact, food supply or water.
Although not all infections cause death, an increase in sickness can cause a decrease in the
birth rate of a population. The rapid spread of an infection with high mortality will reduce a
species’ population.

Abiotic factors

The physical conditions that make up an environment (e.g. temperature range, humidity,
wind and air currents, water currents, pH, availability of light, water and nutrients) vary
dramatically. These factors are known as abiotic factors, from the Greek a (without) and
bios (life). To survive, grow and reproduce, each organism in a particular habitat must be able
to survive in the physical and chemical conditions that surround it.

Each species has an optimal range for each abiotic factor in the environment. This is
the level at which it can best survive, grow and reproduce. If each of these abiotic factors
falls within the optimal range, the numbers of individuals (abundance) will be high. The
abundance may also increase if several of the factors are within the species’ tolerance range,
rather than its optimal range. For example, a certain plant will grow very well and be able to
reproduce in a pH range of 6.5 (slightly acidic) to 8.0 (slightly basic). This is the preferred
niche for that particular plant. Although it can grow in soils of pH 6.0 or pH 8.5, it does not
function as efficiently and suffers physiological stress. This means the plant can tolerate
these conditions but will struggle to grow or reproduce. The plant is said to have a tolerance
range for soil with a pH of 6.0 to 8.5. An organism will only be found in an area where it
encounters the tolerance range for all its abiotic requirements. Abiotic factors that affect the
distribution and abundance of species include:
environmental conditions

* space e availability of water .

e shelter e nutrients.

Tolerance range
BE—— s

Zone of Optimum range Zone of

physiological ﬁ physiological

stress stress

Zone of
intolerance

Unavailable
niche

Marginal
niche

Marginal Preferred niche

niche

FIGURE 8 The relationship between tolerance range and optimal range of any abiotic requirement for an organism
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Space

All organisms require space to live. The size and behaviour of the organism determines how

much space it requires. L.arge organisms tend to require large amounts of space, particularly

large herbivores as they require huge quantities of vegetation to survive. For example, an

Asian elephant (Elephas maximus) in the wild could require between 200 and 1,000 square

kilometres, depending on foliage density, to obtain enough food to survive. The abundance of

a species in a geographic area will vary based on the amount of space available to sustain each

individual. If there is not enough space available to sustain each member of the population, it

will lead to intraspecific competition. Space also affects species distribution, as species may competition

need to move around or relocate to other areas to ensure that their space requirements are met. rivalry between
individuals, of the
same or different
species, for a specific
resource(s)

FIGURE 9 Asian elephants require large amounts of space.

Shelter

The availability of shelter is a critical factor for
many organisms. Shelter provides protection
from predation and harsh environmental
conditions, so populations tend to be
restricted to areas of protection. For
instance, insectivorous bats need caves

or hollows, and the spinifex hopping
mouse must have an underground

system of tunnels. Soil or rock strongly
influences the presence or absence

of such organisms, even if all other
conditions are favourable. The abundance
of species will be affected by how much
shelter is available to members of the
population. Limited amounts of shelter can
lead to intraspecific competition, and individuals
may need to move or relocate to ensure their
requirement for shelter is met. FIGURE 10 Bats often dwell in caves.
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Availability of water

Water is essential for life. The extent to which an organism can tolerate dry environmental
conditions is tied to its ability to conserve water. The distribution of an organism is therefore
directly correlated to distance from a source of water. Many organisms depend on a constant
supply of water and need to live relatively close to a water source. Some desert animals have
adaptations to enable them to survive for long periods without access to water, meaning they
can have a wider distribution and greater abundance in arid ecosystems. Camels are well known
for their ability to go for weeks without needing to drink water. This is because they can store
large amounts of water — not in their humps, which is a common myth, but in their blood due to
their oval-shaped red blood cells — and have high water retention from their faeces and urine.

k: 3 5 Y B\ \
%\ AARTRNN Y|
3 \‘\k’. sAayd
FIGURE 11 Camels store and retain water for weeks, enabling them to survive in arid areas such as outback
Australia. Their humps contain fatty tissue, which is used as a food source.

Nutrients

The nutrients available in the soil play a pivotal role in determining the distribution and
abundance of not only plant species but also the animals that depend on these plants for
survival. Different plant species have different nutrient requirements, and so the availability
of these nutrients and the relative quantities in which they are found determine how well
plants succeed in living in each area. The distribution of herbivores that feed on specific
plants species is therefore indirectly affected by the soil nutrients, via food availability.

Environmental conditions

A wide range of environmental conditions can affect the abundance and distribution of a
species in an ecosystem. These include temperature, radiant energy, humidity, wind and air
currents, pH, water currents, salinity and topography.

Temperature

Biochemical processes function over a narrow temperature range. Most multicellular life
can only survive and reproduce between —2°C and 40°C. Organisms must therefore have
physiological or behavioural adaptations to combat or avoid environmental temperature
extremes. The highest temperature at which an organism is currently known to survive is
122°C. This organism is a bacterium that lives on hydrothermal vents.

Radiant energy
Light is essential for all green plants and photosynthetic prokaryotes, and for all animals that
are directly or indirectly dependent on the plants. The amount of light required for a plant to
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survive varies greatly between species. Many trees compete for direct sunlight for a large part
of the day, while other plants, such as the semi-aquatic plant genus Anubias, are named after
the Egyptian god of the underworld because they grow naturally in heavily shaded streams.

Humidity

Humidity affects the rate of water evaporation from the surface of an organism. High humidity
can affect an organism’s ability to cool itself by evaporative water loss. LLow humidity can affect
its ability to withstand drought.

Wind and air currents

Only plants with a strong root system and a tough

stem can live in exposed areas with persistent strong

winds. On the other hand, wind and air currents

provide an important means of dispersing insects, : A
spores and seeds, and are important factors in animal N,

flight or gliding modes of locomotion. g

pH
pH (a measure of acidity) influences the abundance
and distribution of plants in soil and freshwater ponds.

Some plants thrive in acidic conditions, while others
thrive in neutral or alkaline conditions. Most plants FIGURE 12 Dandelions need wind currents
are highly sensitive to changes in pH. to disperse their seeds.

Water currents

Water currents and waves are particularly important in oceans, rivers and streams. Only
organisms capable of swimming or avoiding strong currents can survive where this is a
persistent feature of the environment. Waves have a substantial effect on organisms living

in the intertidal zone. To survive periodic buffeting by waves and exposure to air, special
adaptations are required. For example, on coral reefs, fragile branching corals are usually
found where there is little wave action, whereas large boulder corals can survive the constant

barrage of wave action on the reef crest.

FIGURE 13 (A) Fragile branching corals are found where there is little wave action, while (B) boulder corals can
survive rough wave action.

Salinity

There is a sharp distinction between marine and freshwater species. Estuarine organisms
must have special physiological or behavioural adaptations for withstanding the daily
fluctuations in salinity that accompany tidal rhythm and freshwater flow from the land.
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Topography

Topographic features (geographical surface features) influence illumination, temperature,
moisture and so on. Within a relatively small area (e.g. the slopes and base of a gully), the
general texture and pattern of the habitat may affect survival.

Real-world biology

Intertidal zone

The intertidal zone is between the low tide and high tide levels on a beach or rocky
shoreline. The organisms that live in this zone must be able to tolerate a wide range

of abiotic conditions. When the tide is high, the organisms are covered in salt water.
Although the temperature is relatively stable and there may be a supply of nutrients and
food in the water, strong waves and currents exert force on the organism. There is also
the difficulty of high salt levels in the surrounding water causing the organism’s body
to lose internal moisture.

When the tide is low, the organism faces new abiotic challenges. It is now exposed
to bright sunlight and wide temperature variations. Water that was left by the tide is
heated by the Sun and begins to evaporate, leaving behind traces of salt on the rocks
or sand and puddles with higher salinity. There is also no access to nutrients or oxygen
dissolved in water.

Animals such as the common limpet (Cellana tramoserica) have a wide tolerance
range. The limpet excavates a small hollow in which to hide during low tide. When not
covered by water, it clamps down tightly on the rock to limit water loss or desiccation.
Its shell also provides a surface for sea lettuce to grow on, which aids with camouflage
and maintains a moist microenvironment when the limpet is exposed, reducing its
vulnerability to predation during the high tide and desiccation during the low tide.

Apply your understanding

1 Identify the abiotic factors that vary greatly in the intertidal zone. (1 mark)

2 Describe how the duration of exposure during low tides influences the
distribution of the common limpet in an intertidal rocky shore. (1 mark)

3 Opysters live in the intertidal rocky shore. However, unlike limpets, oysters attach
to the rock and do not move. Deduce how this may influence the abundance and
distribution of oysters and common limpets in this environment. (1 mark)

4 “The common limpet (Cellana tramoserica) encourages sea lettuce to grow
on its shell to aid with camouflage and maintain a moist microenvironment
when exposed, reducing its vulnerability to predation during the high tide and

desiccation during the low tide.” Construct a research question that addresses an
aspect of this claim. (1 mark)

FIGURE 14 A common limpet clamped down on a rocky surface in the intertidal zone
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Check your learning 2.5

Retrieval and comprehension
1 Define an ecosystem. (1 mark) ()
2 Summarise how predation and
disease influence the distribution and
abundance of species in an ecosystem.
(4 marks) 7
3 Many Australian plants are
sclerophylls — woody plants with
evergreen leaves that are narrow and
thick to reduce water loss. Identify
what primary environmental factor
these plants are adapted for. (1 mark)
4 'The Australian owlet-nightjar is a
small bird that nests and roosts in tree
hollows, which can take hundreds of
years to form.
a Identify one benefit that nestingin 8
hollows provides the owlet-nightjar.
(1 mark)
b Explain how the clearing of a
section of old forest with many
tree hollows could affect the
distribution and abundance of the
owlet-nightjar. (2 marks)
5 Explain why intraspecific
competition tends to be stronger than
interspecific competition for a limited
resource. (1 mark)

Lesson 2.6

Check your learning 2.5: Complete these questions online or in your workbook.

Analytical processes

Distinguish between:
a abiotic and biotic factors (1 mark)
b community and population.

(1 mark)
Due to a change in land use, including
clearing of deep-rooted native
vegetation for crop production, and
the large-scale use of bore water, large
areas of Western Australia are affected
by dryland salinity (salinity at or near
the soil surface). Determine how this
issue might impact the distribution
of plants and animals in these areas.
Consider both abiotic and biotic
factors in your answer. (3 marks)
Compare the abiotic differences
between the habitat of an east-facing
slope and that of a west-facing one,
on the eastern Australian coast.
Consider how these differences
would influence the plants growing on
them. (6 marks)

Distribution and abundance

Key ideas

— The distribution of organisms can be categorised into three patterns: random, uniform

or clumped.

— Individuals in a population are distributed as a result of interactions with their

environment, other species and each other.

— Distribution patterns impact the validity and reliability of sampling methods.
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random
distribution

an unpredictable
spacing of individuals
of a species, where
the position of

each individual is
independent of the
other individuals of
the species in a given
environment

uniform
distribution

a pattern of
distribution in which
individuals are more
or less equally spaced
throughout the entire
area

clumping

a pattern of
distribution in which
individuals are
clustered in groups
in particular parts of
the habitat
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Distribution patterns

A population consists of members of the same species occupying a given area at the same
time. As you learnt in Lesson 2.5, each species has specific environmental requirements and
is only found in places that meet these requirements. Populations are distributed throughout
an ecosystem depending on their relationships with each other, their interactions with other
species and the variation of abiotic factors in the environment. Individuals in a population
may be distributed at random, have uniform spacing or be clumped in some way.
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FIGURE 1 Population distribution patterns

Random distribution

Random distribution occurs only in relatively uniform surroundings where the abiotic

and biotic factors do not vary significantly across the ecosystem. Such distributions usually
occur only for a short time while the availability of widely spread resources is greater than the
demand. For example, weed seeds blown by wind over bare fertile soil will produce a random
distribution of seedlings if the soil surface is even.

Uniform distribution

Uniform distribution is also rare in nature and usually results from intense competition
for space. Seeds from trees in a forest must compete for sunlight, water and soil nutrients.
Any available space on the forest floor will be populated by saplings competing for resources.
Over time, one sapling will dominate, clearing the surrounding area of any competing plants.
In some mature forests, the large trees may have an almost uniform distribution (spaced at
regular intervals) because of competition for sunlight and soil nutrients.

Some animals must compete for mates, resulting in territorial behaviour. This may play a
significant role in creating an even distribution over the area. Penguins, for example, exhibit
uniform distribution during the nesting season.

Clumped distribution

Clumped distribution is the most common pattern of distribution of plants and animals in

nature. This is because:

e environmental conditions are seldom uniform throughout, even in small areas

e reproductive patterns frequently favour clumping (e.g. young animals often stay with
their parents)

e animals often exhibit behaviour patterns that lead to active congregation in loose groups,
schools, flocks and herds.
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A clumped distribution may increase competition for nutrients, food, space or light. Trees
growing together may compete more for nutrients and light than they would if they were
spread apart; however, clumping may make them better able to withstand strong winds. For
some animals (e.g. the hyena), hunting in a pack makes it possible to bring down large prey,
which a single individual could not do alone. If a solitary hyena Kills its prey, it must then
compete for the food with other scavengers. In contrast, prey species often clump together as
a defence mechanism, to act like one larger organism, to confuse the predator, or simply to
protect the weaker individuals with sheer numbers.

FIGURE 2 Examples of distribution patterns: (A) random distribution of daisies, (B) uniform distribution of
penguins and (C) clumped distribution of lions

Distribution and sampling techniques

To investigate the distribution and abundance of different species within an ecosystem,
scientists use a variety of ecological sampling techniques. The method used depends on the
characteristics of the species being investigated, such as how much or how fast they move, as
well as the purpose of the investigation (e.g. whether scientists are researching the population
size or the species distribution in a given area). These sampling techniques (which will be
explained in further detail in Lesson 2.10) include:

ecological
sampling
methods used to
study the abundance
and distribution

of organisms in

an ecosystem,
particularly to look
for correlations with
biotic or abiotic factors
and when developing
effective ecosystem
management
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quadrat

a defined area (usually
square) with a fixed
size, used to count

organisms within
an area

sessile
fixed in one place; not
mobile

transect

a line, often laid
across an ecological
gradient, along which
the abundance of
organisms is recorded,
either within the whole
area or at specified
intervals

capture-
recapture

a method of estimating
population density

of animals where
animals are captured,
marked and released;
the proportion of
tagged individuals in
subsequent trapping
is used to estimate
population size

motile
able to move around
freely

validity

the extent to which a
test measures what was
intended

reliability

the extent to which a
measurement, test or
investigation produces
consistent results
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e quadrat — a small square sample area, generally used to investigate the distribution or
abundance of plants and sessile organisms in an area
e transect — a survey line generally used to investigate the distribution of plants and sessile
organisms along an abiotic factor gradient (e.g. on a shoreline from dunes to waterline)
e capture-recapture — a technique used to observe the abundance and movement of
motile species.
The distribution patterns of different organisms may have a significant impact on the
validity and reliability of ecological surveys, due to the high number of variables at play
in determining where organisms live within an ecosystem. With any ecological sampling
technique, it is assumed that the distribution of organisms in areas that have the same abiotic
parameters will be uniform. This means that, if the distribution of the species of interest
is uniform, the results will be reliable and will accurately represent the population density,
making the survey valid. If the distribution is random, both reliability and validity will
be affected; however, a large enough sample can overcome this concern. If the population
displays a clumped distribution, the reliability and validity of the results are greatly reduced,
because samples taken in areas where there are no individuals or where there are dense
patches of the population are likely to skew the results. For this reason, in any survey
technique, it is important to ensure that enough data is collected to give accurate results.

Real-world biology

Possum and glider distribution in the Eden (NSW) forest

A study by CSIRO scientists revealed a patchy
distribution of eight species of possums and
gliders in forests near Eden in NSW. It found
that 63 per cent of the possums and gliders
were found in only 9 per cent of the forest
area studied; none were found in 52 per cent
of the area.

Further investigation showed a close
correlation between the distribution of these
animals and that of peppermint eucalypts.
Analysis of the nutrient levels of various trees
showed that the peppermint eucalypts were
rich in nutrients, particularly potassium,
nitrogen and phosphorus. These trees, as
distinct from other species in the forest, had
a wide trunk base, were found in areas that
had not been subjected to recent fire, and
grew only in fertile soils. This meant that the
distribution of both the trees and the arboreal
mammals was related to the underlying rock

FIGURE 3 Gliding possums in NSW are often
referred to as gliders.

types, which produced high-nutrient soils.
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Apply your understanding
1 Identify the type of distribution observed in the glider and possum populations in
the Eden forests. (1 mark)

2 Identify the abiotic and biotic factors that influenced the distribution of the glider
and possum populations. (2 marks)

3 “There is a close correlation between the distribution of these animals and that of
peppermint eucalypts.” Construct a research question that could investigate an
aspect of this claim. (1 mark)

Check your learning 2.6

Check your learning 2.6: Complete these questions online or in your workbook.

Retrieval and comprehension a Determine the type of distribution pattern

1 Distribution of a species may be random, of each plant type, giving your reasons.
uniform or clumped. Describe each of these (3 marks)
conditions and provide a possible reason for the b Calculate the population density of each
distribution. (6 marks) plant type. (3 marks)

2 Describe an example of how a clumped ¢ Summarise the abiotic differences that
distribution could benefit a species and how it might account for the distribution patterns.
could disadvantage a species. (1 mark) (2 marks)

Analvtical 4 A capture-recapture study was conducted on
na ICal processes . . . . .
y P wild rabbits to determine the population in

3 The figure below shows the distribution of south-eastern Queensland. Rabbits tend to form
different Australian plants in a 10 m x 10 m plot. clumped distributions near areas with ample

vegetation cover, proximity to water and suitable

burrowing areas. Determine how these factors
would impact the reliability and validity of the
results of this survey. (2 marks)

F ‘ ‘
§ )

§f
=

Fern Wattle Eucalypt
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Lesson 2.7
Aquatic and terrestrial ecosystems

Key ideas

— Ecosystems are composed of habitats and microhabitats.
— The habitat of an organism makes up a small part of the ecosystem.

— The distribution of habitats and microhabitats affects how a species may be sampled.

@ Marine ecosystems

Learning intentions An aquatic ecosystem is one that exists in a body of water. There are two main types of
and success criteria aquatic ecosystems: marine and freshwater. Marine ecosystems are aquatic ecosystems that

contain saline (salty) water. They include open and deep ocean environments, marshes and
coral reefs. Approximately 71 per cent of Earth’s surface is covered by sea.

Warm surface currents overlie a series of very deep “rivers” of cold, dense waters flowing
from the poles towards the equator. This bottom water is rich in nutrients and low in
dissolved oxygen. In equatorial regions, the warmer surface water is moved by the prevailing
winds, causing the deep water to be “pulled” to the surface. These upwellings bring rich
nutrients to the surface, providing food for phytoplankton (the primary producers of the
ocean). The large population of phytoplankton that can survive in this environment is able
to support a large, biodiverse community in the marine ecosystem. Some of the features of
oceans that contribute to the great biodiversity of this environment are shown in Figure 1.

The littoral zone (where
the water meets the land)

B

FIGURE 1 Cross-section through an ocean, showing some of its major features
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Divisions of the ocean

The ocean can be divided broadly into two ecosystems: at the ocean surface and on the ocean

floor. The plankton—nekton ecosystem is the ecosystem of the ocean surface. Nekton plankton-nekton
ecosystem

the ecosystem of

the ocean surface,
animals. consisting of nekton
(free swimmers) and
plankton (microscopic
organisms)

consists of free swimmers including fish, turtles and seals. Plankton consists of microscopic
organisms. Phytoplankton refers to photosynthetic plankton, from zooplankton to planktonic

nekton
free-swimming
organisms of surface
waters

benthic
ecosystem

the ecosystem at the
lowest level of a body
of water; includes the

sediment surface and
FIGURE 2 (A) Nekton consists of free swimmers like fish, turtles and seals. (B) Plankton consists of microscopic some subsurface layers

organisms. .
littoral zone

The benthic (noun benthos) ecosystem is the ecosystem of the ocean floor. This the zone between water
and land, which may

ecosystem may be littoral (where the water meets land), neritic (shallow coastal water be affected by tidal
to 200 metres), bathyal (200 to 4,000 metres), abyssal (4,000 to 6,000 metres) or hadal action
(>6,000 metres). Sea water absorbs a large percentage of the visible spectrum in the upper neritic zone
layers. This means organisms that require light for photosynthesis can only live in the upper the shallow region of
zones of the ocean. Organisms that live below this level tend to have poor vision and rely more  the ocean overlying the
. . . continental shelves
on touch, chemical and sound stimuli.
abyssal zone
) the deep-water
Oceanic zones zone (depth 4,000 to
6,000 metres)

Neritic Oceanic

Littoral

Bathyal

Abyssal

FIGURE 3 Oceanic zones according to depth of water
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The littoral zone

The littoral zone is the area where the land meets the ocean. It is wide along shorelines and

affected by tidal action. This zone is covered with water for only part of the daily tidal cycle.

Therefore, organisms living in the littoral zone:

e are restricted to rock pools, where temperature variations may be great; or

e are able to exist both in water and on land, and therefore overcome the problems of
desiccation (drying out), breathing in both water and air, locomotion and reproduction; or

* move in and out of the area with the tide.

FIGURE 4 Limpets are a type of aquatic snail that avoid desiccation by clamping down their shells to trap water.

There are many environments in the littoral zone, such as rocky shore, muddy flat, sandy
beach or estuary. Each has its own distinctive community. Life in this area can be difficult
because of the sun, wind, waves and variable water level. On the other hand, the littoral zone
is a fertile area, because:

e nutrients are swept down from the land and in from the sea

¢ tides and waves circulate these nutrients

¢ tides and waves dissolve oxygen in the water

e light can penetrate all depths

e conditions are ideal for photosynthesis, which provides abundant algal and plant life for
consumers

e high water temperatures cause rapid decomposition of dead organisms.

The neritic zone

The neritic zone consists of shallow coastal water (to a depth of approximately 200 metres),
which is associated with the continental shelf. Phytoplankton and zooplankton are able to
exist in large numbers due to a relatively consistent temperature range. This is due to the
relatively shallow depth of the water and the action of waves and currents. The salt levels

in this ecosystem can vary, due to evaporation in shallow waters and freshwater runoff
(particularly floods) from land and rain. Tides and currents can have a significant effect on
organisms. Life is plentiful in the first 50 to 100 metres of the ocean, because this region
contains some light (this reduces rapidly with depth) and oxygen; it is also subject to wave
action, which circulates oxygen and nutrients.
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The abyssal zone

The abyssal zone is in the deep ocean water (4,000 to 6,000 metres).
No light reaches this zone and therefore no photosynthetic organisms
can survive, so the oxygen content of the water is low. Most animals
tend to be small, sluggish organisms that rely on odour to detect food.
Some of these are detritus feeders, obtaining their food from dead
organisms and organic matter drifting down from the upper surfaces.
Others are carnivores which, like the angler fish, have light-producing
(bioluminescent) organs on their body surface to attract prey. The
water pressure at these ocean depths is very great, so a hard outer
surface is essential to protect the inner organs of most animals.

Deep trenches and rifts in the ocean floor support some
communities at depths greater than 3,000 metres. In some of
these regions, lava seeps through the surface of the ocean floor
and produces geological structures such as hydrothermal vents.
Geothermal energy from the radioactive material in the Earth’s
mantle raises the temperature of the water. This hot water reacts with
minerals in rocks, producing hydrogen sulphide, which is metabolised
by chemosynthetic prokaryotes. This allows the prokaryotic
producers of this community to survive, providing energy for the
variety of mussels and clams. These then become food for crabs,
starfish, octopuses, fish and giant tube wormes.

FIGURE 5 Angler fish can live in water over 2,000

metres deep.

FIGURE 6 Giant tube worms living near hydrothermal vents are supported by chemosynthetic bacteria.

Freshwater ecosystems

Freshwater environments are classified as either standing water (lakes, ponds, dams and

swamps) or running water (streams, creeks and rivers). The characteristics and organisms of

some common freshwater environments are summarised in Table 1. Freshwater environments

can also be isolated by large areas of land. Isolated permanent ponds approach a closed

community, where inputs and outputs are balanced.

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.

MODULE 2 BIODIVERSITY

105



o Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

TABLE 1 Characteristics of freshwater ecosystems

Environment
Rapid stream

Pool
(quiet part of
a stream)

Pond

Lake

FIGURE 7 A freshwater creek in the Gold Coast hinterland, Queensland

Characteristics of environment
Rapid flow of water producing a firm
bottom
Rocks with crevices that protect organism
Often shallow with good light penetration
and high oxygen concentration
Slow movement of water
Bottom usually soft mud or sand, suitable

for burrowing organisms

Slow movement of water due to wind or
convection

Soft, muddy bottom

Wave action depending on size, depth
and wind strength

Bottom mud, sand and gravel, or rocks

Lakes larger and deeper than ponds

Typical organisms
Larvae of insects with high
oxygen requirement (e.g.
mayflies, stoneflies, caddisflies,
bloodworms, snails, bivalves, fish)

Minimal vegetation and plankton

Larvae of insects (e.g. dragonflies,
damselflies, beetles, bugs,
bloodworms), mussels, fish, water
snakes, turtles, frogs

Vegetation more plentiful

Larvae of insects (e.g. dragonflies,
caddis flies), mussels, snails,
shrimp, amphipods, copepods,
fish, water snakes, turtles, frogs
Vegetation and plankton plentiful
Animals vary greatly according to
the nature of the bottom
Vegetation limited to region of
light penetration

Because of the impermanence of many freshwater ecosystems, the variety of organisms
living in them tends to be less than in marine ecosystems. One of the major differences

between the two environments is the depth and volume of water. The relative shallowness of

freshwater ecosystems has both positive and negative effects, as summarised in Table 2.
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TABLE 2 The effects of shallowness of water in freshwater environments

Positive effects Negative effects
e Surface nutrients readily » Seasonal variations in depth, which may be dramatic
available « Salt and ion concentrations can vary with location

* None of the problems of high » Temperature variations between day and night and between seasons can be great in

water pressure as found in shallow areas or in surface waters of deep lakes or dams

deep water * Oxygen levels decrease as water temperature increases

* Buoyancy, although less than | . \Water tends to be turbid, which reduces light penetration at the bottom

1n marine environments * Deep water is low in oxygen due to inability to absorb it from the atmosphere

Terrestrial ecosystems

Terrestrial ecosystems are those on land. LLand environments are controlled by a wide range
of factors that make conditions more variable than aquatic environments. These factors can
be grouped into four main categories:

e chemical (e.g. nature of the soil)
e geographical (e.g. topography and altitude)
e physical and climatic (e.g. transparency of air, lack of buoyancy)
e Dbiological.
Some of these factors and their effects are listed in Table 3.

TABLE 3 Factors affecting terrestrial communities

Unfavourable factor Effect Favourable factor Effect

Highly variable Adaptation to specific temperature Plentiful oxygen supply | Animals can have high metabolic

temperatures ranges rate and thus be very active

Air not buoyant Few floating forms; plants and Air transparent Sunlight penetrates air easily, so
animals need supporting structures; high rate of photosynthesis; visual
animals need structures for perception
locomotion

Scarcity of water Paucity of life in areas; concentrated | Low viscosity of air Greater variation of animal
excretory products; respiratory shapes; sound production by a
surfaces internal; internal great variety of animals
fertilisation; seeds hard and dry; Greater variety of Diversity of form and
external surfaces prevent water loss habitats requirements

All terrestrial communities ultimately depend on the vegetation that is the producer of the
ecosystem. This may be trees, bushes or grasses, or a combination of all three forms. Because
plants are immobile, they are completely controlled by their environment and therefore
strongly reflect it. As environmental conditions (landforms, soils, animal life, human
activities and climate) change from region to region, so does biodiversity.

Biomes .
biome
. . . . . . . . L . the living organisms
One way in which scientists classify terrestrial environments is by dividing them into areas, of a large area defined
called biomes. Biomes are classified according to the community units, particularly the by its climate and

dominant plant
species (e.g. a desert
abiotic factors, including the amount of light and water, and the temperature. community)

vegetation types, that exist in specific climate regions. The nature of the biome is based on
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vertical
stratification
the vertical
arrangement of
vegetation into layers
(strata), providing a
variety of niches

canopy

the upper layer or
habitat zone, formed
by mature tree crowns

microhabitat

a small habitat that
may be different from
the surrounding larger
habitat
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[ Tropical rainforest

B Temperate forest

Desert

[JTundra

M Taiga (boreal forest)

[JGrassland

[ Savanna/tropical
grassland

M Freshwater

[ Marine

Clce

FIGURE 8 The major terrestrial biomes on Earth. Areas with similar climates belong to the same biome.

Some biomes consists of a series of vertical layers. This arrangement is called vertical
stratification. The leafy branches, or canopy, of trees shade the ground below and provide
food and shelter for a variety of animals. The small trees and shrubs growing beneath are
limited by the amount of sunlight that can penetrate the canopy. If the trees are widely
spaced, these are relatively abundant. The forest floor is even more limited by available
sunlight. It has a layer of leaf litter, where arthropods, snakes, rodents and decomposers live.

Fallen logs provide microhabitats (small habitats that are different from the surrounding
larger habitat) for other organisms. Sub-communities may form within these microhabitats.
The canopy also influences the humidity and effect of wind at various strata. Humidity in a
closed forest increases from the top of the canopy to ground level, while the effects of wind
decrease. Each stratum, or layer, of the forest has its own set of environmental conditions and
so will support different life forms.

Rainforest structure

Emergent layer

Canopy layer

Understorey/shrub layer

Forest floor

FIGURE 9 The vertical layers in a forest each have their own environmental conditions.
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Types of terrestrial biomes

A summary of some of the major types of terrestrial biomes on Earth is provided in Table 4.

TABLE 4 Summary of the types of terrestrial biomes

Biome

Tundra

—

Description
Low temperatures, little precipitation (only snow)
and high soil moisture, which can stay frozen as
permafrost

Only low-lying vegetation, no trees

Taiga coniferous forest

Found south of tundra. Rainfall is not high
(35-40 cm/year), but the low temperatures inhibit
evaporation, so soils are wet and acidic

Tall trees provide shelter for organisms, so greater
biodiversity

Vertical stratification; trees lose leaves in winter

Found in warmer regions with distinct seasons;
annual rainfall about 100 cm

Rainforest

High annual rainfall; temperatures usually within
a narrow range

Dense forest communities with tall moisture-
loving trees growing close together; canopy closed
and layered, limiting sunlight on the forest floor,
which is usually covered in leaf litter
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a large area in which

organisms have been
evolving in relative
isolation over a long
period of time
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Biome Description

Occur in temperate and tropical regions with
unevenly distributed rainfall of 25-75 cm/year;
called steppe, prairie, plain, pampa or veldt,

depending on the region

Grassland

Similar to grassland biome, but with scattered

trees

Desert Rainfall less than 25 cm/year and irregular, with
high evaporation rate

Survival difficult for plants and animals, so
adaptations are based on maximising water

uptake and reducing water loss

Ecozones and ecoregions

Another way to classify the terrestrial biosphere is ecozones. An ecozone is a large area
where organisms have been evolving in relative isolation over a long period of time. Ecozones
are characterised by the evolutionary history of the organisms they contain. As a result,

an ecozone may contain more than one biome. Each ecozone is separated by a geographic
barrier, such as an ocean, a broad desert or a high mountain range, and this barrier prevents
migration between the ecozone and other ecozones. Australasia, therefore, is an ecozone.

Palaearctic

DTS,
e IndoNaaymm~ -~
4 g " K ¢
\ \ \ 4

Afrotropics

S —————

Antarctica

FIGURE 10 The ecozones of the world
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Ecozones are further divided into ecoregions. These are geographically distinct ecoregion
communities based on geology, soils, climate and predominant vegetation. a subdivision of
an e€cozone; a
geographically distinct
community based on
geology, soils, climate
and predominant
vegetation

Legend
[__]Deserts and xeric shrublands
[ Mediterranean forests,
woodlands and scrub

[ ] Montane grasslands and
shrublands

[ Temperate broadleaf and
mixed forest

[] Temperate grasslands,
savannahs and shrublands

B Tropical and subtropical
grasslands, savannahs and
shrublands

Il Tropical and subtropical moist
broadleaf forests

FIGURE 11 Ecoregions of Australia

Vegetation zones

Another method of categorising Australian vegetation zones is shown in Figure 12 and Table 5.
This method is based on zones of decreasing moisture, from the coast to the dry interior.

Legend
Forest associations

- Rainforest

- Wet sclerophyll forest
I:l Dry sclerophyll forest

Woodland and grassland
associations

- Tropical woodland and
grassland

Temperate woodland and
grassland

- Mallee woodland and scrub

Desert associations
|:| Arid and semi-arid grasses

and scrub ‘

FIGURE 12 Australian vegetation zones. Although different terminology is used to describe them, the zones are
very similar to ecoregions.
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TABLE 5 Characterisation of Australian vegetation zones based on rainfall

Zone Characteristics
Rainforest * Found in high-rainfall regions near the coast
* Require fertile soils, or soils with rapid decomposition and recycling of nutrients
* Trees grow close together and display species diversity
e The canopy forms a cover that excludes light from the forest floor
* Grasses and herbs tend to be absent from the forest floor
« Epiphytes (plants that use other plants for support) are present
*  Mosses and ferns survive well in the limited light and high humidity of the
forest floor

Wet * Found in high-rainfall coastal regions
sclerophyll . [ arge number of eucalypts present
(h?::;?élsetaf) * Shrubs and ferns on the forest floor due to the less dense canopy
* Broad-leaved creepers present
Dry * Found on drier soils than wet sclerophyll forests

sclerophyll . Eucalypts are the main trees
s * Trees are not as tall as those of wet sclerophyll and canopy is more open
* Trees are widely spaced
* Fewer shrubs and ferns than in wet sclerophyll
Woodland <+ Trees are more scattered than in forests; canopy is open
*  Grasses and shrubs cover the ground
* Insavannah woodland, grasses are more numerous than shrubs
¢ In shrub woodland, shrubs are more numerous than grasses
Scrub *  No trees
e Main plants are tall shrubs
¢ Perennial grasses (grow for many years)
Saltbush e Short, widely spaced shrubs only
e Grasses between the shrubs
* Shrubs have semi-succulent leaves
Desert * Very little moisture available
* Sparse covering of bunch grasses (e.g. spinifex)

* Flowering ephemerals (fast/short life cycle) grow after rain

An ecosystem may be as large as the ecoregion, or a small portion of one, depending on
the particular community’s composition.

Real-world biology

Wallum heathland ecosystem

Wallum is the name given in Queensland to a type and phosphates. The term “wallum” refers to the
of country and a type of vegetation found close to most obvious tree of the area, the wallum banksia
the sea. These areas have poorly drained sandy flats (Banksia aemula).
interspersed with low sandy ridges, and sometimes The plants of the flats are typical of any
slightly higher gravelly rises. The sandy flats may heathland, including stunted trees (particularly
be rich in humus. Layers impervious to water often banksias) that are rarely more than two metres high,
form and the area becomes swampy. Wallum grows boronias, heath, small-leafed tea trees, bush peas,
in areas of high rainfall where the soil is naturally Christmas bells and vanilla lily. The low sandy
low in mineral nutrients, particularly nitrates ridges carry banksias and other low trees, including
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she-oaks, wedding bush and bush peas. The higher
ridges can support eucalypts, particularly scribbly
gum, bloodwoods and ironbarks. Where conditions
are swampy, melaleucas (tea trees) dominate, and
patches of rainforest may occur along moist gullies.

Several factors control the vegetation of the
wallum.

Low-nutrient soils

The plants show various adaptations to lack of

nutrients.

*  Wattles have nitrogen-fixing bacteria in their
root nodules.

* Mycorrhizal fungi grow in association with the
roots of many species.

» Extensive, shallow root systems maximise
absorption of minerals and moisture.

Highly leached sandy soils tend to have an
underlying hardpan of clay, which severely
restricts water penetration and results in large
surface run-off. In some flat areas, absorption of
water by the hardpan can result in waterlogging.
Seasonal flooding of flats reduces the oxygen
content of the soil. Root cells need oxygen to
survive and transport materials to the rest of

the plant. Low levels of soil oxygen, therefore,
reduce the uptake of water and mineral nutrients
by root hairs.

Summer is characterised by long hot days,

with persistent prevailing winds that increase
evaporation of water from both the soil and the
plants themselves.

Apply your understanding

» Lignotubers (swollen roots) store excess 1 I(.ien.tlfy_two factors tl_lat 1.nf1uence the
nutrients and/or water. distribution of vegetation in wallum ecosystems.
. . (2 marks)
*  Some plants (e.g. sundew) are insectivorous. ) .
2 Describe two adaptations that plants in wallum
Water stress have developed to cope with nutrient-poor soils.
Plants experience water stress when there is too (2 marks)
little or too much groundwater for their normal life 3 Describe the distribution of species in different
functions. There can be water stress in wallum areas elevations in wallum areas, and explain how
for the following reasons. this distribution is linked to habitat conditions.
e The predominant rainfall is in the summer (2 marks)
months and there can be prolonged periods of 4 “The plants (in a wallum heathland) show

drought at other times.

» Soils tend to be sandy and thus do not retain
moisture.

various adaptations to a lack of nutrients.”
Construct a research question that addresses an
aspect of this claim. (1 mark)

FIGURE 13 Wallum scrub in Burrum Coast National Park, Queensland
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Retrieval and comprehension

1

©

Learning intentions
and success criteria

Identify one advantage and one disadvantage for
organisms living in a:

a marine ecosystem (2 marks)

b freshwater ecosystem. (2 marks)

Identify the abiotic factors that affect
biodiversity in each of the following ecosystems.
a Plankton—nekton ecosystem (1 mark)

b Freshwater ecosystem (1 mark)

Identify the two major factors responsible for the
distribution of the world’s biomes. (2 marks)
Explain which terrestrial biome you would
expect to show the greatest species diversity and
species abundance. (1 mark)

Explain how vertical stratification influences
species diversity in a community. (1 mark)

Lesson 2.8

6

Bo Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.
Check your learning 2.7

Check your learning 2.7: Complete these questions online or in your workbook.

Describe the structural features of the plants
in an open scrub ecosystem, and explain
which ecoregion you would expect to find this
community in. (2 marks)

Analytical processes

7

Classifying and

Key ideas

Determine the zone in a marine environment
that would have the lowest biodiversity, and
describe the biotic and abiotic factors that
would contribute to the limited survival rate of
organisms in this zone. (3 marks)

Compare the environments of the taiga and the
temperate deciduous forest. (2 marks)
Distinguish between a biome and an ecozone.
(1 mark)

naming ecosystems

— Different classification systems are used to classify ecosystems.

— The Holdridge life zone system is used to classify land areas globally.

— Specht’s classification system is used to classify Australian vegetation.

— Classification is an important part of ecosystem management.

The importance of classifying ecosystems

As you have learnt throughout this module, distribution and abundance are directly
influenced by the biotic and abiotic conditions of a species’ environment. A community of

coexisting organisms in a particular location is dependent upon the abiotic components of

the environment.

One of the most important groups of organisms in any ecosystem are the producers. Any

change in the abiotic factors (e.g. amount of light or water) can directly affect the size or

growth of a photosynthesising producer population.
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This in turn affects how much organic matter is formed. A lack of organic matter will

result in a decrease in the types of animals (each of which has its own set of tolerance levels)
that can be supported by these plants. This example not only emphasises the importance
of producers in any ecosystem, but also illustrates the importance of abiotic factors in
maintaining the biodiversity of an ecosystem.

As the human population continues to grow, there is pressure to increase areas available
for agriculture, mining, industry and housing. This can result in further land clearing and
so reduce the natural ecosystems. It is important, therefore, that ecosystems are identified,
and fragile or unique areas are protected. Species diversity must be maintained while using
natural resources in a sustainable manner. Identifying and classifying ecosystems is an
important step towards effective ecosystem management.

FIGURE 1 (A) Mining, (B) property development and (C) clearing land for agriculture severely disrupt ecosystems.

Several systems are used to classify ecosystems — some are used globally and others work
only for particular countries or regions. These various systems classify ecosystems based on
either the abiotic factors in the region or the dominant producers in the ecosystem.

Holdridge life zone system

The Holdridge life zone system is a global system based predominantly on climate. This Holdridge life
zone system

a system of classifying
e annual precipitation (as rain or snow) areas of land, based on

system considers:

e mean annual biotemperature (based on the growing season length and temperature, climate and ecological

types
between 0°C and 30°C)
. .. . biotemperature
* potential evapotranspiration (the amount of water that would be evaporated or transpired the average anmual
if sufficient water were present) temperature in an

area, adjusting all
. . . temperatures below
e latitudinal regions 0°C or above 30°C due

e altitudinal belts. to plant dormancy at
these temperatures

e humidity levels in particular areas (provinces)

This system assumes that the soil and vegetation communities can be mapped if climatic
factors are known. One difficulty with this form of classification is the subpolar and polar
regions, where temperatures are low and almost all available water is locked up in ice. This
means the polar and subpolar regions have a very low potential evapotranspiration ratio and
are equivalent to a desert for organisms living in that environment. Moisture availability is
the determining factor for producers in any ecosystem. The Holdridge life zone system is,
however, a useful tool in determining possible changes in natural vegetation patterns due to
climate change.
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0.125 62.5

Annual precipitation (mm)

Latitudinal 250 Altitudinal
regions belts
1/ Desert pesert 1 peserty
Polar Alvar
W
Y Dry Moist Wet 1RENE 1,000 )
Subpolar ) tundra ' tundra | tundra  tundra \ Alpine
3°C o
4 Dry Moist Wet BT 2,000 H
D it . 3
Boreal SSEE scrub forest forest forest \ Subalpine §
6C &
Desert 4,000 E
Cool temperate RCEiD Steppe Montane S
;M
12°C
Warm temperate 16 8,000 Lower montane
Subtropical Premontane
24°C
Tropical 32
. . Lo . Critical
Super-  Perarid Arid  Semi-arid  Sub- Humid Per- Super- temperature
arid humid humid humid i
ine
Humidity provinces
FIGURE 2 Holdridge life zones
To read the Holdridge scheme, the user needs to draw lines for each factor in the
ecosystem being investigated. As an example, Figure 3 shows an ecosystem with an average
biotemperature of 10°C (red line), an annual precipitation of 300 mm (orange line) and
a potential evapotranspiration ratio of 1 (yellow line) in a montane altitude belt. In this
example, this indicates that the ecosystem should be classified as a steppe.
0.125 62.5
Potential evapotranspiration ratio Annual precipitation (mm)
0.25 125
Latitudinal 0.5 250 Altitudinal
regions belts
AP
Polar \( \({ Alvar
A7 AN
Moist Wet Rain .
Subpolar tundra | fandra = tundra \ Alpine
3°C o
4 Desert Dry Moist Wet BT 2,000 ) ]
Boreal ) scrub {orest forest forest \ Subalpine §
6C &
8 Desert , LB 4,000 M QE,
Cool temperate S Steppe P — ontane _ 8
/M
12°C
Warm temperate 16 8,000 Lower montane
Subtropical Premontane
24°C
Tropical 32
Critical
Super- Perarid  Arid  Semi-arid Sub-  Humid  Per-  Super- rica
. . . . temperature
arid humid humid humid line

Humidity provinces

FIGURE 3 Example of classifying using the Holdridge classification scheme
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Specht’s classification system

Another method of classifying ecosystems is to use the structural features of the plants in an

area. Specht’s classification of Australian vegetation uses the foliage cover and height of Specht’s
the ecologically dominant layer of plants in an area. The dominant layer is the layer with dais‘ﬁcat“’n
system

the most above-ground biomass. Occasional trees that reach above this layer are considered
“emergent” and are not used to determine the foliage height. The foliage cover is determined
by the percentage of ground cover by foliage in the dominant layer. Therefore, if the area is
investigated using a transect line, the foliage cover would be the cumulative distance covered
by foliage, divided by the total length of the transect line, multiplied by 100. The ecosystem
is classified using the parameters shown in Table 1. In the ecosystem shown in Figure 4, the
ecologically dominant layer would lead to the area being classified as a closed forest.

an Australian system
of classification of
vegetation based on the
height and coverage of
the dominant layer

ecologically
dominant layer
the layer of vegetation
with the greatest
biomass in a given area
(the most common
canopy height),

TABLE 1 Specht’s structural classification of Australian vegetation

Growth form of tallest Foliage cover by the tallest stratum

stratum

>70% 30-70% 10-30% <10%
Tall trees (>30m) Tall closed forest | Tall open forest | Tall woodland
Medium trees (10-30m) & Closed forest Open forest Woodland Open woodland
Low trees (<10m) Low closed Low open forest | Low woodland Low open
forest woodland
Tall shrubs (>2m) Closed scrub Open scrub Tall scrubland Tall open
scrubland
Low shrubs (<2m) Closed heath Open heath Low shrubland Low open
shrubland
Hummock grasses Hummock
grassland
Tufted/tussock grasses Closed tussock Tussock Open tussock Dense open
grassland grassland grassland grassland
Graminoids Closed Sedgeland Open sedgeland
sedgeland

Other herbaceous

Dense sewn

Sewn pasture

Open herb field

Sparse open herb

ignoring emergent
plants

species pasture field

50 |

45 -

40

. 35
;‘i 30
E 25
20 —

15

10

5 -

0 % 100

Distance (m)

FIGURE 4 Example of a transect survey to classify a closed forest ecosystem using Specht’s classification
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Check your learning 2.8

Check your learning 2.8: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Identify the similarities between the different classification systems described in
this section. (2 marks)

2 Identify the major feature(s) that each of the described classification systems is
based on. (8 marks)

3 A particular, humid locality has a potential evapotranspiration ratio of 1, an annual
precipitation of 9,000 mm and a biotemperature of 20°C. Using Holdridge’s
classification:

a identify what type of plant community would be present (1 mark)
b describe what latitudinal region this community would be found in. (1 mark)

4 Explain how classifying ecosystems could lead better management and
conservation measures. (1 mark)

Analytical processes
5 Determine the actual foliage height and foliage cover shown in Figure 3. (2 marks)
6 A student classified the ecosystem shown here as open woodland.

50 -
45
40
35 -
30

25

Height (m)

20

15

10 —H

5 -

0 50 100

Distance (m)

a Determine the error made by the student. (1 mark)

b Use the transect to classify this ecosystem using Specht’s classification system.
(1 mark)

Knowledge utilisation

7 The dominant trees in a large area of bushland are brush box (Lophostemon
confertus) and smooth-barked apple (Angophora leiocarpa). Both trees grow to over
30 metres tall and have a combined foliage cover of 50 per cent. Classify this
ecosystem using Specht’s classification system and justify your classification.
(2 marks)
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Lesson 2.9
Determining species diversity

Key ideas

— Different measures are used to determine the diversity of species for different
sampling methods.

— Species richness is a measure of the number of unique species in an ecosystem.

)

Species evenness is a measure of the relative abundance of species in an ecosystem.
— Percentage cover is a measure of the amount of ground covered by a plant species.
— Percentage frequency is a measure of the abundance of a species in an ecosystem.

— Simpson'’s diversity index is a measure of biodiversity, accounting for the richness and
evenness of species.

Measures of diversity ®

Ecosystems exist in a great range of abiotic conditions, and this is reflected in the types Learning intentions
and abundance of organisms making up the community. The biodiversity of an ecosystem and success criteria
is a measure of the number of types and the abundance of populations in a community.

Some ecosystems (e.g. desert ecosystems) have low biodiversity, and others (e.g. a coral reef

ecosystem) have high biodiversity.

Some areas that once supported many species have been cleared for growing crops. These

crops are usually of a single type (e.g. wheat), and so a monoculture is established. In these monoculture

a system that has very
. . . . . . X low species diversity;

fauna present in this agricultural ecosystem, which will be substantially different from the in agriculture, a crop

diversity that existed before. that consists of a single
species, with any other
species eliminated as

human-made ecosystems, other plants are actively eliminated. This then affects the types of

A variety of measures can be used to assess the biodiversity of natural ecosystems. Two

parameters are species richness and species diversity. Because most ecosystems are too weeds
large to measure all aspects of the entire area, random samples of the area are taken. These . .

. . i species richness
parameters are usually only applied to sub-communities (e.g. shrubs, trees or leaf litter 2 measure of the
organisms) rather than an entire community. number of species in

an ecosystem

species diversity
a measure of the
number of species, and
the relative abundance
of each species, in a
community

FIGURE 1 (A) Cultivated land has a much lower level of diversity than the natural ecosystems it replaced, such as
(B) the Clarence Valley, NSW.

Species richness

The number of species in a given area is known as species richness. The simplest way to
determine species richness is to focus on the number of unique species. However, when the
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sample size increases, the number of unique species also increases. Therefore, the Menhinick
index can be used to determine species richness. The Menhinick index compares the number
of species in a sample to the number of individuals. The number of species is divided by the
square root of the total number of individuals in the sample:

In this formula:

e S = species richness

-5
S=18

e s =number of species in the sample

e N = number of individual organisms in the sample.

This means that if the number of species increases with the same number of individuals,
the species richness is greater, whereas if the number of individuals increases with the same

number of species, the species richness is lower, because there are fewer unique species in the
ecosystem. An example of calculating species richness is shown in Worked example 2.9A.

Worked example 2.9A

Calculating species richness

1 Calculate the species richness for each community in Table 1. The same six
species are represented in each community. (2 marks)

TABLE 1 Samples of organisms from two communities

Community A Community B
Species Number of individuals Species Number of individuals
A 49 A 21
B 17 B 20
C 11 C 17
D 10 D 16
E 5 E 14
F 8 F 12
Total 100 Total 100

T,

Step 1: Look at the
cognitive verb and mark
allocation to determine
what the question is
asking you to do.

Step 2: Gather any data
that needs to be input
into the formula.

120 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

To “calculate” means to determine or find a number using
mathematical processes. The question asks for species richness, so

use the Menhinick index formula:
S = S
VN
The question is worth 2 marks, so two values should be provided:

one for Community A and one for Community B.

s = number of species in the sample, so count the number of
species = 6

N = total number of individuals in the sample = 100

So for Community A:

$=6

N =100

For Community B:

$=6

N =100
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Think Do
Step 3: Substitute the Community A:
k lues into th =5
nown values into the S =
formula to solve for S. =0.6

Community B has the same values, so S = 0.6
Therefore:

Community A: § = 0.6 (1 mark)

Community B: § = 0.6 (1 mark)

Calculate the species richness for each community in Table 2. The communities have
similar species due to their similar environments. (2 marks)

TABLE 2 Samples of organisms from two different communities

Community A Community B
Species Number of individuals Species Number of individuals

A 31 A 82

B 18 B 14

C 26 C 21

D 1 D

E 17 E

F 6 F

Total 99 Total 120 )
Species evenness
a comparison of the
relative abundance of
different species in a
Species evenness community

... . . . . Community A
A limitation of species richness is that it does not reflect how

evenly the species are represented in each community. This
is captured by species evenness, a measure of the relative
abundance of species within a community. Relative species
abundance can be calculated using the formula:
RA =23 100
In this formula:

e RA = relative abundance (%)

e TS = number of individuals of one species in the community

e TP =total number of individuals of all species in the
community
The more even the relative abundances of the different species
in a community, the higher the species evenness. For example, in
Figure 2, Community A and Community B have the same species
richness but different species evenness. In Community A, the
RA for the kookaburra = 62.5%, carpet python = 12.5%, koala
= 12.5% and Ulysses butterfly = 12.5%. In Community B, the
RA for each species is = 25%. Community B has a higher species

FIGURE 2 Community A and Community B have the
evenness than Community A. same species richness but different species evenness.
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An example of how to calculate the RA of a species to determine species evenness is shown
in Worked example 2.9B.

Worked example 2.9B

Determining relative species abundance and species evenness
Use the data from Table 3 to:
a calculate the relative abundance of each species in Community A and Community B. (4 marks)

b determine which community has a higher species evenness. (1 mark)

TABLE 3 Samples of organisms from two communities

Community A Community B

Species Number of individuals Species Number of individuals

X 45 X 40

Y 15 Y 50

Total 60 Total 90

T

Step 1: Look at the cognitive In part a, to “calculate” means to determine or find a number using mathematical

verb and mark allocation to processes. The question asks for relative abundance, so use the formula:

determine what the question is RA = %9) % 100

Sl e 19 dlo. Part a is worth 4 marks, so four values should be provided: two for Community A

and two for Community B.
In part b, to “determine” means to conclude after calculation or investigation. Use your
answer to part a to figure out part b. It is worth 1 mark, so only one statement is needed.
Step 2: Gather any data that Community A, Species X:
needs to be input into the TS = 45 TP = 60

formula. Community A, Species Y:

7S =15 TP =60
Community B, Species X:
TS =40 TP =90
Community B, Species Y:
TS =50 TP =90
Step 3: Substitute the known
values into the formula to solve

Community A, Species X:
—45
RA = g5 % 100

for RA for each species in the = 75% (1 mark)

two communities.
Community A, Species Y:

_15
RA =45 % 100
=25 % (1 mark)
Community B, Species X:
—40
RA =55 %100
= 44 % (1 mark)
Community B, Species Y:
_ 50
RA = 90 x 100
=56 % (1 mark)
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I
Step 4: Use the values In Community A:

from part a to assess which RA (Species X) = 75% and RA (Species Y) = 25%.
community has a higher level of

In Community B:

species evenness. RA (Species X) = 45% and RA (Species Y) = 56%.

The relative abundance of species in Community B is more even than those in
Community A. Therefore, Community B has a higher level of species evenness. (1 mark)

Use the data from Table 4 to:
a calculate the relative abundance of each species in Community A and Community B. (4 marks)

b determine which community has higher species evenness. (1 mark)

TABLE 4 Samples of organisms from two communities

Community A Community B
Species Number of individuals Species Number of individuals
X 68 X 53
Y 32 Y 47
Total 100 Total 100

Percentage cover

When sampling an ecosystem using quadrat sampling, a common method to determine the
diversity and abundance of vegetation within an area is to estimate the percentage cover. percentage cover
.- . . . . . the estimated
Finding this value can be as simple as placing a quadrat over the sample area and estimating
] ) o ] > ; percentage of a quadrat
the area occupied by each species (living individuals). To make the estimate more accurate, that is covered by one

the quadrat can be broken up into a 10 x 10 grid, and the cells counted where the species species

occupies at least half the area. This technique is only useful for plants, and there is a tendency
to overestimate the more prominent, flowering plants and underestimate the undergrowth.

FIGURE 3 Percentage cover of vegetation can be estimated using a quadrat.
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percentage
frequency

the percentage of
quadrats in which

a species is found,
divided by the total
number of quadrats in
a sample

Simpson’s
diversity index
(SDI1)

the probability that two
individuals randomly
selected from a sample
will belong to different
species (or groups)

Study tip

When answering
cognitive verbs such
as compare, use
the format: Answer,
Evidence, Theory.
This will help ensure
you state your
response (Answer),
support it with data
(Evidence) and link
it back to scientific
understanding
(Theory) to concisely
formulate your
answer.
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Percentage frequency

Another measure of diversity used with quadrats is percentage frequency, which estimates
the probability that a species will be observed within a quadrat. Percentage frequency is
calculated using the formula:

no. quadrats in which the species is found
total no. quadrats

x 100

% frequency =

The number of quadrats used must be high enough to minimise the effect of anomalies on
the reliability of the data and can only be used for plants or sessile organisms.

Species diversity

Species diversity differs from species richness in that it considers both the numbers of species
present and the relative abundance of each species. As species richness and evenness increase,
so does the diversity of the ecosystem.

Simpson’s diversity index (SDI) represents the probability that two individuals
randomly selected from a sample will belong to different species (or groups). If the two
individuals are different, this indicates that there is diversity in the ecosystem. It can be
calculated using the equation:

_ 1 (Inr-1D
SDI=1 (N(N—l))

In this equation:
e SDI = Simpson’s diversity index
¢ n =number of individuals of a particular species
¢ N = total number of individuals in the community
e Y means “the sum of”’, so Yn(n — 1) is the sum of the calculations of n(nz — 1) for each
species in the community.
The value calculated for SDI will be between 0 and 1. The higher the value, the greater
the diversity. An ecosystem with only one species would have a value of 0. An SDI value of 1
would indicate infinite diversity.

Worked example 2.9C

Calculating Simpson'’s diversity index

Use the information provided in the table to investigate the diversity of the two communities surveyed.

a Calculate the diversity of the two communities using Simpson’s diversity index. (2 marks)

b Determine the probability that two individuals (in this survey) randomly selected from a sample belong

to different species. (2 marks)

¢ Compare the diversity of the two communities. (2 marks)

Species

A

Hom o 0w
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Community A Community B

.N“'T“F’er i Species .N“T"F’er &
individuals individuals
49 A 21
17 B 20
11 C 17
10 D 16

E 14
8 F 12
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Step 1: Look at the cognitive verb and mark
allocation to understand what the question
is asking you to do.

Step 2: Create a table of data, or split the
table already provided and add a column

to calculate n(n — 1). The SDI equation can
be tedious to calculate, so a table can be
helpful.

At the bottom of the table, you can also
calculate the N value, and the Xn(n — 1)
value, to reduce the inputs in the calculator.
This also helps to identify any errors made
in the calculations.

Step 3: Calculate the 7 (n —1) value. It can be
input into a calculator as n X (n— 1).

For example, for Species A in Community A,
this calculation would be:

49 x (49 - 1) = 2,352

To calculate N, add the » value of each
species.

To calculate ¥n (n — 1), add the n(z— 1)
values of each species. Don’t worry if these
numbers are large.

OXFORD UNIVERSITY PRESS

In part a, to “calculate” means to determine or find a number using
mathematical processes. Use the SDI formula:

so1=1 - (=)

Part a is worth 2 marks, so two calculations are needed.

In part b, to “determine” means to establish after investigation or
calculation. So use your answers from part a to figure out the answers
to part b. Part b is worth 2 marks, so two statements are needed.

In part ¢, to “compare” means to identify a similarity and a difference
between the diversity of the communities. It is worth 2 marks, so

1 mark for a similarity and 1 mark for a difference.

Community A Community B

Number of Number of
Species individuals n(n-1) Species individuals n(n-1)
(n) (n)
A 49 A 21
B 17 B 20
C 11 C 17
D 10 D 16
E E 14
F F 12
Total Total
N=2Xn N=2ZXn
Total Total
Zn(n-1) n(n—-1)
a
Community A Community B
Number of Number of
Species individuals n(n-1) Species individuals n(n-1)
(n) (n)
A 49 2,352 A 21 520
B 17 272 B 20 380
C 11 110 C 17 272
D 10 90 D 16 240
E 5 20 E 14 182
F 8 56 F 12 132
Total 100 Total 100
N=2n N=2n
Total 2,900 Total 1,726
Inn-1) In(n-1)
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Step 4: Input the values into the formula

to solve for SDI in Community A and
Community B. Ensure you use all the
brackets in your calculator.

The final answer must be between 0 and 1.

If it is not, you have made an error in your

calculation. The closer the value is to 1, the

greater the diversity of the community.

Step 5: Convert the SDI values you

calculated in part a into percentages by
multiplying them by 100. This will give
you the probability that two individuals

randomly selected from each sample belong

to different species.

Step 6: Compare the diversity of the
communities by stating a similarity and
a difference.

Community A:
_ 1 _(Entn—-1
spr=1-(3=p)
= 2,900 _
=1= (100 x99

=0.71 (1 mark)
Community B:

_ 1 _(Entn-1
spr=1- (¥3=7)
_ 1726

=1- (100 x99

= 0.83 (1 mark)

Community A:
SDI=0.71
0.71 x 100 =71

Probability that two individuals randomly selected from
Community A belong to different species = 71% (1 mark)
Community B:

SDI = 0.83

0.83 x 100 = 83

Probability that two individuals randomly selected from
Community B belong to different species = 83% (1 mark)

The two communities each have relatively high diversity, based on
their SDI values (Community B = 0.83 and Community A = 0.71)
(1 mark).

Community B’s diversity (0.83) is higher than Community A’s

(0.71), making it more likely that two individuals selected at random
from Community B would be from different species. This indicates

that Community B is more diverse than Community A (1 mark).

Use the information in the table below to investigate the diversity of the two communities surveyed.

a Calculate the diversity of the two communities in the table using Simpson’s diversity index. (2 marks)

b Determine the probability that two individuals (in this survey) randomly selected from a sample belong

to different species. (2 marks)

¢ Compare the diversity of the two communities. (2 marks)

Community A

Number of
individuals

Species
A 31
B 18
C 26
D 1
E 17
F 6
Total 99
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Community B

Species Number of
individuals
A 82
B 14
C 21
D
E
F
Total 120
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Check your learning 2.9

Check your learning 2.9: Complete these questions online or in your workbook.

Retrieval and comprehension
1 Define the term “species richness”. (1 mark)

2 Explain how higher species evenness indicates higher diversity. (1 mark)

Analytical processes
3 Contrast species richness and species diversity. (1 mark)
4 A survey of a wallum heathland ecosystem (approximately 50 hectares in size)
showed that there were 15 species of birds. A total of 100 birds were counted.
a Determine how likely it is that these numbers were a sample of the community
or represented the whole community. Explain your answer. (2 marks)
b Calculate the species richness of this wallum heathland ecosystem. (1 mark)
¢ Identify what further information would be needed to determine the diversity of
birds in this ecosystem. (1 mark)
5 A survey of the distribution and abundance of seagrass on mudflats on the western
side of Moreton Bay was carried out. Two of the quadrats surveyed are shown
below.

Quadrat 1 Quadrat 2

. Mud Seagrass . Mud Seagrass

a Determine the percentage cover of seagrass in the two quadrats shown.
(2 marks)

b The seagrass species Halophila spinulosa was identified in 13 of the 150 quadrats.
Calculate the percentage frequency of this species, and determine what this
indicates about the diversity and abundance of Halophila spinulosa in Moreton
Bay. (2 marks)
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Lesson 2.10
Investigating species diversity

Key ideas

— Various sampling techniques are used to study species diversity.

— The purpose of a survey and the species being studied determine the appropriate
sampling method.

— When conducting ecological surveys, strategies to minimise bias must be put in place.

— The Lincoln index is a measure of population size based on sample data.

@ Steps to investigate diversity

Learning intentions To better understand the diversity of the organisms in an ecosystem, ecologists need to

and success criteria determine the abundance of each species present. Because it is impractical, or impossible,
to count all members of a population or community, ecologists rely on a variety of sampling
techniques to estimate population sizes. Investigating species diversity is done using the
following steps.

1 Define what is to be sampled. For example, if a researcher wishes to investigate the
distribution of spotted gums on the western slope of Mt Coot-Tha, the intended
measurement is distribution, the target species is the spotted gum and the sample area is
the western slope of Mt Coot-Tha.

2 Determine the sampling technique to be used. Common techniques are quadrats,
transects and capture—recapture studies, each of which will be explained in this lesson.
The sample method chosen will depend on the purpose and species being investigated.

3 Determine how many samples will be taken, and the sampling locations. Normally,
samples should be taken at random across the area being examined; however, sometimes
other methods are more accurate.

4 Implement methods to minimise any bias in the sample, so an accurate population
estimate can be obtained.

FIGURE 1 When investigating diversity of a species, it is important to define (A) the species to be sampled (e.g. spotted gum) and
(B) the sample area (e.g. Mt Coot-Tha, Queensland).
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Measuring abiotic factors

When studying an area, the type of environment and the variation of abiotic factors (and
therefore habitats) in the ecosystem must also be considered. The distribution and abundance

of any species is linked to the physical and chemical features of the habitat and to the

other species present. Physical and chemical factors may be measured using a variety of
techniques, as listed in Table 1. Measuring these factors alongside population data enables the
identification of any correlations in species distribution with their environment.

TABLE 1 Common abiotic factors and the tools used for their measurement

Factor
Light intensity
Temperature
Topography and altitude
Pressure
Depth of soil
Soil moisture
Soil or water pH
Organic matter (humus)
Soil or water nutrients
Dissolved oxygen
Rainfall
Humidity
Wind

Method of measurement
Light meter
Thermometer
Measure slope; draw profile and transects to scale
Barometer
Soil profile cut down and measured; or soil corer
Sample weighed, water evaporated and soil reweighed
pH meter or pH indicators
Sample weighed, burned then reweighed
Soil-testing kits
Oxygen meter
Collection and measurement
Hygrometer; or measure evaporation rate over time

Rotating vane anemometer; or wind speed meter and compass

FIGURE 2 A researcher using a pH meter

Data loggers can be used to determine many chemical aspects of the abiotic environment,

particularly in aquatic environments. Examples are pH, light intensity, oxygen and carbon

dioxide levels, and salinity.

Sampling methods

Recall from Lesson 1.6 that there are three main methods of sampling: random sampling,
systematic sampling and stratified sampling. The type of sampling you should select for an

ecological investigation will depend on the nature of your target species and the measurement

you wish to take.

OXFORD UNIVERSITY PRESS

random sampling
a sampling procedure
in which every member
of the population

has an equal chance

of being selected for
the sample

systematic
sampling

a sampling procedure
in which samples are
selected based on a
systematic interval
from a randomly
chosen starting point
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bias

the occurrence of
systematic errors or
inclinations, which
can lead to incorrect
conclusions

precision
how close a set of data
values are to each other
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Random sampling

In random sampling, each member of the community in the study has an equal chance of
being selected as part of the sample. In ecological research, this can be done by dividing an
area into a grid pattern and assigning a number to each section of the grid. Sample sites can
then be randomly selected using a number generator. Alternatively, a pair of numbers can be
used as x and y coordinates from a fixed location, giving each location in the region the same
probability of being selected.

The benefit of random sampling is that it minimises selection bias. However, it can
sometimes lead to small habitats within a study region being missed or to the over-
representation of other habitats. When over- or under-representation occurs, it reduces the
precision of the data collected. This is shown in Figure 3.

Community Sample

Random
selection
1,4,6,10,
5,3,15,12

Y

—
—

CIENE 3
S, ¥ ¥ S
ML NE 3

—

it 3k
% % %%
% % % 3k

FIGURE 3 The random sample of this community does not represent the type of habitat found in Square 14 and
has over-represented one of the habitats in the community.

Systematic sampling

An alternative to random sampling is systematic sampling, where each member of the sample
is selected at predetermined intervals throughout the area or along the line being surveyed.
Both random and systematic sampling methods help to minimise bias by ignoring features
of the habitat, such as areas that are easy to get to, pleasant or clearly demonstrate the
relationship being investigated.

Community Sample

Systematic
selection

—

s S

—_

CICNE I

%%
2, | % | 3% ¥
® % 3
3, 4 3% 3%

g 3

FIGURE 4 The sample of this community has been selected systematically by selecting every second plot in
the grid.
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Stratified sampling

Before decisions can be made about the management of an ecosystem, the type of
environment and its biodiversity must be determined. Natural ecosystems are not
homogenous, and this variation needs to be considered when analysing their biodiversity.
Factors to be considered include: an estimation of the size, density and distribution of the
population; the gradient or profile of the land; zonation; and any stratification. For the
purpose of sampling, an ecosystem can be divided into smaller groups, known as strata
(singular strarum). Once these strata have been determined, each stratum can be randomly
sampled. The number of samples taken from each stratum must be proportional to how much
of the ecosystem it represents. This method of stratified sampling incorporates the minimised
bias of random sampling, and provides increased precision, because each region or stratum is
represented equally.

Height (m)

FIGURE 5 An example of three strata (field, shrub, tree) used to sample a forest ecosystem

Strategies to minimise bias

After selecting your sampling method, it is important evaluate whether it may be biased and

take measures to reduce bias in the sample. Sampling is biased if:

¢ some members of any population are more likely to be recorded than others

e the recording of some samples affects the recording of others

» the investigator selects specific sample sites that are easy to reach, not unpleasant to work
in or give the results they are expecting.

Four strategies can be used to minimise bias when planning and conducting an ecological
survey.

o Ensure sufficient size and number of samples. A single measurement is generally insufficient
for conclusions to be drawn about a characteristic, because repeated measurements can
vary greatly. The exact number and size of samples required depends on the purpose
of the study and the size and behaviour of the organisms being investigated. Generally,
10 per cent would be considered sufficient for a quadrat or transect study. The larger the
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zonation

the breaking of the
biome into habitat
zones

stratification

the division of the
physical environment
into smaller
components for
sampling

strata

distinct layers or zones
within an ecosystem,
based on vegetation
type or abiotic factors
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accuracy
the extent to which
a result represents
the true value being
measured

sample size, the greater the accuracy, although this will be constrained by the resources
and time available for the study.

Use random number generators. When doing random sampling, random number generators
and random number tables should be used rather than an individual making their own set
of “random” numbers. This provides a truer representation of randomness.

Use counting criteria. Before sampling, it is critical to establish protocols for how the
sampling technique is to be carried out, as well as how the organisms are to be counted.
For example, scientists would need to set criteria on how to count a plant species that
undergoes asexual reproduction and might have a number of plantlets attached to the
mother plant. Scientists also need to determine whether individuals that are partially
captured within the sample area are to be included in the count or excluded.

Calibrate equipment. It is important that any equipment used in testing abiotic factors has
been calibrated for accuracy before use. Calibrating equipment ensures the accuracy of
data, not only within the study but also between similar studies conducted in different
areas or at different times, so that scientists can be confident that the measurements
obtained are comparable and therefore reliable. The precision of the equipment being used
also needs to be considered.

Types of assessment

The most common student field study is an environmental analysis that describes the
geographical, physical, chemical and biotic characteristics of an area. Examples include

assessment of environmental impacts; management of fish, wildlife and vegetation habitats for

the benefit of desired species; and habitat reclamation. The principal objective is often one of

the following:

basic ecological research — proposing and testing hypotheses relating to ecological theories
and principles

ecological inventories — collection of data and samples to be used for reference
environmental planning — use of ecological information for proposing potential sites for
preservation, management or other environmentally sound uses

environmental impact assessment — collection of information for assessing present or
potential impacts of human activities

ecological resource management — collection of information needed for management of
populations and for reclamation of disturbed habitats.

The prime objective of the study determines what is to be measured and the sampling

techniques to be used.

Sampling techniques

In most ecological surveys, one of three techniques is used to observe the distribution and

abundance of species:

quadrats
transects

capture-recapture.
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FIGURE 6 Examples of ecological sampling techniques: (A) quadrat, (B) transect and (C) capture-recapture

Quadrats

Recall from Lesson 2.6 that the quadrat method is a basic and commonly used procedure for
sampling plants and sessile or slow-moving animals, such as snails. A sample plot is generally

a rectangle or a square (quadrat), although circles or other shapes can be used. In sampling

soil or aquatic organisms, a volume of the habitat

is often analysed. Within this quadrat or volume,
individual organisms can be identified, counted
and measured. Random or systematic sampling can
give indications of abundance and distribution over
a much larger area. The abundance, percentage
frequency or percentage cover can be determined
using quadrats.

Transects

In some types of vegetation, the use of quadrats
may be impractical. Transects often give better
information over large areas and show non-random
distribution of some species. There are two main
types of transect: line transect and belt transect.

A line transect involves walking a line through
an established area and recording individuals
observed along the length of the line. There are
different types of line transects. For example, a
continuous line transect involves running a line
through a habitat and recording any individuals

OXFORD UNIVERSITY PRESS

FIGURE 7 Given the complexity of aquatic
environments, a volume of water above or
below a quadrat may be included in the sample.

plot

an area under
investigation, generally
a subset of a larger area

line transect

an estimate of the
numbers of organisms
in an area by counting
individuals observed
along a predetermined
line
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that touch or fall under the line (Figure 8A). This type of line transect would be useful for
surveying immobile species such as plants. Other types of line transect involve making
observations of species that can be seen from the line. This method can be used in vertebrate
population studies, such as roadkill censuses, bird counts and small mammal trapping. It can
even be done on a large scale for highly mobile species. For example, drones or helicopters
can be flown along a set transect line for a specified distance to assess the numbers of emus or
kangaroos in large, remote areas of Australia.

Line transect

FIGURE 8 Examples of transects: (A) line transect and (B) belt transect

belt transect A belt transect is a long rectangular strip (like a belt) of terrain in which all organisms

:" elonlgatedharei;’f are counted and/or measured (Figure 8B). Knowing the width and length of the transect
nown length an . . . K . . .

width through a makes it possible to estimate species diversity and abundance for the total area. Vegetation

particular environment  transects are often represented by a profile or a plan sketch (Figure 9). Profiles can also be

in which specific constructed for many different types of habitats (e.g. rocky shores and freshwater ponds).
Communlty parameters

are measured and

recorded
“ Profile
Legend
Canopy layer
(min. 20 m high)
Subcanopy layer
£) (max. 20 m high)
=
=
.%” . Shrubs 1-3 m high
=
Herbs
E = evergreen
D = deciduous
G = grass
2m 4 m 6 m 8m
profile E Plan sketch (aerial view)
slope of the Eucalyptus
terrain, position | signata
and height of
veietatlon types, ) § Banksia
and canopy cover § ; - aemula
plan sketch g B
an aerial view = g Lepiospermum
showing position N flavescens
and canopy cover
of species
0 140 metres
FIGURE 9 Two ways of representing vegetation transects: (A) a profile diagram and (B) a plan sketch
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Capture-recapture

Population density estimates of larger, more mobile or harder-
to-observe animals can be made using the capture-recapture
method. This method is especially common for birds

and aquatic animals, but is also used for large, roaming
mammals. A certain number of individuals from a

population are captured, marked by some identifying

means, and then released within a short period of time. At

a later date, a second sample is taken from the population,
using the same protocols. Some of the individuals in

this second sample may already be marked from the first
sample. If the population is large, the marked individuals

will have become “diluted” within it and only a few would be
expected to appear in the second sample. But if the population
is relatively small, the proportion of marked animals in the second

sample will be larger.

Theoretically, the proportion of marked individuals in the second FIGURE 10 Biologists capture birds and

. . . . . tag them for tracking and recapturing.
sample is the same as that in the entire population, and the total population & ' & P &

can then be estimated using the Lincoln index (N) formula: Lincoln index (N)
a method used to
N = Mxn estimate the size of
m

closed populations

. . led using th

In this equation: Sampiec using the
capture-recapture

e N =size of the population method

e M = number originally marked

e n = total number captured in the second sample

e m = number of recaptured (marked) individuals in the second sample.

Lincoln index

Science inquiry skill: Processing and analysing  After two weeks, another sample of 150 Spanish
data (Lesson 1.7) mackerel were captured, of which 30 were found to

A study was conducted to estimate the population be previously marked.
size of Spanish mackerel (Scomberomorus commerson) — practise your skills

offshore from the Gold Coast using the Lincoln . . . .
1 Calculate the population size using the Lincoln

index. (2 marks)
2 Identify two factors that might reduce the
reliability of this estimate. (2 marks)

index (also known as the capture-recapture method).
During the survey, 200 Spanish mackerel were
initially captured, marked and released.
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Problems using the Lincoln index

Using the Lincoln index to estimate population size presents some problems.

Weather conditions may vary at the times of sampling, and this may affect the activity

of the particular organism under study. Wet or dry conditions, for example, would affect
sampling of amphibians.

Baiting a trap with food may continually attract the same members of a population. These
animals are termed “trap happy” as they learn that there is food in the traps. This will
make the population estimate lower than the actual population number because a higher
proportion of the second sample will have been recaptured.

The process of trapping and handling may make some members of the population

“trap shy”. This would result in proportionately fewer marked individuals in subsequent
trapping, giving a population estimate higher than the actual population number.

The method of marking may be unreliable. Tags may be torn off, and colour marking may
be lost in feather moulting of birds. The process of tagging may also impact the individual,
leading to poor health or a change of behaviour.

The length of time between sampling is significant. If recapture occurs too quickly after
the initial marking, then marked individuals may not have had enough time to mix back
into their population, resulting in an inaccurate population estimate. Alternatively, if too
much time passes between the initial marking and recapture, the population estimate may
be affected by events including births, deaths, emigration and immigration.

The method cannot account for deaths of tagged individuals after the first sample. If
tagged individuals die at an increased rate compared to the rest of the population, the
proportion of tagged individuals in the second sample will be lower, giving an estimate
that is higher than the actual population size.

Challenge

Determining sampling methods and techniques

You are tasked with studying the distribution of Kurrajong (Brachychiton populneus),
a shrub or small tree, in the woodlands of Carnarvon National Park. Some areas of
the woodlands are characterised by dense, closed canopies, where tree crowns form a
continuous layer that provides deep shade to the understorey. Other areas have more
open woodlands with patchy canopy cover, allowing more sunlight to filter through
to the forest floor, creating a range of habitats within the park. The Kurrajong thrives
in the understorey of these woodlands with moderate canopy cover, where some light
reaches the forest floor, promoting its growth; it cannot survive in areas where shade
is sparse.

1 Determine which sampling method should be used to study the distribution
and abundance of Kurrajong in Carnarvon National Park. Justify your choice.
(2 marks)

2 Determine which sampling technique should be used. Describe how this could
be done and justify your choice. (3 marks)
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Check your learning 2.10

Check your learning 2.10: Complete these questions online or in your workbook.

Retrieval and comprehension Knowledge utilisation

1 Describe what random sampling means. 7 Develop a plan to investigate the success of
(1 mark) reforestation after mining by studying the

2 Explain why it is important that observations are diversity of soil organisms in the area depicted
replicated. (1 mark) below. This ecosystem includes an undisturbed

3 Explain how stratified sampling increases the forest and regions that were reforested 10 and
precision of an ecological survey. (1 mark) 2 years ago, after mining. Your plan should

4 Describe the four ways to minimise bias in a include methods to minimise bias. (5 marks)

random sample. (4 marks)

Analytical processes

S Distinguish between a belt transect and a line
transect. (1 mark)

Undisturbed
forest

6 One evening, 55 mice in an area were captured,

marked and released. The following evening, Reforested area

. . . 10 years
70 mice were captured in the same area, of which (10 years)

35 were marked. Infer the mouse population of Reforested area
that area. (3 marks) (2 years)

Lesson 2.11
Analysing vegetation patterns
using a line transect

©

oxforddiaital > This practical lesson is available on Oxford Digital. It is also Learning intentions
9 provided as part of a printable resource that can be used in class. and success criteria
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Lesson 2.12
Stratified sampling of vegetation
patterns

Learning intentions 8 This practical lesson is available on Oxford Digital. It is also
L oxforddigital ® . . .
and success criteria provided as part of a printable resource that can be used in class.

Lesson 2.13
Quadrat sampling to estimate
distribution and abundance

©

Learning intentions oxfordd igi tal> This practical lesson is available on Oxford Digital. It is also
and success criteria provided as part of a printable resource that can be used in class.

Lesson 2.14
Comparing species diversity in two
spatially variant ecosystems

©

Learning intentions oxforddiqital > This practical lesson is available on Oxford Digital. It is also
and success criteria 9 provided as part of a printable resource that can be used in class.
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Lesson 2.15
Review: Biodiversity

summary

N

OXFORD UNIVERSITY PRESS MODULE 2 BIODIVERSITY

The unique combination of biotic and abiotic factors within an ecosystem creates biodiversity.
Diversity exists between different species in an ecosystem.

Variation of the genes in individuals of the same species creates diversity within the species.

The biological species concept is the most common method of classifying a species.

Alternative definitions of species are required for asexual organisms, fossils and hybrids.

All species definitions have limitations.

Organisms are classified using hierarchical systems.

Modern-day classification is based on the Linnean system and considers physical as well as genetic
similarities.

Scientists use a consistent naming system to aid communication in biology.

The method used to classify organisms depends on the purpose of classification and the classification
changes as new information is discovered.

Dichotomous keys use a series of questions to differentiate and classify things.
Biologists use keys distinguishing physical characteristics to differentiate species.

Abiotic factors influence where an organism lives, how abundant it is and how individuals within the
species are distributed throughout their habitat.

Intraspecific and interspecific interactions influence the distribution and abundance of species.
The distribution of organisms can be categorised into three patterns: random, uniform or clumped.

Individuals in a population are distributed as a result of interactions with their environment, other
species and each other.

Distribution patterns impact the validity and reliability of sampling methods.
Ecosystems are composed of habitats and microhabitats.

The habitat of an organism makes up a small part of the ecosystem.

The distribution of habitats and microhabitats impacts how a species may be sampled.
Different classification systems are used to classify ecosystems.

The Holdridge life zone system is used to classify land areas globally.

Specht’s classification system is used to classify Australian vegetation.

Classification plays an important part in ecosystem management.

Different measures are used to determine the diversity of different species by different sampling
methods.

Species richness is a measure of the number of unique species in an ecosystem.

Species evenness is a measure of the relative abundance of species in an ecosystem.

Percentage cover is a measure of the amount of ground covered by a plant species.

Percentage frequency is a measure of the abundance of a species within an ecosystem.

Simpson’s diversity index measures biodiversity, accounting for species richness and evenness.
Various sampling techniques are used to study species diversity.

The purpose of a survey and the species being studied determine the appropriate sampling method.
When carrying out ecological surveys, strategies to minimise bias must be put in place.

The Lincoln index is a measure of population size based on sample data.
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* DPractical: Analysing vegetation patterns using a line transect
Practical: Stratified sampling of vegetation patterns

e Practical: Quadrat sampling to estimate distribution and abundance

e Practical: Comparing species diversity in two spatially variant ecosystems

Key formulas

A _ s
Species richness S=35%
Relative species abundance RA = %Sj x 100

no. quadrats in which species is found <

Percentage frequency total no. quadrats

% frequency = 100

Simpson’s diversity index

SDI=1 - (Zn(n— 1))

NN -1

MXxn

Lincoln index Size of population(N) =~

Review questions 2.15A Multiple choice

Review questions: Complete these questions online or in your workbook.

(1 mark each)

1 Which factor did Carl Linnaeus base his system of 4 Which of the following is the correct form of the

classification on?

scientific name of a wombat?

A Size A Vombatus Ursinus
B Habitat B Vombatus ursinus
C Genetics C Vombatus ursinus

D Structures

D wvombatus ursinus

2 Which of the following taxa includes the greatest An amateur birdwatcher sighted two robins that
number of different types of organisms? were both black, red and white in colour, but one
A Class had red head feathers and the other had black head
B Genus feathers. One robin was male and the other was
C Family female. What would the birdwatcher need to do, to
D Phylum be certain that they belonged to the same species?
3 The biological species concept defines a species as A Refer to a catalogue of type specimens of robins

A a group of organisms that look similar and have
the same evolutionary history.

B a group of organisms that are physically similar
and share the same ecological niche.

C a group of organisms that can interbreed in
nature and produce viable, fertile offspring.

D a group of organisms that share a common
ancestor and can be distinguished by unique
genetic or physical traits.

140 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

B Determine whether the two robins would mate
under natural conditions

C Determine whether the offspring produced by
mating these two robins were fertile

D Refer to preserved specimens of robins that had
been collected and labelled by experts

OXFORD UNIVERSITY PRESS
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6 A savannah is a tropical ecosystem characterised

by open grassland with scattered trees and sporadic

water sources. Which type of distribution is most

likely to be observed for elephants in this ecosystem?

A Uniform

B Random

C Clumped

D Systematic

Which of the following terms could be used to

describe the collection of organisms living in and

on a decaying log?

A Society

B Community

C Population

D Ecosystem

Which of the following statements is correct?

A A population refers to a collection of unrelated
organisms living together in a specific area.

B An ecosystem refers to the physical features,
such as water and rock, in a given area.

C The environment refers to the interaction of
living and non-living components in a defined
area.

D A microhabitat refers to the small, specialised
region within a larger habitat where specific
organisms live.

Shrubs seldom grow successfully on the floor of a

dense forest. Which of the following factors mainly

accounts for this phenomenon?

A They fail to compete with the extensive canopy
of the trees to receive sufficient sunlight.

B They fail to compete with the extensive root
system of the trees to obtain sufficient water and
mineral salts.

C They fail to compete with the tall trees to obtain
carbon dioxide from the atmosphere to support
photosynthesis.

D They easily suffocate because most of the
oxygen in the atmosphere has been absorbed by
the leaves of the trees.

10 Many plants in Western Australia grow in

nutrient-deficient sandy soil, and experience hot,
dry summers and winter rainfall. Some of these
will grow in south-eastern Queensland, although
their growth and reproduction is reduced.

The zone in south-eastern Queensland where these
plants are growing is
A the optimal zone.
B the subliminal zone.
C an intolerance zone.
D a zone of physiological stress.
11 What are the three levels of biodiversity?
A Genetic, species and community
B Genetic, species and ecosystem
C Species, population and ecosystem
D Community, environment and ecosystem

12 The woolly mammoth, which became
extinct approximately 4,000 years ago, was a
large, herbivorous mammal adapted to cold
environments. It was similar to modern-day
elephants, had long, curved tusks, thick fur, and
was primarily found in the grasslands of Europe,
North America and Siberia. Why can’t the
biological species concept be used to classify the
woolly mammoth?

A Tt is extinct.

B Itis aring species.

C It reproduces asexually.

D It is a hybrid of two distinct species.

13 The spinifex hopping mouse (Notomys alexis) is a
nocturnal rodent that lives in sandy deserts and
arid regions of central and western Australia,
where food, water and shelter are sparse. Which
distribution pattern is most likely exhibited by the
spinifex hopping mouse?

A Uniform distribution
B Random distribution
C Isolated distribution

D Clumped distribution

14 The data in the table was collected from a forest
ecosystem. Which metric best represents the
species richness of the area?

Species Individuals
w 15
X 10
Y 5
V4 20
A 5:1 ratio B 4 species

C 20 individuals D 50 individuals
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Review questions 2.15B Short response

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

15 Most biologists use the Linnaean system when
classifying organisms. Identify an advantage and
a disadvantage of this system. (2 marks)

16 Explain why random sampling is important when
conducting a field study. (1 mark)

17 Several indices can be used to determine the
biodiversity of an ecosystem.

a Explain what “the biodiversity of an
ecosystem” means. (1 mark)

b Describe two parameters that could be used
to measure the biodiversity of an ecosystem.
(2 marks)

18 Describe three limitations of the biological
species concept. (3 marks)

19 In a study of a local bird population, researchers
captured and marked 50 birds, then released them
back into the wild. After a week, they captured
a second sample of 60 birds, of which 10 were
marked. Calculate the estimated total population
size of the birds in this area, using the Lincoln
index. (1 mark)

20 Use the information in the table to calculate the
biodiversity of the ecosystem using Simpson’s
diversity index. (1 mark)

Species Individuals
A 15
B 10
C 5
D 20

Analytical processes

21 Use the Holdridge life zones classification system

(Figure 2 in Lesson 2.8) to:

a determine the range of each abiotic factorin a
desert scrub (1 mark)

b classify an ecosystem that has a mean annual
biotemperature of 24°C, annual precipitation
of 2,500 mm and a potential evapotranspiration
ratio of 0.25. (1 mark)
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22 The fauna of the wallum area tend to be small
and are either insectivorous or eat fruit, flowers
and nectar. They include honey eaters, small
insectivorous birds and a great variety of lizards
and snakes. Infer two reasons for the types of
fauna found in these areas. (2 marks)
23 A student throws a 0.25 m? quadrat onto the school
lawn. The figure below shows what was found.
a Determine the abundance of dandelions in
1m?2. (1 mark)

b If the lawn area is 100m X 50m, determine
the abundance of daisies in the entire lawn.
(1 mark)

0.5m

0.5m

* Clover
* Dandelion

24 The figure below shows vegetation along a transect
line. Classify the ecosystem shown, using Specht’s
classification system (Table 1 in Lesson 2.8).

(1 mark)

20 H

#Toe

OXFORD UNIVERSITY PRESS

—
W
|

Height (m)
s
|

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 13/08/2025 under licence.

Knowledge utilisation

25 Two groups of frogs resemble each other very
closely. One group lives on the lower eastern
slopes of the Eastern Highlands. The other group
lives on the top of these mountains. A biologist
discovers that the frogs on the lower slopes breed
in September to November, whereas those on the
higher slopes breed in January to March.

a Propose a possible reason for the different
breeding times of these two groups. (1 mark)

b Explain whether you could classify the frogs
as the same species, based on the information
provided. (1 mark)

26 Residents of outer Brisbane suburbs sometimes
find small mouse-sized mammals in their homes.
Residents need to recognise whether these are
a house/field mouse or a marsupial mouse,
feathertail glider or water mouse, because many of
these native species are rare and should be released
back into the bush. Descriptions of mouse-like
mammals found around Brisbane are given below.
*  House mouse (“field mouse™), introduced pest

species, Mus musculus

Length: body 75 mm, tail 85 mm; weight 15g.
Typical mouse, olive-brown back and paler
belly. Strong musky-mouldy scent. Small notch
on inner side of upper incisors.

+ Common planigale (marsupial mouse),
Planigale maculata
Length: body 80 mm, tail 77 mm; weight 11g.
Mouse-sized, mouse-coloured. Flat head;
pointed snout; cat-like teeth; inner “big” toe on
hind foot has no nail. Female has “kangaroo-
like” pouch, male has pendulous scrotum; both
these features are lacking in the house mouse.

*  Common dunnart (marsupial mouse),
Sminthopsis murina
Length: body 90 mm, tail 80 mm; weight 22 g.
Large mouse-size. Sharply pointed snout; large
bulging black eyes; delicate white hind feet;
grey-brown head and body; belly pure white;
cat-like teeth; inner “big” toe on hind feet has
no nail. Female has “kangaroo-like” pouch.

e Feathertail glider (marsupial), Acrobates
pyvgmaeus
Length: body 80 mm, tail 80 mm; weight 13 g.
Mouse-sized; grey-brown back; white belly;
tail like a small feather (not found in other
Australian mammals).

OXFORD UNIVERSITY PRESS

*  Water mouse (false water rat), Xeromys myoides
Length: body 115mm, tail 95 mm; weight 40g.
Large mouse-sized; silky, slate grey back
sharply defined by pure white belly; tail short,
sparsely haired, without white tip.

Construct a dichotomous key that could be used

to help residents of Brisbane identify the different

“mouse-like” mammals they may encounter in

their homes. (5 marks)

27 Choose a non-domestic animal to research its

characteristics and distribution.

a State the scientific name of the animal, using
the correct notation. (1 mark)

b Classify the abiotic and biotic features of its
environment. (2 marks)

¢ Construct a concept map to demonstrate the
animal’s ecological niche. (2 marks)

d Deduce one significant aspect of its
environment and predict the outcomes for this
species if that were to change. (2 marks)

28 Rainforest soils retain few nutrients, because they

are used as soon as they become available from
decomposer activity to support the large mass of
plants in the community. Evaluate whether a
section of cleared rainforest would be a viable site
to set up a large vegetable farm. (2 marks)

29 You are preparing to conduct an ecological survey

of the rocky shore shown in the image below.

Rocky shores are a complex ecosystem, where

organisms must tolerate wide fluctuations in many

abiotic factors.

a Appraise how the differences in habitats along
rocky shores would influence the distribution of
the organisms found there. (2 marks)

b Describe an appropriate sampling method
to survey the distribution and abundance of
organisms in this rocky shore and propose
strategies to improve the reliability and validity
of the study. (4 marks)
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4 .
Data drill

Interpreting ecological data from a grassland ecosystem

Ecologists surveyed a terrestrial grassland ecosystem. From initial surveys, the area appeared to be relatively
homogeneous. The data in the table below was collected using random quadrat sampling of plant and
animal species across 10 quadrats of equal size.

. Quadrat Total
Species
1 2 3 4 5 6 7 8 9 10 count
Kangaroo grass 12 14 10 18 20 15 12 14 11 13 139
Wallaby grass 4 5 3 7 6 5 3 4 5 4 46
Native 7 6 8 5 4 4 7 6 5 6 58
wildflower
Ant 0 12 15 13 0 14 10 12 13 11 88
Grasshopper 3 2 1 3 4 2 3 1 2 3 24
Apply understanding Analyse data
1 Determine why a random sampling method 4 Compare the distribution and abundance of
might have been selected over a stratified or plant species in the ecosystem to identify any
systematic sampling method. (1 mark) patterns in the data. (2 marks)
2 Calculate the percentage frequency of ants in Interpret evidence

th .1 K .
¢ survey. (1 mark) 5 Infer the reason for the pattern shown in the

distribution and abundance of plant species.
ecosystem. (1 mark) (1 mark)

3 Calculate the Simpson’s diversity index for the

6 Deduce the dominant plant species in this
ecosystem, using data to support your answer.

(2 marks)
Module 2 checklist: Biodiversity
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Populations

v

Introduction

A population refers to members of the same species occupying a given area at the
‘ same time. Populations of all species have some common adaptations related to
! environmental factors. These factors determine where the populations are found, how

v they increase in number and the total number of individuals. Growth of a population
can be either density-dependent or density-independent. Competition for resources
and predator—prey relationships are significant in limiting population growth for some
species. To cope with these and other factors, different species use different population
growth strategies.

Prior knowledge

Prior

. knowledge
quiz you start.

Check your understanding of concepts related to populations before

Subject matter

Science understanding

— Calculate population growth rate and change using birth, death, immigration and
emigration data.

— Compare the reproductive strategies and growth curves of K- and r-strategists.

— Identify and explain different modes of population growth, including
— exponential growth (J-curve)
— logistic growth (S-curve).

Science inquiry

— Investigate
— how abiotic factors affect the distribution and/or abundance of species in

an ecosystem
Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Practicals

(DSOGICISIEIRAN These lessons are available on Oxford Digital.

& Lesson 3.4 Population study of yeast
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Lesson 3.1
Calculating population growth rate
and change

Key ideas
— Population growth rate is the speed at which a population changes over a specific

range of time.

— Environmental factors influence the rates of births, deaths, immigration and @
emigration in a population.

— Calculating population change informs conservation efforts. Learning intentions
and success criteria

Population growth rate

Population size can vary significantly over time, particularly in animal
species. For example, there are periodic mouse plagues on the Darling
Downs in Queensland. Not only do these plagues lead to devastation
of crops, they also cause considerable damage as the mice infest
homes. Numbers can also decline rapidly: the mouse population may
be massive in April but insignificant in July.

The size of a population depends on the rates of birth, death,
immigration (arriving into a new area) and emigration (leaving an
area). If the number of deaths or emigration increases, the size of the

population will decrease. In contrast, if the number of offspring born
(births) increases, or if many individuals immigrate into an area, FIGURE 1 Population sizes of the house mouse,

then population size will increase. Mus domesticus, in the Darling Downs fluctuate
. . . . th hout th .

Population growth rate is the speed at which a population roughout the year
changes over a specific range of time. This is different from population growth, which population
growth rate

is the change in the number of organisms in a population at identified times. An increase
the rate of change

or decrease of the population growth rate provides a measure of how fast the change in of a population over
population is occurring. It is calculated using the formula: a particular range
of time
r=0+10—-(+e
In this formula: population
. growth

e r= population growth rate the change in the
e b = number of births number of individuals

. . . in a populationin a
e 7= number of immigrants particular habitat

* d = number of deaths
* ¢ =number of emigrants.

The graphs in Figure 2 show the relationship between population growth (change in numbers
in the population) and population growth rate (change in numbers in the population over a certain
period of time). Each population has specific limiting factors that influence its growth. The range
of tolerance to light, temperature, available water, salinity, nesting space and required nutrients
differs from species to species. Regardless of other factors, if any essential requirement is in short
supply for a particular species, or if an environmental feature is too extreme, the population
cannot increase. It will either remain the same size or decrease.
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FIGURE 2 Comparison of (A) the growth curve and (B) the growth rate curve for the same population. Graph (B) reflects the gradient

of graph (A).

Worked example 3.1A

Calculating population growth rate

A population of koalas in a wildlife sanctuary is being monitored. The initial population is 150 individuals.

Over the course of a year:

e 19 koalas are born

e 0 koalas migrate into the sanctuary

e 13 koalas die

e 3 koalas migrate out of the sanctuary.

a Calculate the population growth rate for koalas in the wildlife sanctuary, using the formula:
r=(@b+1)—(d+e (1 mark)
b Calculate the number of koalas in the sanctuary at the end of the year of monitoring. (1 mark)

e

Step 1: Look at the cognitive verbs and To “calculate” means to determine or find a number using mathematical

mark allocation to determine what the processes. To determine part a, use the population growth rate formula,

questions are asking you to do. r=(b+1)— (d+ e). Then use this value to solve part b. Parts a and b are

worth 1 mark each, so you need to provide one value for each.

Step 2: Gather any data required for the | a
population growth formula.

Step 3: Substitute the values into the b
population growth rate formula to solve

for . Remember: the question asks for

the rate, so you should indicate the time
period given in the question.

Step 4: Use your answer from part a to
solve for part b. This will be the initial
population + population growth rate for

one year.
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Number of births (b) = 19
Number of immigrants (z) = 0
Number of deaths (d) = 13
Number of emigrants (¢) = 3
r=(b+1)—(d+e
=(19+0) - (13+3)
=3
Therefore, population growth rate is 3 koalas per year. (1 mark)

Initial population = 150
Final population = 150 + 3 = 153
Therefore, there will be 153 koalas in the sanctuary at the end of the

year.
(1 mark)

OXFORD UNIVERSITY PRESS
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A lake is home to a silver perch population that initially consists of 500 fish. Over the course of a year:
e 100 fish are born

e 20 fish migrate into the lake

e 60 fish die

e 30 fish migrate out of the lake.

a Calculate the population growth rate for the silver perch population using the formula:

r=(b+1)—(d+ e (1 mark)

b Calculate the number of silver perch in the lake after two years, assuming the population growth rate
remains stable. (1 mark)

Density-dependent factors

As a population grows, the resources available to each individual within the population
decrease. If the population becomes larger than the environment can sustain, competition
for limited resources, such as food, shelter or water, will increase. This competition can

lead to some individuals being relegated to resource-poor areas within the environment, and
therefore can affect their ability to thrive and reproduce. Competition is therefore a

density-dependent factor, where the influence of the factor on population growth increases  density-dependent

as the population increases. factor
. . . L a factor that has a
Disease and predation are also density-dependent. As a population increases, the greater impact on
likelihood of a disease spreading through the population also increases, because of the higher the population as

rate of contact between individuals of the population. In turn, this leads to an increased increases
mortality rate within the population. Finally, as the population of a prey species increases,

the food supply of their predator increases, so the population of predators will increase as the

predators take advantage of the abundant food source. This then means that there is greater

pressure from predation on the prey species, increasing the mortality rate.

FIGURE 3 Two density-dependent factors: (A) disease and (B) predation

Density-independent factors

Birth rates and death rates may vary regardless of population density. The density of a
population is, in this case, independent of the size of a population. A small population may
be spread over a very large area and have a low density. Alternatively, it may be limited to a
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density-
independent
factor

an abiotic factor that
is independent of
the density of the
population, that
affects the size of a
population

limiting factors
conditions that
limit the growth,
abundance

or distribution of
an organism or a
population

of organisms
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very small area, causing the organisms to be crowded together in a high-density environment.
Both environments (high density or low density) present their own challenges to the

survival of an organism. Factors that affect a population regardless of its density are termed
density-independent factors.

All organisms have a range of factors that can affect their survival. The availability of
water or nutrients, or the temperature of the ecosystem, must be within a range that the
organism can tolerate, for the organism to survive and reproduce. If abiotic conditions change
in a way that becomes optimal for an organism, this can encourage population growth. For
example, algal blooms can occur when the concentration of nutrients (e.g. nitrogen and
phosphorus) increases in waterbodies due to run-off from fertilisers used on farms.

If an abiotic condition sits outside an organism’s tolerance range, then the organism will
die, increasing the mortality of a population. For example, if temperatures are higher than an
organism’s tolerance range, that organism will die regardless of whether it lives in a high-
density environment or a low-density environment. The limiting factor of temperature
will restrict the size of a population, independently of the density of the population. Other
population-independent limiting factors relate to water, nutrients, sunlight, pH, salinity and
humidity.

FIGURE 4 Sunlight is a limiting factor influencing the density of grass at the edge of a forest.

Environmental disasters

Many density-independent factors are associated with environmental changes. In some
cases, these changes are natural, such as the sudden flooding of an area, or destruction from
volcanic eruptions. Although flooding may appear to have a negative effect on an ecosystem
(as it does in many examples), it can also have positive effects. Floodwater can wash out
excess salt or chemicals from the soil or from rivers, and may also clear debris. This enables
fish and birds to breed, increasing the birth rate of the population. The floodwaters will also
soak into the soil, increasing the amount of groundwater. This can provide a long-term water
supply to plants in the ecosystem. Many ecosystems are dependent on regular floodwaters to
maintain their communities.
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Other environmental disasters are a result of extreme climatic events. Drought, cyclones,
fires and enhanced climate change are all examples of events that will affect the size of a
population, independently of the density of the population.

FIGURE 5 The Great Barrier Reef was heavily affected by cyclone Yasi in 2011. Here is the reef (A) before and (B) after the environmental
disaster.

Pollution

High-density human populations can also affect the
population of other organisms, independently of the
organism’s density. For example, clearing of the ecosystem
or release of chemicals into the ecosystem can have a
detrimental effect on the population of marine organisms,
independently of the density of the marine population.

Population change and conservation

Monitoring population change is an important step in the
conservation of endangered organisms. The information

collected from monitoring helps to determine the carrying
capacity of an ecosystem and whether the population is FIGURE 6 A protest against pollution in Sydney
growing or in decline. Tracking the increase and decrease of
population sizes over time allows scientists to investigate the
factors influencing a specific population, and make decisions
about how best to manage and protect species. An example
of this is the northern quoll (Dasyurus hallucatus) population
in the Kakadu National Park, Northern Territory. It has
been estimated that the population of quolls in this region
was approximately 80,000 in the year 2000. However, since
then, the population has undergone a dramatic decline as a
result of poisoning from invasive cane toads and predation
by feral cats, as well as habitat destruction by humans. This
information has led to the northern quoll being classified

as endangered, and conservation methods — including

FIGURE 7 Northern quolls (Dasyurus hallucatus) are an endangered
species of small marsupial carnivore, found only in northern
programs being—set in place to try to protect this species. Australia.

captive breeding programs and “toad-smart” northern quoll
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Check your learning 3.1

Retrieval and comprehension

1

Describe three density-independent factors that
could contribute to an increase or a decrease in
numbers. (3 marks)

Identify the four factors that determine
population growth rate for a species. (4 marks)

Analytical processes

3 Contrast population growth and population

growth rate. (1 mark)

At the beginning of a three-year survey, a
population contained 2,000 individuals. During
the survey, 1,700 individuals died, 240 migrated

out of the area, 601 moved in and 870 were born.

Check your learning 3.1: Complete these questions online or in your workbook.

a Calculate the overall change in population
size that occurred. (1 mark)

b Calculate the average rate of change per
year. (1 mark)

¢ Determine the overall population size at the
end of the survey period. (1 mark)

Knowledge utilisation

5 Research an example of an environmental
disaster that has had an effect on land near you.
Propose how this disaster might have changed
the biodiversity of your selected area. (2 marks)

©

Learning intentions
and success criteria

r-selected species
a species that
occupies an unstable
environment

and uses the
evolutionary strategy
of maintaining a

high growth rate,
occupying less
crowded ecological
niches and producing
many offspring
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Lesson 3.2
Reproductive strategies

Key ideas

— Organisms demonstrate a range of reproductive strategies.

— r-selected species populations experience “boom” and “bust”, due to rapid
reproduction rates.

— K-selected species populations grow slower than r-selected species and are more
stable.

r-selected species

Many species have evolved reproductive strategies to maximise their chances of dominating
an ecosystem. This can be illustrated by the rate of their population growth. Some species,
the r-selected species, can produce large numbers of offspring (often asexually) with little
parental investment. This is important to those species that live in unstable environments
where predation may be high. These organisms are generally small, mature rapidly and are
short-lived. Examples of r-selected species are bacteria, grasses, corals, insects and small
mammals such as rodents. By flooding the habitat with offspring, regardless of mortality or
predation, at least some of the progeny are likely to survive to reproduce. Their population
growth is typically “boom” and “bust”. The bust phase is usually due to density-independent
limitations. You will learn more about population growth curves for r-selected species in
Lesson 3.3.
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FIGURE 1 Examples of r-selected species: (A) bacteria, (B) rabbits and (C) wasp spiders

K-selected species

Other species, the K-selected species, tend to live in more stable environments and their
population densities are as high as the ecosystem can maintain without collapsing, known as
the carrying capacity. These organisms have a long life expectancy, produce few offspring,
invest extensive parental care and can compete successfully for limited resources. Although
K-selected species are generally large (e.g. elephants, whales), they include some long-lived,
small species (e.g. Arctic terns). Their population size is often affected by the overall density
of the species (density-dependent). You will learn more about population growth curves for
K-selected species in Lesson 3.3.

FIGURE 2 Examples of K-selected species: (A) elephants, (B) whales and (C) Arctic terns

TABLE 1 General characteristics of - and K-selected species

K-selected
species

a species whose
population fluctuates
ator near the
carrying capacity (K)
of the environment in
which it resides

carrying capacity
the largest
population that

can be maintained
within a given area
without collapsing,
determined by the
limiting resources
within the ecosystem

Study tip

Think r for rabbits, K
for koala.

r-selected species K-selected species
Short-lived Long-lived
Tend to be small in size Tend to be large in size
Fast maturation Slow maturation
Reproduce at an early age Reproduce at a late age
Produce many offspring at a time Produce few offspring at a time
Little care of offspring Extensive parental care
Not strongly competitive for resources Strongly competitive for resources
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biofilm

a layer on a solid
matrix composed of
microscopic bacteria,
algae and protozoa in
a complex polymer-
linked assemblage
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Modifications of r- and K-selected species

Many organisms adopt an intermediate strategy between these two extremes. Trees, for
example, are large and long-lived, and are strongly competitive for resources — these are K
attributes. They tend, however, to produce a large number of seeds that are dispersed away
from the parent plant, which is an r trait.

Some organisms can even alternate between the two strategies, depending on the local
conditions, giving them the best chance of surviving a broad range of conditions. Biofilms,
for example, are colonies of prokaryotes, algae or protozoa enclosed in a matrix that adheres
to surfaces. Prokaryote biofilms are large and grow slowly compared with other prokaryote
colonies (i.e. weeks rather than minutes). By producing a fluid matrix made of proteins and
polysaccharides around the cells, the biofilm can resist predation and chemicals, including
antibodies and antibiotics. New colonies are formed when fragments break off and attach
to a new surface away from the main colony. Because many biofilms are composed of more
than one type of prokaryote, the waste products of one species (which could accumulate and
inhibit their growth) are often the substrate for another species. In all these features, the
biofilm is a K-selected species.

When a biofilm receives an influx of specific nutrients, certain cells in the matrix become
mobile. They modify their protein production to no longer produce the pili that hold the
cells in position, and instead each prokaryote forms a whip-like flagellum. These mobile cells
are released from the matrix and reproduce exponentially at the maximum rate possible in
that environment. Although the chance of any one cell finding a suitable surface on which to
establish a new biofilm is small, the number of cells increases rapidly. This motile form is a
typical r-selected species.

When a large quantity of nutrients is available, the biofilm cells maximise the opportunity for
dispersal and establish new biofilms as r-selected species. When more stable environmental
conditions prevail, they become K-selected species. They also secrete a slimy extracellular
matrix of proteins and polysaccharides that protects the biofilm from many chemicals,
including antibodies and antibiotics.

u r-selected species B r-selected species K-selected species

E K-selected species E r-selected species

b

FIGURE 3 Biofilms are formed by (A) the attachment of motile prokaryotes to a surface. (B) They undergo
exponential growth as an r-selected species, losing their flagellum in the process. (C) On maturation, growth slows
down and the prokaryotes act as K-selected species. (D) When specific nutrients are available, some cells become
motile and detach from the surface of the biofilm. (E) These cells attach to a new surface and again become
r-selected species.
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Real-world biology

Chinook salmon reproduction

tshawytscha) are well known
for their unique reproductive
strategy. These salmon are
relatively large and long-lived
fish, living as long as 9 years
and growing to 60kg.
Chinook salmon are born in
freshwater rivers surrounding
the north Pacific Ocean
from Japan to California in
North America, then migrate

ownstream into the ocean inook salmon (Oncorhynchus tshawytscha) swim
d h FIGURE 4 Chinook sal (Oncorhynchus tsh ha)
where they live until they upstream from the ocean, while trying to avoid predators, to

. breed in freshwater gravel beds.
reach maturity, and return up

the same stream they were born in, to breed. This run upstream has become famous,
with images of salmon leaping up small falls, risking being caught by bears waiting

to catch them in mid-flight. Human structures, such as weirs and dams, may impede
their ability to swim upstream, so scientists are developing designs such as fish ladders
to enable the salmon to pass. These fish ladders allow salmon to swim and leap over a
series of low steps to pass a barrier.

During spawning, the females form gravel nests in the riverbed, where they lay up
to 10,000 eggs, which the males then fertilise. However, the salmon expend so much
energy in producing the eggs and sperm cells, as well as swimming upstream, often
for hundreds of kilometres, that once they reach the breeding grounds and spawn,
they die. This means that, while the parents invest an extraordinary amount of energy
in finding suitable spawning grounds, there is no parental care after the spawning,
leading to a high mortality rate of the eggs. Once the eggs hatch, the offspring begin
the migration downstream again, with many dying due to predation, lack of food or
environmental factors.

Apply your understanding

1 Argue whether chinook salmon should be considered an r- or K-selected species.
Justify your response. (3 marks)

2 Critique the use of fish ladders to enable salmon to pass human-made barriers.
(2 marks)

3 “Human-made structures affecting the flow patterns of streams in North America
are threatening the survival of chinook salmon.” Construct a research question
that addresses an aspect of this claim. (1 mark)
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Check your learning 3.2

Check your learning 3.2: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Describe the conditions leading to the formation
of a biofilm and the benefits of this reproductive
strategy for prokaryotes. (2 marks)

a Rat
b Cat

¢ Whale
d Penguin

©

Learning intentions
and success criteria

environmental
limiting factor
any factor that limits
the growth of a
population

exponential
growth
population

growth where the
reproductive rate of
the individualsin a
population remains
constant, but the
number of mature
individuals increases
due to no limiting
factors, causing the
population to grow
faster and faster

of population growth. (2 marks)

Analytical processes
2 Identify whether each of the following are - or 4

K-selected species. (1 mark each) K-selected species. (1 mark)

3 Explain the advantage to an organism of being
able to alternate between r- and K-selected modes

Distinguish between an r-selected species and a

5 Using the r and K categories, determine

how you would classify a human. Justify your

decision. (2 marks)

Lesson 3.3

Modes of population growth

Key ideas

— Organisms demonstrate different modes of population growth.

— r-selected species display exponential population growth.

— K-selected species display logistic growth.

— Logistic curves reach population equilibrium at around the carrying capacity of the

ecosystem.

Exponential growth

If a population is not pressured by any limiting factors,
it will increase. This is commonly the case for small
populations, such as a few individuals that have
migrated to a new area. The environmental limiting
factors that inhibit population growth, such as limited
resource availability, predation and disease, will be
non-existent or negligible. At first, the population

will grow slowly, because few individuals are able to
reproduce. However, if resources continue to abound
and deaths due to predation and disease remain
negligible, the growth rate of the population will
increase due to an ever-increasing number of mature
individuals in the population. This mode of population
growth is known as exponential growth.
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Population number

Time

FIGURE 1 Exponential growth of a
population. After an initial slow phase,

the population grows at a constantly
increasing rate, producing a J-shaped curve.
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The species then realises its full reproductive biotic potential (the ability of a population
to increase under optimum environmental conditions). If this were to continue indefinitely,
the population would continue to rise without limit, producing a J-shaped curve, as shown
in Figure 1.

Carrying capacity

Each environment has a particular carrying capacity for a population — the size of the
population that can be supported indefinitely on the available resources of that ecosystem.
For example, the house fly (Musca domestica) can produce seven generations in one year. Each
female can lay 120 eggs. Assuming that each fly lives for only one generation, and that half
the eggs hatch into females, a total of 5,598,720,000,000,000 flies (over 5 quadrillion) can
be produced in one year from one original pair of flies. This is prevented by environmental
resistance (the sum of all environmental limiting factors) such as lack of resources, increase
in predators, parasites and disease, accumulation of toxic wastes or other factors such as
overcrowding. As a result, the population of the house fly is restricted to the carrying capacity
of the environment in which it lives.

There are two possible outcomes for the initial unrestricted growth of the house
fly population, or any population demonstrating exponential growth. The species may
experience rapid population growth until one of the following occurs: the population exceeds
the environment’s carrying capacity and over-exploits the local resources, a significant
climatic event drastically reduces the population, or most of the population migrates. This
results in a J-shaped curve on a population-versus-time graph, followed by a steep drop in
population size — a “boom and bust” situation (Figure 2). In nature, short-term growth
patterns of this type are characteristic of r-selected species and opportunistic species, such
as weeds or insects, which invade an area, rapidly use up the local resources and then enter a
phase of dormancy, die out or move on.

Carrying capacity

‘Bust’

Population size

Time

FIGURE 2 (A) A population growth curve of the house fly (density-independent) (B) A typical house fly

biotic potential
the number of
offspring capable
of being produced
by individuals

of a species

J-shaped
population curve
the graphical
representation

of the change in
population density
of an organism as it
increases rapidly and
then stops suddenly,
due to environmental
or other factors

environmental
resistance

the sum of all
environmental
limiting factors
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Logistic growth

Logistic growth occurs when a population gradually increases and then levels off when
it reaches carrying capacity. In this mode of growth, as the population increases there is

increased environmental resistance, which leads to an increased death rate and a decreased

birth rate, slowing down the rate of growth as the carrying capacity is reached. The results

are reflected in the formation of an S-shaped population curve.

For animals, the carrying capacity may be determined by factors such as available shelter
or nest sites. For plants, access to sunlight might be the limiting factor. This type of growth
pattern is typical of density-dependent K-selected species (Figure 3).

Population
growing:
rapid
acceleration

Population
Population P
. constant
decelerating
l Carrying

capacity

Birth rate and death rate balance,
resulting in equilibrium

Environmental resistance sets in: increased
death rate and/or decreased birth rate

(

Slow start due to shortage of reproducing

Maximum growth rate under ideal conditions:
no environmental resistance

\ / individuals, which may be widely dispersed

Time

FIGURE 3 Generalised graph of density-dependent population growth resulting in an S-shaped curve

S-shaped
population curve
the graphical
representation of the
change in population
density of an organism
when it initially
increases slowly

and then rapidly

as it approaches

an exponential

There is usually a time lag before the organisms respond to environmental resistance. This
may be due to individual growth rates, or the gap of a generation before the reproduction rate
decreases. As a result, the population growth curve fluctuates around the carrying capacity.

Figure 4 shows this pattern.

Carrying
capacity

growth rate, but é’
then decreases -
and levels off as £
the environmental =
carrying capacity S
is reached A~
Time
FIGURE 4 Typical response of a density-dependent population at carrying capacity
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For a given species in a particular environmental situation, there will be a certain

optimum population that the environment can support. This is the equilibrium or set equilibrium

. . . 1 " . . the point at which
point. If the population rises above the equilibrium, competition, predation or increased a system can be
disease takes place to such an extent that the population falls. If it falls below the equilibrium, maintained, e.g.
environmental resistance is relieved temporarily and the population again rises. This means population size for a

specific environment;
also known as set
Occasionally, environmental conditions can change. As a result, the carrying capacity point

the population tends to fluctuate around a set point, as shown in Figure 4.

changes to reflect the environmental conditions during any period. A long-term drought, for
example, will bring about increasing numbers of deaths in a population, which will continue
until the drought is broken.

Seasonal changes can alter, for example, the nutrients available for a period of time. This
could either increase or decrease the population, depending on the circumstances. Because
different populations in a community are interdependent, any change in one population has a
flow-on effect on other populations. The sum of population-limiting factors of all populations
in a community will therefore affect the carrying capacity of their ecosystem.

FIGURE 5 The world’s human population grows by more than 1 per cent each year.

Graphing population growth curves

Science inquiry skill: Processing and analysing data (Lesson 1.7)

The United Nations has estimated that the human population on Earth reached 8 billion on 15 November
2022. It is predicted to reach 9 billion by 2037. The years for each billion-milestone reached are shown in
Table 1.

TABLE 1 Billion milestones of the human population

Year 1804 1930 1960 1974 1087 1999 2011 2022

Hefpl e 1 billion | 2 billion | 3 billion | 4billion | 5 billion = 6 billion = 7 billion |8 billion

milestone }
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 Practise your skills

1 Graph a population growth curve using the data
from Table 1. (3 marks)
Describe the shape of the curve. (1 mark)

3 Predict the effect that each of the following
events could have on the population growth rate of
an area. (1 mark each)

mass vaccination programs
war

famine and drought

a6 o 8

contraception.

Challenge

Influence of density-dependent and density-independent factors on
population growth

Populations rarely fit perfectly into the theoretical growth models or categories

of reproductive strategies. The complexity of the system is increased by variation
over time of factors such as predation, disease, competition and environmental
disturbances. In an undisturbed forest, a population of rhinoceros beetles will first
grow exponentially, then become logistic as it reaches the carrying capacity of the
ecosystem as a result of the density-dependent factors for the given area (competition,
disease and predation).

This simple model is made more complex by the density-independent factors that
occur in the surrounding environment. Climatic events, such as fluctuations between
El Nino and La Nifia in Australia and South America, change the availability of water
and therefore the growth and decay of vegetation, affecting the availability of resources
and the suitability of the area for the survival of the rhinoceros beetles. An area of
forest where the population of beetles is relatively stable may be thrown out of balance
by human activities, such as deforestation. This change in the environment will alter
the carrying capacity for all organisms living there.

FIGURE 6 A rhinoceros beetle

1 Deduce whether density-dependent or density-independent factors would have a
greater impact on the shape of a population growth curve. Justify your decision.
(2 marks)

2 Evaluate how interactions between density-dependent and density-independent
factors shape long-term population stability. (2 marks)
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Check your learning 3.3

Check your learning 3.3: Complete these questions online or in your workbook.

Retrieval and comprehension
1 Define the following terms.
a Biotic potential (1 mark)
b Environmental resistance (1 mark)

2 Identify resources (both biotic and abiotic) that would be considered
environmental resistance. Which of these resources could be classified as density-
independent? (4 marks)

3 Explain why the carrying capacity of an ecosystem is influenced by population-
limiting factors. (1 mark)

4 Describe the shape of the curve of population growth for a K-selected species.
(1 mark)

S Determine whether each of the following statements is true or false. If false,
rewrite it as a correct statement. (2 marks)

a A population with more offspring per generation will always have a faster growth
rate (r) than a similar population with fewer offspring per generation.

b Predation usually acts as a density-independent limiting factor on populations.

Analytical processes

6 Compare a J-shaped and an S-shaped population growth curve. (2 marks)

Lesson 3.4

Population study of yeast

o This practical lesson is available on Oxford Digital. It is also
oxforddigital » . . .
provided as part of a printable resource that canbe used in class.
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Lesson 3.5
Review: Populations

Ssummary

e Population growth rate is the speed at which a population changes over a specific range of time.

* Environmental factors influence the rates of births, deaths, immigration and emigration in a population.
e Calculating population change informs conservation efforts.

* Organisms demonstrate a range of reproductive strategies.

* r-selected species populations experience “boom and bust”, due to rapid reproduction rates.

e K- selected species populations grow slower than r-selected species and are more stable.

¢ Organisms demonstrate different modes of population growth.

e r-selected species display exponential population growth.

e K-selected species display logistic growth.

e Logistic curves reach population equilibrium around the carrying capacity of the ecosystem.

m e Practical: Population study of yeast

Key formulas

Population growth rate r=0b+i)-d+e

Review questions 3.5A Multiple choice

Review questions: Complete these questions online or in your workbook.

(1 mark each) 4 A particular country has negligible immigration
1 The two factors that lead to population growth are and emigration. In 2017 its population increased
A births and deaths from 50 million to 51 million. If the birth rate was

30 individuals per thousand, then the death rate

B births and emigration. )
(per thousand) in 2017 was

C births and immigration.

. . A 10.

D deaths and emigration. B 20

2 The highest rate of reproduction of a population C 30'
under ideal conditions is called the )

D 40.

A birth rate.

.. . 5 If 2 male and 18 female wallabies are introduced
B biotic potential.

C . it onto a brush- and grass-covered island where there
carrying capacity. . .
yHig capacity are no natural enemies or other large animals,

D environmental resistance. what will happen in future years?

3 The population of red squirrels in the United
Kingdom was estimated at 161,000 in 1995 and
287,000 in 2018. The population growth rate

would be best described as
A 5.500 D The population will continue to rise until there

is little grass left.

A The wallabies will die from diseases.
B The wallaby population will get smaller.
C The wallaby population will remain at 20.

B 126,000.
C 23 years.
D 5,500 per year.
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6 There has been exponential growth in the world-
wide human population over the past 1,000 years.
The main reason for this rapid increase in numbers is
A the high reproductive potential of humans.

B the ability of humans to alter their
environment.

C the dramatic reduction in the death rate during
the past 1,000 years.

D none of the above.

7 An organism is small in size and has a short
lifespan. It is fast maturing and produces many
offspring at a young age. The young stay with the
mother for only a short period of time. It is likely
that this organism is
A a K-strategist.

B an r- strategist.

C intermediate between an r-strategist and a
K-strategist.

D initially an r-strategist and becomes a
K-strategist at maturity.

8 r-selected species are better adapted to survive in
an unstable environment because

A they grow to maturity quickly.
B they are generally small in size.
C they have little to no parental care.

D they demonstrate logistic population growth.

9 Which type of growth curve is most associated

with K-selected species?
A Linear growth curve
B Boom and bust curve
C Logistic growth curve (S-curve)
D Exponential growth curve (J-curve)
10 The carrying capacity of a species is nor affected by
A the size of the population.
B the presence of predators.
C climactic changes, such as LLa Nina.

D seasonal changes in the environment.

Review questions 3.5B Short response

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

11 Define the term “carrying capacity” of an
environment. (1 mark)

12 Describe how limiting factors determine the
carrying capacity of an environment. (2 marks)

Analytical processes

13 Using the data from the Skill drill, deduce why
the growth of the human population has stabilised
and is predicted to slow. (2 marks)

Knowledge utilisation

14 The saltwater crocodile (Crocodylus porosus) is
the largest species of crocodilian and is found in
estuaries and rivers. It can live for up to 70 years
and reaches maturity after 10 to 16 years. During
a breeding cycle, females lay up to around 60 eggs,
in nests made of soil and vegetation to incubate the
eggs. Once the eggs are hatched, the female carries
the hatchlings to the water, minimising deaths at
this early stage. Classify the saltwater crocodile as
an r- or K-selected species. Justify your answer.
(2 marks)

OXFORD UNIVERSITY PRESS

15 A knowledge of population growth curves can help
in controlling pests as well as in the conservation
of endangered species.

a Discuss the most effective time to control a rat
outbreak in a racing stables complex. Justify
your answer. (2 marks)

b A minimum viable population is the size of a
population below which numbers of a species
must not fall if the species is to survive in
the long term. How would you estimate the
minimum viable population size necessary to
save an endangered species such as the ghost
bat (Macroderma gigas), the bilby (Macrotis
lagotis) or the dusky hopping mouse (Notomys
fuscus)? Conduct research and evaluate the
requirements of the species you select.(2 marks)
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16 The data in the table below was collected as a result of concerns about the numbers of kangaroos in particular
areas and the possibility of overgrazing.

a On the basis of this data, which area is in most need of culling? Justify your answer using calculations from
the data. (4 marks)

b Evaluate other factors that could influence your decision. (2 marks)

. Migrants Deaths
Location/number at  Area (ha) and Births . . .
beginning of year condition In out Dingoes Licensed Disease, starvation,
shooters roads

Simpson Desert / 23,000 ha — 1,274 4,392 346 84 746 329

7,318 drought declared

Rervan area / 279 450ha — pasture 427 32 192 22 0 47

available

4 .
Data drill

Interpreting population data

The population dynamics within a population of snowshoe hares (Lepus americanus) were closely monitored
from 2020 to 2024.

Year Births Deaths Immigration Emigration Population change
2020 120 110 30 20 +20
2021 100 110 25 30 -15
2022 130 120 40 30 +20
2023 110 115 20 30 -15
2024 125 120 35 25
Apply understanding

1 Calculate the population change in 2024 using the formula: r = (b + 1) — (d + o). (1 mark)
2 Calculate the population size at the end of 2024 if the population was estimated at 90 at the start
of 2020. (1 mark)

Analyse data

3 Determine the greatest driver of population decline in this population. (1 mark)

Interpret evidence

4 Predict how the population would change if it became isolated, and no more migration occurred.
(2 marks)

Module 3 checklist: Populations
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UNIT

Multiple choice
(1 mark each)

1 Species diversity can be defined as
A the variety of extant species in the world.
B the variety of species within an ecosystem.
C the total number of species within an ecosystem.
D variation between individuals of the same species.
2 The biological species concept states that a species is
A a group of organisms with an identical set of DNA.

B a group of organisms that share a common
ancestor.

C a group of organisms that share a similar
physical appearance and traits.

D a group of similar organisms that can interbreed

to produce viable, fertile offspring.
3 The taxa in the Linnean system of biological

classification, from least specific to most specific, are

A Domain, Kingdom, Class, Family, Order,
Genus, Phylum, Species.

B Domain, Kingdom, Phylum, Class, Order,
Family, Genus, Species.

C Domain, Phylum, Kingdom, Class, Order,
Family, Genus, Species.

D Kingdom, Phylum, Order, Family, Class,
Genus, Species, Domain.

4 Use the dichotomous key below to determine the
class of the mollusc pictured.

External shell

No Yes

Cephalopoda Shell has
multiple parts

No Yes

Gastropoda Shell forms two valves
joined by a hinge

No Yes

]

Polyplacophora Bivalvia

OXFORD UNIVERSITY PRESS

Topic 1 review

A Bivalvia

B Gastropoda

C Cephalopoda
D Polyplacophora

Species evenness is

A the total number of species present in an area.

B the uniform distribution of individuals in an
ecosystem.

C the similarity in ecological roles between
species in an ecosystem.

D the relative abundance of individuals of each
species in a community.

Determine the percentage frequency of a particular

weed species that was found in 3 quadrats in a

lawn survey that used 15 quadrats.

A 3%

B 12%

C 20%

D 30%

Determine when a transect would be used, rather

than random quadrats, to survey an area.

A to measure species distribution along an
environmental gradient

B to investigate species abundance in an area with
no obvious variation

C to study changes in species diversity in a
uniformly distributed habitat

D to analyse species distribution along a linear
feature, such as a river or a road
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8 The benefit of stratified sampling is that An appropriate conclusion to draw from this data
A it reduces the number of samples required. is that
B it ensures that all species in an area are sampled. A hares are more abundant in areas with low
C it minimises bias by sampling each habitat or rainfall and peaty soil.
stratum evenly. B temperature has the greatest influence on hare
D it ensures that the most abundant area within population density.
an ecosystem is surveyed. C hare population density is not affected by the
9 Identify the distribution pattern shown in abiotic factors measured.
the diagram. D rainfall and soil type have the greatest influence
on hare population density.
** * 12 In Specht’s classification system, foliage height is
* determined by
) ¢ A the tallest individual plant.
* ) ¢ B the average height of all plants.

C the height of the dominant plant species.

D the height of the stratum with at least 50 per

Y * cent foliage cover.

13 Identify the population growth curve that would
be expected for a species in an environment
with an abundance of resources and negligible

A uniform

B random . .
predation and disease.

C d
D ;umied A J-curve
une e. o B K-curve
10 Clumped distribution may be the result of
C R-curve

A territorial behaviour.
B Labili £ shel D S-curve
availability of shelter.
y. . 14 Identify which of the following is a characteristic of
C no competition for space. .
o an r-selected species.
D even dlS.trlbuUOI‘l of resources. ‘ . A short lifespan
11 The fol'lov'vmg data was collectc?d t'o 1n\'/est1gate B high parental care
how abiotic factors affect the distribution and

abundance of the European brown hare. C stable population size

D multiple reproductive cycles with few offspring

Location Temperature Annual Soil Population per cycle
range (°C)  rainfall  type density 15 Determine the growth rate of a population of
Lt 1,200 individuals that has 320 births, 245 deaths,
A 1010 20 600to | Clay | High 15 immigrants and 20 emigrants in a given year.
800 A 6%
B 5to 15 1,000 to | Loamy | Low B 9%
1,200
C 15 to 25 400to | Sandy | High C 28%
600 D 50%
D 0to 10 300to | Peaty | Low 16 The capture-recapture method of measuring
500 a population would most likely be used for
E 10 to 20 800to | Clay High measuring the population of
1,000 A dairy cattle.
F 5to 20 1,200 to | Loamy | Low B soil bacteria.
1,500 C wedge-tailed eagles.
D Eucalyptus maculata.
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Short response

17 Scientists use multiple definitions of species to
overcome any one definition’s limitations.

a Identify two limitations of the biological
species concept. (2 marks)

b For each limitation, identify a method
of defining a species that overcomes this
limitation. (2 marks)

18 To assess the success of closed seasons in south-
eastern Queensland, during which snapper
(Chrysophrys auratus) cannot be targeted or kept
by fishers, scientists have conducted biannual
population surveys. The data collected is provided
in the table.

Year First Second Tagged in second
capture capture capture

2020 354 291 15

2022 390 273 11

2024 297 408 7

a Calculate the population size in 2020 and
2024. (2 marks)

b Draw a conclusion about the success of the
fisheries’ closed seasons. (1 mark)

19 You are tasked with conducting a sample to
investigate the distribution of the noxious weed
lantana (Lantana camara) in local bushland. The
study area is shown here.

\//

OXFORD UNIVERSITY PRESS

Describe how sampling should be done in the area
shown, to investigate lantana distribution. In your
response, include:

e an appropriate sampling method

e an appropriate sampling technique

e strategies to minimise bias

* measure(s) of diversity. (5 marks)

20 Feathertail gliders (Acrobates pygmaeus) are adapted

to live in tall, well-watered eucalypt forests. They
are normally active at night throughout the year,
moving swiftly along branches and leaping through
the uppermost foliage. When temperatures become
too cold, they go into torpor (i.e. lower their
metabolic rate and become inactive) but can only
sustain this condition for up to 48 hours. They

are predominantly insectivorous and have a wide
range of predators (e.g. owls, snakes, cats). They
are communal animals living in groups of about 16
in nests of dried, overlapping eucalyptus leaves in
hollow trees or old nests of other animals.

a Identify one density-dependent factor and
one density-independent factor that affects the

population size of the feathertail glider.
(2 marks)
b Using the example, distinguish between the
terms “distribution” and “abundance”.
(2 marks)
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21 In a study of competition among frogs, a zoologist
manipulated the numbers of frogs in several
isolated farm dams. Fifteen almost identical dams
without any frogs were stocked with tadpoles at
five densities (three dams for each density) in the
early spring. In this area, rainfall is predominantly
over spring—summer. The number of adult frogs
in each dam is determined by sampling on three
successive years. The mean adult abundance for
each treatment is given in the table below.

Initial Mean adult abundance for each
stocking stocking density
density 2016 2017 2018

10 8 0 0
20 30 30 80
40 60 40 100
80 60 80 100
160 20 30 60

a Discuss these results in the context of
intraspecific competition and a variable
environment. (2 marks)

b Propose one possible factor that may have led
to the results seen in the 2018 data. (1 mark)

22 Contrast the reproductive strategies of an
r-selected species and a K-selected species, in terms
of lifespan, size, age of maturity and number of
offspring. (4 marks)

23 Explain the role of microhabitats in determining
the abundance, distribution and diversity of species
in an ecosystem. (4 marks)

168 BIOLOGY FOR QUEENSLAND UNITS 3 & 4

24 Explain the effect of disease on the abundance and
distribution of a species. (2 marks)

25 Below is a hypothetical data set from a survey of
Eighteen Mile Swamp on North Stradbroke Island.

Species name Abundance

Oxleyan pygmy perch (Nannoperca oxleyana) 50
Cooloola sedge frog (Litoria cooloolensis) 13
Wallum froglet (Crinia tinnula) 17
Glossy black cockatoo (Calyptorhynchus 9
lathami)

Whiptail wallaby (Macropus parryi) 13
Macquarie turtle (Emydura macquarir) 5

a Calculate the Simpson’s diversity index of the
swamp. (1 mark)

b Calculate the species richness of the swamp,
using the Menhinick index. (1 mark)

¢ Discuss the diversity of this swamp, using the
calculated index values. (3 marks)

26 The graph shown here is a hypothetical population
growth curve.

gommme

Population

B

R e LN

Time
a Identify the mode of population growth shown
in the graph. (1 mark)
b Explain the fluctuation in population between
points A and B. (1 mark)
¢ Hypothesise what may have occurred at
point B, then from B to C. (2 marks)
TOTAL MARKS
154
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Functioning
ecosystems

Introduction

Living organisms transform energy between many forms. Photosynthetic organisms
convert energy from sunlight to chemical energy for use in their cells. Heterotrophs use
some of the chemical energy available in the food they eat, but transfer a percentage

as waste in their faeces to be used by decomposers. The metabolic functions of all
organisms produce heat that is lost to the environment and must be replaced by
producing or eating more food. Energy flow diagrams can be used to represent

the transfer of matter through ecosystems from producer to apex predator. When
organisms produce waste as faeces, or die, their organic molecules are broken into
smaller parts by decomposers and returned to the environment for reuse. Chemical
energy is transformed into heat energy during decomposition, and this is released

into surrounding matter or the atmosphere. While matter is recycled in an ecosystem,
energy flows through — from radiation in sunlight to stored organic molecules in living
things, to heat energy released during decomposition. Some species play a more critical
role in ecosystems than others in their community, influencing all other species.

Prior knowledge

z:::vle dge Check your understanding of concepts related to functioning
quiz ecosystems before you start.

Subject matter o T

L

Science understanding

— Explain the transfer and transformation of energy as it flows through the biotic
components of an ecosystem, including the

TRt R

— conversion of light into chemical energy
— production of biomass and its interactions with components of the carbon cycle
— loss of energy as heat.

— Analyse food chains, energy flow diagrams and ecological pyramids to determine

efficiencies of energy and biomass transfer

gross and net productivity

loss of energy through radiation, reflection and absorption.

N T »
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— Describe the transfer and transformation of matter (water, carbon, nitrogen) as it
cycles through ecosystems.

— Explain the following species interactions: predation, competition, mutualism,
commensalism and parasitism.

— Describe the concept of an ecological niche.

— Explain the competitive exclusion principle.

— Explain the critical role that keystone species play in maintaining the structure
of a community.

— Analyse ecological data (e.g. food webs, population data) to

— identify keystone species

infer species interactions

predict the outcomes of removing species from an ecosystem.

Science inquiry
— Investigate

— species interactions, e.g. by looking for correlation in abundance data
— Investigate

— the competitive exclusion principle, e.g. by studying vertical zonation on a tree

Science as a human endeavour

— Appreciate that
— some biologists have advocated for keystone species to be special targets
for conservation efforts and keystone species theory has informed many
conservation strategies; however, there are differing views about the effectiveness

of single-species conservation (such as keystone species, flagship species or
umbrella species) in maintaining complex ecosystem dynamics.

Source: Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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- & Lesson 4.2 A simplified food chain in leaf litter
Lesson 4.3 Measuring biomass
Lesson 4.7 The relationship between predator and prey

Lesson 4.8 Competitive exclusion in Paramecium
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Lesson 4.1
Energy in ecosystems

Key ideas

— Almost all living organisms on Earth rely on energy pathways that begin with the
Sun’s radiation.

— Food chains are a visual representation of the simplified flow of energy from producers
through multiple levels of consumers.

— Producers convert energy from sunlight into stored chemical energy they can use as
food, while consumers are heterotrophs and obtain energy by eating producers and
other heterotrophs.

— Trophic levels show the transfer of energy from one organism to another, with a loss of
approximately 90 per cent of energy from each trophic level to the next.

— Food webs show more complex feeding relationships between organisms in a
community; they are built from several food chains.

Energy on Earth @

Our Earth’s Sun sustains most life on Earth. While approximately 30 per cent of the Sun’s Learning intentions
radiation is reflected back into space by our atmosphere, the remaining 70 per cent is and success criteria
absorbed by the atmosphere, oceans and land, and used by plants for photosynthesis.

Incident or solar radiation  Incident or solar radiation Reflected
(visible light) (near-infrared)

Reflected radiation
(mostly green light) |

radiation

Upper epidermis |

Palisade mesophyll

Spongy mesophyll

Lower epidermis

Transmitted radiation Transmitted radiation
(mostly green light)

FIGURE 1 Radiation in the form of sunlight is absorbed by a leaf and transformed via photosynthesis into
potential chemical energy. This energy is transferred to consumers when they eat the leaf, or it returns to the
atmosphere as heat energy.
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consumer

an organism that

eats another living
organism (or part of an
organism) for nutrition

food chain

a simple linear
arrangement of
organisms showing
the flow of matter
and energy from one
organism to another
through feeding
relationships

productivity

the amount of energy
fixed in organic
compounds; measured
by the increase in
biomass per unit

of time

biomass

the amount of organic
matter in a selected
system
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Energy is transformed from light energy into potential chemical energy by plants through
photosynthesis. The chemical energy is transferred from molecule to molecule in the
biosphere before it is radiated into space as heat energy. The amount of solar energy stored on
Earth determines the amount of potential chemical energy, and therefore how much life can
exist on Earth. Only a small proportion of the total solar energy reaching the Earth’s surface
is transformed by photosynthesis into organic matter. Most solar energy is reflected back
into space, or absorbed by the Earth during the day and radiated back into the atmosphere at
night. The patterns of flow of chemical energy can be tracked from molecule to molecule, and
organism to organism in the biosphere.

Food chains

Autotrophs produce their own chemical energy and use this energy to produce their own
matter. Autotrophic producers are eaten by other organisms (consumers), which are then
eaten by other consumers (higher-order consumers). This flow of energy and matter can
be followed through each organism from producer to highest-order consumer and then
decomposers, through a food chain. Food chains use arrows to indicate the direction of

movement of matter and energy through each organism (Figure 2).

Native mouse Kookaburra

s Decomposers g

Note: The direction of the arrows indicates
‘eaten by’ = direction of energy flow

Grass seeds

FIGURE 2 A food chain

On the basis of the way they obtain food, organisms can be categorised into three groups:
producers, consumers and decomposers.

Producers

Producers convert simple inorganic chemicals to complex organic molecules (molecules
containing carbon and hydrogen together with other atoms). Most producers use solar
radiation as an energy source. Productivity is measured by the amount of energy fixed
within chemical compounds at each level in the ecosystem. In producers it can also be an
indication of how the amount of producer biomass (mass of all organic matter in an area)
increases over a particular length of time.

Photosynthesis is a chemical reaction that produces glucose and oxygen from carbon
dioxide and water in the presence of sunlight.

carbon dioxide + water % glucose + oxygen

This means photosynthesis is affected by the temperature of the environment. Higher
temperatures cause molecules to move faster, increasing the rate of photosynthesis and
glucose production. Cold temperatures slow the rate at which glucose is produced.

OXFORD UNIVERSITY PRESS
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The temperatures that determine the rate of photosynthesis change throughout the year,
because the production of glucose by plants and its conversion into other organic compounds
(biomass) are influenced by season, latitude and altitude.

Productivity in producers is also influenced by other factors, such as soil mineral
availability and water. Although deserts may experience suitable temperatures for chemical
reactions, there is little water present and therefore their productivity is low.

Plants and algae/phytoplankton also vary in their ability to convert light into chemical
energy. This ability is the producer’s photosynthetic efficiency — how effectively the
producer in the ecosystem is able to produce glucose from sunlight. The total amount
of organic matter in an ecosystem, which is produced as a result of photosynthesis or
chemosynthesis, is called gross primary production. Not all of this energy can be used
by the herbivore that eats the producer — some will be lost as heat and removed as waste
product. The amount of energy the herbivore is able to gain when it eats the producer (after
subtracting the energy it took to digest the plants) is called net primary production. The
productivity can be measured for each level in an ecosystem. An example of this is secondary
productivity, which is a measure of the amount of new tissue (biomass) generated by the
growing herbivores in an ecosystem.

Consumers

Consumers use food produced by other organisms as their energy source. First-order
consumers are herbivores, which eat plant material. Second-order consumers are carnivores
that eat herbivores. Third- and higher-order consumers are carnivores that eat other
carnivores. These carnivores may be
predators (killing other animals for
food), parasites (feeding on living
organisms) or scavengers (eating
animals they have not themselves
killed). Some consumers — omnivores
— may be both a first-order consumer
and a higher-order consumer
simultaneously. Consumers that are
specialist feeders cat a limited
range of things. Koalas, for example,
eat only the young leaves of specific

eucalypt species. Other consumers,
FIGURE 3 The long-nosed bandicoot (Perameles nasuta) is a

known as generalist feeders, cat a ) ;
generalist heterotroph that eats animals and plants.

wide variety of food. A bandicoot is

a generalist that eats insects, spiders,
earthworms, berries, grass seeds, and young
stems and roots.

Decomposers and detritivores

All organisms in an ecosystem eventually die
and fall to the ground — this could be the sea
floor in the ocean, or the soil in a rainforest.
This mixture of dead plant parts, skin,
undigested food and dead organisms is called
detritus. Detritovores ingest detritus to break
it down, and decomposers digest detritus
using an external process. Detritovores include

FIGURE 4 Dark honey fungus (Armillaria ostoyae)
breaking down a tree stump on the forest floor
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photosynthetic
efficiency

the percentage of

light energy that
photosynthetic
organisms convert into
chemical energy during
photosynthesis

gross primary
production

the total amount

of organic matter

in an ecosystem
produced as a result of
photosynthesis

net primary
production

the amount of energy
available for herbivores
in an ecosystem

specialist feeder

a heterotroph that can
thrive only on a limited
diet

generalist feeder
a heterotroph with a
varied diet

detritus

organic debris from
decomposing plants
and animals

detritivore
an organism that feeds
on detritus

decomposer

an organism (e.g.
bacteria and fungi)
that uses dead
organisms or waste
matter for its nutrients,
releasing simple
inorganic molecules
back to the soil to

be reused.
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trophic level
one of the levels of a
food chain, e.g. first-
order consumer

organisms such as worms, that eat the decaying matter and digest it internally. Decomposers,
such as bacteria and fungi, cover their food with enzyme-containing secretions to break down
the matter into simple nutrients before absorbing these into their body. Because matter is limited
on Earth, it is recycled through plants, animals, fungi, decomposers and other organisms.

Trophic levels

Trophic levels (feeding levels) describe the relative positions of producers and consumers
in a food chain. A food chain shows energy transferring through a group of organisms in
an ecosystem. The organisms at each trophic level eat and obtain energy from organisms in
the previous trophic level. In turn, they are consumed by the next organisms along the food
chain, passing on the energy they had stored in their cells and tissues.

Energy transfer

Food chains usually have three to four trophic levels, but may have up to six. There are not
more than this because, at each trophic level, energy is lost to the surrounding environment as
heat and only around 10 per cent is transferred from one level and retained by the next (Figure 5).
For example, if some grass contains 1,000 units of energy produced through photosynthesis
and a grasshopper eats the grass, only 100 units of energy are assimilated into the body of the
grasshopper. The remaining 900 units of energy are used up by the grass in its growth and

flowering, which will release energy to the environment in the form of heat or waste.

%’Tcrtiary (top) consumer

1 unit of energy T / heat

==

N NN Secondary consumers

10 units of energy

Primary consumers

100 units of energy

/ heat

T

1,000 units of energy T heat

/

33,300 energy units

FIGURE 5 The transfer of energy through a food chain from producer to top-level consumer: only approximately
10 per cent of energy is retained at each trophic level.

There is more energy stored in the lowest (producer) level of a food chain than in the
third trophic level (consumers). Therefore, the closer a consumer is to the producer, the more
energy is available to be transferred.

In most cases, higher-order consumers tend to be larger than lower-order consumers
(particularly when they are carnivores). Food chains, therefore, generally have fewer members
in each successive energy level. Energy is released to the environment at each level, and this
released energy is eventually re-radiated into the atmosphere as heat. Energy is not recycled in
an ecosystem; it flows through the ecosystem.
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Food webs

A food chain is a simple linear series in which each organism is completely dependent on a

single food source. However, more often, the range of plant species is sufficient for herbivores

to have several sources of food and carnivores to prey upon a variety of animals. This can be

represented by a diagram that contains a variety of food chains linked together (Figure 6).

This food web is a graphical representation of the many food chains that are interlinked to food web

show the feeding relations between organisms in an ecosystem. all the possible
feeding relations

in an ecosystem

ﬁ‘ Goanna and carpet snake f Other snakes
Water rat Bush rat and bandicoot F

i -

nsect-eating birds = Feral cats
Cormorant
Kingfishers

T Lizards
Lz g Musk ducks T /

T Grasshoppers and other insects
Small fish Mussels and small fish

Honeyeaters Termites

g

Small aquatic animals

Blossom bat

Zooplankton T r S and squirrel glider
Phytoplankton Aquatic plants Casuarinas Banksias Melaleucas Herbs and grasses

FIGURE 6 A simplified food web (decomposers not shown) of organisms on Moreton Island, Queensland

In a complex food web there is greater stability because most organisms have a variety of
food sources to compensate for seasonal fluctuations.

All waste and dead materials are acted upon by decomposers. The organic debris may
be totally consumed by bacteria, fungi and small animals, releasing carbon dioxide, water

and heat. Alternatively, the organic molecules may enter other complex food webs when law of
scavenging organisms (e.g. crabs) use the remains of dead animals and in turn are eaten by conservation
fish (e.g. mullet). Ultimately, however, decomposer organisms release nutrients back into the :iem:g‘;ter and
environment. This process is not always complete, and only partially broken-down products a law stating that
such as methane and alcohol may be released. matter and energy

cannot be created or

Ecosystems conform to the law of conservation of matter and energy, which states destroyed but can be

that matter and energy cannot be created or destroyed but can be changed to other forms. changed to other forms
Although complex ecosystems (indicated by the variety of organisms at each trophic level, Study tip

and therefore the types of feeding interactions) may contain changing population sizes, the Energy flows through

same pattern of energy distribution is maintained in the system over very long periods an ecosystem; matter

of time. is recycled.
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Check your learning 4.1

Check your learning 4.1: Complete these questions online or in your workbook.
Retrieval and comprehension chameleon gecko and the leaf-tailed gecko. They
1 Define and give an example of a food chain. feed on insects and other small animals, which

(2 marks) they encounter as they forage in the forest. These
lizards blend into the general pattern of bark and
leaves around them and are extremely difficult

to observe when they are motionless. All geckoes

are insectivorous but will eat smaller lizards and

2 Explain why simple food chains are rare in most
ecosystems. (2 marks)
3 Explain why food chains usually do not have

more than three or four trophic levels. (2 marks) .
sometimes frogs. They are nocturnal.

Analytical processes a Identify the position in the rainforest food

4 Consider the way energy and matter move web that a gecko would occupy. (1 mark)
through an ecosystem. Determine how they b Discuss the abiotic requirements of these
differ. (2 marks) geckoes. (2 marks)

5 Several large geckoes are found in Australian ¢ Infer why being nocturnal may suit the
rainforests — for example, the banded gecko, the feeding habits of geckoes. (2 marks)

Lesson 4.2
A simplified food chain in leaf litter

Learning intentions sfarldialial s This practical lesson is ava ilable on Oxford Digital. It is also
and success criteria 9 provided as part of a printable resource that can be used in class.

Practical
Lesson 4.3
® Measuring biomass

o This practical lesson is available on Oxford Digital. It is also
tion oxforddigital » . : .
and success criteria provided as part of a printable resource that can be used in class.
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Lesson 4.4
Ecological pyramids

Key ideas

— An ecological pyramid is a model of relationships between trophic levels in
an ecosystem.

— An ecological pyramid can be used to represent the balance of populations, biomass
or energy in an ecosystem.

Graphical representation of energy flow

The flow of energy through a food chain is often depicted by a graph representing the
quantity at each trophic level. At each level, energy is lost to the ecosystem through movement
and heat. A similar loss in biomass (a measure of the amount of organic matter in a system)
occurs when the organisms excrete matter through sweat and faeces. Each trophic level

is smaller than the level before it. For this reason, diagrams showing these quantitative
relationships nearly always take the form of a pyramid.

Types of ecological pyramids

There are three types of ecological pyramids:
e population pyramid — shows the number of individual organisms at each level
¢ biomass pyramid — based on the total dry mass of the organisms at each level
e energy pyramid — shows the productivity of the different trophic levels. Productivity is
measured by the amount of energy that is fixed in chemical compounds or by the increase
in biomass during a particular period of time.
The shape of any particular pyramid tells a great deal about the ecosystem it represents.
In a population pyramid for a grassland ecosystem (Figure 1), the primary producers (usually
grasses) are small, so it takes a large quantity of primary producers to support the primary
consumers (herbivores).

In a food chain in which the primary producers are large (e.g. trees in a forest), one
primary producer may support many herbivores (Figure 2).

Tertiary consumers I Tertiary consumers

Secondary consumers Secondary consumers
Primary consumers Primary consumers

Primary producers Primary producers

FIGURE 1 A population pyramid of a grassland ecosystem
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Learning intentions
and success criteria

ecological
pyramid

a model of the
relationships between
different organisms in
a food chain

population
pyramid

a model of the numbers
of organisms at each
trophic level of a food
chain

biomass pyramid
a model of the amount
of living matter
transferred through a
food chain

energy pyramid
a model of the amount
of energy transferred
through a food chain

FIGURE 2 A population pyramid of a forest ecosystem
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Dry mass (g/m?)
Carnivores 0.1

Herbivores 0.6
470.0

Producers

FIGURE 3 A biomass pyramid of a grassland ecosystem

Dry mass (g/m?)

Zooplankton 21.0

Phytoplankton 4.0

FIGURE 4 A biomass pyramid of an ocean ecosystem

Constructing ecological pyramids
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A biomass pyramid for a grassland ecosystem (Figure 3)
takes the form of an upright pyramid.

Inverted pyramids of biomass occur only when the
producers and primary consumers are small. For example,
in the ocean, the biomass of phytoplankton is measured
using the biomass at any particular moment. Because
phytoplankton reproduce rapidly, their biomass in a
short time period may be smaller than the biomass of the
zooplankton feeding upon them (Figure 4).

Energy pyramids show the productivity relationships
of the trophic levels. This means they are an indication of
the amount of chemical energy stored in a set time period.
Because energy cannot be created in the food chain, the
amount of energy decreases at each trophic level, generating
an upright pyramid shape only (similar to Figure 3).

Science inquiry skill: Processing and analysing data (Lesson 1.7)

A food chain of four organisms in Moreton Bay is represented in the table. Use the information in the table to

answer the questions below.

ntﬁls:er Trophic level Organism
1 Producer Seagrass
2 Primary consumer Isopods
3 Secondary consumer | Squid
4 Tertiary consumer Shark

Average no.
organisms per m?

Biomass (g) per m? Energy (kJ) per m?

10,000 500 20,000
300 125 4,000
45 80 1,500

5 25 450

Calculate the percentage energy transferred from producers to primary consumers. (2 marks)

2 Determine which consumers are most efficient in transferring energy from the previous trophic level.

Use the data to justify your response. (4 marks)

3 Using the data provided, construct a pyramid of biomass, a pyramid of numbers and a pyramid of
energy. Explain why the shape of each of these pyramids is not exactly the same, even though they

represent the same food chain. (4 marks)

Check your learning 4.4

Retrieval and comprehension

1 Define the term “biomass”. (1 mark)

2 Describe an “ecological pyramid”. (2 marks)
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Check your learning 4.4: Complete these questions online or in your workbook.

3 Identify which of the pyramids in the diagram
would best show the relative numbers of
individuals in a food chain containing:

a sheep, sheep ticks and grass. (1 mark)

b a tree, caterpillars and insectivorous birds.
(1 mark)
c trees, beetles and frogs. (1 mark)
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Second-order consumers

First-order consumers
Producers

Analytical processes

4 If an ecological pyramid is drawn for food chains interpret why the pyramids for the same food
in which a large tree is the producer, different- chain may differ. (2 marks)
shaped pyramids can be obtained depending on 5 Contrast an energy pyramid and a biomass
the parameter used (e.g. number of organisms, pyramid. (1 mark)

biomass, energy flow). Giving specific examples,

Lesson 4.5
Biogeochemical cycles

Key ideas

— Key elements for life cycle through living things and their environment in nutrient
cycles.

— Water cycles through the atmosphere, waterways, oceans, living organisms and under
the ground.

— Carbon cycles through the atmosphere and geosphere, and is stored in the short term
in living things, and in the long term in fossil fuels such as oil and coal.

— Nitrogen is the most abundant gas in Earth’s atmosphere and is essential for many
processes in living organisms.

Nutrient cycles

Key elements required for life circulate through the biosphere, geosphere, hydrosphere and
atmosphere in predictable patterns. These are known as biogeochemical cycles (bio =
life; geochemical = the study of chemical exchanges between different parts of the Earth).
Approximately 40 elements are essential to living organisms, and their pathway through these
systems can be represented in a nutrient cycle.

Nutrient cycles are important because:

e they help retain necessary nutrients in usable forms for the living organisms of an

©

Learning intentions
and success criteria

biogeochemical
cycles

the circulation of
chemical elements in
the biosphere

nutrient cycle
the cycling of a
particular element
between biotic and

ecosystem abiotic ecosystem

¢ they help to maintain homeostasis in ecosystems where populations remain relatively components
unchanged.
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TABLE 1 Cycling of some major macronutrients

Nutrient . Beservoir . Cyc.:ling
(unavailable in long-term storage) (available in the cycle)
Water Artesian, glacier, polar ice caps Transpiration — evaporation —
precipitation — uptake
Oxygen Metal oxides Photosynthesis — respiration
Carbon Fossils, peat, coal, oil and gas, trees Respiration — photosynthesis
Nitrogen Deep-sea sediments Nitrogen fixation — denitrification
Phosphorus Phosphate rock, deep-sea sediments Erosion — uptake — dephosphatising

Real-world biology

Galapagos Islands

The marine environment surrounding the Galapagos
Islands is rich with life. This is largely due to the
islands’ location at an intersection between five major
ocean currents. Together with the air temperature at
the equator, the ocean currents dictate the islands’
climate and extensive food webs above and below the
water. When ice periodically melts into the Southern
Ocean, the water is cold and dense. As a result,

this water sinks to the base of the Southern Ocean,
sweeping up the nutrients (from dead organisms)
stored as sediment on the ocean floor. These
sediments (containing many essential minerals and
nutrients) follow the current along the coasts of

FIGURE 1 Brown pelicans (Decapterus moruadsi) and Galapagos
sea lions (Zalophus wollebaekt) are among the diverse species of
the current turns west. As a result of the upwelling, the Galapagos Islands.

Chile and Peru, to the Galapagos Islands, where

the many producers in the waters surrounding
the islands are provided with a constant source of Apply your understanding
nutrition. As the seasons change, so too does the
strength of the current. During the “wet” season,

warmer waters arrive from the north. This current of

1 Identify the biogeochemical cycles affecting life

on the Galapagos Islands. (3 marks)
i e 6 s @b el (e s Gy 618 Hay 2 Infer the effect of an extended wet season on the
nutrients from the ocean floor, slowing the growth of food webs of the Galapagos Islands. (1 mark)
phytoplankton producers. As a consequence, the rest

of the islands’ food webs are affected.

The water cycle

Water type and availability are closely linked to the distribution of animals and plants on
Earth. All living organisms rely on water for their cellular processes, and some rely on water
as their habitat.

Oceans, rivers, lakes and wetlands contain almost all the water on Earth. A small
percentage is locked under the ground as groundwater or permafrost, or in the atmosphere,
or incorporated into the bodies of living organisms. Solar radiation heats water in all these
sources, causing its evaporation and return to the atmosphere, from where it once fell as rain
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(Figure 2). Water vapour is carried by air currents into the atmosphere. When it meets cool
air, the water vapour condenses and forms clouds of liquid water droplets or ice. When the

volume of water in the clouds reaches a critical level, it falls to the ground as rain or snow,
known as precipitation.

Water stored in
the atmosphere

Precipita‘[ion

Vo

Snow melt
runoff to

a0 streams
Evaporation Interceptiorf
s irati lo%s

Water stored Surface Fre
in the oceans ~

Infiltration
Groundwater

Groundwater stored
beneath the Earth’s surface

FIGURE 2 A simplified diagram of the water cycle

Because oceans cover most of the Earth, most rain falls on the oceans. The rain that falls
over land moves (because of gravity) back towards the sea as run-off, and in streams, rivers
and lakes. Some water soaks through the soil and percolates down to form the water table,
which also moves slowly towards the oceans. Much of the water taken up by plants from
the soil returns to the atmosphere during transpiration. Similarly, a very small amount of
water returns to the atmosphere as it evaporates from the gas exchange surfaces of terrestrial
animals.

Wind direction, temperature and topography all influence the amount of rainfall on
land. Mountain ranges, for example, force water vapour in the atmosphere to rise to higher
altitudes, creating a pattern where the ocean-facing side of mountains receives more rainfall
than the inland side. As distance from the ocean increases, rainfall tends to decrease, which
is evident in the drier regions of western Queensland compared to coastal areas that receive
higher rainfall.

The carbon cycle

The carbon and oxygen cycles are interwoven. Photosynthesis incorporates carbon from
atmospheric carbon dioxide into complex organic molecules and oxygen is released

(Figure 3). These compounds are broken down during cellular respiration, to release carbon
dioxide and water back into the atmosphere. A large amount of carbon is tied up in living
matter in food chains, and organic carbon is also contained in the dead bodies of plants and
animals and in excretory waste. Detritovor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>