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LEARNING DISCOVERY

CHRYSANTHEMUMS

Chrysanthemums are plants that belong

to the genus Chrysanthemum. The genus
includes approximately 40 species and is
native to East Asia and northeastern Europe.
Chrysanthemums are polyploids, which
contributes to their high genetic diversity.
Although they appear as a single flower, they
are actually made up of many tiny flowers
called florets.
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ABOUT THIS BOOK

Nelson QCE Biology Units 3 & 4 is a comprehensive textbook specifically tailored to align with
the 2025 QCAA Senior Secondary Science Syllabus — Biology v1.2. It has been thoughtfully
developed to empower students by providing a strong foundation in essential concepts and
equipping them with the necessary skills to excel in their studies. Emphasising the importance
of making connections between topics and practising exam techniques, this edition is designed
to support students in unlocking their full potential and achieving success in their journey.

At the beginning of Unit and Topic

+ Unit introductions are an overview of the key content in the unit.

3

Biodiversity and the
interconnectedness
of life

At the beginning of each chapter

+ Chapter introduction to set the context of the upcoming key content
— + List of syllabus dot points being covered in the chapter
+ List of resources available on Nelson MindTap

42 Nelson MindTap
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In each chapter

—+ Assumed knowledge — knowledge and skills students are expected to know coming into the
chapter that relate to the chapter content

Learning outcomes - highlights the key outcomes from chapter

Key terms - defined in situ to help students deconstruct scientific language
+ Learning check - written to the developmental levels highlighted in the syllabus objectives
Syllabus links - highlighting links to other areas in the syllabus to help students
make connections

+ Key formulas - important formulas to remember
’—- Practicals - syllabus-aligned practicals with guided instructions on the materials,

procedure, collection and analysis of results, and discussion.
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At the end of each chapter

+ Chapter summary — visual summaries to help summarise key concepts
+ Chapter exam — exam-style questions to help students develop exam skills, including
deliberate practice in data analysis and making connections across content
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At the end of each topic

+ Science as a Human Endeavour - a double-page deep dive on the evolution of science and
F how it has contributed to and influenced society

J

I SCIENCE AS A HUMAN ENDEAVOUR

é '

‘The promise and perils of whole genome sequencing

indiiduls genetc makeup.

The key

Influence disease sk drug response and reatent outcomes.

Rtaca g

20

At the end of the book

+ Glossary provides explanations of all terms introduced in the text.
’/- Answers provide complete answers for student reference.
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Jocle added o he 5 end of s mRNA

CHAPTER 1 CLASSIFYING SPECIES
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LEARNING CHECK 1.2
DEscRIBNG
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CHAPTER

Science research

A

Ground Picture/Shutterstock.com

-
SCIENCE INQUIRY SKILLS
SYLLABUS Th h h fth d d ill:
DOT POINTS roughout the course of the study, students will:

+ identify, research and construct questions for investigation
+ propose hypotheses and/or predict possible outcomes

+ 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

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

— ethical guidelines

— cultural guidelines, protocols for working with the knowledges of First Nations peoples

DC-2 NELSON QCE BIOLOGY UNITS3 &4 9780170483384



material safety data sheets

workplace health and safety guidelines
appropriate disposal methods

standard operating procedures
acknowledgement of sources and referencing

use appropriate equipment, techniques, procedures, and sources to systematically and
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

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

symbols, units and prefixes

scale and magnification

indicators of measurement uncertainty
tables, graphs and diagrams

charts and maps

logbooks

translate information between graphical, numerical, and/or algebraic forms, e.g.

units and measurement conversions
ratios and percentages

symbols and notation

charts and maps

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

select and construct appropriate representations to present data and communicate
findings, e.g.

summary tables

column graphs (with error bars)
scatterplots (with trendline and R?)
profile diagrams

scientific drawings

charts and maps

indexes and summary statistics

9780170483384 CHAPTERDC | SCIENCE RESEARCH

DC-3



analyse data to identify trends, patterns and relationships; recognising error, uncertainty
and limitations of evidence

select, synthesise and use evidence to construct scientific arguments and draw
conclusions

extrapolate findings to determine unknown values, predict outcomes and evaluate
claims

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

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

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

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

Introduction

Conducting structured experiments is an important part of science because it allows for
the gathering of information to help develop a greater appreciation and understanding of
the world.

Researching topics and the process of developing and implementing experimental
methods form a large part of the scientific studies throughout this course. In fact, the
Student Experiment (IA2) and Research Investigation (IA3) make up a significant portion
of the internal assessments, incorporating both primary and secondary data. Furthermore,
the scientific thinking acquired through these processes is regularly examined in the
external assessment. As such, it is important to develop these skills not just for this
course, but also to improve critical thinking.

DC-4 NELSON QCE BIOLOGY UNITS 3 & 4 9780170483384



ASSUMED KNOWLEDGE

v The purpose of experiments is to collect information about a key idea or to answer
a question.

v Controlled experiments have a general structure.

v Variables are factors or conditions that can be changed, controlled or measured and
which can influence the result of an investigation.

v The data collected from an experiment needs to be related to the question being investigated.

v Data collected from an experiment can be presented in different ways depending on the
nature of the data.

v Data can be classified as primary or secondary.

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v develop research questions for research

v identify the importance of peer review in scientific research and compare different ideas
and information from scientific texts

v plan and modify investigations, including the materials and methods needed to collect
valid and reliable data (both primary and secondary data)

v consider safety, ethics and the environment when conducting scientific investigations

v determine the best method to present data; for example, tables and graphs

v use scientific language and visual representations to organise and present
information accurately

v identify and minimise errors in measurements

v calculate uncertainties and other measures of data accuracy and describe their impact
on data

v select and construct the most appropriate data presentation technique

v make predictions based on trends observed in the data

v use mathematical techniques to analyse data to find patterns, trends and relationships,
taking into account any limitations or sources of error or uncertainty

v draw conclusions based on evidence, comparing findings to expected results

v communicate scientific information in a clear and appropriate manner for different
audiences, while acknowledging sources and using proper referencing

v reflect on investigations and suggest ways to improve the quality and accuracy of data
and findings.

Student experiment

Forming
The research question

For your Student Experiment (IA2), you will be required to design an experiment to answer a
research question related to a topic in the syllabus. In science, the design of experiments is
guided by the scientific method (Figure DC.1.1) - a systematic and structured approach that
ensures that the results are objective, accurate and reliable.

A research question is the question you are trying to answer with your research, and by
doing so it helps to guide and refine the research and experimental method. For example, a
research question could be ‘How does a fever of more than 38°C affect the function of enzymes

9780170483384
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research question a
question that directs
the scientific inquiry
activity; it focuses the
research investigation
or experiment, informing
the direction of the
research, and guiding
all stages of inquiry,
analysis, interpretation
and evaluation
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independent variable the
variable that is changed
or manipulated in an
experiment

dependent variable the
variable that changes
because of changes to
the independent variable

in the body?’ Remember to make the research question both specific and relevant. Including
units for the independent and dependent variables will help with this.

il
\

\
\

becomes background
research for future

becomes background
research for future

studies studies
1 1
I |
| |
1 |
\ !
\ /
\ /
\ /
\ /
/

FIGURE DC.1.1 The basic structure of the scientific method

Rationale

When developing a research question, it is important to demonstrate an understanding of the
underlying theory related to the topic. This is described in the rationale of your experiment
and is also implied through your research question. In the example above, the research
question explores the relationship between enzymes and temperature. Given that it is known
that the function of enzymes can be affected by changes in temperature, exploring the impact
of an increase in temperature (because of a fever) expands our understanding of enzymes.
With an understanding of the topic, it is likely that you have developed a possible answer to
the research question. As you know, this is the hypothesis. The hypothesis highlights the
relationship between the independent and dependent variables, showing the directional
impact that one would have on the other. A possible hypothesis to the example above is ‘As the
temperature of the fever increases, enzyme function would be reduced’. In this case, the
independent variable is the change in temperature and the dependent variable is the level of
enzyme function, which can be measured by the amount of product produced over time.

DC-6 NELSON QCE BIOLOGY UNITS3 &4 9780170483384



Methodology

For your experiment, you will need to modify an existing method from previous studies. During
your research, you may have encountered various studies conducted by scientists who were
interested in investigating a similar topic. These studies can serve as a valuable foundation for

you to build on and refine your own approach. How and what you modify in the experiment
will depend on:
the variables you are testing

sources of error and bias in the previous method

the type of data being collected (quantitative or qualitative)

how much data you will need to collect to ensure that there is sufficient data for analysis
access to resources.

In Biology, scientists often use different types of investigations. These can be categorised
into five main types:

Descriptive
Comparative
Correlational
Experimental
Case studies

Table DC.1.1 summarises the five main types of investigations.

TABLE DC.1.1

The five main types of investigation techniques used in Biology

qualitative data
information that is not
numerical in nature

quantitative data
numerical information

Descriptive

Researchers collect data through surveys, interviews
or observations to gain a better understanding of the
subject being investigated.

Describing the distribution of a
species in an ecosystem

Comparative

Two or more groups or variables are compared to
identify similarities and differences between them.
Researchers can use this information to investigate
the impact of factors on the groups being investigated.

Comparing the growth of different
plants under different environmental
conditions

Correlational

These investigations focus on identifying the
relationship between variables. Data collected in
these investigations is used to determine whether
changes in one variable are associated with a change
in another variable. Note: Correlation does not mean
causation.

Identifying the relationship between
temperature and plant growth

Experimental

Variables are manipulated to determine whether there is
a cause-and-effect relationship between the variables.

Testing the effect of a fertiliser on
plant growth

Case study

These involve analysis of a particular individual, group
or situation.

Studying the behaviour of a particular
type of frog in a specific ecosystem

Once you have your base experiment (which could be one that you completed in class),
you will be required to make some modifications to design your own student experiment.
A modification may be one of three different types (see Table DC.1.2).

Although you will not need to write your entire methodology in your experiment, it is
important that you can justify the modifications that you made and how they improve the
validity and/or reliability of the experiment. For example, if you decided to refine an experiment
by using a digital thermometer instead of an analogue alcohol thermometer, you could justify
this by saying that your refinement will improve the accuracy of your data collection because
the digital thermometer has a smaller uncertainty and removes human error.

9780170483384
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TABLE DC.1.2 Types of modifications that can be made to methodologies for the Student Experiment (IA2)

Type of modification | Explanation Instruction

Example

Refine To make subtle changes +  Make improvements + Use equipment with a
to improve the accuracy or without changing the higher level of precision.
precision of independent or dependent |+ Improve the methodology
the data variables. or way of measuring the
independent variable.
+ Change the sample size.
Redirect To gain further insight by + Change the independent + Measure pH instead of
changing the course or variable. temperature.
direction of the data + Use a different species.
+ Use different chemicals.
Extend To change or extend + Change the range of the + Use more concentrations
the scope of the current independent variable. of solution.
data range + Extend the range of the + Use more sample

independent variable.

categories or data ranges.

Essentially, any modifications to the methodology are done to improve the reliability of data
and validity of the experiment. Although you will not need to show your full methodology, you
will need to explain and justify any modifications and refinements in your final presentation of
your experiment (Table DC.1.2). The justifications need to be specific to your modifications and

making statements such as ‘this makes the data more ac

Sampling methods

curate’ is not sufficient.

In a biological experiment, it is often not feasible to collect information about a whole population
or ecosystem. So, we need to select a subset or sample from the larger population that can be
considered representative of the population. The way we select the sample is known as the
sampling method. The main sampling techniques are summarised in Table DC.1.3.

TABLE DC.1.3 A summary of different sampling methods

Technique ‘ Description ‘ Example
Random Samples are selected randomly from the population. Thereis | Randomly selecting trees from a
sampling an equal chance of being selected. This helps minimise bias. | forest to study the biodiversity within
It is generally used when there are time constraints and/or the | the forest
samples appear relatively uniform in species composition.
Systematic Samples are selected at fixed intervals in a particular pattern. | Determining the species of fish in
sampling ariver by collecting data at regular
intervals at a point along the river
Stratified Groups in a population are divided into subgroups based on Studying the diversity of bird species
sampling certain characteristics. Samples are randomly selected from across different forest canopy layers

each subgroup as a representative of their population.
Samples are taken in proportion to the different strata present
(i.e. if itis 30% field and 70% scrub, 30% of the quadrats are
placed in the field and 70% in the scrub).

Depending on the nature of the experiment, you need to be familiar with the techniques
and measuring instruments involved. Surveying techniques are the methods used to gather
information and/or data for your investigation. Table DC.1.4 summarises common sampling
techniques often used to gather information for biological investigations.

DC-8 NELSON QCE BIOLOGY UNITS 3 &4
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TABLE DC.1.4 A summary of different types of sampling techniques

Sampling technique ‘ Description ‘ Example

Quadrats Square or rectangular frames used to sample an area. | Investigating the abundance of a
Data is measured from within the frame. particular species of weed in an area.
Transects A line is drawn through the area of interest from one Examining the changes in vegetation

point to another. Data is collected along this transect
line at specific points or intervals. Transects can be
categorised as line or belt transects. Belt transects have
a wider line than line transects, and can have quadrats
placed along the transect lines at particular points
(interrupted belt transects).

along a walking path of a mountain
or in relation to an environmental
gradient.

Capture—recapture

A sample of a species is captured, marked and
release back into their environment. After a period of
time, another sample is captured, including marked
and unmarked individuals. This is used to estimate
the total population size.

Researchers capture kangaroos,
mark them with ear tags and
release them back to their habitat.
After a period of time, researchers
capture another sample and count
the number of kangaroos with ear
tags. This is used to estimate the
population of kangaroos.

Regardless of the type of sampling method technique,

misreading the instruments used to collect the data results in /\S
inaccurate results. For example, when reading the volume of a liquid —]
in ameasuring cylinder, the measurement must be taken at eye level o —
and measured from the bottom of the meniscus (Figure DC.1.2). —

When collecting and recording data, ensure that it is measured j
in the appropriate units. For example, the concentration of 26__
solutions can be measured using different units such as gL, —

mol L™ or ppm (parts per million). However, this will depend

on the nature of the experiment. Since there are different units
to express the same measurement, you will often need to convert

between units, especially when analysing results. Table DC.1.5
shows common unit conversions.

TABLEDC.1.5 Common unit conversions

Measurement ‘ Common conversions

26.25

v Incorrect reading due to parallax

% Correct reading — no parallax

_A Incorrect reading due to parallax

FIGUREDC.1.2 How to read measurements from a
measuring cylinder

If the proposed experiment involves exploring knowledges of First Nations peoples, it
is extremely important to understand all the cultural guidelines and protocols involved in
conducting such research. For example, the Traditional Knowledge Guidelines — Biodiscovery Act
2004 released by the Queensland Government helps to identify the measures that need to be taken

for biodiscovery.

9780170483384
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Distance 1km=1000m=100000cm=1000000 mm
Mass 1kg=1000g=1000000mg
.‘O
Volume 1L=1000mL=1000cm? “e
Weblinks

Traditional Knowledge
Guidelines — Biodiscovery
Act 2004

Guidelines for Ethical
Research in Australian
Indigenous Studies
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Risk assessment

Finding
Health and safety

Health and safety are important considerations for practical exercises in all sciences. When
undertaking your own practical research investigations, you must consider any relevant workplace
health and safety guidelines. In Queensland, this includes the Work Health and Safety Act 2011.
As the researcher, you must ensure safe laboratory practices when planning and conducting
investigations by using risk assessments, supported by material safety data sheets (MSDSs),
and accounting for risks. MSDSs are important when you are using chemicals as part of your
investigation. This includes both the use and the disposal of any potentially harmful materials
used and produced in your experiment. Even if your research does not use chemicals but
requires participants to take some actions that may cause harm, you will still need to complete
a risk assessment form (Figure DC.1.3). Your school is likely to have one of these documents for

Science investigation risk assessment for

Nelson Science 10

Chapter 2

s Nelson MindTap

School

Name of teacher/technician

Date

Year level/class

Name of investigation/activity

Modelling natural selection

Book reference

Nelson Science 10, Chapter 2, Module 2.4, downloadable/PDF science
investigation

Activity type

Demonstration Student activity

Description of activity

Equipment

Equipment to be used

Potential hazards

Control measures/safe handling
procedures

Electrical A

Radiation A

Thermal

Sharps

Projectile

Glass

Gravity — Weights or magnets
Other —

Safety glasses

Sharps container
Thermally insulated gloves
Signage

Safety shield

Other —

Chemicals

Chemicals to be used

Potential hazards

Control measures/safe
handling procedures

Explosive &> Acute toxicity & Ventilation
Flammable &> Chronic health Fume cupboard
Oxidising ® hazards @& Safety shield
Gases under pressure & Health hazards <> Safety glasses
Corrosive €» Environmental & Lab coat
Other — Gloves
Limit
concentration/quantity
Other —

DC-10 NELSON QCE BIOLOGY UNITS 3 &4

FIGURE DC.1.3 A section of arisk assessment form
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you to complete when you conduct your experiment. If you are unsure of either the ethical,
environmental or the health and safety aspects of your experiment, check with your teacher.

Any risks that you identify need to be highlighted in your experiment, including the steps to
mitigate these risks.

1.4 Management of risks

The overall experiment was given a low—medium risk due to several safety hazards. An over-heating
power supply may cause melting to outer-plastic and can shut down - affected connected outlets to
the supply (Hill, 2021). Consequently, the power supply was shut off every 2 minutes and was placed
over a heat-resistant mat to eliminate heat-transfer and to allow a risk-free 8 V supply. Furthermore,
many power cables were connected to walls, computers and other equipment throughout the
procedure, hence a safety hazard for a potential ‘trips and falls’ in the laboratory-safety-procedure
section (Safety, 2013). Thereby, chairs were placed over all wires — to caution anyone near the
premises. Finally, gloves and sanitisation of equipment were also utilised for COVID-19 regulations to
prevent cross-contamination.

FIGURE DC.1.4 An example of the inclusion of risks in an experiment

Apart from highlighting any potential dangers, another way to reduce the risk of injury and
improve safety is to clearly outline the procedures in the experiment. This also includes the
proper use and disposal of any materials involved in the experiment. This can be referred to as
the standard operating procedures of an experiment.

Ethics

Ethics is a guiding framework that all research investigations must follow. Ethical concepts
provide moral guidance for making decisions about the design and implementation of a research
investigation. Examples of ethical concepts are shown in Table DC.1.6.

TABLE DC.1.6 Descriptions of different ethical concepts

Concept ‘ Description

Beneficence Having a commitment to do good (and minimise risk and harm)

Integrity Acting with honesty and transparency

Justice Ensuring fair distribution of benefits, risks, costs and resources
Non-maleficence Avoiding harm or ensuring that potential harm is outweighed by benefits
Respect Respecting individual differences and ensuring the right to autonomy and choice

You must apply your ethical understanding throughout your study of science, particularly
for your own research.

Analysing data

The primary data collected in the experiment should be first organised into a raw data  primary data data
table. When constructing these tables, the independent variable is usually expressed in the Eglrlseg;egrﬂrrgﬁgy bya
first column and the dependent variables from the trials in the experiment are placed in the

subsequent columns. For example, when measuring the time taken for a current to pass through ~ logbook a Comp|§te%

. . . . . . . ermanent record o
asolution of different concentrations, the different concentrations (the independent variable) are ﬁow an experiment or
presented in the first column, and the time measurements (dependent variable) are presented  research project was
. . . . conducted; it shows what
in subsequent columns (Table DC.1.7). It is often suggested that you record everything in your as done at every step
logbook; however, a logbook is not a mandatory component of your investigation. along the way
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accuracy the degree

to which the result

of a measurement,
calculation or
specification conforms
to the correct value or a
standard

accepted value the

value of a substance

or quantity that is
universally agreed as
being a best estimate
due to multiple and highly
accurate measurements

percentage error the
difference between
a measured result
and an accepted
value, expressed as
a percentage of the
accepted value

DC-12
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TABLE DC.1.7 An example of a table of raw data from an experiment

Concentration (mol L) Time (0.5 s)
0.2 359.5 368.5 364.5
0.4 360.0 345.5 327.5
0.6 325.5 339.5 333.5
0.8 343.5 307.0 327.5
1.0 307.0 339.5 326.5

QCAA Chemistry 2019 v1.3 IA2 high-level annotated sample response August 2018

As shown in Table DC.1.7, the units for each measurement are included in the column headings.

Once the data has been collected, the next step is to analyse it. As part of this, we need to
make a judgement on the quality of the data in terms of:

« accuracy

e precision

« reliability
 validity

+ sources of error.

It is important to note that each senior subject will have different and specific forms of
mathematical analysis. What is appropriate for one type of data in one subject may not be
appropriate for another. For example, calculated means and uncertainties might be appropriate
for a Chemistry or Physics experiment, but mean and standard deviations might be more
appropriate for Psychology or Biology experimental data. The following information is a general
overview of the types of analysis you could undertake, but it is best to check that the type of
analysis you choose is appropriate for your data.

Accuracy and precision

In science, the accuracy of a measurement is how close it is to the true value of the quantity
being measured. Even when the true value is unknown, scientists can rely on the best available
accepted value to compare with the experimental measurement result to determine its
accuracy. Often the accepted value is the theoretical value calculated for the measurement.

A way to help indicate the accuracy of a measurement is to calculate percentage error.
Percentage error shows us how close the measured value is to the true or accepted value:

— 100
Percentage error (%) = measured value — true value 100

true value 1
KEY FORMULA
Percentage error
Percentage error (%) = measured value —true value |, 100

true value 1
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WORKED EXAMPLE DC.1.1

A student used a ruler to measure the height of a 100 mL beaker. These beakers are known to have a height
of 7.2 cm. The measured value was 6.8 cm.
Calculate the percentage error of the measurement.

ANSWER

1 Determine the measured and true values.
Measured value: 6.8 cm
True value: 7.2 cm

2 Substitute and calculate the percentage error.

‘6.8—7.2‘

Percentage error = x 100

=5.6%
This suggests that the measurement is slightly lower than the true value.

A low percentage error indicates a high degree of accuracy, whereas a high percentage error
indicates a low degree of accuracy.

In contrast, precision describes how close a set of measured values are to each other. For precision the closeness
single measurements, precision is about the level of detail given by the measurement usually ~ ©f several independent

. ) . measurements of the

based on the instrument used to take the measurement. For example, 0.3 g is less precise than  same quantity to each
0.312g. Note that precision can apply to the type of instrument used to take the measurement  Other
(instrument precision) or as a measure of reliability of the data collected (data precision).

Measurements that are precise are not necessarily accurate (Figure DC.1.5).

Actual, target or
AN reference value

Accuracy

Probability density

A\

Value
«—Precision—>

FIGURE DC.1.5 A graph showing the difference between accuracy and precision

Figure DC.1.6 helps further distinguish between accuracy and precision. In parts a and c,
the individual indication values cluster closely around the mean; whereas parts b and d show
imprecise measurement results as the individual measured values spread significantly around
the mean.

For example, for an individual experiencing a fever, having precise measurements of body
temperatures of 32.1°C, 33.2°C and 32.0°C does not mean that this is an accurate measure
of their body temperature. We know this because humans have a core body temperature of
approximately 37.0°C and fevers cause an increase, not a decrease, in body temperature.
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reliability the extent

to which the results

of assessments are
consistent, replicable and
free from error

validity the extent to
which the experiment
measures what it is
intended to measure

extraneous variable
any variable that is not
directly related to the
experiment but could
affect the results of the
experiment

confounding variable a
variable that is related
to the independent and
dependent variables

DC-14
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Number of
indication values
Number of
indication values

> Reading > Reading
‘True value’ ‘True value’
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: : > Reading : L— Reading
‘True Mean Mean ‘True value’
value’
FIGURE DC.1.6 In a plot of measured values versus reading, results can be: (a) accurate and

precise, (b) accurate and imprecise, (c) inaccurate and precise or (d) inaccurate and imprecise.

To improve the accuracy of measured values, you could:
+ conduct multiple trials and average the results
« ensure that all variables except for the independent variable are controlled (also referred to
as fair testing)
« ensure that the measuring tools used in the experiment are appropriate for what is being
measured.
This helps to minimise the impact of any errors in the experiment that could affect the
accuracy of the measured results. Errors will be discussed in more detail in a later section.

Reliability

If an experiment is repeated, you would expect to obtain very similar results. When this happens,
we say that the experimental results are reliable. However, this is not always the case because
errors can affect the data collected. Reliability can be measured with uncertainty and standard
deviation, concepts that will be described in more detail in a later section. The reliability of
results can be improved by carefully controlling all variables apart from the independent
variable. We will discuss other factors affecting reliability later in this section.

Validity

The quality of the data affects the validity of an experiment. We describe data as being valid if
the result is due to the independent variable only and can answer the research question. In the
example of measuring the effect of temperature on enzyme function, if variabilities in pH in
the environment are not properly controlled, they can also affect enzyme function. As a result,
we cannot confidently conclude that the results measured from the experiment are due to the
changes in temperature only. This type of variable is known as an extraneous variable and
can affect the relationship between the dependent and independent variables. In this example,
pH is a specific type of extraneous variable known as a confounding variable because it
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relates to both the independent and dependent variables. This is why it is important to ensure
that all variables other than the independent variable are controlled.

Apart from extraneous variables, errors can also affect the results of an experiment. The
two main types of errors are random and systematic errors.

Errors

Random errors are unpredictable variations that can occur during measurement. When taking
multiple readings of the same thing, random measurement errors cause small variations so that
you end up recording a spread of readings. These errors affect the precision of a set of data and
can be caused by limitations of measuring instruments. You can reduce the effect of random
errors by taking more or repeated measurements and calculating the mean (or average). To
calculate the mean, divide the sum of the measured values by the total number of measurements:

sum of measured values
total number of measurements taken

Mean =

The mean value is then regarded as the most likely or best
estimate of the true value. However, we cannot be certain that it
is the true value.

While random errors affect the precision of data, systematic
errors affect the accuracy of a measurement. These errors cause

KEY FORMULA

Mean

Mean

error the difference
between a measured
value and the true value

random error a

variation that affects

a measurementin a
random way so that
successive measured
values may show small
changes from each other

mean the average value
of a set of values

sum of measured values

the readings to differ from the true value by a consistent amount in
the same direction. This can occur when measuring instruments
are not properly calibrated, so readings differ from the true value
by the same amount. Systematic errors can also be caused by observational error if there is a
consistent distortion in the way we view things that causes errors that are the same every time. For
example, a tall person may read a thermometer from a higher viewpoint and record a lower
measure than the true value every time. To minimise the impact of systematic errors, it is important
to know how to use measuring tools properly and to calibrate them before use.
Figure DC.1.7 highlights the differences between random and systematic errors.

Types of errors
|

{ \)

Personal errors
Mistakes, miscalculations

Measurement errors and observer errors.

total number of measurements taken

systematic error a value
that is either consistently
above or consistently
below an expected value;
an error that acts ina
predictable manner to
give a consistent offset
in data

They should not be included in
the reporting or analysis of data.

\f \]

Random errors
Unpredictable variations that
occur during measurement.

Systematic errors
Consistent (or proportionate)
variations in the measurement

They affect the precision of a DICCESS,

set of measurements. They affect the accuracy of a

measurement.

FIGURE DC.1.7 The key differences between random and systematic errors
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uncertainty the

range of values for a
measurement result,
taking account of the
likely values that could
be attributed to the
measurement result
given the measurement
equipment, procedure
and environment

instrument uncertainty
the inherent limitations
and potential errors
associated with the
measuring instruments
or tools used in
scientific experiments or
observations

absolute uncertainty
the magnitude of the
difference between the
observed/measured
value and the true value

range the difference
between the maximum
and minimum values of
a measured confidence
interval

KEY FORMULA

Absolute uncertainty

Absolute uncertainty of the mean Ax =+ (maximum 5 Mean =

DC-16
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Uncertainty

While systematic errors can be accounted for by subtracting or adding the value of the error,
random errors contribute to the uncertainty of a measurement. This reflects the lack of
exact knowledge of the true value of the measurement. All measurements are subject to
uncertainty because there are many sources of variation. For example, instrument
uncertainty in measuring tools can result in variability and imprecision of results due to
factors such as sensitivity, calibration and resolution. To minimise the effect of instrument
uncertainty, it is important to calibrate tools, ensure that the appropriate tools and techniques
are used and consider any limitations when designing the experiment. Uncertainty can also
occur because of the way the person taking the reading interacts with the tool.

Uncertainties can sometimes be quantified. We can estimate the uncertainty of a
measurement, which is usually expressed as *+ a certain value. This is known as absolute
uncertainty. Most of the time, uncertainty should be recorded using one significant figure.

Absolute uncertainty of repeated measurements

Most experiments require you to take multiple measurements. As mentioned above, doing so
and averaging the results can help to reduce the effect of random errors. Imagine you take
multiple measurements of your body temperature. The values are 35.6°C, 36.1°C, 35.9°C and
36.4°C. The difference between the maximum and minimum values is called the range. The
absolute uncertainty of the mean is calculated as the halfway point between the maximum and
minimum values, or half of the range:
maximum — minimum
2

_ 1 364-356

2

Absolute uncertainty of the mean Ax =+

=10.4°C

The measurement result would be the mean

of the values:

— minimum) 35.6+36.1 +35.9 + 36.4
4

=36.0°C

The reported value includes both the mean and the absolute uncertainty. In this example,
the reported value would be 36.0+0.4°C. In other words, the actual value could lie anywhere
between 35.6°C and 36.4°C.

Absolute uncertainty of single measurements/device details

For analogue devices, the uncertainty is normally determined as half of the smallest division
on the scale. For example, a glass thermometer with graduations of 1°C has an uncertainty
of £0.5°C.

With digital devices, the uncertainty is normally defined as the smallest division
because we cannot see in-between divisions as we can in an analogue device. For example,
a digital thermometer that measures in 1°C has an uncertainty of +1°C. One limitation
of this calculation is that it does not indicate the direction of the error; we do not know if
we overestimated or underestimated.
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Percentage uncertainty

percentage uncertainty
a measure of the
uncertainty of a
measurement compared
with the size of the
measurement, given as a
percentage

Absolute uncertainty can be used to calculate percentage uncertainty. Percentage
uncertainty is calculated relative to the measured quantity, and is calculated by:

absolute uncertainty 100
measurement 1

Percentage uncertainty (%) =

A low percentage uncertainty indicates a more
precise measurement, whereas a high percentage
uncertainty indicates a less precise measurement
because of greater variability.

Once data has been processed in this way, a
table can be presented that also includes these
measurements of uncertainty (Table DC.1.8)

KEY FORMULA
Percentage uncertainty

. absolute uncertainty 100
Percentage uncertainty (%) = X —
measurement 1

TABLE DC.1.8 An example of a summary table showing measurements of uncertainty

Voltaic cell Cathode Potential difference (+0 05V) Mean Absolute

metal otential i
Trial 1 Trial 2 Trial 3 p : uncertainty

difference of mean
V) (V)
1 B(s) 2.25 2.40 2.20 2.28 0.10
2 C(s) 1.30 1.28 1.37 1.32 0.45
3 D(s) 3.11 3.15 3.04 3.10 0.55

QCAA Chemistry 2019 v1.3 IA2 sample assessment instrument August 2018 © State of Queensland (QCAA)

Standard deviation

-l

P 4
Standard deviation (SD) can give information about the spread of data points measured i
against the mean of the results. Consider using a mercury thermometer to measure the

Weblink

temperature of the same liquid four times. Given that the resolution of the thermometer is 1°C,
the absolute uncertainty is £0.5°C. Suppose the measurements are 10°C, 9°C, 11°C and 9°C

The standard deviation will show us how much each individual measurement deviates from
the mean of 9.75°C. Calculating the standard deviations of measurements involves a series of
steps that can become time consuming if completed manually. Software such as Excel and other
graphing tools have functions to calculate the standard deviation of given data.

A small standard deviation indicates that the data points are close to the mean, whereas a
large standard deviation indicates that the data points are spread out over a larger range, which
suggests a low level of precision. A large or small spread is determined by how many raw data
points lie within one, two or three SD of the mean (or similar).

For example, an SD of 1 is small if the mean is 400, but an SD of 1 is large if the mean is 4.

Calculating mean and
standard deviation

standard deviation (SD)
a statistical measure that
quantifies the variation in
a set of data values

standard error a
statistical measure that
describes the variability
of sample mean data
compared to the
population mean

Standard error

Where standard deviation measures the variability of data in a single sample, standard error
shows the variability of the sample data compared to the true population. In other words, it
estimates how much the mean differs from the rest of the sample population. To calculate the
standard error of the mean:

Standard error = STD
where: SD = standard deviation n
n =sample size.

Standard error can be considered a measure of accuracy.
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KEY FORMULA
Standard error

D
\n

Standard error =

where: SD = standard deviation

n =sample size.
WORKED EXAMPLE DC.1.2

A scientist was investigating the diameter of human red blood cells. They carefully measured 50 samples and the
standard deviation is known to be 0.27 um.
Determine the standard error for this sample.

ANSWER
1 Identify the values for each variable.

n=>50

SD=0.27um
2 Use the formula to calculate the standard error.

Standard error _027

50
=0.038um

Based on the samples, the average diameter is likely to be within +0.038 um of the true value.

Graphs

Although tables can be an effective way to collect and
Title record data, it is difficult to visualise any trends or

dé’ ;’::Ze:nt data; for example, column graphs, pie charts, scatterplots
variable and line graphs. Choosing the right graph depends on

> and the dependent variable is represented by the y-axis

x-axis = independent variable (Figure DC.1 .8).
FIGURE DC.1.8 The positive quadrant of cartesian plane Itis also important to choose an appropriate scale when
showing the variables represented on the x-axis and y-axis drawing graphs because it represents the data in a way

A relationships between the independent and dependent
variables. Presenting data in graphical form makes it
easier to identify if any trends exist between the variables.

Many different types of graphs can be used to represent

the nature of the data collected and what you are trying
to show. For graphs that involve an x-axis and a y-axis,
the independent variable is represented by the x-axis

that can be easily interpreted. It also avoids misleading
representations that imply inaccurate relationships
between data. All graphs need to have a title that outlines

the information being presented.
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Pie charts

Pie charts are best used to show parts of a whole and the
percentage composition of each different category. For
example, pie charts can be used to show the composition
of a mixture of air - nitrogen, oxygen and other gases —
and the percentage of each (Figure DC.1.9).

A limitation with pie charts is that they
become visually cluttered when there are many
different categories.

Column graphs

Column graphs are useful when comparing quantities

or different categories of groups (Figure DC.1.10).
These types of graphs are preferred for comparing

categories when order or time is important

to show changes over time, or when

comparing the differences between groups.

Line graphs 75
Line graphs are ideal for showing trends Zg
over time for continuous data, particularly 60
when comparing multiple series over the 55
same period. In line graphs, each data & 50 -
point is connected to the next and the % 451
relationship between the two variables g gg
can be represented as the equation: & 304
y=mx+c 25 -

where: m = the gradient 20 1
¢ = the y intercept. 13

For example, the calibration curve 5 |
measuring the absorbance of light based 0

on concentration of a solution can be
represented by a linear graph, as shown in
Figure DC.1.11.

If using Excel to draw these graphs, it is

Nitrogen 78%

AN

_— Oxygen 21%

Carbon dioxide
0.04%

AN

Other gases
(mostly argon 0.96%)

FIGURE DC.1.9 A pie graph representing the composition of air

The eight most common elements in Earth'’s crust

Q> Q Q>
_\:\Qe \‘\\oo \c‘,@& RS é\"& %é,\"& \{\\0@ &\\}(‘
S ) & s & P
4 < v
Element

sometimes useful to use the x,y scatterplot.

FIGURE DC.1.10 A column graph showing the differences in mineral
composition of Earth's crust

Absorbance at different concentrations

1.8
1.6
1.4 4
1.2

R2=1

0.8
0.6
0.4
0.2

Absorbance

y = 0.34x +0.001

Vv

30 35 40 45 50
Concentration (ppm)

FIGURE DC.1.11 A line graph showing the absorbance at different concentrations
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The gradient is a useful piece of information that helps to describe the relationship between
the independent and dependent variables. For linear relationships, the gradient of the slope
helps to identify the nature of the relationship between the independent and dependent
variables. To calculate the gradient of a linear graph, m, where the equation is y = mx + c:

Gradient (m) = ﬁ—i

Determining the gradient in this way only requires two data points, where the difference in the
yvalues is divided by the x values of the same two points. Depending on the value of the gradient, a:
« positive gradient (Figure DC.1.12a) indicates that as the x value (independent variable)
increases, so does the y value (dependent variable)
« negative gradient (Figure DC.1.12b) indicates that as the x value (independent variable)
increases, the y value (dependent variable) decreases
« gradient of zero (Figure DC.1.12c) indicates that as the x value (independent variable) increases,
there is no change in the y value (dependent variable). As such, there is a constant relationship
between the two variables.
Analysing the gradient for non-linear relationships is a bit more complicated and requires
us to calculate the gradient of different tangents at specific points along the graph and compare

the changes.
a b (o]
N N N
pa N 4 N 4 N
N / 7 N \ 7 N 7
N\ \4 N\
Positive Negative Zero

FIGURE DC.1.12 Linear graphs with (a) a positive gradient, (b) a negative gradient and (c) zero gradient

Scatterplots

Scatterplots are similar to linear graphs in that they show individual data points, highlighting
the relationship between the independent and dependent variables. However, unlike line
graphs, the data points in scatterplots are not connected (Figure DC.1.13)

Change in temperature over time
N

80
[ J

[ X J

70 - o

60 °

50 e o
40 e ©

30

Temperature (°C)

20

10 +

1 2 3 4 5 6 7
Time (s)

AN
7

FIGURE DC.1.13 A scatterplot of change in temperature over time
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Although the points are not connected, organisation of the
data points relative to each other in these graphs can identify a
relationship between the variables. Trendlines can be drawn
through or near the datapoints to help make the relationship
between the independent and dependent variable more visible
(Figure DC.1.14) while also showing the strength of this
relationship.

Although it is possible to draw trendlines manually, it is more
accurate to use software. When adding trendlines manually, the
line should be drawn so that it minimises the distance between the
line and the data points. 20 -

If a trend does exist, we can often easily identify whether it is
positive (positive correlation) or negative (negative correlation). In a

Temperature (°C)

10

Change in temperature over time

positive trend, the dependent variable increases as the independent T
variable increases, whereas in a negative trend, the dependent
variable decreases as the independent variable increases (Figure
DC.1.15).

A\ 4
\4

Positive correlation Negative correlation Zero correlation

FIGURE DC.1.15 Scatterplots with trendlines showing (a) a positive trend, (b) a negative trend and

(c) zero trend

N\ 4

Maximum and minimum trendlines are visual representations of the strength of the
relationship between the variables (Figure DC.1.16). A wider range between the two suggests a
greater variability of uncertainty in the data, whereas a narrow range suggests a lower variability

in the measured values.

4N A scatterplot with maximum and minimum trendlines
100
90 1
¥ =9.875x - 0.875
80 y =8.1346x + 4.53
70 y=6275x+ 13.725
& 60
=
g 504
>
40
30- Key
204 A Maximum trendline
B Minimum trendline
10
0 T T T T T T T T T T )
0 1 2 3 5 6 7 8 9 10
x values

FIGUREDC.1.16 An example of a scatterplot that includes a maximum and minimum trendline
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Time (s)

FIGURE DC.1.14 A scatterplot of change in
temperature over time, including a trendline (red)

trendline a line that
represents the general
direction or pattern of
data points

maximum trendline

a trendline with the
greatest gradient that fits
within the data within the
uncertainty values

minimum trendline

a trendline with the
smallest gradient that fits
within the data within the
uncertainty values
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line of best fit a straight
line through data

points in a graph that
best expresses the
relationship shown in a
scatterplot

-l
4
O‘~

Weblink
Linear regression and Excel

Analysing maximum and minimum trendlines together can help us predict the potential
range of outcomes. For example, using trendlines to forecast temperature changes as a result of
emissions can help us predict and prepare for worst-case scenarios. Maximum and minimum
trendlines can also help identify potential errors in the experiment. Values that fall significantly
outside the area between the maximum and minimum trendlines suggest an outlier that may
have been due to a random error.

Greater variability in certain areas of the graph may also suggest error. For example, when
measuring the rate of a reaction at different temperatures, it may be evident that there is a
large variability in the rates at higher temperatures. This could imply an error in temperature
control at higher temperatures.

A common strategy used to draw a:

«  maximum trendline involves drawing a line from the bottom of the error bar of the starting
data point to the top of the error bar of the last data point

« minimum trendline involves drawing a line from the top of the error bar of the starting data
point to the bottom of the error bar of the last data point.

Although trendlines are more general and can be used for different types of graphs with
linear and non-linear data, the line of best fit is better suited for linear relationships. Since
the line of best fit is used for linear relationships, the data points can be used to establish the
relationship expressed as y = mx + c.

Although this can be done manually, the calculations can become complex and therefore it is
often easier (and more accurate) to use software such as Excel, which can both draw the graph
and establish the corresponding equation for the line of best fit. Lines of best fit can be used
to predict values not measured in the experiment (extrapolation) or estimate values within the
range of data collected (interpolation) that were not directly measured (Figure DC.1.17)

N N
7 7
Interpolation Extrapolation

FIGURE DC.1.17 Using a line of best fit to (a) interpolate a data point within the measured values and
(b) extrapolate a data point outside of the measured values

Drawing the line of best fit involves specific statistical models such as linear regression and
is often accompanied by a quantifiable level of certainty, known as the R-squared value (R?)
(also referred to as the coefficient of determination). Regression analysis provides an equation
for a graph so that predictions can be made about the data.
Linear regression is a basic and commonly used type of predictive analysis. The overall idea
of regression is to examine two things:
1. Does aset of predictor variables do a good job at predicting an outcome (dependent) variable?
2. Which variables in particular are significant predictors of the outcome variable?
These regression estimates are used to explain the relationship between one dependent
variable and one or more independent variables.
This can be calculated in Excel using raw data (not averages).
Regression, R?, is the coefficient of determination as calculated by a linear regression.
regression sum of squares
total sum of squares

Equation:
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It ranges from 0 to 1, with higher values meaning that most of the change in the dependent
variable is accounted for by a linear model.
To understand R? values, we must understand the significance of R values.

A Pearson correlation coefficient (R) measures the correlation between two sets of data. Pearson correlation
R values can be between —1 and 1, where: coefficient (R) a
i statistical measure that
+ R =0suggests no correlation quantifies the direction
+ R =1 suggests a strong positive correlation and strength of a
. X relationship between two
« R=-1suggests a strong negative correlation. variables

The formula to calculate the R value is complicated and therefore it is much easier to use
software to help with this calculation. Programs such as Excel have options for calculating R
when plotting a graph.

Squaring the R gives us the R*value. The square of the correlation shows the proportion
of variation in the y-axis that is predicted by the x-axis. This value indicates the strength of
the correlation of the linear relationship between two sets of data. In simple terms, it answers
the question, ‘Can I draw a line graph to represent the data?’ Calculating this coefficient does
not allow you to fit a line to your data (use a regression analysis for this). The value is also
not able to tell the difference between the independent and dependent variables; for example,
investigating a high-calorie diet causing diabetes might give a correlation of 0.8. However, you
could also get the same result with the variables switched around - diabetes causes a high-
calorie diet. Therefore, as a researcher you must be aware of the data you are putting in and note
the difference between correlation and causation:

« R>0.8=strong correlation.
+ R <0.5=weak correlation.

Non-linear graphs

Not all trends show a linear pattern. For example, a graph showing the solubility of substances
at different temperatures shows a non-linear relationship (Figure DC.1.18).

Solubility of a salt in 100 mL of water
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FIGURE DC.1.18 The solubility of a particular salt in 100 mL of water at different temperatures
shows a non-linear relationship.

The simplest way to identify whether a relationship between two variables is linear or non-
linear is to plot the data points on a graph to identify the overall trend. Gradient analysis can be
conducted on non-linear graphs by calculating the instantaneous gradient of the tangent line at
each data point and comparing the extent of the changes between each point. The tangent line
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is a straight line that ‘touches’ the data point and has the same gradient as the curve at the given
data point (Figure DC.1.19).

Non-linear graph with a tangent line
y y=/(x)

Tangent line

X

AN
d

FIGURE DC.1.19 An example of a tangent touching a data point on a non-linear graph

Error bars

To illustrate uncertainty, your graphs should incorporate error bars. These extend from data
points to demonstrate the uncertainty of the measurement (Figure DC.1.20).

a Graph showing error bars b Breakdown of an error bar
N N
109 Error bar
) 0.8
o)
]
%’ 3 0.6 .
= ©® «—— Data point
o
g 0.4-
(7]
[=]
0.2 Cap ———
AN N
d O T T7

Independent variable

FIGURE DC.1.20 (a) A scatterplot that has incorporated error bars. (b) The structure of an error bar.

o The upper and lower limits of the error bars can be determined by using descriptive statistics

%< such as standard deviation or absolute uncertainty. (Note: There are different types error bars;
e.g. standard deviation, confidence intervals, absolute uncertainty, percentage uncertainty.) To
Weblinks draw error bars on graphs:
Error bars 1. Identify the data point.
Drawing graphs with 2. Calculate the uncertainty of the mean or standard deviation for the data point. This

error bars
determines the upper and lower limits of the error bar.

3. Use the values from step 2 to identify the maximum and minimum value for the data point.
Use this to draw the error bar. Ensure that the statistical value represented by the error bar
is clearly stated.

Graphing applications such as Excel have an option to include error bars in graphs. This is

a faster and often more accurate method for generating graphs with error bars. Note that Excel

usually puts on average error bars. If the error for each independent variable value is different,

you will need to manually adjust the error bars in Excel.
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A larger error bar indicates that the values are spread out and suggests greater uncertainty
than a smaller error bar, which signals that the measurements are clustered around the data
point. Error bars can be drawn for different types of graphs (Figure DC.1.21).

Column graph

FIGURE DC.1.21 A column graph and a line graph with error bars

Other representations of data

Profile diagrams

Line graph

Vv

Profile diagrams help to visually show the different layers or sections of an ecosystem and
how they vary from one another. These diagrams help us understand how things such as plant
and animal species, as well as their heights or population sizes, change as we move along a
specific line or area. For example, soil profile diagrams are side-view cross-sections that show

the different layers of soil in an area (Figure DC.1.22).

A Topsoil —
Minerals
with humus

B subsoil —
Deposited
minerals and
metal salts

R Bedrock —{ -

Unweathered
parent rock

+0 Organic layer
Humus

]— E Eluviation layer
Leached minerals
and organic matter

C Parent rock
Partly weathered
rock

FIGURE DC.1.22 A soil profile diagram showing the different layers of soil in an area

Forest profile diagrams are effective for visually representing the distribution of plant
and tree species, as well as their varying heights, along a transect line (Figure DC.1.23). By
examining profile diagrams, we can get a better understanding of how the ecosystem has

changed and the factors influencing these changes.

9780170483384

profile diagram a visual
representation that
shows a cross-sectional
view or side view of a
specific aspect of an
ecosystem or organism

CHAPTER DC | SCIENCE RESEARCH DC-25



Height (m)

10 20 30 40 50 60
Distance (m)

Tuiwawa, Marika & Pene, Sarah & Winder, Linton. (2021). Vegetation

FIGURE DC.1.23 A forest profile diagram of a slope rain forest in Viti Levu, Fiji

Maps

Like profile diagrams, maps are visual representations of data. Maps can represent complex data in
away that is easy to understand and identify trends and relationships. For example, governments
often use maps to track the causalities of COVID-19 across the world (Figure DC.1.24).

Estimated cumulative excess deaths per 100,000 people during
COVID-19, Jun 17, 2024

For countries that have not reported all-cause mortality data for a given week, an estimate is shown, with uncertainty interval.
If reported data is available, that value only is shown. On the map, only the central estimate is shown.

“Coronavirus Pandemic (COVID-19)".

No data 0 100 200 300 400 500 600 700 800

[ ] < i i i i

Edouard Mathieu, Hannah Ritchie, Lucas Rodés-Guirao, Cameron Appel, Charlie Giattino, Joe Hasell, Bobbie

Macdonald, Saloni Dattani, Diana Beltekian, and Esteban Ortiz-Ospina (2020) -

Data source: The Economist (2022); WHO COVID-19 Dashboard CC BY
Note: For some countries, all-cause deaths and COVID-19 deaths use different date schemes, in which one refers to when the death
occurred and the other to when it was reported. This difference could produce an artificial lag between the two time series.

FIGURE DC.1.24 A map showing the worldwide cumulative deaths due to COVID-19
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The Queensland Government uses maps to monitor the state’s vegetation and regional
ecosystems (Figure DC.1.25)
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FIGURE DC.1.25 A map of Queensland’s regional ecosystems and vegetation

Sometimes, especially in infographics, maps and charts can be used together to illustrate
trends and relationships about a topic (Figure DC.1.26).

Unsafe Water Kills More People
Than Disasters and Conflicts

Number of deaths in 2020, by selected sources

Natural disasters || 8,200 -
conficts [N 57.400 &
Unsafe water

Share of people without access to basic
drinking water service in 2020*

Conflicts, Statista, Mar 22, 2022. Licensed under CC BY-ND 3.0.

Katharina Buchholz, Unsafe Water Kills More People Than Disasters and

W 25-50%
W 1-24%

B Almost universal
coverage

No data

* defined as water from protected wells or springs in less than 30 minutes distance
Sources: WHO/UNICEF, U.N., PRIO/UCDP, Ill

@®6 statista %

FIGURE DC.1.26 An infographic combining a chart and map to show the impact of unsafe water
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Scientific drawings

Textbooks are full of scientific drawings that represent structures, organisms and processes.
These drawings are highly detailed, accurate and clear. For example, examine the detailed
drawing of an animal cell in Figure DC.1.27.

Endoplasmic Plasma membrane
reticulum /
Temporary
vacuole

Cytoplasm

Golgi

% apparatus

' Ribosomes

Mitochondrion

Wy

0 /

Y

Nucleus

Nucleolus

FIGURE DC.1.27 (a) A eukaryotic animal cell showing its plasma membrane and other organelles;
(b) A line drawing of a cell

Scientific drawings include labels and annotations and are drawn to scale to show the
relative proportions of the elements involved.

Identifying trends, relationships and patterns

The purpose of an experiment is to collect relevant data that can be analysed and used to
understand the relationship between the independent and dependent variables.

Analysing graphs
When analysing graphs, it is important to consider all aspects presented in the graph. Consider
the graph shown in Figure DC.1.28. What we tend to notice first is the overall trend in the
data. The graph shows a negative trend where the cell potential decreases as the concentration
of Zn** increases. We determine this visually based on the shape of the line; however, it is
possible to also measure the negative gradient for the line. The large R* value of 0.9723 (very
close to 1) can confidently predict cell potential using Zn** concentration since R? is high.
The graph in Figure DC.1.28 also contains error bars showing the overlap of all data points.
When this happens, it suggests that the differences between the overlapping data points are
statistically insignificant and are due to random errors. As such, the trend shown may not
reflect the true relationship between the concentration and cell potential.
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Cell potential vs Zn2* concentration

1.18 1
1.16 9
~ 1.141

>
= 1121
K]
2 111 1 I
g
S 1.08 T
T 1.061
(&)
1.041 l
1.024
1 - - - - - —>
0 0.2 0.4 0.6 0.8 1 1.2

Zn2* concentration (M)

FIGURE DC.1.28 A graph showing the effect of the concentration of Zn?* on cell voltage

Although not as easy to visually identify as graphs are, raw data tables can also be interpreted
to identify the relationship between two variables. Consider the raw data table for the graph
above (Table DC.1.9).

TABLE DC.1.9 A data table for an experiment testing the effect of the concentration of Zn? on
cell voltage

Mean cell

Absolute Percentage | Theoretical | Percentage
potential uncertainty | uncertainty E.., error
) W) (%) ) (%)
0.01 1.087 +0.005 0.460 1.159 6.249
0.10 1.077 +0.005 0.464 1.129 4.681
0.25 1.073 +0.005 0.465 1.117 3.977
0.50 1.070 +0 0 1.108 3.506
1.00 1.063 +0.005 0.470 1.100 3.333

Chemistry 2019 v1.3 1A2 high-level annotated sample response August 2018, page 8, © State of Queensland (QCAA) 2018,
licensed under CC BY 4.0. https://www.qcaa.qld.edu.au/downloads/senior-qce/sciences/snr_chemistry_19_ia2_asr_high.pdf

All results have an overall low percentage error, suggesting that the experiment has
high validity.

Spearman’s rank

Data that is ranked - there is an order or sequence - is often analysed using Spearman’s rank
correlation coefficient (tho, p). The value calculated lies between -1 and +1, which indicates the
strength of the relationship between two sets of ranked data. Values that are closer to +1 show a
strong positive correlation between the variables, whereas values closer to -1 indicate a strong
negative correlation between the variables. Similar to some of the tests already mentioned,
calculating rho can be complicated and is best done using software such as Excel or Spearman’s
rank calculators (see weblink).

Student’s t-test

The student’s t-test, often shortened to t-test, is used to compare the means of different groups of
samples. The value generated from the test, also known as the p-value, measures the probability
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Spearman’s rank a
statistical measure that
quantifies how closely
two datasets (ranked
data) are related

al
o‘:

Weblinks
Spearman’s rank calculator

P-value | Hypothesis testing
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of the results being due to chance. We measure p-values between 0 and 1.0. A value of 0.05 or
less is considered statistically significant and the observed data is considered to have a low
probability of occurring due to chance. Again, software such as Excel can be used to calculate
the p-value from ¢-tests.

Interpreting

You need to scientifically justify the argument. This is done by referencing theory and previous
studies to explain the phenomena being shown through the data. For example, in an experiment
measuring the effect of temperature on enzyme function, we would want to refer to the theory
relating to the current understanding of enzyme function and use that to justify the arguments
made from the trends identified in the data.

The culmination of this allows us to draw well-informed conclusions that help to answer the
research question.

Evaluating

In your evaluation, you need to comment on the reliability and validity of the relationships using
your calculations of errors and uncertainty. Although it sounds counterintuitive, highlighting
sources of error in your experiment and describing its effect on your results strengthens your
argument. It also allows you to identify any limitations and offer suggestions for improvements
and/or extensions to your experiment. By doing so, you are demonstrating an ability to critically
analyse data, which helps to develop well-informed arguments.

LEARNING CHECK DC.1

DESCRIBING

1 Describe the difference between:

a accuracy and precision

b

reliability and validity.

2 Identify two strategies to improve the accuracy of data.

3 Identify the type of data most suited to:

a piecharts
b
¢ column graphs.

4 Describe the importance of:

a alogbook
b anMSDS

c ethics in experiments.

5 Put these steps of the scientific method in the correct order:

methods, materials, discussion, research question
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APPLYING

6 Consider the following research question.
‘How does increasing light exposure (hrs per day) affect the rate of plant growth (cm/day)?’
Identify the:

a dependent variable
b independent variable.

7 A student wanted to conduct an experiment to see whether eating food before running had any effect on how
far she could run. Write a research question for this experiment.

8 A studentis conducting an experiment involving the use of a glass measuring cylinder to measure and pour a
sample of acid into a 100 mL glass beaker. Identify one safety concern associated with the experiment and how
the risk can be minimised.

9 In a medical experiment, a participant was asked to undergo a series of additional tests that could reveal
sensitive information about their health situation. The participant refused to give consent to the tests. However,
the experimenter ignored this and requested for the tests to be conducted anyway. Which ethical concept has
the experimenter breached? Explain your answer.

10 A student measured a value of 20 cm in their experiment with an absolute uncertainty of 1 cm.

a Calculate the percentage uncertainty.

b What does this value suggest about the precision of the measurement?

11 A group of students designed an experiment to measure the effect of water on plant growth. The plants were
kept in the same room and the growth of the plants was measured daily.

a Identify an extraneous variable for this experiment.

b Each student took turns measuring the growth of the plant. Students used their own rulers to measure the
growth, and it was noticed that all rulers had different resolutions (graduations). Identify the type of error
that occurred as a result of this.

12 In a particular set of measurements, a student recorded the following measurements: 14.2, 14.1 and 14.3 cm.

Calculate the absolute uncertainty.

ANALYSING

13 The results from a student’s experiment are shown below.

Concentration of Plant height (cm)
nutrient solution (%)
0 5 8 10
5 7 10 12
10 9 13 15
15 12 16 20
20 15 19 25
25 17 22 28
30 18 24 30

Identify the dependent and independent variables for this experiment.

Calculate the mean value for each concentration.

Use the values to draw a graph to represent this data.

Determine the correlation (if any) between the independent and dependent variables.

o 0 T 9
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14 Consider the following graph.

25 1
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10
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Sample

Concentration of phosphorus (M)

a Determine the dependent variable.
b Determine which sample shows the greatest variability.

15 The following graph was drawn for an experiment measuring the change of absorbance as a result of a change
of concentration.

8.000
6.000

4.000+

Absorbance

2.000+

0.000 ; ; ‘ ‘ —>
0.000 0200 0.400 0.600 0.800  1.000

Concentration (M)

Identify the name of the type of graph drawn.

Identify the name given to the line drawn in the graph.

Calculate the gradient (m) of the line.

Determine the approximate absorbance at a concentration of 0.200 M.

On the basis of the graph, would you expect the R value to be closer to 1 or to 0? Explain your response.

® 20 T o
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Research investigation

To help prompt your Research Investigation (IA3) assessment, your teacher will provide a list
of claims that you can investigate. These claims will be related to particular topics outlined
in the syllabus. After selecting a claim, you will be required to choose a research question
to investigate. Unlike the student experiment, the research investigation requires you to
collect and analyse secondary data about your topic and particular research question.

Forming and finding
Researching to write a rationale

As with the student experiment, you will need to conduct research before developing a
research question. This involves reading scientific articles and books and investigating other
resources to develop a solid understanding of the topic. From blogs to scientific journals, there
are many resources available to help develop your understanding. These sources may be available
through open access (e.g. Google Scholar) or through organisations such as government websites
and local or national libraries; for example, the State Library of Queensland. For scientific
research, it is important to use a variety of credible resources. Therefore, you will need to be
able to assess the reliability of the sources you are using. For example, blogs that can be written
by anyone are not as reliable as a scientific article from a peer-reviewed journal (Figure DC.2.1).

Peer-reviewed research article published in a journal. For example:
* Nature

Session at a scientific conference

Review article published in a journal. For example:
+ Science

Article written in reputable media. For example:
+ ScienceDaily
+ Science News for Students

Visual media prepared by qualified presenters. For example:
» Documentaries

+ Animations

« TEDEd

+ TikTok (qualified presenter)

Expert opinion article

General opinion article that relies on anecdote and can be biased

News article in general news media such as a newspaper or social media that relies on
anecdote and ‘clickbait’

Non-scientific idea, anecdote, ‘common sense’ psychology often presented by celebrity
or influencer without the knowledge or skills to evaluate the claims. For example:

+ TikTok (unqualified presenter)

LOW

FIGURE DC.2.1 Sources of information based on their reliability

secondary data data that
is collected by someone
else
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This is why the peer review process in scientific research is so important (Figure DC.2.2).
For an article to be published in a journal, it must be reviewed by multiple experts, who evaluate
it and make suggestions for further improvement. Before it can be resubmitted, the author must
review and respond to the suggestions. This process can take months. Only once this process has
been completed is the article accepted by the journal.

2 Journal editor sends

1 Author writes manuscript to expert
and submits article reviewers to evaluate
manuscript to journal. quality of research,

write-up and

conclusions.

Peer review process

3 Expert reviewers return
manuscript to editor with
suggestions for changes,
if any, or recommendations
to publish or not to publish.

6 Journal editor includes
report in journal issue.

5 Author revises 4 Editor reviews suggestions
manuscript and and returns manuscript to
resubmits. author for revision.

FIGUREDC.2.2 The peer review process

) When using sources that are not from peer-reviewed journals, it is important to assess the
'l: reliability and validity of the information. It is helpful to ask yourself question such as:
« Isthe author(s) an expert in this domain?
Weblink « Does the author use evidence to support their claims?
Evaluaﬁnisg ii:]ndformaﬁon + Is the methodology valid?

« Ifevidence is used, where does the data come from?
« Is this publication trustworthy?
« Isthere any bias? For example, is there a conflict of interest among the researchers?

It is also a good idea to cross-reference the information presented by these resources
with other sources such as primary sources and textbooks. This initial research helps you to
develop a rationale for your investigation, and as a result helps to craft a research question
that is relevant to the claim. As with the student experiment, the research question needs to
be able to be tested.

To help the reader have the necessary context for the research investigation, you need to
provide a level of background. The background needs to include enough of a foundation that
the reader can understand the theoretical underpinnings of the research while also showing
that you have used scientific evidence to develop a research question that aligns with the claim.

Referencing conventions

Since experiments and scientific research draw on the knowledge, thoughts and ideas
developed by others, we need to appropriately acknowledge sources of information. The
referencing format that is required depends on the discipline; however, in most cases, science
uses the APA (American Psychological Association) referencing style.
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Analysing evidence

As part of your assessment, you will need to find scientific evidence from previous research
related to your research question. The data derived from these studies is used in the same
way as the data collected from your student experiment; to identify trends, patterns and
relationships between variables to answer the research question.

Because there are multiple data points, it is important to re-organise the data and present
it in a way that can be analysed. For example, Table DC.2.1 shows data collected from
two different scientific experiments that measured the prevalence of lactase persistence-
associated alleles of populations in Finland.

Additionally, the data can be used to construct graphs. Organising data in this way makes
it easier to identify any trends, patterns or relationships that exist between the variables being
tested. As in your student experiment, you would also need to identify any sources of error
and levels of uncertainty that can affect the results.

TABLE DC.2.1 Comparison of results between different studies

Population | Long. N |-14010| -13915 | —13907 | -13910 | SumofallLP | Predicted lactase
G>C T>G C>G C>T associated persistence
alleles frequency

Finns 28.00 | 65.00 | 1876 | 0.00 0.00 0.00 0.58 0.58 0.82
Saami 39.00 69.00 | 60 - - - 0.17 0.17 0.31

Table 2: Lactase persistence-associated alleles frequencies in populations of Finland, viewed in https://www.qcaa.qld.edu.au/
downloads/senior-qce/sciences/snr_biology_19_ia3_asr_high.pdf, source: Source: Enattah et al 2008
Am J Hum Genet. (via Global Lactase persistence association database).

Interpreting evidence a3,
L
As you now know, presenting data and describing trends and relationships on their own is not
sufficient. We need to be able use the evidence and scientific theory to justify the argument being Weblinks
made and to draw a conclusion. Referencing style guides
When developing your conclusion, ensure that it directly answers the research question. Referencing sources

Sometimes when assessing studies at an individual level, the data may point towards a
particular conclusion. However, when studies in the same area are evaluated together, an
overall analysis may suggest a different conclusion. If your investigation shows a different
conclusion from the studies used, that in itself is an important conclusion. It highlights that
further investigation is required to develop a deeper understanding of the area.

Scientific language

The ability to communicate scientific understanding to an audience is often an overlooked
skill. How we present the information depends on what we are sharing and the audience we are
sharing with. For example, when communicating to a younger audience who are unfamiliar
with many scientific concepts, it is important to use accessible language and visuals to help
foster a foundational understanding of the topic. When communicating findings to those in
the scientific community, we need to make sure to use scientific language, including correct
nomenclature, units and symbols specific to the scientific theory.
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Evaluating evidence

The quality of the evidence can impact the reproducibility of the research and strength of the
conclusions drawn. We can assess the quality of the evidence by identifying any limitations
caused by errors and/or uncertainty (Figure DC.2.3). This may include assessing the:

appropriateness of the method (where possible)
sample size

sources of error

degree of uncertainty of the data.

Collected evidence supports the claim that genetic modification increases crop productivity.
However — given only soybeans genetically modified to improve crop seed yield were
investigated — the conclusions cannot be extrapolated to the claim in its entirety to assume
that observed trends are evident for all crops; all genetic modification; and all crop productivity
measures. To provide a more insightful and relevant answer to the claim through source
comparability, the investigation could be improved by ensuring that data compares the same
transgenic cultivars against the same parameters. Furthermore, only data covering several years
should be considered, ensuring interpretations validly consider long-term crop performance.

This could further be extended by conducting studies on a greater variety of GMO crops and
their non-GMO counterparts — such as cotton, alfalfa and corn — to determine whether the
same trends are evident. Moreover, to provide a more balanced depiction of GMO crops and
their applications, the investigation should be extended to include more measures of crop
productivity, such as disease resistance and biochemical properties. Finally, information should
be consistently collected over several consecutive years across crops grown in a variety of
countries to determine the effect of environmental conditions, thereby ensuring relevance and
reliability of collected data in lieu of a rapidly changing climate.

FIGURE DC.2.3 An excerpt evaluating the evidence provided by previous scientific studies

It’s also important to consider any bias (e.g. is the funding from a particular company?),

recency of data as well as qualifications of the author(s). Identifying limitations also helps
you to make interpolations or extrapolations of the findings, to further analyse the research
claim.

It is also important to suggest any further improvements for future studies related to this

area. For example, you could identify any changes that you would make to the methodology
to improve the validity or reliability of the data from the experiment. Suggestions for
improvement should also address any limitations present in the experiment, including any:

experimental limitations; for example, time available to conduct the experiment, errors
methodological limitations; for example, accuracy and reliability of measurement

<l
": techniques, ethical constraints
« external limitations; for example, environmental factors that can introduce variability,
Resource access to proper equipment.

Sample research
investigation

DC-36

As you can appreciate, being able to interpret and evaluate data is crucial for reaching

informed conclusions about your research.
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LEARNING CHECK DC.2

DESCRIBING

1 Identify the difference between primary data and secondary data.
2 Describe the role of the peer review process in scientific research.

APPLYING

3 A student conducted an experiment to investigate the effect of different fertilisers
on the growth of tomato plants. The student divided the tomato plants into four
groups and assigned each group a different type of fertiliser: A, B, C and D. The
plants were placed under identical conditions, receiving the same amount of
water and sunlight. The student measured the height of the plants every week for
4 weeks. Identify one possible experimental and one methodological limitation of
this experiment.

4 Consider the following passage.

The rate of reaction is a fundamental concept in science. Enzymes function to increase
the rate of reaction by providing an alternative pathway for a reaction to occur.

Rewrite the passage so that it can be read and understood by a primary school student
who is studying science.

5 A student used the following source for their research investigation.

Cruzan, J. (2012). ‘The most important solvent’. Retrieved from http://www.drcruzan.
com/Water.html.

Use information from the ‘Referencing sources’ weblink to show how this resource
would be referenced in the text.
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CHAPTER Conducting research
SUMMARY

«  The scientific method follows a particular process aimed to maximise accuracy, reliability
and objectivity while minimising uncertainty and error.
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«  There are five main types of investigations:
- Descriptive
- Comparative
- Correlational
- Experimental
- Case study

Investigation type | Description | Example

Descriptive Researchers collect data through Describing the distribution of a
surveys, interviews or observations | species in an ecosystem

to gain a better understanding of the
subject being investigated.

Comparative Two or more groups or variables Comparing the growth of
are compared to identify similarities | different plants under different
and differences between them. environmental conditions

Researchers can use this
information to investigate the
impact of factors on the groups
being investigated.

Correlational These investigations focus on Identifying the relationship
identifying the relationship between | between temperature and plant
variables. Data collected in these | 9rowth

investigations is used to determine

whether changes in one variable are
associated with a change in another
variable. Note: Correlation does not
mean causation.

Experimental Variables are manipulated to Testing the effect of a fertiliser on
determine whether there is a cause- | plant growth
and-effect relationship between the

variables.
Case study Analysis of a particular individual, Studying the behaviour of a
group or situation. particular type of frog in a specific

ecosystem

- Different sampling techniques are better suited to certain types of investigation.

Analysing data

. Precision describes the closeness of data, whereas accuracy describes how close the
measured value is to the true value.

«  The quality of data affects the validity of the experiment.
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Number of
indication values
Number of
indication values

> Reading > Reading
‘True value’ ‘True value’

Number of
indication values
Number of
indication values

1
- .
True Mean I > Reading
value’ Mean ‘True value’

> Reading

«  Percentage error helps to indicate the accuracy of a measurement.

measured value — true value y 100

Percentage error (%) = true valie 1

«  Errors affect the accuracy and precision of data. These can be categorised into:
- random errors
- systematic errors.

«  Uncertainty describes the variability in the measured results:

maximum — minimum

2
absolute uncertainty

measured value

Absolute uncertainty =

Percentage uncertainty = X 100

«  Standard deviation and standard error can be used to quantify variability of data. This is
best calculated using software such as Excel:

Standard error = Sb

\n
where: SD is the standard deviation, and n is the sample size.
«  The student’s t-test measures the probability of results occurring due to probability. A
p < 0.05 is considered statistically significant
«  Pearson’s correlation (R) coefficient helps quantify the direction and strength of the
relationships between the measured variables.
- R=0suggests no correlation.
- R=1suggests a strong positive correlation.
- R=-1suggests a strong negative correlation.
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«  Spearman’s rank (tho) quantifies how closely data (ranked data) are related.

variables

Graphs

Values that are closer to +1 indicate a strong positive correlation between the

Values closer to —1 indicate a strong negative correlation between the variables.

«  There are many different graphical representations of data, including:

-  linear graphs
column graphs
pie charts

scatterplots.

Nitrogen 78%

\

/ Oxygen 21%

Carbon dioxide

7~ 0.04%
N\

Other gases
(mostly argon 0.96%)

Scatterplots

Change in temperature over time

Percentage (%)

The eight most common
elements in Earth’s crust

Element

Line graphs

N
80 -
. . .
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3 S ° 0161 y = 0.34x +0.001
g 501 .« o 215 R
- =) j
S 401 oo S k]
Q @ M.
£ 13 ° £0.6-
2 0.4

20 - 021 S

N N N N N N v
10 15 20 25 30 35 40 45 50
] Concentration (ppm)
N
1 2 3 4 5 6 7
Time (s)
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«  Graphs help to show the relationship between variables. Although they can show

correlation, this does not mean causation.

Correlation trends of line graphs

+ &

Positive Negative

c

b
N\

Zero

Correlation trends of scatterplots

(o]

—
4

AN N N
7 7 7
Positive correlation Negative correlation Zero correlation
«  Error bars on graphs help to visualise variability of measurements around the mean.
—  The central point shows the data point.
—  The upper and lower limits show the variability of the measured values.
Graph showing error bars Breakdown of an error bar
N N
1.0 Error bar
2 0.8
Q2
&
s T 0.6- _
E I ® < Data point
2
g 0.4
[
[=]
024 Cap —— -
N N
. 7 0 ! 7
Independent variable
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Other visual data representations

«  Data can also be represented using profile diagrams, maps, or a combination of maps

and charts.
BROAD VEGETATION GROUPS OF QUEENSLAND
'& PRE-CLEARING (1:5 MILLION)
===

The State of Queensland

+0 Organic layer

Humus
A Topsoil ~[
- Minerals ]— E Eluviation layer
with humus Leached minerals
B Subsoil~[ and organic matte
Deposited c
minerals and Parent rock
metal salts Par;ly weathered
roc
R Bedrock
Unweathered

parent rock

Combination of maps and char

Unsafe Water Kills More People
Than Disasters and Conflicts

Number of deaths in 2020, by selected sources
Natural disasters | 8200

confiicts [N 87.400 &

Unsafe water

o

Share of people without access to basic
drinking water service in 2020*

Conflicts, Statista, Mar 22, 2022. Licensed under CC BY-ND 3.0.

N 25-50%
Wo1-24%

W Almost universal
coverage
No data

Katharina Buchholz, Unsafe Water Kills More People Than Disasters and

* defined as water from protected wells or springs in less than 30 minutes distance
Sources: WHO/UNICEF, U.N,, PRIO/UCDP, il

@O statista”a
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Scientific drawings

- Scientific drawings are representations of scientific concepts.

Basic structure of a eukaryotic animal cell
Endoplasmic Plasma membrane
reticulum /

Temporary
vacuole

Cytoplasm

Golgi
apparatus

Mitochondrion

Nucleus

Nucleolus

Interpreting, analysing and evaluating evidence

«  Apart from speaking to the trends shown in the data, when analysing data it is also

important to assess the:

- appropriateness of the method

- sample size

- sources of error

- degree of uncertainty of the data.

«  When evaluating evidence, make sure to also address any limitations present in the

experiment, including:

- experimental limitations; for example, time available to conduct the experiment, errors

- methodological limitations; for example, accuracy and reliability of measurement
techniques, ethical constraints

- external limitations; for example, environmental factors that can introduce
variability, access to proper equipment.

Communicating findings

«  When communicating findings, make sure to:

- use appropriate conventions and nomenclature
- use language appropriate to the audience
- reference appropriately using the relevant referencing system.
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MULTIPLE CHOICE

1. Which measure provides information about the spread or variability of data points in a EXAM

dataset?

A Mean
B Mode
C Outlier

D Standard error

2. Which of the following datasets would be considered precise but not accurate?
A Measuring a flower’s height with a ruler missing the mm markings (Readings: 22,

21, 23cm)

B Measuring water temperature that is constantly 3° higher than the actual
temperature (Readings: 15°C, 15°C, 16°C)
C Measurements made by different students of the width of leaves (Readings: 11.4,

15.8,13.2cm)

D Measuring how long it takes a ball to roll down a hill (Readings: 11.14, 10.59, 10.77 s)

3. A student measures the length of a plant stem to be 12.5cm, using a ruler. The actual
length of the stem, as determined by a more precise instrument, is 12.9cm. The
percentage error in the student’s measurement is:

A 1.5%
B 2.4%
C 2.6%
D 31%

4. Which of the following would not be considered a type of investigation?

A Comparative
B Correlational
C Descriptive
D Relative

5. Ina Biology experiment, students investigated the effect of light intensity on plant
growth. Which of the following can be considered an extraneous variable?

A Type of plant species
B  Soil moisture

C Light intensity

D Temperature

Questions 6-8 relate to the following
information.

A student conducted an experiment

to measure the change in mean algal
mass over a 168-hour period, as shown
in the graph.

6. The independent variable for this

experiment is:

A control.

B  greywater.

C mean biomass.
D time (h).

9780170483384
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7. Comparing the algal biomass growth, the algal biomass in:
A the control experiences the greatest overall change.
B  greywater grows faster than in the control throughout the experiment.
C greywater grows slower than in the control throughout the experiment.
D greywater and the control show similar growth rates initially, but the greywater
condition eventually surpasses the control.

8. The data point showing the greatest variability is:
A control at 66 hours.
B control at 142 hours.
C greywater at 88 hours.
D greywater at 120 hours.

9. Based on the map below, the area with the least number of mammals threatened is:

A Australia.
B New Zealand.
C Philippines.
D Vietnam.
:
3
°
= Vietnam
: L
S
5 &~
A RN
g } ;3
2 / ,a‘
f "Phillipines
Wi
— - Indohesig‘ » N
’:#:j? ‘\\
0-5 | |3 ;
c e
6-10 = ‘
m |3 N
11-15 - E Australia
16-20 [l | g
21-40 E
41-60 ‘S
61-90 Il | & ;
E / New
91+ Il | = Zealand

10. Which of the following cannot improve the reliability of results in an experiment
measuring soil acidity levels in different areas?
A Increasing the replicates in each area
B  Use various measurement techniques
C Calibrating the pH meters before taking measurements
D Reducing the number of data points collected in each area
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SHORT RESPONSE

11. The following is a description of an experiment.

For this experiment, students are given sets of bean plants to investigate how different
light conditions affect plant growth. In the experiment, the plants are exposed to three
conditions: full sunlight, partial shade and artificial light.

All plants are given sufficient water and growth is measured weekly.

Write an appropriate research question for this experiment.

12. The graph below shows the impact of marine park zoning in reefs close to Townsville.

Total fish density from fixed site surveys

N

2 15004

‘®

9]

(=5

(]

2

S 1000+ o o

T Fishing prohibited

2

@®

c

% 500

s -

Open to fishing

0 N

2006 2008 2010 2012 2014 2016 2018
Year

a  Identify the independent variable in the experiment.
Compare the effect of the two conditions on the density of fish.
c Comment on the reliability of the results.

13. The Global Burden of Disease Study in 2019 set out to understand the magnitude of
cancer burden attributed to different risk factors. The goal was to use this information to
develop effective prevention and mitigation strategies. Selected graphs from the study are
shown below.

On analysing these graphs, a student made the following statement.

‘For both sexes, occupational risks were the highest leading factor causing tracheal,
bronchus and lung cancer.’

Assess the accuracy of this statement.
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The global burden of cancer attributable to risk factors, 2010-19: a systematic analysis for the Global Burden of
Disease Study 2019 Tran, Khanh Bao et al. The Lancet, Volume 400, Issue 10352, 563 - 591. Licensed under CC BY 4.0.
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All risk factors I I -
Tobacco [ mmsssss——— = ]
Alcohol use |m= =
Dietary risks Cancers
Air pollution Lip and oral cavity cancer
High body-mass index fm= [ Nasopharynx cancer
Occupational risks B Other pharynx cancer
High fasting plasma glucose Oesophageal cancer
Other environmental risks Stomach cancer
Drug use [ Colon and rectum cancer

B Liver cancer

Low physical activity I T T T T T T — B Gallbladder and biliary
0 10 20 30 40 50 60 70 tract cancer

Risk-attributable cancer DALYs for males (millions) - E:R/%rfigﬁg:rncer

mm Tracheal, bronchus and
lung cancer
Breast cancer

All risk factors ;
mm Cervical cancer

Unzg?:z;g mm Uterine cancer
Dietary risks B Ovarian cancer
] Yy B Prostate cancer
High body-mass index i Kidney cancer
High fasting plasma glucose Bladder cancer
Air pollution i Thyroid cancer
Alcohol use

Hl Mesothelioma

B Non-Hodgkin lymphoma
Bl Multiple myeloma

B | eukaemia

Occupational risks

Low physical activity
Drug use

Other environmental risks

N
7

0 10 20 30 40 50 60 70

Risk-attributable cancer DALYs for females (millions)

*DALY = the sum of years of life lost as a result of premature deaths and years lived with disability. One
DALY represents the loss of one year of health.

14. The following data was collected from an experiment testing the effect of light intensities
on plant growth over a 4-week period.

Low-intensity light Medium-intensity light High-intensity light

Mean Error Mean Error Mean
height (cm) (%) height (cm) (%) height (cm)
2.0 5 3.0 5 45

1 5
2 3.8 5 5.7 5 8.0 5
3 6.0 5 8.5 5 12.0 5
4 7.5 5 11.0 5 15.5 5

Sketch an appropriate graph to represent this data.
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CHAPTER DC SCIENCE RESEARCH

LEARNING CHECK DC.1
DESCRIBING

1 a Accuracy refers to how close a value is to the true
value, whereas precision describes how close a set of
measurements are to each other.

b Reliability refers to the consistency of measurements
upon repeat experiments, whereas validity describes
the extent to which the experiment measures what it is
intended to measure.

2 Calibrate measuring instruments. Take multiple
measurements and take an average.

3 a Datathatisin categories

b Continuous data or measurements taken over time
c Datathatisin categories or discrete data
a

Alogbook contains detailed notes relating to the
experiment, including observations, results and
methodology. This information is important during the
analysis of the results of the experiment.

b MSDS contain information about the safe handling of any
chemicals or substances used in an experiment. This
ensures the safety of the researchers.

c Ethics help to ensure the safety of participants in the
experiment, the integrity of the experiment and the
proper use of the experimental results.

5 Research question, materials, methods, discussion

APPLYING

6 a Rate of plant growth
b Light exposure

7 Does the consumption of food (g) before running affect the
total distance(km) a person can run?

8 Potential risk: The student could drop the measuring
cylinder, causing it to break and shatter. The pieces of glass
could damage the skin.

Risk minimisation: Wear gloves and closed toe shoes to
protect against pieces of broken glass.

9 The experimenter breached informed consent. The
experimenter ignored the participant’s refusal to be tested
and performed the procedure anyway. Participants need
to give formal consent to participate in experiments and
the experimenter must respect their wishes, not go against
them.

10 a Percentage uncertainty = 2—10 %100
=5%

b This suggests that the measurements are relatively
imprecise.

9780170483384

11 a Where the plantis placed and therefore the amount of
sunlight exposure

b Random error

: 14.3-141
12 Absolute uncertainty = ST
=10.1cm
13 a Independent: concentration of nutrients (%); dependent:
plant height
Concentration of Mean height
nutrient solution (%) (cm)
0 7.7
5 9.7
10 12.3
15 16.0
20 19.7
25 22.3
30 24.0

c Changes in plant height (cm) based

on concentration of nutrients (%)
357

—~ 30- S

£ Le-Tp2

S 5 4 .eoc] TR =D.983

% 204 Day@ ‘—_,—"‘.___.—”'Rf_=‘0.9967

< 15- e AREPY LA ISP ' R2=0.9871

& I ST ST

R S RS

547 Day 20
0 Day 10
0 5 10 15 20 25 30 35
Concentration of nutrients (%)

d Thereis a positive correlation between the concentration
of nutrients in the solution and the plant height. Itis
>0.98 on each measurement day.

ANALYSING
14 a Concentration of phosphorus
b Sample 3
15 a Scatterplot
b Line of best fit
c
. A
Gradient Y
AX
_ 4-2
0.480-0.250
=8.70 (approximately)
d Approximately 1.500
e Since there is a strong positive correlation between the

two variables, the R value is likely to be closerto 1
thanto 0.
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LEARNING CHECK DC.2 12 a Year

DESCRIBING b In general, in areas where fishing is prohibited, there
is a larger density of fish than in areas that are open
to fishing. However, both conditions have similar
fluctuations, with a peak in 2016.

1 Primary data is firsthand data collected by the researcher,
whereas secondary data refers to information collected

from an experiment conducted by someone else.
P y ¢ The graph shows relatively large error bars for both

conditions and, at times, the error bars overlap for both the
fishing prohibited as well as open to fishing conditions.
As such, it's not certain that there was a difference in fish
3 Experimental: How different tomato plant types respond to density between both conditions.

the particular fertiliser used

2 The peer review process helps to ensure the quality of the
research and the results. It also helps to add credibility to
the research investigation.

13 The statement is not accurate. According to the graph,

Methodological: The consistent timing of when the plant tobacco was the leading risk for tracheal, bronchus and lung
heights are measured cancer for both male and females.
4 How quickly a reaction occurs is important in science. 14 Changes in mean heights of plants (cm)
Enzymes can make reactions occur in less time by providing at varying light intensities over a 4-week period
a different pathway for the reaction to take place. ]
pathway P 18 T R? = 0.9993
5 (Cruzan, 2012) 164 ® Low-intensity light :
T 14+ © Medium-intensity light I
CHAPTER EXAM :% 121 @ High-intensity light ¥ ’ R? = 0.9995
MULTIPLE CHOICE %’ 101
2 g & B R?=0.9953
1D 3 D 5 B 7 D 9 B £
Q 6 P > e =T
2 B 4D 6 D 8 C 10 D = ,| pays0x" 0T .--
7 P - X
Day20 &-" .-~
21 pay10%"
SHORT RESPONSE 0 ! ! ! ! !
0 1 2 3 4 5
11 How does exposure to light (hr) affect the growth of bean Week

plants (cm)?
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Topic 1: Biodiversity and populations
CHAPTERS RELATED TO THIS TOPIC AREA: 1-3
Topic 2: Functioning ecosystems and succession

CHAPTERS RELATED TO THIS TOPIC AREA: 4-6
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The adaptations that result from the wide variety of environments on Earth have generated millions of different
species. Biodiversity describes this variety of living things and can be measured at an individual, species or
ecosystem level.

Classification systems are used to consistently identify organisms and ensure clarity when communicating
about and researching species, while food webs and ecological indexes describe interactions between
species and help explain how energy and matter are transferred and transformed in living systems. In turn,
this allows for an understanding of ecosystem functions, services and stability that supports our ecological
endeavours as we study and protect biodiversity and the interconnectedness of life.

UNIT OBJECTIVES

By the end of this unit, students should be able to:

1. Describe ideas and findings about biodiversity 5. Evaluate processes, claims and conclusions
and populations, and functioning ecosystems about biodiversity and populations, and
and succession. functioning ecosystems and succession.

2. Apply understanding of biodiversity and . Investigate phenomena associated with
populations, and functioning ecosystems and biodiversity and populations, and functioning
succession. ecosystems and succession.

3. Analyse data about biodiversity and populations, Biology 2025 v1.2 General Senior Syllabus © State of Queensland
and functioning ecosystems and succession. (QCAA) 2024
Interpret evidence about biodiversity and
populations, and functioning ecosystems and
succession.

9780170483384 3



Classifying species

DWI Yulianto/Shutterstock.com

SCIENCE UNDERSTANDING
+ Describe the biological species concept and identify its limitations.

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

+ Use dichotomous keys to identify and classify organisms.

SCIENCE AS A HUMAN ENDEAVOUR

Appreciate that:
+ methods of classification are directly related to the purpose for which the data will be

used. Hierarchical systems, such as the Linnaean system, can be used to organise,
analyse and communicate data about biodiversity. For example, the hierarchical nature
of the Linnaean system allows scientists to infer similarities between species; however,
as the system was originally based primarily on physical features, the categorisation of
species does not always reflect evolutionary relatedness. Species may be re-classified
as new information becomes available
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+ 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

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

Introduction

Australia is home to more than one million species of organisms, many of which are
found nowhere else in the world. Classifying organisms has occurred throughout history
with humans grouping organisms according to whether they are edible, toxic or medicinal
(to name a few). Aboriginal and Torres Strait Islander Peoples have long-term observations,
oral histories and a sustained presence that show connections between people (including
kinship and societal structure), Country and living things that form the basis of traditional
groupings of organisms. These categories are specific to each traditional region of Australia.
Deciding how to scientifically define and recognise species has been, and continues to
be, a topic of vigorous discussion.

Worksheets

® Biological species concept

® (Classification using the Linnaean
system and dichotomous keys

® Dichotomous keys

To access resources above, visit

’:‘: N e l.SO n M | ndTa p cengage.com.au/nelsonmindtap
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biological species
concept a definition of
species as groups of
actual, or potentially,
interbreeding natural
populations that are
reproductively isolated
from other such
populations

gene pool the range of

genes and all their alleles

present in a population

V5%

Syllabus link
Chapters 13 and 14
discuss gene pools
and speciation.

hybrid an organism
resulting from the
interbreeding of two
different species

6 NELSON QCE BIOLOGY UNITS3 &4

ASSUMED KNOWLEDGE

v Living things have similarities and differences in their morphology and physiology.
v Itis possible to group living things on the basis of similarities.

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v describe how the ability to reproduce fertile offspring is one accepted definition for
species concept

v describe, with examples, the organisms that this species concept cannot be applied to

explain how an organism is classified according to the Linnaean system

v explain how an organism is named according to the Linnaean system and
binomial nomenclature

v classify an organism by using the attributes listed on a dichotomous key.

What is a species?

A species concept provides a set of criteria for determining what constitutes a species. Species
concepts are typically based on reproduction, morphology or shared evolutionary history.
There are several different species concepts, each with its own advantages, assumptions and
limitations. The most commonly used species concept is the biological species concept.

<

Biological species concept

Charles Darwin (1809-82) considered species as the fundamental units of evolution, starting a

new era of species definition. In the early 1940s, Ernst Mayr proposed that species are groups

of actual, or potentially, interbreeding natural populations that are reproductively isolated
from other such populations. This is the biological species concept. According to this model,
individuals from the same species can produce viable offspring under natural conditions. This
definition represents a species as an isolated gene pool. The biological species concept is the
most widely used in biology.

However, it has the following limitations:

« Fossils: It is impossible to know which individuals could interbreed by studying only the
fossilised remains of an extinct organism, or whether physical differences between specimens
are just variations between individuals or significant enough to denote a new species.

« Proof of mating: It can be difficult to observe organisms mating in certain environments
(e.g. deep ocean environments) and determine whether or not the offspring are fertile.

« Hybrids: Often, where populations of two identified species overlap to some extent, there
are zones where hybrid organisms exist. Hybrids are difficult to classify because they are
the result of interbreeding between individuals from two different species. They generally
do not survive well outside restricted hybrid zones, nor do they displace either of the
parent species.

The existence of hybrids offers evidence that the parents are the same species, even
though all other markers (e.g. behaviour and physiology) indicate that the parents are different
species. Sometimes, the resulting hybrid offspring seem to survive quite well in the wild, such
as the polar-grizzly bear hybrid (grolar bears) that have been observed in the Arctic regions of
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Canada. However, the resulting mix of features such as coat colour or dentition (tooth structure
and arrangement) may not be well suited to either the forest (grizzly bear) or marine (polar
bear) environments. Other hybrids are often sterile (unable to produce offspring); for example,
infertile mules that result from the interbreeding of a horse and a donkey.

Other species definitions

When the biological species concept is not appropriate, other species definitions can be
considered that address some of the limitations provided (note that these specific species
concepts are not stated in the syllabus subject matter. They are listed under Science as a
human endeavour.).

The morphological species concept states that ‘a species is a community, or a number
of related communities, whose distinctive morphological characters are, in the opinion of a
competent systematist, sufficiently definite to entitle it, or them, to a specific name’ (Regan,
1926). In simpler terms, this concept characterises a species by its morphology (the shape
and arrangement of the parts of an organism),
including size, shape and/or structure. These
morphological features are used when there
is limited reproductive
behaviours or genetic information. It can be
applied to sexually and asexually reproducing
organisms. It is most often used when examining
fossils.

Riversleigh is a fossil fauna site in north-
west Queensland (south-western boundary of
the Waanyi Peoples) that has altered scientific
understanding of Australia’s vertebrate
history. For example, the discovery of an ancestral platypus (Obdurodon dicksoni) skull
(Figure 1.1.1), one of the most complete fossil skulls found, improved the understanding of
relationships between members of the platypus family. One of these fossilised species is the
ancestor of the current toothless platypus, Ornithorhynchus.

The morphological species concept has the following limitations:

« Scientists often disagree about which morphological features should be used, and when the
features are different enough to justify creating a new group.

+ Morphology can be misleading because organisms can develop similar structures as a result
of being in similar environments rather than having a recent shared genetic history.

The phylogenetic species concept (similar to the evolutionary species concept or the
lineage species concept when looking at just one branch of a phylogenetic tree) identifies a
species as the smallest clade, or smallest group of organisms, who can all trace their origins
to a single common ancestor. This concept increasingly uses genetic techniques to determine
historical branching points and current groups, and most phylogenetic trees produced today are
based almost solely on these. It can be applied to asexual species and those for which detailed
reproductive behavioural data is unavailable.

The phylogenetic species concept has the following limitations:

« The reliance on genetic data makes it difficult to apply to long-extinct species whose DNA
is badly degraded or non-existent; it is rarely possible to reconstruct with certainty the past
evolutionary pathway and, if so, it is difficult to devise a satisfactory branching pattern.
The ecological species concept states that two similar individuals are more likely to be

of the same species when they have similar survival requirements; therefore, their distribution

in the ecosystem is more likely to overlap. Limitations include difficulties in determining the
degree of competition between individuals and the similarity in life history of the individuals.

information about

FIGURE 1.1.1

9780170483384

morphological species
concept a definition of
species that is based on
physical characteristics

phylogenetic species
concept a definition of
species that is based

on the smallest group
of individuals having a
common ancestor, often
determined through
genetic analysis

© The State of Queensland 1995-2025
Licensed under a Creative Commons
Attribution 4.0 International licence (CC BY
4.0). https://campaigns.premiers.qld.gov
au/fossilemblem/obdurodon-dicksoni.aspx

The ancestral platypus Obdurodon dicksoni

&

Syllabus links
Chapter 13 discusses
the evolution of
similar structures in
unrelated species.

Chapter 14 details
the construction of
phylogenetic trees.
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Weblinks
What is a species?

Why should we care
about species?

Ecological species concept

Genetic species concept

Worksheet
Biological species concept

ecological species
concept a definition of
species that is based
on occupying the same
ecological niche and
similar interactions with
the environment
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taxonomy a system of
classification, particularly
biological; or the study of
these systems

hierarchy a system
categorised by the
specific arrangement of
information into layers

«l
o‘:

Weblink
A brief history of the
kingdoms of life

LEARNING CHECK 1.1

DESCRIBING

1 Describe the biological species concept.
2 State which species concept is most useful for fossil classification.
3 Describe two limitations of the biological species concept.

APPLYING

4 Explain the differences between the morphological species concept and the biological
species concept.

Taxonomy

Biological classification systems or taxonomies are methods of naming, describing and
organising living things, so that similar or related organisms are grouped together. The diversity
of life on Earth is so large that to organise such vast amounts of information, organisms need
to be classified first. By grouping similar organisms together, it can be easier to observe and
understand patterns, trends and relationships between organisms and groups of organisms.
Classification systems are often hierarchical. Organising the information into layers
provides a clear structure for understanding relationships between organisms. In hierarchies,
the highest ranks or levels are larger and more inclusive. They incorporate general information
and a wider variety of organisms than the lower ranks or levels, which are smaller, more
specific and contain fewer organisms (Figure 1.2.1). In biological taxonomies, the information
is typically based on one species concept. Current biological taxonomies are based primarily on
the biological species concept and updated using genetic information as it becomes available.

Class

Order

Family

Genus

Least inclusive
\/ Species

FIGURE 1.2.1 Hierarchies become more specific and less general as you go from the top to
the bottom.
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Building a standard taxonomy allows biologists around the world to communicate with
one another in a common language and to compare findings. It supports the identification
of organisms that have already been discovered and consistently absorbs information about
entirely new organisms. It would be beyond the capabilities of a single scientist to classify the
breadth of life on Earth, but through global collaboration, a standard taxonomy is very effective.

Limitations of classification

Classification systems have limitations, just as species concepts do, because many of the same
attributes are being used to develop the taxonomy. Groupings can be interpreted differently
according to the choices made when classifying organisms. Classifying also requires biologists
to emphasise major similarities, which means reducing the importance of or ignoring minor
differences in individuals.

A taxonomy is built to organise the data for analysis and is directly related to the purpose for
which the data will be used. If the data or the purpose changes, so does the taxonomy. This has
been shown where DNA information has been used to update classification systems previously
based on morphology. For example, Figure 1.2.2 shows a pangolin. Pangolins were initially
classified with armadillos and anteaters but are now classified in a separate order: Pholidota.

FIGURE 1.2.2 An African pangolin

LEARNING CHECK 1.2

DESCRIBING

1 Define ‘taxonomy’.

2 Identify two benefits of classifying organisms.

APPLYING

3 Explain two limitations of classification.

2630ben/Shutterstock.com
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Weblink
Introductory
classification activity
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(I Linnaean classification

Currently, the most widely accepted standard taxonomy is Linnaean classification. Carl
binomial nomenclature a Linnaeus was the first scientist to consistently use binomial nomenclature, a two-part
2::;:?2 d?\’/'f;j;‘iis"g;’:;ﬁha naming system using Latin words, the first being the genus (general name) and the second
two-part name; in biology being the species (specific name). He wrote the first version — Systema Naturae - in the 1730s,
this is genus and species  y5ing a systematic approach to naming six classes of animals based on shared physical traits

(morphology). It detailed both a framework of taxonomic levels to organise the known species

and the rules for its use. The agreed starting point for the nomenclature of plants is Linnaeus’

first edition of Species Plantarum (1753) and for animals his 10th edition of Systema Naturae

(1758). The current rules are stated below.

BINOMIAL NOMENCLATURE - THE RULES

COMMON CONVENTIONS IN NOMENCLATURE

+ Scientific names are written in italics. The genus starts with a capital letter; the species starts with a lower-case letter.
Escherichia coli

+  When handwritten, the scientific name is underlined instead of italicised.
Escherichia coli

«  After the full name of a species has been mentioned, the genus can be abbreviated to its initial and a full stop.
First mention: Escherichia coli
Subsequent mentions: E. coli

+  When referring to members of a genus in a general sense, rather than to a particular species, the
abbreviations ‘sp.’ (a singular species) and ‘spp.’ (more than one species) can be used. These abbreviations
are not italicised.
Escherichia sp. (a member of the genus Escherichia)
Escherichia spp. (members of the genus Escherichia)

Bildagentur Zoonar GmbH/Shutterstock.com

FIGURE 1.3.1 At one point, the common wild briar rose
was known alternatively as Rosa sylvestris alba cum rubore,
folio glabro or Rosa sylvestris inodora seu canina. In Linnaeus’
binomial taxonomy, it became Rosa canina.
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Linnaean taxa

Linnaeus originally envisioned all life in three domains — Animal, Vegetable and Mineral - with
several subordinate taxa (singular: taxon) grouping life into more and more specific subsets.
Today, the precise name and number of domains has been updated by evolutionary biology and
molecular science, but the taxa still stand (Figure 1.3.2). The names of the major taxa, from
largest to smallest, are domain, kingdom, phylum (plural: phyla) or division, class, order,
family, genus (plural: genera) and species. At each taxonomic level, organisms can be further
grouped according to features that they share, either morphological, DNA sequences and/or
protein structure. Therefore, each organism can be defined by the taxa to which it belongs.

Domain

Species

FIGURE 1.3.2 The hierarchy of Linnaean classification involves eight taxa. Thus, each organism on
Earth can be identified with just eight words that indicate which taxa it belongs to.

Domains and kingdoms

Although Linnaeus did not have access to cellular information, it is now used to categorise
life into three domains (Figure 1.3.3). In members of domain Eukarya, called eukaryotes, the
DNA is contained within a nucleus and there are other organelles within their cells. Domains
Archaea and Bacteria include prokaryotes: organisms that lack some of these features. Despite
this superficial similarity, organisms in Archaea and Bacteria differ in how DNA is stored
and how proteins are synthesised, which means that they are classified in separate domains
(formerly considered to be in one kingdom — Monera). Many members of Archaea live in extreme
environments, such as areas of high salt concentration or temperature.

There are four kingdoms in domain Eukarya: Animalia, Plantae, Protista and Fungi.
Animals (kingdom Animalia) are multicellular organisms that are heterotrophic. Plants
(kingdom Plantae) are multicellular organisms that have cell walls that contain cellulose and
are autotrophs, obtaining energy from the Sun, using organelles called chloroplasts. Yeasts,
mushrooms and moulds all belong to kingdom Fungi and are characterised by having cell walls
made of a specific polysaccharide (chitin). The protists (kingdom Protista) are a diverse group of
mostly single-celled organisms and live in aquatic or moist environments.

9780170483384
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taxon a level of a
hierarchical classification
system, e.g. kingdom,
family or species

domain the highest
ranking taxon in Linnaean
classification, e.g. Eukarya

kingdom the second-
highest taxon in
Linnaean classification,
e.g. Animalia

phylum the third-highest
taxon in Linnaean
classification of animals,
e.g. Chordata

division the third-highest
taxon in Linnaean
classification of plants,
e.g. Tracheophyta
(vascular plants)

class the fourth-
highest taxon in
Linnaean classification,
e.g. Mammalia

order the fifth-highest
taxon in Linnaean
classification,

e.g. Carnivora

family the sixth-highest
(third lowest) taxon in
Linnaean classification,
e.g. Felidae

genus the seventh-highest
(second lowest) taxon in
Linnaean classification;
itis always italicised,

e.g. Felis

species the lowest taxon
in Linnaean classification;
it is always italicised and
combined with genus,
e.g. catus in Felis catus

organelle a cellular
structure that performs
a specific function in a
partitioned space within
the cell

&

Syllabus link
Chapter 1 of
Nelson QCE Biology
Units 1 & 2 details
prokaryotic and
eukaryotic cells,
including plants,
animals and fungi.
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Eukaryotes Prokaryotes
Contain DNA Have no nucleus or

within a nucleus and membrane-bound
membrane-bound organelles organelles
Kingdom = Animalia Plantae Protista Fungi Archaea Bacteria
Includes Includes Includes Includes Microscopic ~ Microscopic
mammals, mosses, amoebae yeasts, single-celled single-celled
insects and ferns and moulds and organisms organisms
sea sponges flowering mushrooms known for
plants living in extreme

environments

FIGURE 1.3.3 Organisms are classified into three domains on the basis of cell structure
(eukaryote/prokaryote) and cell function (Archaea/Bacteria).

LEARNING CHECK 1.3

DESCRIBING

1 State the eight taxa of Linnaean classification.

2 Describe the four kingdoms in domain Eukarya.
3 State the abbreviated binomial name of Lophostemon confertus.

APPLYING

4 Explain which two organisms in the following table are the most closely related.

Common | Orange- Purple-crowned | Woylie Boodie
name bellied parrot | fairy wren

Animalia Animalia Animalia

(GG B Animalia

Phylum Chordata Chordata Chordata Chordata

Class Aves Aves Mammalia Mammalia

Order Psittacidae Passeriformes Diprotodontia Diprotodontia

Family Psittaculidae | Maluridae Potoroidae Potoroidae

Genus Neophema Malurus Bettongia Bettongia

S G Neophema Malurus coronatus | Bettongia Bettongia
chrysogaster penicillata lesueur

5 Comparative genomics is reclassifying several organisms that had previously been
grouped according to physical and physiological traits. Explain why DNA evidence could
be considered superior evidence of relatedness compared to physical appearance.
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Dichotomous keys

Once a taxonomy has been created that allows an organism to be classified on the basis of easily

observable traits that do not change, the information can be used to generate a dichotomous

key. This allows biologists to identify the organism as belonging to an existing taxon, or it may
identify the need for a new taxon. The term ‘dichotomous’ comes from the Greek dikhotomos

(from dikho for ‘in two’ and temnein for ‘to cut’). It describes a key that consists of a sequence of

paired statements about an observable trait that are mutually exclusive.

The key repeatedly divides into two categories. After selecting and following one branch from
each pair, more information about the organism is revealed. Once the organism shares no more
of the characteristics described in the key with another organism, it has been identified. The
two categories are usually presented as either a branching flow chart or a numbered sequence
of paired statements. Dichotomous keys may be written to suit a higher level of taxonomy, such
as ‘class’ (Figure 1.4.1), or be written to be very specific for lower levels, resulting in species
name (Figure 1.4.2).

When developing a dichotomous key:

« make enough observations of the organisms being identified; look for key characteristics
or traits, and note how these differ between organisms. Remember that some traits are not
visible all the time; for example, flowers

« use observable and objective traits; for example, ‘Longer than 10 cm’, ‘Equal to or shorter
than 10 cm’ rather than ‘Long’ and ‘Short’

« start with the most general traits, then the more specific ones

« make sure the choice has only two options. The two options are often ‘Have this feature’
and ‘Does not have this feature’. It can become problematic if the key is initially developed
for specific numbers; for example, two legs or four legs, and subsequently an organism with

six legs is identified.
Vertebrates

External l Internal
fertilisation fertilisation
Adults Adults have has f .
have gillsl l no gills as Url no tur
bony fish Amphibians mammals
no feathersl——l has feathers
Reptiles Birds
FIGURE 1.4.1 A typical dichotomous key: a branching flow chart classifying up to the class level
9780170483384

dichotomous key a series
of choices between two
options that results in

the classification of

an organism
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Worksheets
Classification using the
Linnaean system and
dichotomous keys

Dichotomous keys
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1a. Lower surface of the leaf is pale with a darker green upper surface

1b. Both leaf surfaces are the same colour

2a. Leaves generally pointed at each end and adult leaves 3-8 cm wide. Coarse, spongy bark
that crumbles to dust without fibres. Gumnuts are usually cylindrical with fused valves at
the opening

2b. Adult leaves are <4 cm wide. Gumnut valves are not fused goto4

3a. Rough, fibrous, splintery bark covering most of the tree. Gumnuts are 1.5-2.5cm
long with ridges on the outside with buds up to 3 cm

3b. Gumnuts and buds are not ridged and <1.5 cm long

4a. Barkis slightly creased, grey on the surface and reddish underneath. Pointed
buds about 2 cm long. Gumnuts have protruding valves

4b. Gumnuts have valves at or below rim level with rounded buds <1 cm long

5a. Rough, fibrous bark in strips (not stringy). Buds are 7-11 mm long with
gumnuts that have a stalk and a narrow rim. Leaves have a blueish tinge of colour
and a symmetrical base

Eucalyptus carnea

5b. Fibrous and stringy bark that is grey with a red/brown base colour. Buds are 6 mm
long and gumnuts have little or no stalk. Leaves are a silvery grey-green without a

symmetrical base Eucalyptus tindaliae

6a. Outer bark is reddish-brown and may have circular swellings with central holes. Long,

slender stalks on rounded buds, while gumnuts have a tapered base .Eucalyptus microcorys

6b. Outer bark is grey or yellow with brown inner bark. Buds are oval and

pointed 5 =7 mm long, while gumnuts are hemispherical Eucalyptus acmenoides

Gumnut

Valves
flush and
joined

FIGURE 1.4.2 A typical dichotomous key: paired statements classifying to genus and species
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WORKED EXAMPLE 1.4.1

Use the key in Figure 1.4.2 to identify the name of this species of plant.

Peter Krisch/Shutterstock.com

ANSWER

Stephanie Jackson/Alamy Stock Photo

Using the attributes to follow the key in Figure 1.4.2:
Read each pair of sentences, beginning with 1a and 1b. Decide which sentence best fits the listed attributes and
follow the stated path to the next number.

1a — 2b — 4b — 6a. Eucalyptus microcorys

WORKED EXAMPLE 1.4.2

Use the following information to develop a dichotomous key using paired statements.

This will be a simple key.

The attributes to use are identified below.

Attributes:

+  Body <5mm long body OR body >5 mm long body
+ Has stripes along wings OR does not have stripes
+ Has dots all over wings OR does not have dots not all over wings

Micraspis frenata llleis galbula Hippodamia variegate
4mm long 4-5mm long 5.5mm long
ANSWER
1a. Body<5mmlong...... Goto 2.
1b. Body >5mmlong ...... Go to 3.
2a. Has stripes along wings ...... Micraspis frenata

2b.
3a.
3b.

Does not have stripes along wings
Has dots all over wings .
Does not have dots all over wings

. llleis galbula
Harmonia conformis

Hippodamia variegate

Attributes:

Leaves darker above and
lighter below

Leaves 0.8-4 cm wide

Gum nuts with separate valves
Blunt buds less than 1 cm long
Gum nuts with valves below
rim level

Bark reddish-brown

Outer bark with minute holes
Buds rounded

Gum nuts tapered at the base

Harmonia conformis
6-7 mm long

Challenge: Is there an alternative sequence for the attributes that still results in a workable dichotomous key?

9780170483384
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LEARNING CHECK 1.4

APPLYING

1 Identify what colour leaves Eucalyptus robusta has.
2 Identify which species of eucalypt have rough fibrous bark.

ANALYSING
3 Analyse the key in Figure 1.4.2 to identify trait differences between Eucalyptus
microcorys and Eucalyptus acmeniodes.

Questions 4-6 refer to the following image, which shows six bizarre bugs found in a
backyard.

4 Compare these bugs to state enough traits to construct a dichotomous key that
identifies them.

5 Organise these traits to produce a dichotomous key for these bugs.
INTERPRETING

6 A seventh bizarre bug is found. Determine whether this bug can be classified using the
dichotomous key designed in Question 4.
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Biological species concept CHAPTER

«  Species are groups of actual (or potentially) interbreeding natural populations that are SUMMARY
reproductively isolated from other such populations.

Taxonomies and classification

« Linnaean taxonomy is a hierarchical system of organisation that uses shared
characteristics to group individual species together.

«  Binomial nomenclature allows all organisms to be named according to a two-part naming
system, based on Latin terms.
- The name of the genus always begins with a capital letter.
- The species name begins with a small letter.
- The scientific names are always italicised.
- When handwritten, the genus name and species name have to be underlined.

Crbellette/Shutterstock.com

Linnaean taxonomy of the platypus

Domain Three divisions of life based on cell structure Eukarya
Kingdom Highest level of organisation within domain Eukarya Animalia
Levels that become increasingly specific as organisms Chordata
have more characteristics in common .
Mammalia
Monotremata
Ornithorhynchidae
First part of binomial name. Name for closely Ornithorhynchus
related species
Species Second part of binomial name. Organisms that share anatinus

common characteristics and are capable of interbreeding
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Dichotomous keys

« Adichotomous key provides a sequence of paired statements about an observable trait

that are mutually exclusive.

External *[ Internal
fertilisation fertilisation
Adults Adults have has f ;
have gillsl l no gills as Url no tur
bony fish Amphlblans mammals

no feathers l——l has feathers

Reptiles Birds

1a. Lower surface of the leaf is pale with a darker green upper surface

1b. Both leaf surfaces are the same colour .goto3

2a. Leaves generally pointed at each end and adult leaves 3-8 cm wide. Coarse, spongy bark
that crumbles to dust without fibres. Gumnuts are usually cylindrical with fused valves at
the opening

2b. Adult leaves are <4 cm wide. Gumnut valves are not fused

3a. Rough, fibrous, splintery bark covering most of the tree. Gumnuts are 1.5-2.5cm
long with ridges on the outside with buds up to 3cm

3b. Gumnuts and buds are not ridged and <1.5 cm long

4a. Bark is slightly creased, grey on the surface and reddish underneath. Pointed
buds about 2 cm long. Gumnuts have protruding valves

4b. Gumnuts have valves at or below rim level with rounded buds <1 cm long

5a. Rough, fibrous bark in strips (not stringy). Buds are 7-11 mm long with
gumnuts that have a stalk and a narrow rim. Leaves have a blueish tinge of colour

and a symmetrical base .Eucalyptus carnea

5b. Fibrous and stringy bark that is grey with a red/brown base colour. Buds are 6 mm
long and gumnuts have little or no stalk. Leaves are a silvery grey-green without a

symmetrical base Eucalyptus tindaliae

6a. Outer bark is reddish-brown and may have circular swellings with central holes. Long,

slender stalks on rounded buds, while gumnuts have a tapered base .Eucalyptus microcorys

6b. Outer bark is grey or yellow with brown inner bark. Buds are oval and

pointed 5 =7 mm long, while gumnuts are hemispherical Eucalyptus acmenoides
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MULTIPLE CHOICE

CHAPTER

1. Which of the following is not one of Linnaeus’ taxa? EXAM
A Clade
B Family
C Phylum
D Species
2.  Whatis an infertile organism produced by the interbreeding of different species called?
A Hybrid
B Hubris
C Humus

D Heterozygote

3. The naming system initially developed by Linnaeus is:
A binomial nomenclature.
B  genus nomenclature.
C Latin nomenclature.
D species nomenclature.

4. Which is the most general grouping in Linnaeus’ taxa in the following list?

A Clade
B Family
C Phylum
D Species

5. Archaebacteria and Eubacteria are now considered to be separate domains because:
A Archaebacteria are multicellular.
B  both have ribosomes.
C Eubacteria have a nucleus.
D there are differences in how DNA is stored.

9780170483384 CHAPTER 1 | CLASSIFYING SPECIES 19



20

Questions 6-10 refer to the following information.

INSECT CLASSIFICATION

l l

Hind wings Hind wings not
reduced to reduced to tiny
tiny knobs knobs

J L
[ 1

Front and hind Front and hind
wings a similar wings not a similar
texture texture

L )
d l l J

Front and hind Front and hind Head visible Head hidden
wings a similar wings not a similar from above from above
shape shape l l
l \L Lepidoptera Mantodea Blattodea
Antennae Antennae not

short and bristly short and bristly

J J

Odonata ' Hymenoptera

6. What is the insect pictured on
the right correctly classified as?
A Diptera
B  Hymenoptera
C Lepidoptera
D Odonata

7. What is the insect pictured on
the right correctly classified as?
A Diptera
B Hymenoptera
C Lepidoptera =
D Odonata -

8. Which feature would you expect to see
in both Mantodea and Blattodea?
A Short, bristly antennae
B  Head visible from above
C Tiny knobs for hind wings
D Front and hind wings a different texture

NELSON QCE BIOLOGY UNITS 3 &4 9780170483384



9. A feature that Odonata and Lepidoptera share is:
A short, bristly antennae.
B  head not visible from above.
C front and hind wings a similar shape.
D front and hind wings a similar texture.

10. What should an insect with two obvious pairs of wings, wings of different textures with
its head visible from above be classified as?

A Blattodea

B Diptera

C Mantodea

D Odonata
SHORT RESPONSE

11. Explain why one species concept is not able to account for all species, both living and extinct.

12. Explain why using attributes such as ‘big’ or ‘small’ are not suitable to use when
developing a dichotomous key.

CROSS-CHAPTER QUESTION

13. Predict what changes would need to happen to Linnaean taxonomy if an Archaebacteria
species was found to have mitochondria.

DATA ANALYSIS

Questions 14 and 15 refer to the following information.

puyalroyo/Shutterstock.com; Ken Griffiths/Shutterstock.com

Kingdom Animalia Animalia
Phylum Arthropoda Arthropoda
Class Insecta Insecta
Order Lepidoptera Lepidoptera
Family Papilionidae Papilionidae

Genus and species

Papilio ulysses

Ornithoptera richmondia

14. Analyse evidence
Compare the images and the information below the images for these two butterflies.

15. Interpret evidence
Deduce whether these two butterflies would be able to produce fertile offspring.

9780170483384
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Ecosystem diversity

Destinations Journey/Shutterstock.com

SCIENCE UNDERSTANDING
+ Describe genetic, species and ecosystem diversity.
SYLLABUS + Determine the diversity of species using measures such as species richness, evenness
DOT POINTS (relative species abundance), percentage cover, percentage frequency and Simpson’s

n(n —1
diversity index, SDI = 1 — <M>

NN — 1)
Describe how sampling can be used to investigate the species diversity of a given area,
considering the most appropriate

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

Introduction

Biodiversity refers to the variety of life on Earth, from genes to species to ecosystems.
Not only do genes within species vary, but the types of species in an ecosystem and the
ecosystems themselves also vary. The environmental conditions in an area can affect the
survival, type, number and distribution of organisms that can live there. Some changes
are cyclical, while others are caused by natural disasters and human activities. Measuring
the types, abundance and distribution of species allows scientists to analyse species
interactions, species diversity and ecosystem diversity. These measurements are useful
when comparing and managing ecosystems across different areas and over time.

Practicals Worksheets

® Determining biodiversity ® Ecological sampling

® Distribution and abundance of plants ® Influences on distribution and
abundance

Y To access resources above, visit

5 Nelson Mdeap cengage.com.au/nelsonmindtap

-
1
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Weblinks
What is biodiversity
and why is it important?

Australia’s biodiversity
Biodiversity in Queensland

biodiversity the full
range of living things in a
particular area or region;
it can be described at
various levels, including
genetic differences,
different species or
types of ecosystems in a
larger area

ecosystem a self-
sustaining unit
consisting of the
interactions between
the species present and
their environment
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ASSUMED KNOWLEDGE

L O NS

Species are defined by a species concept, typically the biological species concept.

A group of one type of species in an area is a population.

If it is not possible to count every individual, a population estimate can be calculated.
Abiotic factors are non-living.

Biotic factors are living.

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v
v
v

describe the different levels of diversity: genetic, species and ecosystem

analyse data to describe species richness and evenness (relative species abundance)
analyse data to calculate percentage cover, percentage frequency and Simpson'’s
diversity index (SDI)

investigate an ecosystem, using appropriate data collection methods for the

diversity measure being used, including sampling method, sampling technique and
minimising bias

describe how different types of biotic factors — food availability, competition for
resources, predation, disease — influence the distribution and abundance of species
describe how different types of abiotic factors — space, shelter, availability of water,
nutrients, environmental conditions — influence the distribution and abundance

of species

explain how the uniform, random or clumped distribution of species depends on the
availability of the required habitat or microhabitat

explain how the uniform, random or clumped distribution of species affects the choice
of sampling technique, validity and reliability of data collected

when given data, explain how abiotic factors affect the distribution, abundance and/or
biodiversity of species in an ecosystem

when given data, correctly classify and name ecosystems using Specht'’s classification
system and the Holdridge life zone classification scheme.

Genetic, species and

The variety of life is called biodiversity, and the term can apply to the planet as a whole or to
individual locations. Biodiversity is recognised for the vital role it plays in the long-term stability
of species, communities and ecosystems. Consequences of low biodiversity include inbreeding,
vulnerability to disease, over-predation and ecosystem breakdown. In this context, a species is a
group of organisms that share a gene pool; all members of the same species can breed with each

ecosystem diversity

other to produce fertile offspring as long as they are not prevented by a physical barrier.

Biodiversity can also refer to three different levels of study: genetic, species and ecosystem.
Genetic diversity is the range of genes within a species. Species diversity is the range of species
in an ecosystem. Ecosystem diversity is the range of ecosystems in a particular location. The

level of study most commonly referred to is species diversity.
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Genetic diversity

Genetic diversity describes the combined differences in DNA of all the individuals in a
species. The resulting variation in characteristics of individuals makes it possible for at least
some members of the species to survive when the environment changes. Small, isolated
populations typically have lower genetic diversity. Large and well-connected populations are
the most effective way to retain genetic diversity.

Species diversity

Species diversity is the
species in an area.
number of species on Earth is extremely
challenging. Estimates vary from 500000
to 10 million, depending on the type of
mathematical analysis used. One study on
the diversity of microbes estimates that
the number of microscopic species could
be in the billions. Approximately 1 million
animal species, 200000 plant species and
45000 species of fungi have been named,
described and catalogued so far, with more
species discovered every day.

Australia has one of the most diverse
ecologies in the world, with more than
7300 species of native vertebrates, including
mammals, birds, reptiles, amphibians and
fish. There are also more than 21 000 species
of native plants, of which 18700 are
flowering plants. More than 80% of these
species are endemic - they can only be found
in Australia (Figure 2.1.1).

number of different
Determining the

British scientist and
explorer Joseph Banks (1743-1820) gave
scientific names to hundreds of plant
genera in Australia. One plant genus was
named after him — the banksias, such as
this Banksia serrata.

FIGURE 2.1.1

Ecosystem diversity

An ecosystem is composed of all the living organisms and their interactions (biotic
factors) together with the physical environment (abiotic factors) in one particular area.
Within an ecosystem, the communities of organisms and the physical conditions tend
to be fairly uniform. All the components of an ecosystem are tightly linked through the
cycling of nutrients and raw materials within it. These include carbon dioxide, oxygen,
water, nitrogen, phosphorus and many other minerals, as well as the living organisms that
transfer energy and matter through the system. In most systems, the energy is initially
transformed from light to chemical energy, through photosynthesis, and then transferred
between organisms through food webs. Each ecosystem may have a different combination
of climate, geology, landforms, native vegetation and species. Each of these contribute to the
diversity of ecosystems in Australia, including the Great Barrier Reef, reef kelp forests, wet
tropical rainforests, mangrove forests, tropical savanna and arid zones.

9780170483384
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genetic diversity the
combined differences in
DNA of all the individuals
in a species

&

Syllabus links
Chapter 12 discusses
adaptations and
survival.

Chapter 13 discusses
genetic diversity in
more detail.

biotic factor a living
component of an
ecosystem, including
animals, plants

and bacteria

abiotic factor a non-
living component

of an ecosystem,
including the physical
landscape, minerals and
weather conditions

community groups
of different species
in an area and
their interactions

food web a diagram of
interconnecting food
chains that shows how
different organisms feed
on each other, thereby
transferring energy

and matter through

an ecosystem

&

Syllabus link
Chapter 4 discusses
cycles of matter
and energy.

25




species richness the
number of species in
an ecosystem

Sharohyip/Shutterstock.com

LEARNING CHECK 2.1

DESCRIBING
1 Define:
a species

b ecosystem.
2 Describe the three types of biodiversity.

APPLYING

3 Explain why all types of diversity are important in an ecosystem.

Determining species diversity

Five common measures are used, often together, to describe the diversity of the species in an
ecosystem: species richness, species evenness, percentage cover, percentage frequency and
Simpson’s diversity index (SDI).

Species richness

Species richness refers to the number of species in an ecosystem and is shown by a whole
number. Although this seems like a good measure of diversity, it does not take into account
how many of each species are present or the nature of their interactions. For example, an
ecosystem that consists almost entirely of one invasive species such as Lantana (Figure 2.2.1)
but has three other species not yet killed by its presence has a species richness of 4. However,
an ecosystem that has three native species with only a small amount of one Lantana species,
or that has four native species, also has a species richness of 4. To correct this, ecologists also
look at species evenness.

FIGURE 2.2.1 (a) Lantana camara and (b) Lantana montevidensis. All Lantana species are Category 3
restricted invasive plants under the Biosecurity Act 2014.
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Species evenness (relative species abundance)

Species evenness (or relative species abundance) refers to how many of each species are
present. This can be more difficult to count, because many plant species, such as grasses, have
runners that make it difficult to decide what an individual plant is (Figure 2.2.2). Regardless, this
measure enables ecosystems with one dominant species (the highest number of individuals) to be
differentiated from ecosystems with a more numerically equal species distribution. An ecosystem
is generally considered healthier if it has similar numbers of individuals in each species.

William Edge/Shutterstock.com

FIGURE 2.2.2 Grasses are particularly difficult to count individually.

Percentage cover

Percentage cover is an estimate of the percentage of an area (typically a quadrat) being
occupied by a particular species or vegetation as a whole. Grasses and other plants that can be
difficult to count individually are better approximated with this measure. Vegetation cover is
an important indicator because it reflects the amount of soil, water and nutrients available to
the plant(s) at a site.

Percentage frequency

Frequency is the number of times a plant species occurs in a given area (typically a quadrat)
and is usually expressed as a percentage frequency. When percentage frequency is provided,
it gives the probability that a species will be found within a single quadrat or the proportion of
quadrats that contain a particular species. It is most often used to detect changes in vegetation
composition over time. Percentage frequency is calculated using the following equation:

number of quadrats in which the species is found

Percentage frequency (%) = X 100
total number of quadrats

Note that percentage frequency doesn’t take into account the size of the plant, so although it
is a measure of abundance, it should not be used to compare abundance across sites. By noting
how many of the quadrats in a sample have a particular species, ecologists can make a more
accurate assessment of how abundant a species is in the ecosystem.

species evenness
(relative species

abundance) the number

of individuals of each

species in an ecosystem

percentage cover the
percentage of an area
occupied by a species

quadrat a frame used
to set a standard area
for sampling

percentage frequency
the probability that a
particular species will
occur in a quadrat; the
proportion of quadrats

that contain a particular

species
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Simpson’s diversity index

Simpson's diversity Simpson’s diversity index (SDI) is a number between zero (no diversity) and one (infinite
irgfigxo(fsiggi:mggmbi”ed diversity), and accounts for both species richness and relative species abundance. A value closer
in each species to to 1 denotes good biodiversity. The value also represents the probability that two randomly
?:Z;‘);i'()i:ﬂ;’g:r‘]“‘_'sa selected individuals from a sample belong to different species. Increased richness increases the
quantitative measure index, as does greater evenness of individuals.
of biodiversity

KEY FORMULA

Simpson'’s diversity index

2n(n—1)
o1 (S

where: n = number of individuals of each species

N =total number of individuals at the site.

Table 2.2.1 shows data gathered for two open forests in Queensland.

TABLE 2.2.1 Data gathered from two open forests in Queensland

Number of Number of
individuals (n) individuals (n)
Eucalyptus 2 1 2 1 0 0
Melaleuca 6 5 30 0 -1 0
Acacia 3 2 6 3 2 6
Diuris 1 0 0 1 0 0
Grevillea 9 8 72 12 11 132
>n(n — 1) =110 >n(n—1)=138
Total 21 20 420 17 16 272
individuals
(N)
Simpson’s
nin —1 nin —1
diversity SDI =1 —(%) SDI =1 —<%>
index ( ) ( )
_,_110 _, 138
420 272
=0.738 =0.493

When completing the SDI calculation, ensure that at least one step of value substitution is
shown in the calculation. In the example given in Table 2.2.1, the Simpson’s diversity indices
for sites 1 and 2 are 0.738 and 0.493, respectively. This means that site 1 is considerably more
biodiverse than site 2. The number of individuals of the five species at site 1 (2, 6, 3, 1, 9) are
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more evenly spread than the four species at site 2 (1, 0, 3, 1, 12), which is dominated by Grevillea.
SDI also considers that species with only one individual present do not contribute to the overall
health of the ecosystem. SDI may be presented to two or three decimal places.

LEARN'NG CH ECK 22 habitat a location
that meets all of the

conditions for an

DESCRIBING organism’s survival

1 State the five indicators used to determine diversity of species. - -
microhabitat a smaller

location within a habitat

APPLYING

2 Explain the difference between species richness and species evenness.

3 Explain why percentage cover can be a better indicator than species evenness for :‘o
plants such as grass. =

4 Calculate the Simpson'’s diversity index for a section of Moreton Bay with 36 flathead, Weblink
720 Australian bass, 934 garfish, 60 pearl perch and 14 tailor. Habitats

y 3 Habitats

An ecosystem encompasses both living and non-living (biotic
and abiotic) parts, including the interactions among species
and the environment. Ecosystems are composed of various
habitats. A habitat is a geographic location that meets all of
the conditions an organism needs to survive including shelter,

Atlas of Living Australia/Fagg, M

food, water and appropriate physical environment. Some
organisms have very specific habitat requirements while
others have a broad set of survival conditions.

A microhabitat is a smaller part of the habitat that
experiences different amounts of factors such as light,
temperature and humidity, making this smaller part of the
larger habitat suitable for a specific organism. An example
can be seen in the Australian desert, where lichens grow in
the microhabitats of rock crevices (Figure 2.3.1), because the
cracks funnel and collect water in a way that is not possible on
the top smooth surface of the rock.

FIGURE 2.3.1 Yellow ‘veins’ of the lichen Acarospora
citrina and brownish-orange ‘veins’ of a species of the
lichen Caloplaca growing along microhabitats in cracks
or surface irregularities on rock in semi-arid Australia
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Factors affecting distribution
and abundance within a habitat

Abundance is the number of individuals of a species in a habitat. Distribution is the spatial
location of organisms in the habitat. Environmental conditions such as pH, temperature,
salinity, light intensity and wind speed/direction affect the ability of organisms to survive in a
particular area, depending on their unique needs and tolerance limits, affecting their abundance
and distribution. Distribution patterns typically fit into three categories: random, uniform and

clumped (Table 2.3.1).

TABLE 2.3.1 A summary of factors affecting distribution

Diagram . N . 7
.4 ° ° o
L] L L ] L]
® LY
® o L L ]
Example Forest Territorial animals
) € > E
8 5 8
X O X
S g s
2 oL
£ g g
2 ;2
9 -
{ w
& S
p 5
K] (3]
o
©
=
Description Individuals are spaced in Individuals are equally spaced
no predictable pattern — the apart - the presence of one
location of one organism does organism determines how close
not affect the location of any or far away another organism
other organism. More often will be.

seen in plants, especially with
wind dispersed seeds.

Biotic factors |+ Food is distributed randomly Food is distributed

or uniformly. uniformly.
+  Competition is sporadic. + Territorial defensive
+ Otherinteractions are behaviours are displayed.
limited. « Competition for resources
keeps organisms evenly
spaced.

Abiotic factors | Resources and the environment = One or more environmental
change in unpredictable ways. resources is limiting, and
organism distribution
maximises individual access to
the resource.

Schooling fish

Individuals are gathered in
groups (the group is often

the population).

+  Foodislocated in one area.
+ Social behaviours such as
herding or pack hunting are

displayed.

+ Disease mostly affects
closely packed individuals
because transmission
of infectious particles is

more likely.

Reflects that the required
resources exist only in one area

of the habitat.
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The map in Figure 2.3.2 shows the distribution of frog species across Australia, based on
biotic and abiotic factors, including rainfall, temperature and competitors.

Species
richness

FIGURE 2.3.2 Frog species richness across Australia (the number of species present in each
region) changes as biotic and abiotic factors change. The large white areas in southern and
central Australia are where no frog species have been documented.

The factors listed in Table 2.3.1 also influence the abundance of organisms, as shown in
Figure 2.3.3.

- +
Low ¢ {(AbiindaRe—————> g
I Increasing predation
Increasing disease

—

Increasing competition for resources

Increasing food availability |

Increasing space, shelter, water, nutrients

<—

FIGURE 2.3.3 How different factors affect the abundance of organisms

LEARNING CHECK 2.3

DESCRIBING

1 Describe the three different ways that organisms can be distributed.
2 List three abiotic factors that affect the distribution of organisms.

APPLYING

3 Explain why disease can affect the distribution of organisms.

ANALYSING

4 Compare ‘habitat’ and ‘microhabitat’.
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Science Photo Library

Sampling

Ecological sampling is the process of collecting data to obtain information about ecosystems or
habitats to see what species are present, and how they are changing over time. It is impossible
to count every organism of every species, so designated areas of ecosystems are sampled in
a standard way. The type of sampling depends on the environment and the information
needed. Ecologists consider the sampling technique, sampling method, bias minimisation and
measure(s) of diversity.

FIGURE 2.4.1 Quadrat sampling
requires observations of the
percentage cover or number of
species in the frame.

Sampling techniques
Quadrats

For organisms that are fixed or do not move very much, the quadrat method of
sampling can be used to collect data about species richness, evenness, percentage
cover and percentage frequency, and allow for SDI to be calculated (Figure 2.4.1).
(This method can also be used to calculate density, but this is not stated in
the syllabus.)

A quadrat is a fixed area commonly measured at ground level. The size of the
quadrat is determined by the organism being studied, although 1m? quadrats are
common. For each quadrat, the number of individuals of each species is counted or
the percentage of the quadrat covered is determined and then recorded. Quadrats
may be used on tree trunks for lichen, under water on coral reefs/sea grasses
or in a canopy for epiphyte studies. The use of quadrats does not consider any
environmental gradients.

Transects
transect a narrow
section taken straight Aline transect is a line drawn through a community to provide a site for sampling (Figure 2.4.2). The
across an area, along . . . . . . .
which observations or species touching the line are recorded, either the whole way along the line (continuous line transect)
measurements are made or at marked points along the line (point intercept line transect). The information gathered about the
a b c

FIGURE 2.4.2 (a) A line transect, (b) a continuous belt transect and (c) an interrupted belt transect. Transects allow ecologists
to profile habitats with an environmental gradient.
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presence or absence of species on this line is used to determine the
distribution of species against an environmental gradient (zonation)
and it can give an indication of species richness. Again, this is a
useful method when species are fixed in place.

For a belt transect, the line is widened to form a continuous
belt transect. A width of 1 m is commonly used. Alternatively,
quadrats are placed along the transect line at specific points
forming an interrupted belt transect. This allows for data on
abundance of species in specific locations to be recorded, as
well as species presence or absence along the environmental
gradient. However, if the intervals are too large, then some
species will not be recorded, and some zonation patterns will
be missed. Too small an interval can make the sampling very
time consuming, and yield more data than is useful.

Capture—recapture

One of the most common sampling methods for mobile species,

such as animals, is capture-recapture. This method involves capturing several individuals,
marking them and releasing them (Figure 2.4.3). Later, individuals are recaptured and the
proportion of marked to unmarked individuals is used to estimate the population size.

For this technique, animals are captured randomly in cages, pitfall traps, nets or light traps.
The markings are usually paint or tags. They must not harm the organism, make the organism
obvious to predators or affect its usual ability to survive. The timing of the recapture needs
to ensure marked organisms have had the opportunity to mix back into the population but
are unlikely to have died or emigrated. The values recorded are used in the Lincoln index to
calculate an estimate of the abundance of the organism.

Sampling methods
Random

In random sampling, each part of the sample area has an equal chance of being included
and counted. It is typically used when the study area is large, there is limited time and/or the
species appear to be uniformly distributed. A grid is marked out with an x-axis and a y-axis. A
random-number generator provides coordinates for quadrat placement. This removes observer
bias when placing quadrats, but some areas can be difficult to sample this way because of the
size of the organisms (e.g. trees in a forest).

Systematic

Systematic sampling occurs when data is collected at fixed intervals, usually along a line
or transect that shows an environmental gradient, such as a slope or distance from a source
of pollution.

Stratified

Stratified sampling is a method where a proportionate number of observations is taken
from each different stratum (zone with similar characteristics) in the sample area. When the
abiotic and biotic factors vary widely across an ecosystem, stratified sampling can ensure the
data reflects a more accurate portrayal of the area. To begin, the area is divided into relatively
similar subsections called strata (singular: stratum). The entire area to be analysed must be
divided completely and neighbouring strata cannot overlap (Figure 2.4.4).

9780170483384
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FIGURE 2.4.3 The Cook Strait giant weta
(Deinacrida rugosa) is an insect endemic to New
Zealand. It was extinct in the wild for more than
100 years. But since 2007, captive-bred animals
have been tagged (blue tag) and re-released. The
species is now considered endangered.

&

Syllabus link
Chapter 3 discusses
the Lincoln index
and estimating
population numbers
from sampling data.

«l
o‘:

Weblink
Sampling techniques

random sampling a
sampling method that
ensures each part of the
sample area has an equal
chance of being counted

systematic sampling a
sampling method that
occurs at fixed intervals,
typically along an
environmental gradient

environmental gradient
a gradual change

in an abiotic factor
over distance

stratified sampling
a sampling method
that divides an

area into strata for
separate sampling

stratum a layer or
subsection of a whole
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P : >15m
. Emergent layer
Worksheet

10-15m
Canopy layer

Ecological sampling

5-10m
Understorey layer

1-5m
Shrub layer

e <1m
I < sl & Herb layer

Middle

FIGURE 2.4.4 Strata can be arranged (a) vertically or (b) horizontally but cannot overlap or leave gaps.

The number of samples taken from each stratum must match the percentage of the
area that the stratum occupies. For example, if vegetation cover in an area of woodland is
60 per cent acacia and 40 per cent bottlebrush, take 60 per cent of the samples from within

validity (of sampling) acacia woodland and 40 per cent of the samples from within bottlebrush (Figure 2.4.5).

how well a population is This method requires prior knowledge of the environment and selection of an appropriate
accurately represented . . . .

by the sample collected size of sample area. The boundaries between strata should be as defined as possible. Obvious
using the selected boundaries make it easier to determine if the sampling is representative of the area.

methods/techniques

reliabiliy of samping) Validity and reliability

whether the sampling L. .
methods/techniques The validity and reliability of sampling techniques and methods are affected by the

prﬁduce thet nge results  djstribution of species within a habitat. When deciding how to collect data, consider the species
wnen repeate
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FIGURE 2.4.5 (a) Random sampling often produces quadrats of mixed habitat and ignores the relative sizes of those
habitats in the ecosystem. In this case, the bottlebrush will be sampled in three quadrats, while the much larger acacia
habitat will also be sampled three times. The data will represent that there are equal proportions of these two habitats
despite that not being the case. (b) Stratified sampling divides the area into habitat-based strata and randomly samples
from each stratum, which means a more accurate proportion of quadrats can be taken from each habitat area.

distribution. Sampling validity refers to how accurately the sample collected by the selected
methods represents the population. For example, if the habitat has distinct strata but stratified
sampling is not used, the data collected is not representative of that population or habitat.

Reliability refers to whether the sampling methods or techniques produce the same results
when repeated. The more consistent the results are, the more likely the methods or techniques
are reliable and not being influenced by unknown factors.

Note that, despite all efforts, sampling may not always be representative of the population
or environment. Small or rare habitats may be missed. Other cyclical changes, such as seasonal
changes or day and night, may be missed if data is only recorded at one point in time. For
example, nocturnal animals such as the Australian boobook owl (Ninox boobook) would not be
counted in a daytime sampling, and the bulbine lily (Bulbine bulbosa) flowers in summer and
then dies off in winter and would not be captured with winter sampling.

Strategies to minimise bias
Size and number of samples

The more samples taken, the more likely it is that the data collected is representative of the
community. The minimum number of samples required to be representative of a particular habitat
can be ascertained by graphing the number of species recorded, as a function of the number of
samples examined (Figure 2.4.6). Once the number of species is constant, the ideal number of
quadrats can be identified. Make the quadrat big enough to include at least one of the species of
interest, but small enough that counting can be done in a reasonable amount of time. Typically,
larger quadrats are required for sparse vegetation than for dense vegetation. Fewer and smaller
quadrats are required for uniform vegetation distribution than for diverse and varied vegetation.
A transect line should span the area or environmental gradient of interest.

Random-number generators

A random-number table or generator removes human bias by choosing random pairs of
numbers to use as coordinates on a grid.

al
o‘:

Weblinks
Sampling methods

Estimating population size
via random sampling
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FIGURE 2.4.6 An example of a survey showing cumulative species totals with increasing numbers of
quadrats used. This shows that seven or eight quadrats should be sufficient when sampling this area.

Counting criteria

Set strict criteria for how much of the organism must be within the quadrat to include it in a
count. For example, count every plant that is touching the left and top quadrat boundaries as
well as those entirely within the quadrat. Alternatively, the stem must be inside the quadrat,
even if the foliage is not. If it is difficult to determine what constitutes an individual plant,
decide what criteria to use for individuality (e.g. for groundcover plants and grass runners)
because a percentage cover may be more effective than counting individuals.

Calibrating equipment and noting associated precision

Calibrate equipment for abiotic sampling immediately before use and note the associated
precision of the instrument in the data. Correct calibration means ensuring that the device
being used to take readings is reading correctly. A precise measuring instrument is one that can
measure values in very small increments. The last digit that can be read from the equipment is
the first value with measurement uncertainty. The uncertainty of analogue instruments (e.g. a
tape measure) is plus or minus half of the smallest division. For digital instruments, the last
place value that can be read from the equipment is the measurement uncertainty. For example,
an instrument that measures to three decimal places has an uncertainty of + 0.001.

LEARNING CHECK 2.4

DESCRIBING

1 Describe stratified sampling.
2 State the main features of the quadrat and transect sampling methods.
3 State two ways to minimise bias when sampling.
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APPLYING
4 Explain why quadrat and transect sampling are not generally useful for
sampling animals.

5 Explain three factors that may contribute to two ecologists sampling the same
ecosystem but producing drastically different species diversity measures.

6 Explain how species diversity may differ in the same place at different times.

7 Give two reasons why stratified sampling is more accurate than true random sampling
for ecosystems with a wide variety of habitats.

Interpreting data to classify
and name ecosystems

Holdridge life zones

The Holdridge model is a system of large-scale zoning of vegetation correlated to simple
climatic data. Each unit, or life zone, is based on biotemperature, precipitation (P), potential
evapotranspiration (EVP), EVP/P ratio or potential evapotranspiration ratio (PER), latitude
and altitude (Figure 2.5.1).
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FIGURE 2.5.1 A representation of the Holdridge life zone categories
Using two key climate variables — average annual precipitation (the annual total) and annual
average biotemperature (mean monthly temperatures) - it is possible to define an ecological ‘life

zone’. A third variable, such as PER, may also be used. Note that the choice of measurement may
lead to different outcomes when using this information.
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Jia, M., Liy, D., Song, K., Wang, Z., & Ren, C. (2012). Mapping biomes of
Australia based on the Holdridge Life Zone Model. 2072 International

Conference on Computer Vision in Remote Sensing, 362-365

The point at which lines drawn parallel to the direction of the chosen climatic data factor
intersect will provide the name of the life zone. Figure 2.5.2 shows Australian life zones.

Holdridge Life Zone

B Alpine tundra

B Cool temperate moist forest
[] cool temperate steppe

[ Cool temperate wet forest
Warm temperate desert scrub
[C] warm temperate dry forest
[l warm temperate moist forest

B Subtropical desert

[] Subtropical desert scrub
[l subtropical dry forest

[ subtropical moist forest
. Subtropical thorn woodland
. Subtropical wet forest

. Tropical dry forest

[T Tropical thorn woodland

0 250 500 1000

FIGURE 2.5.2 Biomes of Australia based on the Holdridge life zone model

WORKED EXAMPLE 2.5.1

Use Figure 2.5.1 to determine the life zone for an area with mean annual biotemperature of 10°C and annual
precipitation of 1800 mm.

ANSWER

A horizontal line at 10°C and a diagonal line at 1800 mm intersect at ‘wet forest’.
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WORKED EXAMPLE 2.5.2

Use Figure 2.5.1 to determine whether the life zone changes if a further factor of PER 0.30 is included.

ANSWER
A diagonal line at 0.30 intersects in the same life zone of ‘wet forest'.

-
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WORKED EXAMPLE 2.5.3

Look at the map of Australian life zones in Figure 2.5.2. With the aid of Figure 2.5.1, identify the mean annual
biotemperature, annual precipitation and PER for Far North Queensland (dark green).
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ANSWER

This is tropical dry forest:

biotemperature >24°C, precipitation 1000—2000 mm, PER 1-2.
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, . .
a Specht’s classification
(1S
In 1970, Raymond Louis Specht, then Professor of Botany at the University of Queensland,
Worksheet developed an ecological classification system to account for the variation in Australian

Influences on distribution
and abundance

NELSON QCE BIOLOGY UNITS3 &4

landscapes. This system relies on two factors: the height of the tallest vegetation layer (or stratum)
present and the approximate percentage cover of this layer of foliage. A later modification
includes the genus or the common name of the dominant species.

Table 2.5.1 is the key to Specht’s classification system. A tree is a woody plant more than
5m tall, with a single trunk. A shrub is a woody plant less than 8m tall, frequently with many
stems arising at or near the base. Figure 2.5.3 shows the differences between hummock
grasses, tussock grasses and sedges. The map in Figure 2.5.4 shows the major vegetation types
in Australia, based on Specht’s classification.
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TABLE 2.5.1 Specht’s ecological classification system

Tallest vegetation Approximate foliage cover of tallest vegetation (%)

Trees >30m Tall woodland Tall open forest | Tall forest Tall closed
forest
10-30m Open woodland | Woodland Open forest Forest Closed forest
<10m Low open Low woodland Low open forest | Low forest Low closed
woodland forest
Shrubs | <2m Tall open Tall shrubland Open scrub Scrub Closed scrub
shrubland
0.25-2m Open shrubland | Shrubland Open heathland | Heathland Closed
heathland
<0.25m Dwarf open Dwarf shrubland
shrubland
Hummock grasses Open hummock | Hummock
grassland grassland
Tussock grasses Open grassland Grassland Closed
grassland
Sedges Open sedgeland Sedgeland Closed
sedgeland
Flowers Open herbland Herbland Closed herbland
Ferns Fernland Closed fernland
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FIGURE 2.5.3 (a) Hummock grasses develop as a large, well-defined mound of grass, (b) tt;ssock grasses grow in
clumps that are not well defined or in mounds, and (c) sedges grow as individual plants with strong, sharp leaves.
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FIGURE 2.5.4 A map of major vegetation types in Australia, based on Specht’s classification

WORKED EXAMPLE 2.5.4

Use Table 2.5.1 to determine the ecosystem whose tallest vegetation layer is 2-3 m
shrubs that cover 40 per cent of the land area.

ANSWER

Shrubs <2 m (first column, fourth row) and 30-50 per cent cover (top row, third column)
intersect at open scrub.

WORKED EXAMPLE 2.5.5

Use Table 2.5.1 and Figure 2.5.4 to identify the tallest vegetation and approximate foliage
coverage for Far North Queensland (mid-green @).

ANSWER

Mid green is on the key in Figure 2.5.4 as open woodland. The table has only one cell with
open woodland; it has 10-30 m trees and 10-30 per cent foliage cover.

WORKED EXAMPLE 2.5.6

Use Table 2.5.1 to determine the ecosystem where the dominant species is Corymbia
clarksoniana at a height of 15-20 m with 80 per cent cover.

ANSWER

Table 2.5.1 shows that 15-20 m trees with 80 per cent cover intersect at closed forest.
When naming ecosystems with Specht'’s classification, the genus of the dominant species
is listed first, so this is a Corymbia closed forest.
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LEARNING CHECK 2.5

DESCRIBING

1 State two factors that can be used to determine a Holdridge life zone.

2 State two factors that are used to name an ecosystem according to
Specht’s classification.

INTERPRETING

3 Data was collected from an ecosystem and is summarised in the following table.

Dominant Tree Foliage = Biotemperature Annual

tree height cover precipitation

Eucalypt ‘>30m‘ 40% \ 20°C 1800 mm \ 0.8 \

Determine the type of ecosystem present according to:

a Holdridge life zones
b Specht’s classification.

Collecting and interpreting
environmental data

Instructions for gathering environmental data

The environmental conditions in an area can have a big impact on the type and number of
organisms that can live there. Observing the abiotic factors can give ecologists a better idea of
how an ecosystem is functioning.

Table 2.6.1 shows common abiotic factors, their measurement instruments and associated
units.

TABLE 2.6.1 Some common abiotic factors, instruments and associated units

Abiotic factor Instrument

Temperature (air, water, soil) Thermometer — analogue °C
Thermometer - digital

Light intensity Lux meter lux

pH (soil, water) pH probe, pH indicator -

Wind speed anemometer ms™

Wind direction compass -

Humidity Hygrometer or wet/dry bulb %
thermometer

Salinity (soil, water) Probe % or ppm

Dissolved O, Probe ppm
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PRACTICAL ACTIVITY 2.6.1

DETERMINING BIODIVERSITY

Introduction

Assessing the biodiversity of an ecosystem is an important part of an ecologist'’s job, particularly when monitoring
the ongoing health of an area after development. The five measures of species biodiversity can assist in making
accurate, quantifiable assessments.

Research question

How similar are the species diversities of two ecosystems according to a given index by using the five measures of
species biodiversity?

Materials

2 field sites of vegetation (e.g. grassed yard, * 6 copies of Table 2.6.2
bushland, rainforest, crop field, garden) * 2 copies of Table 2.6.3

e quadrat frame *  pen

» clipboard

Procedure

1 Choose an area to sample within the first field site. The area should be large enough to require at least three
quadrats to sample sufficiently.

2 Lay the quadrat frame over a section of the area. This will be quadrat 1.

3 Identify the first species and note it on Table 2.6.2.

4 Count and record the number of individuals of this species within the quadrat.

5 Estimate the percentage of the quadrat that the individuals take up in total and record this.

6 Repeat steps 3-5 for all the species that can be identified.

7 Repeat steps 2-6 for at least three quadrats in the area.

8 Repeat steps 1-7 for the second field site. In total, complete at least six copies of Table 2.6.2.

& What are the risks in doing this experiment? How can you manage these risks to stay safe?

ASSESSMENT Insects or spiders living in the natural Wear gloves when touching plants or soil.
environment may bite.
You may get sunburnt. Wear a hat and sunscreen.
You may damage plants or habitat. Take care when placing quadrats and transects.

Results

TABLE 2.6.2 Field site #____ Quadrat #____
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TABLE 2.6.3 Field site #____

Species richness

Species Relative species Percentage cover
abundance (average) (average)

Analysis of results

1 Calculate species richness, species evenness, percentage cover and percentage frequency for each of the field
sites and enter them into Table 2.6.3. Calculate the SDI for each site to complete the diversity index summary.

2 Compare the diversity summaries for each of the field sites.

Interpretation

3 Explain what each diversity measure says about the two sites to decide whether the two sites are similar.

Evaluation

4 Identify strategies used to minimise bias in the data collection.
5 Discuss the reliability and validity of the collection methods chosen.

PRACTICAL ACTIVITY 2.6.2

DISTRIBUTION AND ABUNDANCE OF PLANTS

Introduction

Two sampling techniques and methods will be used to determine the distribution and abundance of plant species:
one to determine the total number of plants in an area and another to determine the distribution of a range of species
within a defined space.

Research questions

How different is the abundance of species between two sites?
How does the distribution of plants change with an environmental factor?

Materials
* 2 X 10m tape measures * random-number generator
* 1m?quadrat » instrument for recording the environmental factor
& What are the risks in doing this experiment? How can you manage these risks to stay safe?
RISK
ASSESSMENT | |ngects or spiders living in the natural Wear gloves when touching plants or soil.
environment may bite.
You may get sunburnt. Wear a hat and sunscreen.
You may damage plants or habitat. Take care when moving through an environment.

Avoid damaging plants and animals.
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Part A: Abundance (random quadrats)

Procedure

1 Select two accessible sites to investigate; for example, a school oval and a forested area.

2 Arrange the two tape measures as a 10 m X 10 m grid at the first site so the tape measures form x- and y-axes.
3 Generate five random-number pairs to place the quadrat randomly.
4

Place the quadrat and count the number and type of species in each quadrat. If the name of the plant species is
unknown, refer to them as ‘species 1’, ‘species 2’ etc.

5 Repeat steps 2-4 at the second site.

Results

Copy and complete the results tables, adding rows as required.

Site 1

Species Number in quadrat

Site 2

Species Number in quadrat

Analysis of results

1 Identify the species richness for each site.
2 Identify the species evenness for each site.
3 Calculate the SDI for each site.

Part B: Distribution (point intercept line transect)

Procedure

1 Select a site that has an environmental gradient (e.g. changing light intensity, soil moisture or distance
from a footpath).

2 Set out the two 10 m tapes as transect lines so they follow the environmental gradient. Record the
environmental factor in the table.

3 Starting at 0 m on the first transect line, record the plants present at each metre along the transect.
4 Repeat step 3 for the second transect line.
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Results

Copy and complete the results table.

Environmental Distance along transect (m)

factor

Analysis of results

1 Identify any trend or relationship along each transect line. Identify whether the environmental factor
investigated has an effect on the distribution of any species.

Interpretation

2 Explain any similarities or differences in diversity between the two transect lines.
3 Explain whether the abiotic factor investigated has an effect on the distribution of any species.

Evaluation

4 Compare your results with those of other groups. Is the data reliable? Is the data valid?
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Biodiversit
CHAPTER y
SUMMARY «  Biodiversity is the full range of living things in a particular area or region.

«  Genetic diversity is the combined differences in DNA of all the individuals in a species.
«  Species diversity is the number of different species in an area.

«  Ecosystem diversity includes all the living organisms and their interactions together with
the physical environment in one area.

Species diversity

. There are five common measures used to describe species diversity: richness, evenness,
percentage frequency, percentage cover and Simpson’s diversity index (SDI).

Richness Total number of species

Evenness Abundance of each species

number of quadrats in which the species is found

%) =
Percentage frequency Percentage frequency (%) total number of quadrats

Percentage cover Proportion of sample area covered

Yn(n — 1))

Simpson's diversity index (SDI) EEDIERES
imp iversity index (SDI) (N(N—1)

Sampling methods and techniques

«  Organisms can be distributed in patterns that are random, uniform or clumped.

Random

com

Shutterstock.com

Maralee Park/Shutterstock.com
Butler Stock Photography/
Paul Cowell/Shutterstock.

«  There are three main sampling methods:
- Random - each part of the sample area has an equal chance of being included
and counted.
- Systematic - data is collected at fixed intervals.
- Stratified - a proportionate number of observations is taken from each environment
in the sample area.
«  There are three main sampling techniques:
- Quadrats sample a fixed area measured at ground level.
-  Transects include line and belt transects.
- Capture-recapture involves capturing several individuals, marking them,
releasing them and then recapturing them.
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Avoiding bias

«  Strategies to avoid bias include:
- size and number of samples
- random-number generators
- counting criteria
- calibrating equipment
- noting associated precision.

Classifying ecosystems

«  Holdridge’s life zones and Specht’s classification can be used to help classify ecosystems.

Holdridge's life zones
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Specht’s ecological classification system

Tallest vegetation Approximate foliage cover of tallest vegetation (%)

Trees | >30m Tall woodland Tall open forest | Tall forest Tall closed forest
10-30m | Open woodland | Woodland Open forest Forest Closed forest
<10m Low open Low woodland Low open forest | Low forest Low closed

woodland forest

Shrubs | >2m Tall open Tall shrubland Open scrub Scrub Closed scrub

shrubland
0.25-2m | Open shrubland | Shrubland Open heathland | Heathland Closed heathland
<0.25m Dwarf open Dwarf shrubland
shrubland
Hummock grasses | Open hummock | Hummock
grassland grassland

Tussock grasses Open grassland Grassland Closed grassland

Sedges Open sedgeland Sedgeland Closed

sedgeland

Flowers Open herbland Herbland Closed herbland

Ferns Fernland Closed fernland
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MULTIPLE CHOICE CHAPTER
1. Biodiversity is: EXAM

A the number of species in an ecosystem.

B agroup of organisms that share a gene pool.

C the full range of living things in a particular area.

D the interactions between a community and the environment.

2. Limiting factors are:
A Dbiotic factors that restrict population size and diversity.
B  Dbiotic and abiotic factors that control food webs in ecosystems.
C biotic and abiotic factors that restrict an organism’s ability to live in an area.
D abiotic factors that characterise the environments that an organism can live in.

3. Which of the following is not a measure of biodiversity?
A Percentage cover
B  Percentage present
C Relative species abundance
D  Species richness

4. The three levels at which diversity can be studied are:
A genes, cells, organisms.
B genes, species, ecosystems.
C species, organisms, systems.
D species, systems, communities.

Questions 5-8 relate to the following diagram, which shows average quadrats of three
separate areas. Different colours represent different species of plants.

o%’ ®

Site A Site B Site C

5. What is the species richness of site A?

A 3
B 4
C 5
D 6

6. Species evenness appears highest in:
A site A only.
B sites A and B.
C site Bonly.
D sitesBandC.
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7. Site A would have the highest SDI, because it has the:
A lowest species richness and evenness.
B lowest species richness and highest evenness.
C highest species richness and lowest evenness.
D highest species richness and evenness.

8. Atsite B, the:

A orange dot and blue dot species both have a random distribution.
orange dot and blue dot species both have a clumped distribution.
orange dot species has a random distribution, whereas the blue dot species is clumped.
orange dot species has a clumped distribution, whereas the blue dot species has a
random distribution.

gaw

9. A strategy used to minimise sampling bias is:
A capture-recapture.
C random-number generators.
B  quadrats.
D transects.

10. A biotic factor affecting the distribution and abundance of species is:

A disease.

B nutrients.

C  shelter.

D space.
SHORT RESPONSE

11. Modifications to Specht’s system include adding the genus or common name of the tallest
vegetation. Describe a benefit that this modification provides for ecology.

12. Plots of ecosystems often use surface maps to show a rough aerial view of the area. The
diagram shown is a rough surface map of an ecosystem.
a  Identify the dominant species.
b  Estimate the percentage cover of the dominant species.
c  Sketch an image of the transect along line X.
d  Suggest a classification for this ecosystem based on the transect along line Y, using
Specht’s classification.
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Scalelcm=2m

Species ‘ Height
* Eucalypt species A 40m
' Eucalypt species B 26 m
& Eucalypt species C 15m
{E)} Species D Shrubs >2 m

CROSS-CHAPTER QUESTION

13. Explain how a dichotomous key would help an ecologist determine the species diversity

of an ecosystem.

DATA ANALYSIS

Questions 14 and 15 refer to the following figures.

Australian climate zones
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Quoll distribution - historical and current

(© Historical distribution
@ Current distribution @

disappearing dasyurids’, Australian Wildlife Conservatory,
https://www.australianwildlife.org/spotlight-on-quolls/.

Adapted from ‘Spotlight on quolls: the quest to save Australia’s

Cane toad distribution

Government of Western Australia

Species
richness
l 40

30

20

10

14. Analyse evidence

a  Identify a relationship between Australian climate zones and frog species distributions.
b  Identify a relationship between Australian climate zones and quoll distribution.

15. Interpret evidence

Draw a conclusion as to the key difference(s) in abiotic factors affecting the survival of

the quoll versus species of frogs in Australia.
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Populations

N8

SCIENCE UNDERSTANDING
Identify and explain different modes of population growth, including
SYLLABUS - exponential growth (J-curve)
DOT POINTS P J

- logistic growth (S-curve).
Compare the reproductive strategies and growth curves of K- and r-strategists.
Use the Lincoln index (N = M,;; M to estimate the size of a population.

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

Explain how the carrying capacity of an ecosystem can be impacted by changes to
biotic and abiotic factors, including climatic events. (Topic 2)

SCIENCE INQUIRY

Investigate factors affecting carrying capacity. (Topic 2)

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

A population is a group of organisms in the same area and with the potential to interbreed.
Populations fluctuate in size and density in response to seasonal and environmental
changes. The black swan (Cygnus atratus) is a nomadic species of waterbird native to

the waterways of Australia. In times of plentiful rain, when food is abundant, adult swans
migrate to areas that have received the heaviest rain, and reproduce. These waterways
often have a small resident population, which quickly increases in number due to the
increased birth and immigration rates. When resources are depleted, most of the swans
leave and some die because of the lack of food. The local population size is reduced to a
level that the environment can support at that time.

Practicals Worksheets
® Modelling carrying capacity ® Population growth
® Microscopic colonies ® K- and r- reproductive strategies

® Estimation of population size
(online-only resource)

:“: Nelson |V||ndTap To access resources above, visit

cengage.com.au/nelsonmindtap
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population a group

of individuals of the
same species living in
a particular place at the
same time

<l
4
O‘.

Weblink
Antarctic krill

Vs%4

Syllabus link
Chapter 2 explains
sampling techniques
such as quadrats.

ASSUMED KNOWLEDGE

Populations are groups of living organisms.

Populations can change size.

Quadrat sampling allows for the population size of plant species to be estimated.
Capture—recapture sampling allows for the population size of animal species to
be estimated.

L L NS

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v calculate an estimated population size for animals, using the Lincoln index formula

v calculate an estimated population size for plants from density data

v after looking at a graph of population growth, describe the increase in number of

individuals as either exponential growth or logistic growth

explain why each mode of population growth occurs

explain factors that maintain a population at carrying capacity

identify the reproductive strategies used by K-strategists

identify the reproductive strategies used by r-strategists

identify similarities and differences in the reproductive strategies and growth curves

for both r- and K-strategists

v after looking at a graph of population growth, identify the mode of growth as
belonging to a K- or an r-strategist

v calculate the change in population by using birth (B), death (D), immigration (1)
and emigration (E), and birth rate (BR), immigration rate (IR), death rate (DR) and
emigration rate (ER)

v calculate the population growth rate based on the change in population over a period
in time.

Population size

There are many reasons for determining the size of a population. It may be to help understand
how a vulnerable species such as the flatback turtle (Natator depressus) can survive disturbances
from uncontrolled vehicles and coastal development on its Queensland nesting beaches. Or it
may be to determine how many minke whales (Balaenoptera acutorostrata) can be hunted in
one season and still sustain a viable population.

S S S«

What determines whether a population is thriving, surviving or on the brink of extinction?
What is the critical population size and what needs to be considered when working to maintain
Earth’s biodiversity? The factors to consider vary greatly between species. For example, the
B. acutorostrata population in any area may be as small as six animals or as large as
50-100 animals where food is plentiful. Even six whales are enough to maintain the population
if it consists of two mature females, one mature male and two or three immature animals. Krill
(the food of many baleen whales, such as minke whales), experienced a decline in the 1990s
and was included in the International Union for Conservation of Nature Red List of Threatened
Species in 2015. However, due to the stability of the population, krill is now considered to be of
‘least concern’.
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Lincoln index

For stationary species such as plants, population numbers can be estimated from data collected from

sampling techniques such as quadrats. For example, to estimate the population size of Austromyrtus

dulcis (midyim berry) in a 200m? area, 20 quadrats of average size 1 m? could be used. If each

quadrat contains one A. dulcis plant, then the density of A. dulcis is one plant per square metre and  Lincoln index a formula

the estimated population is 200 square metre area X 1 plant per square metre = 200 plants. used It‘i_eStimatetah”imaL
For mobile species such as animals, the Lincoln index (Figure 3.1.1) is commonly used to E?i,’gri.;"n'lfr'jgjptjfe”g

estimate population size from data collected by capture-recapture. The Lincoln index method ~ technique

of estimating populations is demonstrated in Worked example 3.1.1.

Step 1 Capture
Sample 1:
26 captured

Population
N=?

Step 2 Mark

All captured individuals are
All marked marked. M = 26.
individuals are

returned to the

population.

Step 3 Recapture
Sample 2:

21 captured (n)
3 marked (m)

M =26

N =183 Marked individuals have spread

throughout the population.

FIGURE 3.1.1 The Lincoln index method of estimating population numbers

&
KEY FORMULA
Syllabus link
Lincoln index Chapter 2 provides
detail about capture—
MXn recapture sampling
N = technique.

m
where N = total population
M = number of individuals caught, marked and released initially
n = number of individuals caught on second sampling
m = number of individuals recaptured that were marked.
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Practical
Estimation of population
size

exponential population
growth (J-curve) the
growth of a population
in an ideal, unlimited
environment

WORKED EXAMPLE 3.1.1

A sample of 20 individuals from a population were captured, marked and released. Then,
a second sample of 50 individuals were captured, 10 of which were marked. What is the
estimated population?

ANSWER

1 Substitute the numbers of individuals caught and marked into the key formula.
_MXn

T m

_20x50
10

_ 1000
10

=100

N

2 Determine the population.
There are an estimated 100 individuals in the population.

LEARNING CHECK 3.1

APPLYING

1 Scientists were studying goldfish in two ponds, one large and one small. A total
of 20 goldfish from each pond were caught, tagged and released. The next day,
20 goldfish were caught from each pond. There were eight recaptures from the small
pond and two from the large pond.

Using the Lincoln index, calculate the population estimate for the:

a large pond
b small pond.

Modes of population growth

When biotic and abiotic resources are abundant, populations can expand rapidly. Normally, this
unlimited growth does not occur indefinitely because as the population increases, there will be
fewer resources. Ultimately, there is a limit to the number of individuals that can occupy a habitat.

Exponential growth J-curve

In unstable, unpredictable ecosystems, opportunistic species move in and colonise as quickly
as they can. In order to survive, these types of species must colonise new environments swiftly,
and be able to reproduce rapidly and in relatively large numbers. Population increase in these
conditions is called exponential population growth.

A population that is growing exponentially increases at a constant rate per capita; for
example, the population doubles each fixed time period. This results in a non-linear J-shaped
growth curve (Figure 3.2.1) when population size is plotted over time. Under ideal conditions
with unlimited resources, every population has maximum potential for growth.
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Growth of bacterial population

N
300 000

200 000 -

100 000 -

Number of bacteria

0 2 4 6
Time (h)

FIGURE 3.2.1 Exponential growth of bacteria

Logistic growth S-curve — .
logistic population
Exponential population growth cannot be sustained; as resources are used, the population growth (S-curve) the
population growth that
begins to level off between upper and lower limits. In the logistic population growth model, levels off as population
the rate of population increase approaches zero over time, with the population stabilising ata ~ SiZ& approaches carrying

capacit
relatively constant size. When logistic growth is graphed, it produces an S-curve (Figure 3.2.2). pacty

Population Population Population Population more
growing slowly growing growth or less constant
exponentially decelerating

Birth rate and death rate
balance each other, resulting
in equilibrium.

Environmental resistance sets
in, increasing the death rate
and/or decreasing the birth

Number of individuals in the population

(Thomas Nelson, 1993), new edition released as Advanced Biology (Nelson
1993, 2000, reprinted by permission of Oxford University Press.

Figure from M Roberts, M Reiss and G Monger: Biology: Principles and Processes
Thornes, 2000), copyright © Michael Roberts, Michael Reiss and Grace Monger

rate.
_/I
| Time
During this phase, population growth increases This phase represents the maximum
as the population gets under way. Often starts growth rate under optimal
slowly because initially there is a shortage of environmental conditions - no
reproducing individuals, which may be widely environmental resistance; birth rate
dispersed. exceeds death rate.

FIGURE 3.2.2 The S-curve is a generalised graph of population growth.
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environmental
resistance environmental
conditions that limit a
species population from
growing out of control;
includes both biotic and
abiotic factors

al
o‘:

Weblink
How populations grow: the
exponential and logistic
equations

carrying capacity the
greatest density of
organisms that an
area or a resource can
potentially support

density dependent

the effect of a factor
increases with an increase
in population size

density independent
the effect of a factor is
the same regardless of
population size

62 NELSON QCE BIOLOGY UNITS3 &4

Factors in the environment, collectively referred to as environmental resistance, act on
a population. If the population increases above the equilibrium level, competition for resources
such as food and space begin to take effect. The increased ability of disease-causing organisms
and parasites to spread also increases deaths and possibly reduces breeding, potentially
decreasing the population. If the population falls below the equilibrium, there is less competition
and the population begins to rise again. This negative feedback process keeps the population
relatively constant.

LEARNING CHECK 3.2

DESCRIBING

1 Describe the shape of a logistic population growth curve.

APPLYING

2 Explain why an exponential growth curve is not typical of an established population.

ANALYSING

3 Compare exponential population growth and logistic population growth.

INTERPRETING

4 Consider two areas of forest on Queensland’s Central Coast. One area has recently
been logged. Another area is undisturbed old-growth forest. Predict which area is
likely to experience exponential growth and which area will experience logistic growth.
Provide reasoning.

Limiting factors and
carrying capacity

The carrying capacity is the maximum population size of a species that can be supported
in a given environment and is shown on logistic growth curves where the population reaches
equilibrium.

Populations rely on balanced relationships between the biotic and abiotic components in
their environment. These factors can vary spatially and temporally. The maximum population
size that a particular environment can sustain depends on the biotic and abiotic limiting factors
at any given place and point in time. Factors that are influenced by the size of the population are
described as density dependent - the larger the population, the greater the effect. Factors that
affect the population in the same way regardless of population size are density independent.
These are summarised in Table 3.3.1.
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TABLE 3.3.1 A summary of density-dependent and density-independent factors affecting

population size
De depende Density independent

Biotic + Food availability
« Competition for resources
(including reproductive mates)
+ Predation
+ Disease
Abiotic + Space + Environmental conditions, including
+  Shelter weather events and natural
+  Water availability disasters
* Nutrients

Biotic factors and carrying capacity

Changes to biotic factors can affect the carrying capacity of the ecosystem. Biotic factors that
can determine the carrying capacity of an environment are the availability and abundance of
foods, number of competitors, number of mates, number of predators, and number and variety
of disease-causing organisms.

For example, the availability of food affects the number of young that are born to female
kangaroos (Figure 3.3.1). When food is plentiful, a female kangaroo may have up to three
young at various stages of development: an older a joey that has mostly left the pouch and
no longer depends on her for nourishment; a young joey that is firmly attached to a nipple
in the pouch while it completes development; and an embryo whose development and birth
have been suspended until there is room in the pouch. If food or other requirements for life
become scarce, the female can abandon any one of the three young kangaroos. Without her
protection, they perish. This may seem harsh but it ensures that a sustainable population
size is maintained. In the long term, this provides stability to the ecosystem and equilibrium
to the populations that exist within it.

Structuresxx/Shutterstock.com

FIGURE 3.3.1 The kangaroo-carrying capacity of an
environment is affected by the amount of food available.

The loss or introduction of a species can change the carrying capacity for other species in
that environment. For example, removing feral cats from an ecosystem increases the survival of
plover nests by decreasing the risk of predation and thus increases the number of birds that can
survive in this environment (Figure 3.3.2).
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1.0 1

0.8 1

0.6

0.4 1

Plover nest survival

0.2

0.0 -
Before After
cat control cat control

FIGURE 3.3.2 Removing feral cats allows a greater number of plover nests to survive.

Abiotic factors and carrying capacity

Availability of nutrients, shelter, refuge from predators, light, water and
nesting sites are examples of abiotic limiting factors. If these limiting
factors change, the carrying capacity of the ecosystem also changes.
If abiotic factors are more favourable, carrying capacity can increase.
Alternatively, if abiotic factors are less favourable, carrying capacity is
likely to decrease. Abiotic factors can change quickly during natural
disasters such as cyclones, floods and fires or more slowly during
drought conditions and global temperature change. In most cases,

FIGURE 3.3.3 Strt’s dsert pea (Swainsona adverse conditions are likely to decrease the carrying capacity.
formosa) is an opportunistic ephemeral plant, Sturt’s desert pea (Swainsona formosa) (Figure 3.3.3) has a
whose population numbers depend on abiotic relatively short flowering season. Its natural habitat includes open

factors such as water availability.

How biotic and abiotic
factors shape ecosystems

«l
&
O‘.

Weblink

and set limits

desertareas and dry woodlands. It is often described as an opportunistic
ephemeral plant because it is short lived, particularly after heavy rains
when conditions become temporarily suitable for its growth and reproduction. Most of its life
is spent as a seed with a tough, water-resistant coat. Only after drenching rains will the seeds
germinate, flower and then set seed all within a matter of days. When conditions become
less suitable, the carrying capacity is reduced and the initial population explosion is quickly
followed by a crash when resources (such as available water) are depleted or other abiotic
conditions alter. This limits the numbers of the plant that can be sustained. The plant’s use of
existing resources is highly efficient and ensures its ongoing survival in an environment to
which it is best suited.

Climatic events — an Australian example

Bushfires are a regular occurrence in the Australian landscape, especially when
temperatures are high and vegetation dies and dries out at the end of a wet season or as a
result of a drought. In 2019-20, the summer months had higher than average temperatures,
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Aussie Bush/Shutterstock.com

following a period of drought. The resulting 2019-20 Australian bushfires, or Black Summer
bushfires, burnt more than 10 million hectares of land, including native forests (8 million
hectares), commercial, residential and farming areas. Typically, the average annual area
burnt per continent per year is 5 per cent. This bushfire event burnt about 21 per cent of
Australia’s temperate forests. Approximately 1 billion animals were killed by the fires,
although some sources put the figure much higher at 3 billion killed or displaced animals.
The fires destroyed habitats, leaving animals who escaped without food or shelter and
reduced access to water. Food webs were disrupted by the loss of so many different species
of organisms. The surviving species potentially experienced higher levels of competition for
the remaining resources. These factors combine to significantly alter the carrying capacity
of the bushfire-ravaged ecosystems.

Norman Herfurth/Alamy Stock Photo

1 ik .1‘: Sl & v:l ‘ 3 Ui“ "!u"“-‘ L “"—ﬁ’f o 5 i
FIGURE 3.3.4 The Australian bushfires of 2019-20 took place during a summer that was hotter
than average and followed a period of drought.

il

PRACTICAL ACTIVITY 3.3.1

MODELLING CARRYING CAPACITY

Introduction

Carrying capacity is the number of living things an area of land or water can support at any one time. One area will
have different carrying capacities for different organisms. Different ecosystems have different carrying capacities for
different plants and animals.

Carrying capacity is usually limited by an aspect of a species’ habitat requirements. A population tends to
naturally fluctuate around the carrying capacity. A population may be below carrying capacity in the spring following a
hard winter, or temporarily above it after a good summer.

Research question

How do changes in the availability of resources affect the carrying capacity?

Materials

* bag of dried beans e timer

Procedure

1 The class divides into ‘herds’ with five students in each. Each herd gathers around a cleared area (either in the
classroom or outdoors).

2 Set the timer for one-minute intervals (or less).

3 One at atime, members from each herd collect one dried bean from the bag. Continue to cycle through members
in the herd until the timer rings. Members of a herd unable to collect three dried beans during the time ‘die’.
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4 Record the number of survivors after three rounds.

5 Inagroup, discuss carrying capacity and limiting factors. Identify strategies that could allow more of the
population to live. Decide what could be done or might happen to allow more of the population to live through
the ‘winter’ on the food available.

6 Repeat the activity, incorporating an option suggested in step 5.

Each herd chooses a member to be a young animal ‘born the previous spring’. Repeat the activity, allowing the
‘young animal’ to take two beans each time.

Analysis of results

1 What effect did the strategy identified in step 5 have on the number of survivors that could live to reproduce the
following year?

2 How did introducing young animals affect the population?
3 What happens to the number of survivors that live to reproduce the next year on the introduction of young animals?

PRACTICAL ACTIVITY 3.3.2

MICROSCOPIC COLONIES

Introduction

Populations initially grow exponentially in environments without limiting factors then eventually reach the carrying
capacity of their environment.

Research question

Does a yeast population reach carrying capacity on a microscope slide?

Materials

* Fortheclass:
- 2teaspoons (10 g) of sugar - lukewarm water (1 cup)
- packet of yeast - mixing bowl

* 1% methylene blue solution
« eye dropper (two if using methylene blue)
* microscope with slides and coverslips

Procedure

1 The teacher mixes the sugar, yeast and lukewarm water in a bowl until combined.

2 Using droppers, place a drop of the yeast mixture on a microscope slide, add a drop of methylene blue on top
of the yeast, and cover with a coverslip.

3 Allow the slide to sit for 3-10 minutes.

4 Place the slide under a microscope and count the number of yeast cells. Record the information. Dead yeast
cells will appear dark blue.

5 Every 5 minutes, count and record the number of cells that are dark blue. If there are too many to count, estimate
the number of cells.

6 Identify when the slide has reached its carrying capacity.

Results

Draw a table to represent your results.
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Analysis of results
1 Identify a trend in the number of living cells.
2 Identify a trend in the number of dead cells.

Interpretation

3 Explain why the ratio of living to dead cells changed over time.
4 What evidence is there to suggest a carrying capacity was reached?
5 What factors were limiting to the yeast cell population?

Evaluation

6 How reliable is this method for investigating carrying capacity?

LEARNING CHECK 3.3

DESCRIBING

1 Define:
a population
b carrying capacity.

APPLYING

2 Identify two biotic limiting factors that can affect carrying capacity and explain how
they affect carrying capacity.

3 Identify two abiotic limiting factors that can affect carrying capacity and explain how
they affect carrying capacity.

INTERPRETING

4 Figure 3.3.5 is a photo of a track entering the Simpson Desert. Predict the effect of the
following on the carrying capacity of this area:

a flood
b fire.

Terry Lonergan/Shutterstock.com
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FIGURE 3.3.5 The Simpson Desert
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Reproductive strategies

The 1/K selection theory classifies (or arranges) species on a spectrum on the basis of their
reproductive strategies, habitats, behaviours, length of life and survivorship. The K-end of
the spectrum is characterised by stability, which includes longer reproductive cycles, longer
periods of parental care and social learning, longer lifespans and lower mortality rates.
K-selected species tend to live in stable environments and have only a few offspring. These
populations often reach and remain at the carrying capacity of an environment.

The other end of the spectrum is the r-end, which is characterised by variability, which
includes faster and more frequent reproductive cycles, little to no parental input or social
learning, shorter lifespans and higher mortality rates. r-selected species tend to inhabit
unpredictable environments and have a large number of offspring. These populations often go
through repeated patterns of exponential growth followed by a population crash.

As this is a spectrum, most species exhibit more moderate or mixed characteristics rather
than just the two extremes. Figure 3.4.1 illustrates the impact that each extreme strategy has on
the logistic growth curve of a population.

™ r-selected species

Carrying

capacity

Population size

K-selected species

N4

Time

FIGURE 3.4.1 Typical population growth curves for r-selected and K-selected species. Note the
repeated cycle of exponential growth followed by a population crash for r-selected species.

Table 3.4.1 summarises the key attributes associated with the r-end and K-end of the
spectrum.

TABLE 3.4.1 Key attributes associated with the r-end and K-end of the spectrum

Attribute r-selected ‘ K-selected
Reproductive rate High Low
Lifespan Short Long
Reproductive maturity Early Late

Level of parental care Low High
Dispersal ability High Low
Growth rate High Low

Niche Generalist Specific
Diet Generalist Specific
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Understanding this theory helps to:

«l
« predict how changes in a species’ environment affects population dynamics and responses '|:
to environmental changes based on allocation of resources to growth, reproduction and
survival. For example, if environmental stability increases, the population of a K-selected Worksheet

K- and r-reproductive

species should increase but the population of an r-selected species should decrease strategies

« inform conservation and management strategies to support the high reproductive rate of
r-selected species or the survival of low numbers of offspring of K-selected species through
resource availability and regulated harvesting.

LEARNING CHECK 3.4

DESCRIBING

1 Identify three attributes of a K-selected species.
2 Identify three attributes of an r-selected species.

ANALYSING
3 Copy therto K continuum and then analyse the information in the table to place each organism on the continuum.
r K
Lays eggs directly on or near water | Gives birth to live young Lays eggs
50-200 eggs per clutch Average seven kits per litter Up to 12 eggs per clutch
No observed parental input Parental input for 7-8 weeks Parental input for about 2 months
INTERPRETING

4 Justify your placement of the mosquito, rabbit and duck in Question 3.

Population changes

Populations change depending on four factors: births (B), deaths (D), immigration (I) immigration the

and emigration (E). Births and immigration cause an increase in a population, deaths and 3‘;"??;’?;:?;?32”;‘;25

emigration cause a decrease. Therefore, a population increases if the births and immigration

exceeds the death and emigration. Conversely, a population decreases when the number of ~ emigrationthe

deaths and emigration exceeds the number of births and immigration. Ecoa\’:?ei?;:foadggguals
Population change (AN) may also be calculated as a rate, which takes into account birth  place

rate (BR), immigration rate (IR), death rate (DR) and emigration rate (ER), where rate refers

to the number of individuals per hundred, per thousand or whatever unit is appropriate

(Figure 3.5.1).
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Population growth

/ AN=B+1-D-E

Immigration

Deaths

\ Emigration
Population growth rate

Population growth rate = (birth rate + immigration rate) — (death rate + emigration rate)
= (BR + IR) — (DR + ER)

FIGURE 3.5.1 Rules for calculating population growth and population growth rate

WORKED EXAMPLE 3.5.1

Bilbies once occupied about 70 per cent of the Australian continent in semi-arid
environments before populations were devastated by cats and foxes. Other threats
include habitat fragmentation and altered fire patterns. In 2019, the greater bilby was
re-introduced to a 2500-hectare predator-free enclosure in Currawinya National Park
near the Queensland—New South Wales border.

The starting population was 36 individuals. In the first year, 20 bilbies were born and two
died. Two bilbies escaped the enclosure and none joined the population.

Calculate the growth of the population.

Ken Griffiths/Shutterstock.com

ANSWER
1 Substitute the values into the formula.
Growth=(B + 1) — (D + E)
=(0+0)-(2+2)
=16

2 Determine the answer.
Therefore, the population increased by 16 individuals.
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WORKED EXAMPLE 3.5.2

Calculate the growth rate of a population of 400 bilbies where, every year, 100 individuals
are born, 65 individuals immigrate into the population, 37 individuals die and 25 individuals

emigrate to another population.

ANSWER

1

Substitute the values into the formula.

Growth rate requires converting the number of individuals to a rate by dividing each by

the population size.

_ 100 \p_ 65 - 37 _ 25
BR =200+ IR = 200 - PR = 206 - ER = 200
Growth rate = (BR + IR) — (DR + ER)

_ 165 62
T 400 400
_ 103
~ 400

The growth is 103 individuals per 400 individuals.

To convert to a percentage:

% = (32) x 100

=25.75
= 26% (round to nearest whole number)

Determine the answer.

Therefore, the population grows by 26 individuals per 100 in the population. Growth
rates are expressed as a percentage: +26% if there is an increase or -26% if there is
a decrease.

LEARNING CHECK 3.5

DESCRIBING

1 State the characteristics of populations that are usually studied when calculating the

2
3

growth rate.
Describe what effect biotic factors have on the growth of a population.
Describe what effect abiotic factors have on the distribution of a population.

APPLYING

4

A particular population of kangaroos has 1000 births during the year; 72 individuals join
the population, 108 leave and 345 die. Calculate the growth for this population for the year.

Calculate the growth rate of a population if, for every 1000 individuals, there are
59 births, 105 immigrants, 86 deaths and 40 emigrants.

Calculate the growth rate of a population if, for every 1000 individuals, there are
150 births, 59 immigrants, 290 deaths and 30 emigrants.

INTEPRETING

7

9780170483384

Predict whether a population’s size is increasing or decreasing when (BR + IR) is
greater than (DR + ER).

-l
o‘:

Weblinks
The Texas mosquito mystery

Human population growth
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CHAPTER Population growth
SUMMARY

«  The two main types of population growth are:
- exponential growth — growth rate per capita stays the same as population increases
- logistic growth — growth rate decreases as population increases until carrying
capacity is reached.

Exponential growth (J-curve) Logistic growth (S-curve)
N N

Carrying
capacity

Population size
Population size

Vv

\ %4

Time Time

r/K selection theory

«  r-selected species and K-selected species have differences in key attributes.

Key attributes associated with the r-end and K-end of the spectrum

Attribute r-selected ‘ K-selected
Reproductive rate High Low
Lifespan Short Long
Reproductive maturity Early Late

Level of parental care Low High
Dispersal ability High Low
Growth rate High Low

Niche Generalist Specific
Diet Generalist Specific
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Typical population growth curves for r-selected and K-selected species

r-selected species

Carrying
capacity

Population size

K-selected species

Time

Rules for calculating population growth and population growth rate

Population growth

AN=B+1-D-E

Population growth rate

Population growth rate = (birth rate + immigration rate) — (death rate + emigration rate)
= (BR + IR) — (DR + ER)




MULTIPLE CHOICE

CHAPTER

EXAM 1. Carrying capacity is defined as:
the movement of individuals of a species into an area.

environmental conditions that limit a species population from growing out of control.
the maximum population size of a species that can be supported in a given environment.
a group of individuals belonging to the same species living in a particular place at
the same time.

gcaw»

2. Factors that affect the rate of growth of a population are the birth rate (BR), immigration
rate (IR), death rate (DR) and emigration rate (ER). The following must be true if the rate
of growth of a population has a negative value.

A ERisgreater than IR.

B DRis greater than BR.

C DR + ERis greater than BR + IR.
D IR + ERis greater than BR + ER.

3. During one year, 282 animals are born into a population, 83 emigrate, 67 immigrate and
92 die. The increase in this population is:
A 13 individuals.
B 174 individuals.
C 187 individual.
D 200 individual.

4. The Lincoln index is commonly used to find the size of animal populations. In a study of
possums in an open forest ecosystem, a random sample of 36 individuals was caught. Each
captured animal was marked and released. At a later date, a random sample of 24 animals
was found to contain four marked individuals. What is the predicted population of possums?
A 20 individuals
B 28 individuals
C 216 individuals
D 600 individuals

5. An abiotic factor that affects abundance and distribution is:
A disease. B food availability.
C predation. D shelter.

6. An attribute associated with K-selected species is:
A high birth rate.
B low parental input.
C short gestation.
D late maturity.

7. An attribute associated with r-selected species is:
A high parental input.
B  specific niche.
C long gestation.
D high reproductive rate.

8. Both r- and K-strategists have a growth curve that shows:
A adramatic population drop.
B  asection that remains stable at carrying capacity.
C asection that fluctuates widely around carrying capacity.
D aninitial exponential growth.
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9. A factor that would increase the carrying capacity of an environment for a species is:
A fewer shelter options.
B  greater food availability.
C abushfire.
D presence of disease.

10. Rabbits were released in Australia in 1853. One reason Australia had a high carrying
capacity is:
A there was not enough food.
B there was no natural predator.
C it was difficult for rabbits to find shelter.
D it was difficult for rabbits to find reproductive mates.

SHORT RESPONSE

11. Australia has about 700 endemic species of grasshoppers and locusts, but the one that
usually hits the headlines is the Australian plague locust (Chortoicetes terminifera). Locust
populations increase enormously under favourable climatic conditions, usually following
periods of rainfall. Many minor plagues occur regularly but there have been five major
plagues in the past 60 years. Densities of 1000 per square metre have been recorded.

a  Outline the biotic and abiotic conditions that may give rise to locust outbreaks.

b  Identify this type of population growth and describe the shape of the graph
produced when locust numbers are plotted against time.

¢ Explain why plague numbers are unsustainable for this population.

12. The Lincoln index or capture-recapture is one method used to determine population size.
Suggest what problems may arise if too much time is left between the initial capture and
the recapture.

CROSS-CHAPTER QUESTION

13. In the following examples, determine the resource that is having the most effect on the
population distribution.
a  Heath plants in clumps in a field
b  Penguins distributed evenly across an ice sheet
c  Alpine grasses randomly spread along the side of a hill

DATA ANALYSIS

Questions 14 and 15 refer to the following information.

An ecologist records the abundance of turtles in the Great Barrier Reef by using the
Lincoln index.

*  Location A: In the first sample, 30 individuals were marked. In the second sample,
50 individuals were captured and 10 of these were marked.

*  Location B: In the first sample, 100 individuals were marked. In the second sample,
200 individuals were captured and 50 of these were marked.
14. Apply understanding

Calculate the population estimates for Location A and Location B.

15. Analyse evidence

Compare the samples taken at each location.
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Syllabus « Methods of classification are directly related to the purpose for which the
dot point data will be used. Hierarchical systems, such as the Linnaean system, can
be used to organise, analyse and communicate data about biodiversity.

For example, the hierarchical nature of the Linnaean system allows
scientists to infer similarities between species; however, as the system
was originally based primarily on physical features, the categorisation of
species does not always reflect evolutionary relatedness. Species may be
re-classified as new information becomes available.

« 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.

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

Ways of classification

At the time of the arrival of the British and subsequent colonisation of Australia, the
science of natural history as practised throughout Europe was emerging. The European
naturalists seeing Australia for the first time, who described, collected and classified
plants and animals, were amazed by the number of species unknown to European
naturalists of the day. However, Australia’s rich biodiversity had long been understood and
used by the First Nations Peoples, who had lived on and managed these lands for tens of
thousands of years. Indigenous communities have extensive knowledge of local plants
and animals and have their own longstanding classification systems.

The colonisation of Australia provided opportunities, as well as challenges, for
the European naturalists of the 18th and 19th centuries, who often failed to recognise
existing Indigenous knowledge.

One such challenge was understanding
the flora and fauna in Australia. Initially,
they described Australian animals in terms
of those they were familiar with, such as
referring to dingoes as ‘wolves’, wombats
as ‘badgers’, and wallabies as ‘raccoons’
(Figure 1). Over time, these naturalists
realised that the plants and animals of
Australia were distinct and required their
own names. Despite this recognition, the
valuable knowledge of First Nations Peoples,
who had long classified and named these
species and among other things, understood
their relatedness and roles within the
ecosystem, was largely overlooked in the FIGURE1 An early drawing of a
scientific community of the time. kangaroo by natural history illustrator

L. . Sarah Stone (1760-1844), who drew
What defines a species is still from specimens brought back to

debated today England from Australia

Classifying organisms in ecosystems,

particularly forests in south-east Queensland, from a First Nations perspective involves
understanding the intricate relationships that these Peoples have with the land. Rather
than Linnaean systems, which focuses on hierarchial taxonomies, First Nations
classification systems are more holistic and emphasises usage, the interconnections
between species, landscapes, spirituality and human activity.

Mitchell Library, State Library of New South Wales
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Below are a few examples of classification
approaches from First Nations perspectives in
south-east Queensland forests.

Cultural and ecological connections

First Nations cultures of south-east Queensland, such
as the Yugara, Turrbal and Gubbi Gubbi/Kabi Kabi
Peoples, often classify forests based on their cultural

Bill Coster/Alamy Stock PhotoWales

significance. This includes the spiritual, medicinal FIGURE 2 The black booyong
and practical uses of organisms. For example, certain tree is used for medicine and food
trees like the booyong (a species of fig) (Figure 2) can and has spiritual significance for

be seen as a source of medicine or food, but also hold some First Nations Peoples of
spiritual significance, often being considered as ‘living ~ South-east Queensland.
ancestors’ of a particular clan or family group. The

plants and animals are not merely organised on the basis of their physical traits, but also on
their significance in respective cultural narratives including kinship and aspects of daily life.

Natural resources classification

Some First Nations Peoples in south-east Queensland have been recorded to classify forests
according to the resources they provide. This includes plant species used for food (e.g. bush
tomatoes or yams), tools (e.g. stringybark for ropes) or shelter (e.g. paperbark for roofing).
This approach is functional and ecosystem-based, understanding that the resources
provided by each species are linked to the health and sustainability of the ecosystem.

Comparing classification systems

The classification systems of First Nations Peoples differ in may ways to the Linnaean
system. While the Linnaean system uses a hierarchical system for naming and organising
species, systems used by First Nations Peoples include its uses and significance in
cultural narratives, where it is about relationship, respect and sustainability rather than
hierarchy. In this way, the knowledge passed down through generations provides a
detailed and nuanced view of how to live sustainably within ecosystems.
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CHAPTER

Transfer and transformation

o

4 P

SCIENCE UNDERSTANDING
+ Explain the transfer and transformation of energy as it flows through the biotic
SYLLABUS components of an ecosystem, including the

DOT POINTS — 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.

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

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

Wherever life exists, it depends on a source of energy and a supply of matter.

Ecosystems across the world are linked in networks of energy and nutrient exchange
between living things and their non-living surroundings. This chapter explores the
transfer and transformation of this energy and matter as they are cycled and recycled
through the biosphere.

Worksheets
® Biogeochemical cycles
® Energy flow

® Transfer and transformation of energy @

To access resources above, visit

e N el.SO n M I ndTa p cengage.com.au/nelsonmindtap

.
1
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Syllabus link
Chapter 4 of

Nelson QCE Biology
Units 1 & 2 details
the structure and
function of biological
molecules.

decomposer an organism
that grows on and
absorbs nutrients from
dead tissues, e.g. a fungus

detritivore an organism
that consumes the dead
tissues of once-living
organisms (detritus),
e.g.aworm

nutrient cycle the

cyclic movement of key
elements and molecules
through the biotic and
abiotic components of
an ecosystem, e.g. the
water cycle and carbon
cycle; also called
biogeochemical cycle

80 NELSON QCE BIOLOGY UNITS3 &4

ASSUMED KNOWLEDGE

Energy is required for survival of life.

Plants photosynthesise to convert light energy into chemical energy.

Organisms without chlorophyll gain nutrition by feeding on other organisms.

A cycle means that components are reused.

Biological molecules are made up of carbon, hydrogen, oxygen and sometimes nitrogen.
Water changes state through the processes of evaporation and condensation.

L N N O NS

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v explain how energy is transferred and transformed from light energy into chemical
energy by the process of photosynthesis

v explain how energy is transferred as carbon-based molecules are moved through the
carbon cycle

v explain how energy is transferred and transformed into heat energy by organisms

v identify whether energy transfers are efficient by using information from energy flow
diagrams and ecological pyramids

v identify whether biomass transfers are efficient by using information from food chains
and ecological pyramids

v identify examples of radiation, reflection and absorption of heat energy from energy
flow diagrams

v complete gross and net productivity calculations using data from energy flow diagrams

v describe the different molecules that contain carbon as it moves through the
carbon cycle

v describe the different molecules that contain nitrogen as it moves through the
nitrogen cycle

v describe the state of water at different stages of the water cycle.

m Transfer and transformation of matter

The total matter on Earth is a finite resource and therefore must be recycled to ensure the
continued existence of living organisms. The matter that makes up a living organism is
recycled by decomposers and detritivores, whose wastes form fertile soil for plants to use in
producing biomass.

In living things, carbon is the most abundant chemical element, closely followed by
hydrogen, nitrogen and oxygen. Carbon can bond with many other elements, giving an enormous
variety of biological molecules, including carbohydrates, lipids, proteins and nucleic acids that
are the chemical building blocks of cells and the source of their energy. The continuous supply of
key elements, including carbon, nitrogen, oxygen and phosphorus, is essential for life because
these materials are continuously excreted in wastes and must be recycled.

Nutrient cycles are how key elements are cycled through the biotic and abiotic components
of an ecosystem. They have two main components:

« The biological component shows how the element cycles through organisms.

« The geochemical component shows how the element cycles through soils, rocks, water and
the atmosphere.

Given the interdependence of these components, nutrient cycles are also called

biogeochemical cycles.
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Carbon cycle

Carbon atoms circulate between the organic compounds of living things and their non-
living surroundings through several pathways, and together these form the carbon cycle
(Figure 4.1.1).

Carbon (mostly CO,)

-l
o‘:

Weblink
The carbon cycle

Diffusion

in atmosphere

Photosynthesis Cellular

respiration %

Dissolved «  CO,dissolved «— Weathering

H;CO, ., inoceansetc. oy B
‘3 ‘é‘ -Consumers ) (wood, peat
. l Ce[lulgr etc. used as fuel)
Photosynthesis respiration ;

Producers

Burial, compaction
over geologic time

Carbonates in sediments

Carbon stores

Processes

FIGURE 4.1.1

Deforestation

Carbon in coal,
oil, gas (fossil fuels)

2
Combustion ?{ﬁ

<
I \/olcanic
action

Carbon atoms in atmospheric carbon dioxide are incorporated into carbohydrates during photosynthesis. This

carbon is eventually released through cellular respiration or combustion, both of which convert the organic compounds back to

carbon dioxide.

The carbon cycle is unique among nutrient cycles because it does not necessarily involve
decomposers. Even when decomposers are present, not all dead material decays. Under
anaerobic or highly acidic conditions, decomposers may be unable to break down all the
remains and waste products of organisms. In such situations and over long periods of time, these
substances may accumulate to form fossil fuels, such as peat, coal, oil and the gases derived
from them. In nature, these deposits represent a sink, a place where carbon atoms are densely
accumulated and trapped away from the cycle.

Carbon can circulate for some time outside of the sinks because carbon is incorporated
into and released from glucose through photosynthesis and cellular respiration. The amount of
carbon dioxide in the atmosphere is maintained largely by a balance between photosynthesis,
which withdraws it from the atmosphere and stores it as biomass, and cellular respiration and
combustion, which release it to the atmosphere. Unfortunately, as a result of a number of factors,
the level of carbon dioxide in the atmosphere has risen considerably during the last 200 years.
Humans remove fossil fuels from sinks for combustion, to generate electricity. This produces
CO, that is reintroduced to the carbon cycle. The extra carbon in the cycle disrupts the natural
balance between photosynthesis and cellular respiration. Even though plants photosynthesise
more rapidly when there is more carbon dioxide in the atmosphere, humans have also cleared
vast areas of forest over the last century, so the carbon is not being taken in fast enough.

Changes to ocean temperatures have also affected the cycling of carbon. The temperature
of ocean water affects how much carbon dioxide can remain dissolved in it. As the temperature
increases, the oceans can hold less carbon dioxide, leaving more in the atmosphere.

9780170483384
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Syllabus link
Chapters 5 and 6 of
Nelson QCE Biology
Units 1 & 2 explore
the twin processes
of cellular respiration
and photosynthesis.

anaerobic in the absence
of oxygen

sink an area where
atoms naturally
accumulate away from
the normal nutrient cycle

biomass the total mass
of living matter in an
ecosystem
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Syllabus link
Chapter 4 of Nelson
QCE Biology Units

1 & 2 details the
essential role of
proteins in cell
function.

nitrogen-fixing bacteria
bacteria that absorb
elemental nitrogen (N,)
from the atmosphere
and convert it to nitrites
(NO,"), nitrates (NO,") or
ammonium ions (NH,")

ion an atom or group of
atoms that has either lost
or gained valence shell
electrons, acquiring a

net positive or negative
charge

<l
4
0‘~

Weblink
The nitrogen cycle
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Nitrogen cycle

Nitrogen is an essential element for living organisms because it is a key element in making
proteins. These molecules have many different roles in cells and play an essential part in
controlling cell activities and growth.

Unlike carbon, nitrogen atoms do not have a direct link between the atmosphere and most
living organisms. Even though the atmosphere is 78 per cent nitrogen, it is elemental nitrogen
(N,). Plants and animals cannot absorb nitrogen in this form. Instead, plants rely on nitrogen-
fixing bacteria to convert elemental nitrogen into ions such as nitrite (NO,"), nitrate (NO,") and
ammonium (NH,"), which they can absorb. Animals absorb nitrogen from the nitrogen-based
compounds in plants.

The nitrogen cycle (Figure 4.1.2) is a combination of two cycles:

+ In the elemental cycle, N, is absorbed from the atmosphere by nitrogen-fixing bacteria and
released back to the atmosphere by denitrifying bacteria and volcanic activity.

« In the ionic cycle, nitrogen-containing ions such as nitrite (NO,"), nitrate (NO, ) and
ammonium (NH,") are passed between organisms in the biosphere.

/ Atmospheric nitrogen
Atmospheric N, (Np)

fixed by lightning

Atmospheric N, fixed
by root nodule
bacteria of legumes

N, released
into atmosphere

Consume
nitrogen
infood ©

fixed by bacteria in soil

Atmospheric N,

Nitrates taken
Wastes up by plants .
P y,]’i weRhe
T oen ) Denitrifiers
F0wE.  fixers
BN NO;
TR
Ammonification Decomposers T
Nitrifiers
Nitrification T
FRE IR Nitrites
NH,* %5.:_:'5:-‘- e NO,~
Nitrifiers

FIGURE 4.1.2 The balance between atmospheric nitrogen (black arrows) and ionic nitrogen
(red arrows) is maintained by a set of key bacteria, including nitrogen fixers and denitrifiers.

The nitrogen cycle depends on the metabolic activities of the nitrogen-fixing and nitrogen-

releasing bacteria. Some of these bacteria have developed a special symbiotic relationship
with plants such as Casuarina species, Acacia species and legumes, including clover, peas and
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beans. Instead of living free in the soil, these bacteria live in special root organs called nodules  nodule a small swelling

(Figure 4.1.3). In exchange for providing protected living space for the bacteria, the plants have ~ °UmP
a ready source of ionic nitrogen.
«l
’ Ky
Weblink

Interactive water cycle

Worksheet
Biogeochemical cycles

Custom Life Science Images/Alamy Stock Photo

FIGURE 4.1.3 Plants such as beans and peas have a symbiotic relationship with nitrogen-fixing
bacteria. The bacteria live in nodules on their root systems and the plants gain a constant source of
ionic nitrogen.

Water cycle

Water is considered a nutrient even though it has no specific nutritional value. In addition to
providing a habitat for a diverse range of organisms, the ongoing supply of water is crucial to the

processes of photosynthesis and cellular respiration, as well as to the maintenance of internal 0\9
cellular environments in which all metabolic processes occur. The water cycle (Figure 4.1.4), Syllabus link

also known as the hydrological cycle, is the continuous exchange of water between oceans, the Chapter 6 in Nelson
atmosphere and the land. This cycle is powered by energy from the Sun. As a result of gains and ?EEZBJZISOC%{J;’S'”S
losses in energy, water changes state as it moves through the cycle and its processes, including: transpiration in

« evaporation - water changing state from liquid to gas further detail.

« condensation — water changing state from gas to liquid

 transpiration - water released from plants as a gas

+ precipitation — water falling from the sky as a liquid or solid

« infiltration - liquid soaking into the soil

« percolation - liquid seeping into spaces between rocks and soil underground
« run-off - liquid flowing over Earth’s surface.
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FIGURE 4.1.4 The water cycle follows water molecules between the abiotic and biotic components of an ecosystem, as well
as between the three states of matter: solid, liquid and gas.

LEARNING CHECK 4.1

DESCRIBING

1 Identify three biogeochemical cycles.
2 Describe the two biological processes that cycle carbon between the atmosphere and living organisms.
3 Identify the processes involved in the water cycle.

APPLYING

4 Explain what would happen if large volumes of nitrogen-fixing bacteria were killed.
5 Explain why deforestation and the excavation and burning of fossil fuels are affecting the carbon cycle.

‘%2 Transfer and transformation
of solar energy
Sources of energy

All complex systems on Earth require a constant supply of energy to drive them. The Sun
provides Earth’s energy in the forms of light energy and heat energy. Heat energy warms the
planet’s surface, and this in turn warms the atmosphere that drives all of the geochemical
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processes, hydrological cycle, tides, weather systems and ocean currents. The Sun emits all
wavelengths of visible, infrared and ultraviolet radiation. The total amount of energy is very

large. However, most organisms cannot capture this energy, so it is necessary to transform it  transform to change
from one type to another

into a more useful form.

About 70 per cent of the incoming energy from the Sun is absorbed by the atmosphere and
Earth’s surface. The remaining 30 per cent is reflected into space (Figure 4.2.1). The absorbed
energy drives processes in the atmosphere, hydrosphere and biosphere. Absorption of sunlight
causes an increase in temperature, as the molecules of the atmosphere and surface vibrate more,
and this energy is reradiated as heat energy. The more sunlight a surface absorbs, the warmer it
gets, and the more energy it reradiates as heat.

Radiated
to space
Reflected by Reflected from clouds
atmosphere by clouds s and atmosphere
o from Earth's 9
6% 20% 64%
surface
SA 4%

Incomlng
solar energy

100% Absorbed by

atmosphere 16%

Radiated
directly to
space from
Earth 6%
Absorbed
by clouds 3%

Carried to clouds

Based on E. O. Falayi & A. B. Rabiu (2012). Solar Radiation Models and

Information for Renewable Energy Applications. InTech. doi: 10.5772/35390

and atmosphere Qlo
when water changes '|.
state during
evaporation 23%

Weblinks

Solar energy

Earth’s radiation budget

Worksheet
Energy flow
FIGURE 4.2.1 Earth's energy budget — what happens to the incoming solar energy
Leaves absorb, reflect and transmit most
Visible radiation Infrared radiation

of the visible light and infrared radiation
reaching Earth’s surface (Figure 4.2.2).
The leaf structures, including the cuticle,
epidermal cells, waxes and leaf hairs, affect
the way light is absorbed or scattered. The
variety of leaves among plant species are
adapted to absorb and reflect light differently.
For example, leaves of one species may be
white and shiny or green and smooth to reflect
and transmit most of the incoming light,
whereas those of another species to reflect
and absorb light well while transmitting very 10% transmitted 30% transmitted
little. Light absorption is crucial for plants, as
this is the energy source for photosynthesis.
Heat energy is also absorbed, transmitted
and reflected by leaves.

10% reflected 80% absorbed 50% reflected

20% absorbed

FIGURE 4.2.2 How light and heat energy are absorbed or reflected by leaves
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autotroph (producer)
an organism that can
produce its own organic
compounds from
sunlight, water and
carbon dioxide

&

Syllabus links
Chapters 5and 6 in
Nelson QCE Biology
Units 1 & 2 describe
respiration and
photosynthesis.

Chapter 9 of Nelson
QCE Biology Units

1 & 2 explores the
regulation of body
temperature in
endotherms.

al
o‘:

Weblink
Biomass energy

heterotroph (consumer)
an organism that
cannot convert sunlight
to useful energy and
must consume other
organisms for food

endotherm an organism
that regulates and
maintains internal body
temperature higher than
the temperature of the
surroundings
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Transformation of light to chemical energy

Plants, algae and some protists undergo photosynthesis and utilise the Sun’s energy to combine
molecules of water and carbon dioxide to form glucose molecules with oxygen as a by-product.
Organisms that can capture the Sun’s energy and convert it to sugars are called autotrophs
because they do not rely on any other organism for their energy needs. The Sun’s light energy is
transformed into chemical energy during this process and then stored in the high-energy chemical
bonds within the glucose molecules. Some of this energy is used by autotrophs for metabolic
processes and the rest is stored as biomass in the form of starch or plant structures, such as leaves,
stems, roots and fruit. Autotrophs (also known as producers or primary producers) are the basis of
all organic matter and the initial source of chemical energy in most ecosystems.

Transfer and transformation of chemical energy

Processes that move carbon through living systems, also transferring chemical energy, are

summarised below.

« Consumption - heterotrophs are organisms that cannot photosynthesise so must obtain their
energy either directly or indirectly from organisms that can. Heterotrophs are also called con-
sumers because they must consume other organisms to transfer the organisms’ chemical energy
to their own body systems, with carbon being incorporated into parts of their body structure.

 Respiration (aerobic or anaerobic) is the chemical reaction that releases CO, while
transferring chemical energy from glucose to ATP to power cellular processes. This process
also transforms some of the chemical energy to heat energy.

« Decay - wastes and dead organisms are broken down by decomposers and detritivores, such
as bacteria, transferring chemical energy from the wastes to nutrients into the soil while
releasing CO,, and transforming part of the energy to heat energy.

« Fire - burning organic matter transforms most of the chemical energy to heat and light
energy while also transferring some of it to CO,,.

Carbon is taken out of the atmosphere by photosynthesis, becomes biomass and is moved
around by consumption then released via respiration or combustion (page 83). These processes
show how closely related the carbon cycle is to ecosystem interactions.

During all transfers of chemical energy, some energy is also transformed into heat
(Figure 4.2.3). In endotherms, such as mammals and birds, this heat energy maintains

i T

Lost Lost
Respiration Heat
~25% ~40%

Stored

Tissues
® Lost
~25% X
Excretion
~10%

Input
Eaten

i 100%
FIGURE 4.2.3 Transfer and transformation of chemical energy in a living organism. Chemical

energy is transferred and stored in tissues. Metabolic processes transform the chemical energy into
heat energy, which is lost to the environment.
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a constant internal body temperature. However, they also lose energy through heat loss to
the environment. Ectotherms, such as reptiles, rely on external sources of heat from the
environment to regulate their body temperature. Consequently, endotherms require a much
higher food consumption than equivalently sized ectotherms to balance out their heat loss.

LEARNING CHECK 4.2

DESCRIBING

1 Describe what happens to the energy from the Sun that reaches Earth and its atmosphere.
2 Describe four forms of chemical energy transfer and/or transformation in an ecosystem.

APPLYING

3 Explain the role of detritivores and decomposers in energy flow.
4 Explain why heat energy is important to endotherms.

Analysing ecosystems

Food chains

Food chains and food webs are two ways to summarise the flow of matter and energy in
ecosystems. Food chains have their own internal order, with each organism occupying a position
or trophic level (Figure 4.3.1), whereas a food web shows the interconnecting food chains in
an ecosystem.

Sunliaht Primary Secondary Tertiary Top
9 —> Producer —> consumer - consumer — consumer — carnivore

(not part of the food chain
of the community)

FIGURE 4.3.1 Food chains begin with the Sun as the original source of all energy in the chain.

From the base level of autotrophs or trophic level 1 (TL1), matter and energy move through
other trophic levels populated by heterotrophs. Trophic level 2 (TL2) contains herbivores.
Trophic level 3 (TL3) and above contain omnivores and carnivores. A food web shows the
interconnecting food chains in an ecosystem.

Trophic levels continue to be numbered in order if there are additional feeding levels.
Some commonly used terms are summarised in Table 4.3.1.

TABLE 4.3.1 Terms not stated in the syllabus, but commonly used

Trophic level 1 Primary producers Producers

Trophic level 2 Primary consumers Herbivores — eat plant material only
Trophic level 3 Secondary consumers | Carnivores — eat animal material only
Trophic level 4 Tertiary consumers Omnivores — eat plant and animal material

ectotherm an organism
whose internal body
temperature reflects and
fluctuates along with the
surroundings

food chain a chain of
organisms where one
organism occupying a
trophic level is consumed
by the next organismin a
higher trophic level

trophic level a level in
the food chain of an
ecosystem based on
feeding relationships
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Weblink
Food chains and food webs

gross primary
productivity (GPP) the
total organic matter
produced annually in an
area by photosynthesis

net primary productivity
(NPP) the amount of
organic matter made
available to herbivores
annually; equals gross
primary productivity minus
the energy required by the
producers themselves

The first organism in every food chain receives its energy directly from the Sun, although
the Sun is not usually included in the chain because food chains focus on feeding relationships.
Arrows represent the flow of energy and matter from one trophic level to another. Each
organism in the chain receives energy and matter from the preceding one, generally by eating it
(Figure 4.3.2). At each trophic level, a proportion of the available energy is either used to fuel
the needs of the organism or lost due to inefficiencies in the process, and the remaining energy
is transferred to the next level.

@4!43&
Tiny photosynthetic Small
organisms _—_ Sisty sl ——> carnivor _— Fish eaters
herbivores GRS
(phytoplankton) fish

FIGURE 4.3.2 In general, food chains simplify feeding relationships by focusing on one organism
or group of organisms at each trophic level.

Productivity: GPP and NPP

Not all producers make the same amount of initial biomass for their ecosystem. This depends on the
availability of water, nutrients and sunlight, but also on temperature, light intensity and the nature of
the organism and whether the molecules produced are used or stored. For example, an area covered
in trees produces significantly more biomass than the same area covered with grass (Figure 4.3.3).
Tropical forests cover only about 4 per cent of Earth’s surface but contribute about 25 per cent of
the world’s yearly gross primary productivity (GPP) of organic matter. Ocean ecosystems
depend on producers such as phytoplankton to transform light energy into vast amounts of organic
matter, but this organic matter is not stored in plant structures like those seen in terrestrial plants.

Continental
shelf
6.6

Temperate
grassland
9.3

Temperate
forest
22.2

Tropical
forest
36.2

Open

FIGURE 4.3.3 Different autotrophs have different primary productivity rates. The numbers in this diagram
refer to the amount of chemical energy converted from sunlight per square metre each year (kJ m2 year ).

Although GPP refers to the total amount of organic matter made in an ecosystem by
producers, not all of this material is available to the consumers for food because the producers
use some of it for their own energy needs. The actual amount of energy that is available to
support consumers is the amount of energy, or carbon, fixed by producers (GPP), minus
that required by the producers for cellular respiration. This remaining amount is called the
net primary productivity (NPP) of an ecosystem.
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Calculating energy efficiency

Consumers differ considerably in how efficiently they convert the energy they receive into
biomass, which can then be consumed by organisms at the next trophic level. The ecological
efficiency of an ecosystem is low, generally about 10 per cent of the energy at one trophic level
is passed on to the next level (the ‘10 per cent rule’). The remaining 90 per cent is transformed
by metabolism into heat energy and lost to the surroundings or remains as chemical energy in
both the uneaten portion of an organism and its body waste (Figure 4.3.4). These percentages
can vary depending on the organism or ecosystem.

Energy absorbed from the
previous trophic level

Energy lost in metabolism
as heat energy: 80% -

Energy available to next
"" I I } trophic level: 10%

Energy lost in detritus as
chemical energy: 10%

FIGURE 4.3.4 Trophic efficiency describes the proportion of energy that is available to the next
trophic level within a food chain.

Understanding energy loss at each trophic level helps to explain why food chains are
usually only four to five trophic levels long and why higher trophic levels usually contain fewer
organisms and less biomass. The loss of so much energy at each trophic level means there is
not enough energy to support organisms at higher levels. Understanding ecological efficiency
can help ensure energy flow in ecosystems is not disrupted in a way that is detrimental to
the organisms present. Data is gathered on the bulk biomass and energy production of each
species, each year, after organising them into trophic levels. This can be quite difficult for
complex food webs because some organisms occupy three trophic levels depending on their
food source. With simpler food webs, it is considerably easier (Figure 4.3.5).

Energy flow diagrams

Energy flow diagrams map the path of the Sun’s energy as it moves through the trophic levels

of an ecosystem and is transformed into heat by metabolism. Energy flow through the trophic

levels can be presented more clearly in an energy flow diagram (Figure 4.3.6). Several key

principles govern the construction of these diagrams.

1. Arrows show the direction of energy flow and are labelled with the form and quantity of
energy they carry.

2. Boxes represent trophic levels in sequence. The Sun is included because these diagrams
focus on mapping energy, rather than feeding relationships.

3. Heat energy from metabolic processes is lost from each trophic level to the surroundings.

4. Detritivores and decomposers are included as a subtrophic level because they play an important
role in energy transformation, because this energy is eventually converted to heat energy.

5. Total heat energy lost must equal the amount of light energy brought into the system
by producers.
To calculate energy efficiency, divide the energy produced by the organism by the energy

available from the previous trophic level. For clarity, this can be converted from a decimal to a

percentage. Worked example 4.3.1 shows how to do this calculation.

9780170483384 CHAPTER 4 | TRANSFER AND TRANSFORMATION 89



Quaternary
consumers

Tertiary
consumers

Snake,r N Cr

ane)j

Secondary
consumers

Primary
consumers
(herbivores)
Tq Insects  Fish (small)

: Terrestrial and /

salt marsh plants
Producers

Aquatic plants
and algae

FIGURE 4.3.5 The net productivity at each trophic level includes the total amount of energy that
the organisms produce in edible parts per square metre of space in a year.
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Detritivores and decomposers

FIGURE 4.3.6 Energy flow diagrams illustrate the movement of energy through ecosystems.

KEY FORMULA

Trophic energy efficiency
net productivity of organism

net productivity of previous trophic level A

Percentage efficiency =
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WORKED EXAMPLE 4.3.1

Calculate the percentage efficiency of the producers in Figure 4.3.5.

ANSWER

Substitute the values for producers and available light into the key formula.

net productivity of organism
net productivity of previous trophic level x
_ 6300
~ 42000

=15%

100

Percentage efficiency =

x 100

Ecological pyramids

Ecological pyramids are another way to represent the amount of biomass, energy or  ecological pyramid a

individual organisms at a particular trophic level. They can represent a single food chain gzzfvc;ifhcg?g{:t?xhat
or an entire ecosystem. Figure 4.3.7 shows a food chain from a coastal scrub ecosystem in  proportions of biomass,

Queensland. Figure 4.3.8 shows this food chain as different types of ecological pyramids. numbers or energy at
each trophic level in an

ecosystem
o < H O © o
23K gE =
8o g 2
i3 g8 e
g 2 S 5
o O =
£ 3 >
3 2 £
h 3 H
§ a
Double-headed hawk Tawny frogmouth
——>  moth caterpillar ——— .
°rp . Podargus strigoides
Coequosa triangularis
FIGURE 4.3.7 A food chain for a Queensland coastal scrub ecosystem
. «l >
Biomass Number Energy %
Worksheet
Transfer and transformation
of energy

FIGURE 4.3.8 Ecological pyramids: the width of each level in a pyramid indicates the relative
biomass, number of individuals or amount of energy available in each trophic level. The bottom level
indicates producers, with each successive trophic level stacked on top.
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Pyramids of number
and biomass

A biomass pyramid shows the relationships between the amounts of autotrophic matter
and heterotrophic matter. These pyramids are almost always upright because biomass is lost
between trophic levels through waste and as CO,. Marine ecosystems are an exception because
the high reproduction rate of phytoplankton can support a larger mass of zooplankton.

A number pyramid shows the relative numbers of organisms in each trophic level. These
are usually upright when the producer species is small, such as grasses or aquatic plants, so
herbivores eat many individuals to survive. An exception is shown in Figure 4.3.8 where the
relatively large biomass of a producer species, like a tree or shrub, can support many herbivores.
In this case, one banksia shrub can support multiple caterpillars.

An energy pyramid shows the relative amount of energy stored at each trophic level.
These pyramids are always upright. Each trophic level will be around 10 per cent the size
of the previous level, representing the inefficiency of the energy transfer. A balanced and
healthy ecosystem must have a stable energy pyramid, with decreasing amounts of energy in
each successive trophic level.

LEARNING CHECK 4.3

APPLYING

1 Explain the difference between GPP and NPP.

2 Biomass pyramids are often constructed as part of the information-gathering
process used to inform ecosystem management strategies. Explain the benefits
and limitations of basing ecological decisions on a biomass pyramid.

3 Calculate the total energy lost to metabolism and wastes between TL1 and TL2
in Figure 4.3.5.

Calculate the percentage efficiency between TL2 and TL3 in Figure 4.3.5.

5 Calculate the percentage efficiency between the total energy originally available from
the Sun and the amount available to TL4 in Figure 4.3.5.

ANALYSING

6 Identify the relationship in the data by drawing a biomass pyramid showing the correct
scale of losses in an ecosystem with:

*  2kg m2of producers

* 6759 m2of primary consumers

* 1509 m2 of secondary consumers
« 759 m2of tertiary consumers.

Begin with producers as a bar 20 cm wide and take careful note of the units.

7 Ildentify the relationship in the data by drawing an energy flow diagram for an
ecosystem in which 400 000 kJ of light energy is brought into the system by producers
that are 13 per cent efficient. The primary consumers are 15 per cent efficient and
the secondary consumers are 18 per cent efficient. Heat lost by each trophic level is
10 per cent.
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Transfer and transformation of matter

CHAPTER

«  Important nutrients such as nitrogen, carbon and water can be cycled through systems SUMMARY
through the nitrogen, carbon and water cycle respectively.

The carbon cycle
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The water cycle

Condensation
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storage
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and
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Transfer and transformation of energy

«  Energy from the Sun is often transformed into other types of energy. For example, plants
convert light energy into chemical energy and organisms convert chemical energy into

heat energy.
«  Chemical energy is transferred from one organism to another; for example, through
consumption.

Showing energy flow

«  Food chains, food webs, ecological pyramids and energy flow diagrams show the
movement of energy through an ecosystem.

«  The transfer of energy is not 100 per cent efficient; only approximately 10 per cent of
energy is transferred from one level to the next.

Food chain

Sunlight Primary Secondary Tertiary Top
2 - consumer E consumer i consumer = carnivore

(not part of the food chain
of the community)
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MULTIPLE CHOICE

CHAPTER

EXAM 1. Producers can also be categorised as:
A autotrophs.

B chemotrophs.

C  heterotrophs.

D homotrophs.

2. In the nitrogen cycle, which form is nitrogen not found in?

A N
B N,
C NO;
D NH;

3. The process of photosynthesis transforms:
A chemical energy into light energy.
B chemical energy into heat energy.
C light energy into chemical energy.
D light energy into radiant energy.

4. A process that is part of the carbon cycle is:
A ammonification.
B  breathing.
C precipitation.
D respiration.

5. A process that is part of the nitrogen cycle is:
A ammonification.
B  breathing.
C respiration.
D precipitation.

6. A process that is part of the water cycle is:
A ammonification.
B  breathing.
C  precipitation.
D respiration.

Questions 7-9 relate to the following table of information.

An extract from a food web for a lake ecosystem in Western Australia

Organism Role/diet

Bulrush Producer

Coot Grass, algae, waterweed, bulrush

Gambusia (fish) Mosquito larvae, midge larvae, water fleas

Grass Producer

Motorbike frog Fish, lizards, insects, spiders

Purple swamp hen Grass, bulrush, waterweed, frogs

Swamp harriers Coots and other water birds, small mammals, reptiles, frogs, fish
Water flea Algae, water weed, bulrush, detritus
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7. Which of the following is a correct food chain?
A  Grass — motorbike frog — gambusia — cane toad
B  Grass — coot — purple swamp hen — motorbike frog
C  Bulrush — coot — swamp harrier — motorbike frog
D Bulrush — water flea — gambusia — motorbike frog

8. Which of these ecological pyramids is the best representation for three trophic levels of
this food web?

A Pyramid of energy

Pyramid of energy

Pyramid of biomass

Pyramid of biomass

Which is the highest trophic level evident in the data in the table?
A TL3

TL4

TL5

TL6

Ocean ecosystems are often less efficient at converting sunlight into chemical energy
because of the reduced light intensity below the water’s surface.

2000000 kJ 60000 kJ 6000 kJ 420 kJ 63 kJ

Odum, H.T. (1957) Tropic Structure and Productivity in the Silver Springs Community, Florida. Ecological Monographs, 27(1), pp. 55-112.

The efficiency of energy transfer from TL3 to TL4 in the food chain shown is:
3 per cent.
7 per cent.
10 per cent.
15 per cent.




SHORT RESPONSE

11. Explain how food webs form part of the carbon cycle, using examples from the food web
in Question 7 to support your explanation.

12. In general, humans rarely eat carnivores. Provide an ecological explanation for this
observation.

CROSS-CHAPTER QUESTION

13. Including a reference to the carbon cycle, explain how biomass production and species
diversity would change if another two species that eat bulrushes were introduced into the
food web shown in Question 7. Consider short-term and long-term effects.

DATA ANALYSIS

Questions 14 and 15 refer to the following information.

The following energy flow diagram is for a community in Silver Springs - a spring-fed stream
in Florida, USA. The Silver Springs community was the first study of trophic efficiency,
undertaken by ecologist H.T. Odum in 1957. The units used are kJ m~ year .

Total insolation: 7.1 x 108
Light absorbed by plants:
1.71 x 108

|

Trapped in glucose = 87 403
Producer biomass

Food
50303 14146

Primary consumer 22954
biomass

Food
7938 1609 | 4599 2031
<——— Immigrants who died

1328 Secondary 193 Detritus

Hea.t loss consumers > 10 500 . .
in Total emigration
cellular l 88
respiration
48 Tertiary 40 19320
_

consumers

Decomposers
19210 T

Odum, H. T. (1957) Trophic Structure and Productivity in the Silver Springs Community,
Florida. Ecological Monographs, 27(1), pp. 55-112.

14. Apply understanding

Calculate the efficiency of the primary consumers in this community.

15. Interpret evidence

Determine if heat losses equal the total energy brought into the system by producers.
Provide reasoning.
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Interactions
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SCIENCE UNDERSTANDING
+ Explain the following species interactions: predation, competition, mutualism,
SYLLABUS commensalism and parasitism.

DOT POINTS 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.

Explain how overexploitation, habitat destruction, monocultures and pollution affect
community structure and ecosystem functioning.
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SCIENCE INQUIRY

+ Investigate the competitive exclusion principle, e.g. by studying vertical zonation on
a tree.

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

Introduction

The Great Barrier Reef has the most marine diversity in the world with 450 types of hard
coral, more than 1500 types of fish and more than 6000 types of molluscs. It is also the
world’s largest coral reef ecosystem. Organisms within this reef ecosystem depend on
each other: fish species depend on corals for food, shelter and safety from predators, and
corals depend on the grazing by certain fishes for reproductive success. An understanding
of the relationships and interactions helps scientists assess and support community
structure and ecosystem functioning in all types of ecosystems.

Practical Worksheets
® Competitive exclusion ® Species interactions

® Ecosystem structure
and function

Y To access resources above, visit

& N elso n M | ndTa p cengage.com.au/nelsonmindtap

-
1
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Species interactions
and competition

predation a species
interaction in which one
species kills and eats
another

predator an organism
that kills and consumes
all or part of the body of
another organism

prey an organism that
is hunted by another
organism for food

ASSUMED KNOWLEDGE

v Organisms are classified as species.

v Transfer of energy and matter can be represented by food chains, food webs and
ecological pyramids.

v Data about organisms and their environment is collected through sampling.

v Different environments have biotic and abiotic factors that limit the survival of
organisms.

v The diversity of species can be described using species richness, species evenness and
Simpson'’s diversity index (SDI).

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v explain the role of each organism in the following relationships and whether they
are benefited, harmed or not affected: predation, competition, mutualism,
commensalism, parasitism
v describe an ecological niche by the habitat and role of the organism
v explain why two organisms cannot occupy the same niche because of
competitive exclusion
v explain the effect of removing an organism on community structure
v after analysing data in the form of food webs and/or population numbers:
- identify a keystone species as one whose removal has a larger effect than expected
on community structure or ecosystem function, and what the effect is

- explain whether the relationship between two organisms is predation, competition,
mutualism, commensalism or parasitism by referring to the relative benefit received,
harm caused or the organism being unaffected

v predict changes (e.g. population numbers, feeding relationships, symbiosis,
competition) that could occur in an ecosystem if an organism is removed

v explain how the diversity of a community (species richness, evenness and/or SDI) and
interactions change as a result of overexploitation, habitat destruction, monocultures
or pollution

v explain how the cycles of matter and/or energy change as a result of overexploitation,
habitat destruction, monocultures or pollution.

Species interactions

Predation, competition, symbiosis and parasitism are all species interactions that have
wide-ranging effects on their ecosystems. Understanding the relationships within and
between species can help improve understanding of how an ecosystem works and how it can
be classified.

Predation

One of the most common and overt interactions within an ecosystem is predation. In this
relationship, one organism feeds on another by consuming it. When considering animal
interactions, the predator typically hunts, kills and consumes the prey organism. Although
predators usually have a preferred prey species, it is unusual for a predator to depend solely
on one species. If one prey species becomes scarce, the predator can turn to others.
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The dynamic relationship that exists between predator and prey (Figure 5.1.1) is usually
balanced, but sometimes conditions can change and upset this balance. Under favourable
conditions, with increasing availability of prey, the number of predators can increase until
there are no longer enough prey to support the increased predator population. Then the
number of predators decreases, allowing the prey population to recover and increase again.
During a period of adverse conditions, the prey population can decrease. When this occurs,
there is increased competition within the predator population. Predators may decrease in
number or turn to alternative prey species, and the effect on them can be severe. Predator
populations generally remain far below that of the prey because they occupy a higher trophic
level in the food chain.
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FIGURE 5.1.1 Predator populations are always smaller than their total prey population to enable
sufficient energy transfer between trophic levels. A decrease in the availability of prey will result in
the starvation of the less effective predators.

Predation of any sort affects the prey population in an ecosystem. The broader definition
of predation focuses on consumption of an organism, which usually results in the death of
that organism. Therefore, predation can include more than just animals preying on other
animals, such as plants preying on animals (e.g. Venus flytrap and pitcher plant) and animals
preying on plants (herbivorous predation). For example, seed predators have a large effect on
the plant population and their distribution throughout an ecosystem. Seed predators only feed
on the seeds of plants (which are considered an entire organism), consuming them entirely
or causing the seeds to become unviable or damaged. An indirect effect of predation on the
biodiversity of an ecosystem is the release of nutrients into the soil from decomposing organic
matter, such as animal carcasses, left behind by predators, allowing for micro-organisms to
survive in the ecosystem.

Competition

Individuals compete because they require the same resources for survival, even if they have
different roles in an ecosystem. Competition is a common feature of all communities and can
occur directly (at the same time) or indirectly (e.g. a food source is consumed during the day, so
none is available for nocturnal animals). Intraspecific competition occurs between individuals
of the same species, whereas interspecific competition occurs between individuals of different
species (Figure 5.1.2).

&

Syllabus link
Chapter 4 discusses
food chains.

competition a species
interaction in which two
or more individuals, from
the same or different
species, compete for the
same resource in the
same area
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outcompeting native birds and mammals for access to tree hollows.
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Symbiosis: mutualism,
commensalism and
parasitism

symbiosis a relationship
between individuals of
two or more species

in which at least one
organism benefits from
the interaction

parasite an organism
that causes long-term
disease while leaving
the host alive, such as
protozoa and worms

host an organism that is
infected with a pathogen
or parasite
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Symbiosis

Symbiosis is the general term for the relationship in which at least one species benefits from the
interaction. The three main types are:

« parasitism: one species benefits at the expense of the other (+/-)

« mutualism: both species benefit from the interaction (+/+)

« commensalism: one species benefits and the other neither benefits nor is harmed (+/0).

Parasitism (+/-)

Parasitism occurs when an organism, the parasite, lives in (endoparasite) or on (ectoparasite)
another organism, the host, to consume nutrients. Unlike predation, parasites leave their
host alive, if unwell. The parasite benefits from the interaction by gaining nutrition and
a habitat. Hosts are harmed. Examples of endoparasites are worms, fungi and protozoa.
Ectoparasites include ticks and lice, and some plants and fungi. Hosts are usually plants
or animals. The host is the parasite’s habitat and a parasite must find a new host before the
existing one dies.

Mutualism (+/+)

Mutualism occurs when both species involved benefit from any interactions. This could include
‘goods’ or ‘services’ that they cannot produce themselves, such as nesting space, nutrition or
defence from predators.

Mpyrmecodia beccarii is an ant plant (a plant that provides nesting space to ants) native to
Australia’s mangroves and lowland forests near Cairns and northern Cape York. As it grows, its
tuber forms hollow chambers that ants, mainly Iridomyrmex cordatus, inhabit. This symbiotic
relationship benefits both: the plant offers shelter while the ants provide nutrients from their
food leftovers (Figure 5.1.3).

If the species are entirely dependent on each other, it is an example of obligate mutualism
(e.g. some species of moth and the flowering plant Boronia megastigma (Figure 5.1.4)).

Facultative mutualism occurs when the species benefit by their relationship but could
survive without each other; for example, plants that have many different pollinators.
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FIGURE 5.1.3 Myrmecodia beccarii provides FIGURE 5.1.4 An example of obligate
nesting space to ants, which form and occupy mutualism: research suggests only one species
chambers in an example of mutualism. of moth can pollinate Boronia megastigma.

Commensalism (+/0)

Commensalism is an association between two organisms where one benefits and the other is
unaffected, neither benefiting nor being harmed.

Gramastacus insolitus is a very small non-burrowing Australian freshwater crayfish
occurring almost exclusively in seasonal habitats throughout its range in Victoria. Research
suggests that G. insolitus are commensal on other crayfish species, using the burrows made by
larger crayfish species to survive the seasonal drying of their habitat.

19 )
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Austcray.com

Worksheet
Species interactions

FIGURE 5.1.5 Gramastacus insolitus is an example of a commensal organism.
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Keystone species

keystone species a plant
or an animal that plays

a unique and crucial role
in the way an ecosystem
functions

Keystone species help to maintain community structure (types and numbers of species
present) by occupying important roles in the ecosystem. They have a disproportionately large
influence over the stability and biodiversity of the whole community, including species they do
not directly interact with. A keystone species is not necessarily the most abundant species, or

the top-level predator, but their presence prevents any one species from monopolising space and

resources in the area.

The purple sea star (Pisaster ochraceus) is a natural predator of mussels in the intertidal zones
of Pacific Ocean seashores (Figure 5.1.6). When researcher Robert Paine removed purple sea

FIGURE 5.1.6 Purple sea stars (Pisaster ochraceus) are a
keystone species in intertidal rock pools, where they keep the
mussel numbers under control.

LEARNING CHECK 5.1

DESCRIBING

stars from this environment, the resident mussels were
no longer affected by predation and their population
expanded until they displaced species such as barnacles and
limpets. The diversity of species in the area decreased from
15-20 invertebrates and algae to fewer than five over a
period of 3years. When the purple sea stars were returned,
the mussels were again preyed on and the barnacles, limpets
and other species had space to return to.

In this community, the presence of the predator,
P. ochraceus, allows the stable coexistence of a large
number of species with the same requirements for food
and space. The purple sea star in this community is the
keystone species.

Other categories of species are foundation, umbrella,
flagship, indicator and invasive species. (These are
important classifications that help ecologists determine
ecosystem functions and services but are not stated
explicitly within the 2025 syllabus.)

1 Identify one example of competition within a species and one example of competition between two species.

2 Identify the characteristics of a keystone species.

3 Describe the role that purple sea stars play in their community.

APPLYING

4 Explain why predator and prey populations follow a predictable and repetitive cycle, as in Figure 5.1.1.

5 Explain the four species interactions.

ANALYSING

6 African acacia species are often plagued by beetle grubs that destroy their seeds and prevent them from
germinating by themselves. This would have dire consequences for the trees, if not for elephants. Many
animals, including elephants, feast on their fruits, but elephants don’t chew their food much so their dung
contains a lot of fibrous matter, including whole, beetle-free acacia seeds. On average, 90 per cent of acacia

seeds deposited in elephant dung germinate.

Identify the relationships between acacia trees, beetles and elephants.
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Ecological niche

The organisms that inhabit an ecosystem survive because of the particular set of biotic
and abiotic factors present. The way in which species function and their role within their
environment (e.g. when they feed, what they feed on, where they live and when they reproduce)
is known as an ecological niche. To place this concept into context, Eugene Odum (1913-2002)
a US biologist at the University of Georgia, made the analogy that if the species’ habitat was its
home address, then its ecological niche was the combination of its profession and its location.
If two species attempt to occupy the same niche (i.e. practise the same profession in the same
location), one will eventually out-compete the other until only one remains. Narrow niches,
where the role and location of a species is very specialised, are good for biodiversity because they
allow the time, space and resources to support a larger number of species in the community.

The niche of the short-beaked echidna (Tachyglossus aculeatus) includes being mainly
nocturnal, ground dwelling and feeding on ants, termites and other insects. Echidnas burrow in
soil, hide under vegetation and shelter in hollow logs and rock crevices. Their role is ‘ecosystem
engineers”: studies show that they spend up to 12 per cent of their time digging. Echidnas
move up to 200 m* of soil each year, reducing compaction, improving soil mixing and water
penetration, incorporating leaf litter and other organic matter into the soil, and reducing run-off
and erosion. Echidnas are one of the remaining mammals that perform this function; therefore,
they have one of the widest niches and distributions of any native Australian mammal.

The common wombat (Vombatus ursinus) is another solitary native Australian species
whose burrowing actions improve soil health by bringing important nutrients to the surface
and mixing organic matter and seeds through soil. At dusk, wombats leave burrows to graze
on grasses and roots, often travelling kilometres looking for food. They play an important role
in the ecosystem of their habitat by grazing and displacing the soil, thus enhancing the plant
growth in the area. Despite these role similarities, their diets allow them to occupy a different
niche from that of echidnas.

i A

FIGURE 5.2.1 (a) Echidna and (b) wombat distributions often overlap. However, although they have
similar digging roles, they occupy different niches, particularly for diet.

Competitive exclusion principle

An organism’s fundamental niche is defined as the widest potential niche that they could occupy
in ideal conditions, including locations that have the necessary abiotic factors for survival and
all possible roles. In reality, predation, competition and disease reduce the location and roles an
organism actually occupies. This narrower set of interactions and locations is called the realised niche.

Competitive exclusion is one of the main reasons for the difference between fundamental
and realised niches.

jindrich_pavelka/Shutterstock.com

ecological niche the

role and space that

an organism fills in an
ecosystem, including all
its interactions with the
biotic and abiotic factors
of its environment

fundamental niche

the widest potential
niche that a species
could occupy without
competitors, predators or
parasites

realised niche the actual
niche that a species
occupies, given the
restrictions placed on it
by interactions with other
species
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competitive exclusion
principle a key ecological
principle that states

that no two species can
occupy exactly the same

niche in an ecosystem

resource partitioning the
creative use of space
and time that reduces
competition between
species and allows many

unique ecological niches . . . - . .
to eqxist in thegsame area reintroduced and the mussels were forced back into their original realised niche.
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Ways to reduce competition include resource partitioning where organisms differ in
their use of space and even the timing of their activities. For example, different forest birds feed
on the same trees at different heights above the ground (Figure 5.2.2), and some animals feed

at night while others feed during the day.

Spine-tailed swift

Canopy

Leaden
flycatcher

Striated A
. thornbill J—

White-throated
treecreeper

Rufous
fantail

Ground

FIGURE 5.2.2 Resource partitioning reduces feeding competition between these bird species,
which would otherwise occupy the same ecological niche in an eastern Australian eucalypt forest.
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The competitive exclusion principle states that no two species can occupy exactly the same
niche in an ecosystem. If two species have overlapping fundamental niches, they will compete
with each other in the overlapping areas until one out-competes the other and the other retreats.

In the intertidal zones discussed earlier, the purple sea stars (P. ochraceus) preyed on
the mussel population. When the sea stars were removed, the mussel population was no
longer restricted to this narrow realised niche and expanded into more of their fundamental
niche, which overlapped with neighbouring populations of barnacles and limpets. This
overlap triggered the competitive exclusion principle and biodiversity plummeted as the
mussels outcompeted the other species. The ecosystem re-estabilised after the sea stars were



Ken Griffiths/Shutterstock.com

Even with resource partitioning, some species do not occupy their fundamental niche
because the limitations that competition, predation, disease and symbiosis place on a
species force it to compromise on its fundamental niche, resulting in the much narrower
realised niche.

For example, the abiotic factors suitable for the laughing kookaburra (Dacelo
novaeguineae) extend virtually all the way down the eastern coast of Australia, from Cape
York Peninsula in Far North Queensland to the eastern Eyre Peninsula in South Australia,
and Tasmania. However, the species is not distributed evenly in Australia because successful
competitors, such as the blue-winged kookaburra (Dacelo leachii), occupy this niche in
central northern and north-western Australia (Figure 5.2.3).

Vaclav Matous/Shutterstock.com
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FIGURE 5.2.3 The (a) laughing kookaburra (Dacelo novaeguineae) and (b) blue-winged kookaburra
(Dacelo leachii) have similar fundamental niches.

PRACTICAL ACTIVITY 5.21

COMPETITIVE EXCLUSION

Introduction

One form of competitive exclusion in plants is allelopathy, in which chemicals produced by plants affect the growth
and distribution of other plants. In Australia, allelopathy is seen in Casuarina species, as evidenced by the lack of
understorey species that grow under a Casuarina.

Research question
Does the presence of alfalfa extract prevent the germination of radish seeds and mung beans?

Materials

+ 5g alfalfa shoots + marker pen

+ 20radish seeds +  50mL flask

* 20 mung beans * 4 petridishes

* 50 mL distilled water * pipette

* 150 mL beaker « filter paper or cotton wool

+ Parafilm or plastic wrap » cheesecloth or absorbent kitchen cloth
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& What are the risks in doing this experiment? How can you manage these risks to stay safe?

RISK
ASIESSMENT Seeds may be poisonous. Do not consume seeds.
Environmental — seeds are not in their natural Ensure that seeds are disposed of correctly and
environment. not introduced into the local environment.
Procedure

Part A: Alfalfa-leaf extract preparation
1 Cut 59 of alfalfa shoots into smaller pieces. Place them into the 150 mL beaker.
2 Add 25 mL of distilled water.

3 Press the shoots down so they are completely submerged, and cover the beaker with Parafilm or plastic wrap to
prevent evaporation.

4 Let the alfalfa shoot ‘tea’ steep for 2 days in a cool place. If room temperature is above 22°C, place the ‘tea’in a
refrigerator.

5 Pour the alfalfa-leaf extract through several layers of cheesecloth or kitchen cloth to remove any suspended
matter, and collect the liquid in a 50 mL flask. This extract will be used to treat the seeds.

6 Label the tea ‘Alfalfa-leaf extract’ (the extract can be stored at 4°C in a refrigerator for a few days).

Part B: Testing germination

7 Label two petri dishes for each seed species — one control and one treatment — with petri dish number,
treatment or control, target species, date and your group initials.

8 Line each petri dish with three sheets of filter paper or cotton wool.
9 Add 5mL of distilled water to each of the control dishes with a 5mL disposable pipette or syringe.
10 Add 5mL of leaf extract to each of the treatment dishes with a 5 mL disposable pipette or syringe.

11 Place 10 radish seeds in each of the control petri dish and the treatment petri dish. Spread the seeds evenly in
the dish. Cover with the lid.

12 Repeat step 11 with the mung beans.
13 Place all the petri dishes in a warm dark place (remember seeds germinate under soil).

14 Check the petri dishes the following day for evidence of germination or sprouting. Record these observations
as Day 1.

15 On Days 2 and 3, record the number of germinated seeds and descriptions of each seedling’s appearance in
each dish.

16 Dispose of the petri dish contents appropriately — compost if possible.

Results

Group results

Number of seeds germinated

Radish

Mung bean
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Class total

Number of seeds germinated

Radish ‘ ‘
Mung bean ‘ ‘

Analysis of results

1 Construct a graph to show the number of seeds germinated for each species over 3 days.
2 Identify a trend in the data.

3 Identify a pattern in the data.

4 Calculate the standard deviation or uncertainty of the mean for each seed for Day 3.

Interpretation

5 Explain whether this data provides evidence for competitive exclusion in the form of allelopathy.

Evaluation

6 Discuss the reliability of this data, with reference to the standard deviation or uncertainty of the mean.
7 Discuss the validity of this data.

LEARNING CHECK 5.2

DESCRIBING

1 Describe the difference between a fundamental niche and a realised niche.

2 Northern quolls (Dasyurus hallucatus) are nocturnal insectivorous marsupials
who occasionally feed on figs and small vertebrates such as lizards and frogs and
scavenge on road-kill. Their current range is restricted to small pockets of the northern
Australian coastline from Queensland to Western Australia.

Feral cat N Dingo

I

Northern quoll

[ X7 N

weebly.com/endangered-species.html

Based on Kakadu National Park, http://kakadunatpak.

Insects — > Small bird Cockatoo
Fleshy fruit Spear grass Pandanus

FIGURE 5.2.4 A food web showing interactions involving northern quolls
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Identify an animal that would:

a competitively exclude this species

b compete with this species in some aspects, but would probably not competitively
exclude them.

APPLYING

3 Explain why ecologists are so concerned about the impact of feral cats on the
continued existence of many Australian native animals and birds.

4 Explain how resource partitioning allows more species to inhabit the same area than
would otherwise be possible.

INTERPRETING

5 The competitive exclusion principle applies to smaller communities. The channel-
billed cuckoo (Scythrops novaehollandiae) lives along the northern coast of Australia
and is a brood parasite for currawongs, butcherbirds and magpies. Brood parasites do
not raise their offspring; instead, they lay their eggs in the nests of other species, who
unwittingly raise the intruding chicks.

Predict and explain the expected differences in the magpie population between two
areas, one with and one without channel-billed cuckoos.

Analysing ecological data

Analysing data plays an important role in being able to understand more about different eco-
systems. Consider the data for the Daintree Rainforest in Figures 5.3.1 and 5.3.2 and Table 5.3.1.

Amethystine Dindo
python 9
N
Black Whistling
butcherbird kite Rufous owl
N N N
Pied monarch Australian Northern brown Southern
71 water dragon bandicoot cassowary
N P N
12 000 insect Rainbow Bennett's tree
species \K kangaroo
Eucalvots Old umbrella Cerbera 41 fruiting
P tree plum tree species

FIGURE 5.3.1 Ecological data for the Daintree Rainforest. The Daintree lowland rainforest in Far
North Queensland has an ecosystem too complex to fit in a single food web. Simplified food webs,
such as this one, include many of the important components.
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Cassowary and feral pig sightings in 2020
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FIGURE 5.3.2 Graphs showing sightings of cassowaries and feral pigs in the Daintree Rainforest area
in 2020 and 2023. The feral pig is an introduced species that arrived in 1788, and is believed to have been

well established in the Daintree area by the 1930s. Feral pigs are omnivores and have been observed eating
cassowary eggs and chicks. Cassowaries have a diet consisting mainly of fruits and berries.

TABLE 5.3.1 Ecological profile of the Daintree Rainforest

Profile component Comments

Access to shelter The vast majority of the rainforest consists of long-lived fruiting
trees and vines. These provide permanent shelter sites for almost
all resident animal and insect species.

Access to water and light | The rainforest receives regular copious rainfall and features a
wide network of rivers and streams. The closed canopy limits the
amount of light, but not rain, to the forest floor.

Source of soil A healthy range of fungi, bacteria and detritivores thrive in the
thick damp layer of fallen leaves and fruits, which are processed
into fertile soil.

The analysis on the following pages is based on the data in Figures 5.3.1 and 5.3.2 and
Table 5.3.1.
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Identifying keystone species

In the food web in Figure 5.3.1, the southern cassowary interacts with 41 fruiting tree species.
This suggests that the southern cassowary plays an important role in distributing the seeds
for these trees, as no other animal can do this. Table 5.3.1 states that the fruiting trees provide
shelter for resident animals. If seeds for these species are not dispersed by the southern
cassowary, then new saplings are unlikely to grow to replace any lost trees. Therefore, the
southern cassowary is most likely a keystone species because all the other species that are
dependent on the trees for shelter are affected if the cassowary is unable to disperse seeds.

Inferring species interactions

Data can help to infer species interactions such as predation, competition, mutualism,
commensalism and parasitism.

Predation

Figure 5.3.1 shows feeding relationships. This makes it easy to identify examples of predation.
Three examples are:

« dingo (predator) — northern brown bandicoot (prey)

« Australian water dragon (predator) - rainbow lorikeet (prey)

« rufous owl (predator) — Bennett’s tree kangaroo (prey).

The population graphs in Figure 5.3.2 also suggest predation. Looking at the sighting
numbers, it can be seen that high sightings of feral pigs, such as during September in 2023, are
associated with low sightings of cassowaries in the same period. This could indicate that the
feral pig is a predator and the cassowary is prey. Information in Figure 5.3.2 also states that
feral pigs have been observed eating cassowary eggs and chicks, further supporting predation.

Competition

Figure 5.3.1 shows organisms that feed on the same food source. If the food source is an animal,
then they are competitors. If they are both feeding on a plant, they may occupy different niches
(e.g. feeding on leaves rather than feeding on fruit) and this distinction is not evident in this
food web; thus they may not be competing. Three examples of competition are:
« whistling kite and black butcher bird competing for the pied monarch
 rufous owl and amethystine python competing for the Bennett’s tree kangaroo
« rufous owl and dingo competing for the northern brown bandicoot

The population graphs in Figure 5.3.2 may also suggest competition. The high numbers of
feral pigs associated with low numbers of cassowaries could indicate that feral pigs are more
effective competitors for a particular resource than cassowaries. Information in Figure 5.3.2
also states that feral pigs are omnivores, which may also include fruit that are preferred by the
cassowary, further supporting competition.

Mutualism

None of the data provided gives a clear indication of a mutualistic relationship. It would be
reasonable to infer a mutualistic relationship between some of the 12 000 species of insects and
eucalypts where the insects act as pollinators and the insects receive food and or shelter.

Commensalism

None of the data provided gives a clear indication of commensalism. It would be reasonable to
infer a commensal relationship between Bennett’s tree kangaroos and old umbrella trees where
the tree kangaroo receives food but neither helps nor harms the umbrella tree.
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Parasitism

None of the data provided shows a parasitic relationship.

Predicting the outcomes of removing
species from an ecosystem

Removal of a predator

Removing the amethystine python takes away the only predator of the black butcher bird and one
of the predators for the Bennett’s tree kangaroo, rainbow lorikeet, pied monarch and rainbow
lorikeet. This means that the whistling kite and the black butcher bird should have more food
(pied monarch) available. Because the black butcher bird is no longer eaten by any organism,
the black butcher bird numbers should initially increase significantly. Whistling kite numbers
should also increase, due to more food being available (pied monarch and rainbow lorikeet). In
the longer term, the numbers of these predators may decrease if they eat the prey species faster
than the prey species can reproduce. An increased number of Bennett’s tree kangaroos may lead
to an increase in rufous owl numbers.

Removal of a feral species

The sightings data (Figure 5.3.2) suggests that the feral pig is a predator and/or competitor of
the southern cassowary. Removal of the feral pigs should allow the population of cassowaries
to increase. This means they will be able to interact with more of the 41 fruit-bearing species of
trees, distributing seeds and contributing to the stability of the ecosystem.

Removal of a producer

The food web shows that 12000 species of insects depend on eucalypts for food. These insects
are not shown to interact with any other producers, so the removal of eucalypts would cause
this population to crash. The populations of the four species in trophic level 3 (TL3) that feed on
these insects would also probably decrease, especially that of the pied monarch that has no other
identified food source. Reduced populations or loss of these TL3 species would then affect other
trophic levels as higher trophic levels would have fewer food sources (increasing competition)
and lower trophic levels would have fewer predators/consumers, meaning their populations
would increase, also leading to increased competition.

LEARNING CHECK 5.3

APPLYING

1 Explain why narrow niches are good for biodiversity.
2 Explain why the dominant species is not necessarily the keystone species.

INTERPRETING

3 Many ecologists think that keystone species should be central to the efforts to amplify
biodiversity. Others speculate that this process could be detrimental to species
that are not considered key to biodiversity, and yet are indicators of habitat health
(indicator species). Using information from section 5.3, provide a justified decision on
whether conservation strategies should be based on keystone species.
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4 Look at the data in the 2024 graph (Figure 5.3.3) for cassowary and feral pig
sightings. Draw a conclusion as to whether this data continues to support predation,
competition or another type of interaction between cassowaries and feral pigs.
Refer to Figure 5.3.2 in your response.

Cassowary and feral pig sightings in 2024
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200 1 Feral pigs

200 Cassowaries
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FIGURE 5.3.3 Sightings of cassowaries and feral pigs in the Daintree Rainforest area in 2024

m Effects on community structure
and ecosystem functioning

Community structure is described by biotic components, such as species richness and
evenness, and influenced by species’ interactions. Ecosystem function reflects the cycling
of matter and energy through living and non-living systems. When considering the abiotic
components as well as the community and biotic interactions, it is possible to measure
ecosystem function. Ecosystem function is usually measured by determining standing
biomass or change in biomass because it is often difficult to directly measure productivity.

In Australia, introduced species, particularly the feral cat (Felis catus) and European red fox
(Vulpes vulpes), have caused the loss of 64 native species over the last 200 years.

However, many factors affect community structure and ecosystem functioning, including
overexploitation, habitat destruction, monoculture and pollution, which represent four of the
most urgent impacts in Australia.

Overexploitation

Overexploitation is the unsustainable use of natural resources through hunting, logging, fishing
and the gathering of plants, removing these organisms faster than they can be replaced.

In 2016, researchers at the University of Queensland studied 8688 of the world’s most-
threatened and near-threatened species and analysed the risks. Overexploitation was found
to threaten more than 70 per cent of the species assessed. For example, the Australian
Leadbeater’s possum (Gymnobelideus leadbeateri) is critically endangered, being affected by the
unsustainable harvesting of mountain ash (Eucalyptus regnans) forest. This shows that
significant reduction of the population of one species (mountain ash) can have a big impact on
species that are not being directly exploited (Leadbeater’s possum). Species endangerment does
not immediately affect species richness. However, species evenness is significantly reduced.
This, in turn, affects food webs and the cycling of matter and energy.
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Habitat destruction

Both species richness and species evenness are reduced by habitat destruction, with the clearance
of native vegetation a significant threat to community structure. Some studies in Australia have
shown habitat loss as the number one threat to the environment. Since the mid to late 1700s,
deforestation has occurred to clear land for crops and grazing, with various sources stating about
40 per cent of forests have been cleared.

The pattern of native vegetation loss shown in Figure 5.4.1 reflects that of changed land
use. The greatest reductions in native vegetation have been in eastern, south-eastern and south-
western Australia, where post-1750 urban and agricultural land use has been the most widespread
because of the higher fertility soils. Further damage is due to introduced hard-hooved livestock
animals compacting the soil when they graze, unlike soft-footed native animals. Compacted soil
leads to invasive, shallow-rooted grasses outcompeting deep-rooted native grasses. Combined
with reduced tree cover, this causes the topsoil to become more exposed and easily lost.

Vegetation remaining (%)

[180-100
[C170-90
1 50-70
I 40-50
Il 0-40

Figure 4 Human footprint map for Australia, 2013, Australia State of the
Environment 2021. https://soe.dcceew.gov.au/land/graphs-maps-and-tables

¥
FIGURE 5.4.1 Percentage of Australian native vegetation remaining since 1750.

Clearing native vegetation means habitats that were once continuous become fragmented,
isolated from each other by urban settlements, cropland and pasture in a process known as
habitat fragmentation. Small fragments can support only small populations of fauna and
flora that are more vulnerable to extinction. They do not support species that require large
home ranges to obtain resources and locate mates. For example, northern hairy-nosed wombat
populations are restricted to two locations in Queensland as their preferred environment of
eucalypt forests were predominantly cleared for farming in the 19th and 20th centuries. Clearing
land of natural vegetation changes the way matter and energy can be cycled through food webs
and often paves the way for invasive species to take hold under the changed environmental
conditions at the expense of native species.

Monocultures

A biologically diverse ecosystem, such as an old-growth forest or a tropical rainforest, is healthy,
complex and stable. However, modern agricultural practices often use low numbers of crop or
livestock species, reducing species richness (Figure 5.4.2). This type of farming, resulting in a
monoculture, often requires the extensive use of fertilisers, pesticides and herbicides to reduce
the natural tendency of the community to diversify, and to attempt to replace broken nutrient
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FIGURE 5.4.2 A pine plantation is an example of a monoculture.

cycles, such as nitrogen. Another disadvantage of this practice is the fast spread of disease through
communities with low species richness and susceptibility to changing environmental conditions.
Aquaculture (an aquatic monoculture) can be used to produce a single species at one location,
including fish, molluscs, crustaceans and aquatic plants. The escape of exotic species and control
of predatory species are also areas of concern in this type of farming.

Maintaining high productivity over time is unlikely to be sustainable in the face of
disturbance, disease, soil erosion and overuse of natural resources (e.g. water). Other significant
problems associated with replacing natural vegetation with crops is salinity as a result of
irrigation requirements. Although farm dams and irrigation channels can become important
local sites of biodiversity, irrigation contributes significantly to increasing groundwater. This
raises the water table, often high in salt content, to the surface (Figure 5.4.3). Initially, this can

Jo Hanley/Alamy Stock Photo

L RS~ PR S B
FIGURE 5.4.3 Salination of land. Dryland salinity caused by a combination of land clearing and
irrigation practices can reduce biodiversity and devastate ecosystems.
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cause waterlogging and then, depending on evaporation and the degree of surface flushing,
salination (increased salt concentration). Even if the surface is flushed regularly by rain or
other water sources, it inevitably ends up in a stream.

Past land clearance practices, the move to shallow-rooted pastoral grasses and the overuse
of fertilisers that have affected soil organisms have also placed enormous pressures on the
structure of the soil and the ability of the land to hold its topsoil. If pest outbreaks occur,
beneficial populations of insects are missing, and if favourable weather conditions happen
simultaneously, the effect on the crop can be catastrophic.

Pollution

Pollution is the introduction of harmful materials, called pollutants, into the environment.
Pollutants damage air, water and land quality. Activities causing pollution may be the result of
natural activity (e.g. volcanic activity) or human activity.

Human-induced atmospheric pollution results from burning of fossil fuels, heavy industry,
wood-fired heaters and traffic emissions as well as dust storms and bushfire smoke. Greenhouse
gases emitted are measured as CO, equivalents, which are calculated from the atmospheric
concentrations of CO,, methane, nitrous oxide and other synthetic greenhouse gases. According
to the Department of Climate Change, Energy, Environment and Water, Australia released
446.4 million tonnes of CO, equivalent in 2024.

Water pollution is also an issue. Australia’s shoreline and aquatic ecosystems are affected
annually by agricultural run-off estimated to contain about 19000 tonnes of phosphorus and
141000 tonnes of nitrogen resulting from intensive farming practices, both agricultural and
aquaculture. Organic material also builds up under fish farms, causing changes to water quality
and sediment conditions. Water pollution is also considered to be one of the highest risks to the
Great Barrier Reef, affecting critical habitats for dugongs, turtles, corals and fish.

Waste discarded by Australian households also contributes to pollution in landfill, including
cigarette butts, food waste, single-use plastics, unwanted household items for demolition and
hazardous waste. Poorly managed rubbish dumps leak waste and contribute to reducing water
quality and the transmission of disease. On average, 100 kg of plastic waste is produced each
year per person. Only 13 per cent of this plastic is recycled, while the rest eventually leaks
into aquatic environments, where it can kill wildlife through ingestion, bioaccumulation and
reduced soil quality. Tiny plastic particles, such as microbeads, cannot be collected or treated
once generated because they are too small for current filtration systems. Microbead pollution
is increasingly problematic because the beads accumulate in all organisms in the food web and
leach toxic chemicals directly into body tissues.

LEARNING CHECK 5.4

DESCRIBING

1 Identify one consequence each for air, water and land pollution.
2 Describe the effect of habitat destruction on populations.

APPLYING

3 Explain how monocultures affect community structure.
4 Explain how overexploitation affects ecosystem functioning.

waterlogging what

happens to plants when
the water table rises into

the root zone; results

in anaerobic conditions

that may kill some

plants; may also increase
salinity levels in the soil

salination increased salt

concentration

pollution the introduction
of harmful materials into

the environment
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CHAPTER Interactions between species

SUMMARY - Different species in an ecosystem have different relationships with each other, including:
- predation (feeding relationships)

- competition

- mutualism (+/+)

- parasitism (+/-)

- commensalism. (+/0)

Ecological niches

«  Each species plays an important role in the ecosystem, also known as the
ecological niche.

«  No two species can occupy the same niche. An overlap results in competition.

«  Reducing competition in the niche improves biodiversity, which could involve resource
partitioning.

Analysing ecological data

«  Analysing food webs, population data and ecological profiles can help us understand the
state of the ecosystem.

Communities and ecosystem functioning

«  Communities include the populations of different organisms and their interactions.

«  Factors affecting ecosystem functioning include:
- exploitation of resources
- destruction of habitats
- reducing species diversity (e.g. monocultures)
- pollution.

120 NELSON QCE BIOLOGY UNITS 3 &4 9780170483384



MULTIPLE CHOICE CHAPTER
1. Which of the following is an example of predation? EXAM
A A wombat drinking water
B A tapeworm in intestines
C  Aferal cat eating a bilby
D A bird feeding on nectar

2. An example of symbiosis is:
A competition.
B commensalism.
C predation.
D  succession.

Questions 3-7 relate to the following food web from the Daintree Rainforest.

3. Which pair of organisms are competitors?
A Batanddingo
B Cassowary and marsupial
C Batand bird (green)
D Kookaburra and berry
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4. Which pair of organisms are in the same trophic level?
A Batand dingo
B Cassowary and marsupial
C Batand bird (green)
D Kookaburra and berry

5. Which organism is a carnivorous predator?
A Berry
B  Bird (green)
C Cassowary

D Dingo
6. Which organism is least likely to compete with the owl?
A Berry
B Cassowary
C Dingo

D Crocodile

7. Which of the following shows an accurate food chain from this food web that includes the
green bird occupying trophic level 2?7
A Berry — cassowary — dingo
B  Fern — butterfly — bat — owl
C Fern — green bird — crocodile
D Fern — butterfly — green bird — owl

8. Aniche is the:
A role that an organism fills in an ecosystem.
B  space that an organism fills in an ecosystem.
C role that an organism fills in an ecosystem, including all its interactions with the
biotic and abiotic factors of its environment.
D role and space that an organism fills in an ecosystem, including all its interactions
with the biotic and abiotic factors of its environment.

9. A crop made up of only one species of wheat is an example of:
A habitat destruction.
B  monoculture.
C overexploitation.
D pollution.

10. When removing one species from an ecosystem leads to a rapid decrease in biodiversity in
a short time period, that species is probably:

a competitor.

an endangered species.

a keystone species.

a niche species.

gawp
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SHORT RESPONSE

11. US ecologist Joseph Connell conducted an experiment to determine the fundamental and
realised niches of two species of barnacle, Balanus balanoides and Chthamalus stellatus.
The two barnacles inhabited the same rock face, but C. stellatus lived on higher rocks and
B. balanoides lived on the lower rocks. During his experiment, Connell discovered that
B. balanoides could only live on the lower rocks because exposure to air during low tide
caused the barnacle to dry out and die (known as desiccation). When B. balanoides was
removed from the rock, C. stellatus could inhabit the entire area.

Explain, with a diagram, both the realised and fundamental niches of B. balanoides and

C. stellatus.
12.

In 1934, Russian ecologist, G.F. Gause completed an experiment on Paramecium aurelia

and Paramecium caudatum, two closely related species of protists. The following graphs

summarise Gause’s findings.

Paramecium aurelia grown separately
N

AN

Population densities

AN

Population densities

Paramecium caudatum grown separately
N

AN
7

Time (days)

N
7

Time (days)

Both species grown together

AN
7

Population densities

P. caudatum.

When grown together,
P. aurelia outcompetes

Time (days)

Explain how the data shown in the graphs provides evidence for competitive exclusion.

CROSS-CHAPTER QUESTION

13.

including urbanisation and deforestation. Use an example to explain how
population fragmentation is detrimental to the genetic diversity of a species and

their continued existence.

DATA ANALYSIS

Populations become separated and fragmented because of a number of factors,

Questions 14 and 15 refer to the following information.

The diagram on page 126 shows a food chain for an aquatic community. The abundance of
each species is shown over time in graphs a-c.

14. Analyse evidence

Identify a relationship between kelp and sea urchins shown in the data in graphs b and c.

15. Interpret evidence

Predict which of the four species in the food chain is most likely to be the keystone

species. Provide reasons.

9780170483384
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CHAPTER

6 Succession

SCIENCE UNDERSTANDING
Describe the process of ecological succession.
SYLLABUS T ’ .
Distinguish between primary and secondary succession.
DOT POINTS

Identify the features of pioneer species that make them effective colonisers.

Explain successional changes, with reference to species interactions, abiotic factors,
K- and r-selected species, biodiversity and biomass.

Interpret ecological data to compare ecosystems across spatial and temporal scales.
Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Introduction

Ecosystems are dynamic, with daily and seasonal changes in abiotic factors associated
with variation in number and types of species present. Disturbances occur regularly in
ecosystems and can be on a small scale (e.g. a tree falling over) or a large scale

(e.g. a bushfire). The changing mix of species and habitat in an area is known as an
ecological succession.

Worksheets
® Succession 1
® Succession 2

To access resources above, visit

:“: Nelson Mdeap cengage.com.au/nelsonmindtap




succession the
progressive change of
communities over time

primary succession the
process of a community
developing in a

barren place

nudation the
development of bare
sites with no organisms
inhabiting them
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ASSUMED KNOWLEDGE

v There are many abiotic and biotic factors in an ecosystem that can be observed
and measured.

v A community is an association of two or more populations of different species
occupying the same space at the same time.

v A habitat is the resources present to support the survival of a community or an
individual species.

v Different types of species interactions have positive, neutral or negative outcomes.

v Reproductive strategies used by species fit on a spectrum from K- selected to r-selected.

v Biodiversity is the full range of organisms living in a defined area and can be described
by the range of species present.

v Biomass is a measure of the total mass of living matter in an ecosystem.

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v state the steps or stages involved in an ecological succession
v identify the stage by looking at species type and species diversity
v state the differences between a primary succession and a secondary succession
v explain how each stage has a different combination of:
— species interactions
— abiotic factors
- K-and r-selected species
- biodiversity
- biomass
v identify similarities and differences between ecosystems at different times
(temporal scale)
v identify similarities and differences between ecosystems at different locations
(spatial scale).

Ecological succession

Change is a natural feature of dynamic ecosystems and occurs on different scales. When a tree
falls in a forest or wombats dig, small-scale disturbances occur. On a slightly larger scale, one
set of living things can change the environment in such a way that conditions no longer suit
them but do suit a different set of living things. Large-scale catastrophic events, such as volcanic
eruptions, may completely remove an existing ecosystem. Communities change in structure
over time, with one community being replaced (or ‘succeeded’) by the next in a serial process
known as succession.

Primary succession

Primary succession is a series of changes that occur in an area that has not previously been
colonised (Figure 6.1.1). Catastrophic events such as volcanic eruptions, cyclones, earthquakes
and tsunamis can cause the formation of bare sites with no soil or organisms inhabiting them in
a process called nudation.
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FIGURE 6.1.1

About 190000years ago, in the Cainozoic era, Undara in north Queensland was an active shield volcano.

A massive eruption occurred and lava flowed more than 90 km to the north and 160 km to the north-west from Undara.
Over the years, the surface developed into a dry woodland, and the ceilings of the lava tubes have collapsed in many

places, allowing vegetation to flourish in the damp interiors, both examples of primary succession.

Pioneer species begin to colonise the area in the first stage of a primary succession.
The early colonising pioneer autotrophs are hardy enough that they can live under extreme
conditions. They are able to grow in poor soils with low nutrient levels but in high light
levels and variable temperatures and, as they grow, they fix nitrogen into the soil. Pioneer
species are normally small and photosynthetic, fast-growing and typical of r-selected species,
with attributes such as rapid growth and reproduction (sexual or asexual), large numbers
of offspring and effective spore or seed dispersal. The seeds or spores are usually adapted
to low moisture environments, allowing them to lie dormant for long periods. Although
there is an initial rapid increase in population for these species showing exponential growth
(J-curve), their populations drop just as rapidly when new species move in because of the
changed conditions.

A key outcome of colonisation is the development of soil. The type of pioneer species
depends on the environmental factors in the habitat, such as whether it is coastal sand dunes,
rock appearing after glacial retreat or newly formed islands rising from the sea as a result
of volcanic activity. Autotrophic organisms such as lichens and algae are usually the first
to become established in harsh, bare surroundings. Acids secreted by the lichens attack the
rocky surface in the process of weathering, allowing windblown dust particles to settle in the
cracks. Decomposition of lichens also contributes to the formation of a thin layer of soil.

The shallow soil makes it possible for mosses to become established. When they die,
they add nutrients to the soil. Over time, there is enough soil for grasses, then ferns and/
or shrubby herbaceous plants to become established; they grow upwards and outwards,
shading those below, their roots speeding up the process of weathering. In this way,
succession moves through a series of transitional stages or seres, shown as stages 2-5 in
Figure 6.1.2.

With the establishment of producer organisms (autotrophs), small herbivores such as
insects have food and shelter, and they become the next link in the food chains. A new
community structure forms at each stage, colonised by immigrants from the surrounding
areas. Immigrating organisms survive and stay only if they can occupy a niche that provides
the resources they need.

9780170483384

pioneer species an
organism capable of
invading bare sites
and surviving

seres transitional
stages that are part
of a succession
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Climax community

The end of succession is marked by a climax com-
munity. The old-growth forests of the Daintree
Rainforest in north Queensland (Figure 6.1.3)
and the temperate rainforest pockets scattered
throughout the east coast of Australia are examples
of climax communities. Such communities remain
in relative equilibrium, with limited changes in
biotic or abiotic factors until a disturbance restarts
the succession process.

Secondary succession

Not all successions remain at or even reach a
climax community. A combination of factors
such as fire, extreme weather and selective
grazing by herbivores helps to create conditions

9780170483384



that allow intermediate stages to persist. Human intervention by logging and land clearing
for agriculture also changes the likelihood of a climax community developing. These
disruptions alter the cycling of matter and the flow of energy, but do not remove all the
organic matter as would occur for a primary succession. Organisms can recolonise recently
disturbed communities through secondary succession, although the number and kinds of
organisms present may be different from the original ecosystem (Figure 6.1.4).

Primary succession
Up to 1000 years

Disturbance

Secondary succession
20-100 years

Barren
landscape

Pioneer
species

A4

Climax
community

Intermediate
community

e.g. fire, flood,
drought, storm

Climax
community

Intermediate
community

FIGURE 6.1.4 Forest succession showing a primary succession and the effect of a disturbance,
causing a secondary succession

Both primary and secondary successions involve changing communities over time in
progressive stages called seres, starting with colonisers or pioneer species, then ultimately
reaching a climax community.

The differences between primary and secondary succession are summarised in Table 6.1.1.

TABLE 6.1.1

Attribute

Starting environment

’ Primary succession

Pioneer species colonise
bare rock

Differences between primary and secondary succession

Secondary succession

Pioneer species colonise an area
with existing soil

Organic matter

Occurs after the removal of any
previously existing organic matter

Occurs due to a disruption that
leaves organic matter

Abiotic factors

Extreme conditions for pioneer
species — least suitable for the
survival of life

Favourable conditions exist for
pioneer species

Pioneer species

Usually lichen or algae

Usually grasses

Seres Many intermediate stages Fewer intermediate stages
Time Longer time to complete (up to Shorter time to complete
1000 years) (20-100 years)
9780170483384

Adapted from Khanolkar RA, et. al. (2020). Ecological

Succession of Polymicrobial Communities in the Cystic
Fibrosis Airways. mSystems 5:10.1128/msystems.00809-20.

secondary succession
the recolonisation
of disturbed

plant communities
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Primary versus secondary

succession

Worksheet
Succession 1
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LEARNING CHECK 6.1

DESCRIBING

1 Describe factors that may prevent succession from reaching a climax community.

2 Construct an annotated timeline to show the sequence of stages in

primary succession.

APPLYING

3 Explain the differences between primary succession and secondary succession.

Syllabus links

Chapter 2 details the
sampling techniques
and methods

used to collect

4 Explain why pioneer species require specific attributes.

ecological data.

Chapter 3 discusses

r/K selection.

analysed (Table 6.2.1).

Successional change

To predict the stage of succession in a habitat, data on a number of features is collected and

TABLE 6.2.1 Features in a habitat that can be used to predict the stage of succession along with reasoning
Feature ‘ Early stages Climax community
Type of r-selected; smaller organisms; fast growing K-selected; larger organisms; slow growing
species Unstable environmental conditions, so organisms | Stable environmental conditions, so species can have
present need to be able to reproduce rapidly. Competitive | long gestation periods and high parental investment
adaptations offer little advantage because the and few offspring. Competitve adaptations are
environment is likely to change suddenly. beneficial because of stable environmental conditions.
Biodiversity | Low High
The challenging environmental conditions The stable environmental conditions mean that
mean that few species can survive, keeping many plants can survive, which supports the
biodiversity low. survival of a greater variety of organisms, keeping
biodiversity high.
Biomass Low High
Low number of organisms, so biomass is low. Since many more organisms can survive, biomass is
high, until a stable community is reached.
Biotic Simple interactions, food chains common Complex interactions, food webs operate

interactions

Few types of organisms can survive in the
conditions; therefore, few interactions occur
(e.g. insects feeding on lichen).

High biodiversity, so many types of organisms can
interact, through feeding relationships, competition
and symbiosis.

Abiotic

interactions

Small amounts of poor-quality soil; low nutrient
levels; unused resources and living spaces;
conditions unstable

Not enough time has passed for rock to have
been weathered to form a deep layer of soil. Few
autotrophs have had the opportunity to break
down to add nutrients. Therefore, there are few
plants to create shade, lower temperatures or trap
water. Few habitats are occupied.

Large amounts of good-quality soil and nutrients;
resources and living spaces in demand;
stable conditions

Sufficient weathering has occurred and organic
matter has broken down to form nutrient-rich

soil, allowing plants to grow. These shade the
environments, reduce air and soil temperatures and
allow for water to be retained in the environment.
Habitats are occupied.
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These features aren’t definitive because communities can be disturbed, changing the stage «l

of succession. Species richness generally increases in cleared areas as individuals move in ":
to occupy newly empty habitats, leading to increased competition, which ultimately reduces
species richness, usually because of competitive exclusion. Worksheet
Succession 2
LEARNING CHECK 6.2
APPLYING

1 Explain the characteristic features of r-selected species and K-selected species and
how these relate to the stages of succession they are most likely to be found in.

INTERPRETING

2 Predict the effect on species diversity of ongoing small-scale disturbances on a
succession after it reaches a climax community.

Interpreting data

The spatial scale of an ecosystem refers to how large an area it covers. Similar ecosystems
should be similar, regardless of ecosystem size. Species diversity should be similar because
values such as Simpson’s diversity index (SDI) are a ratio of the number of individuals
present to the number of species. Likewise, the ratio of producers to consumers is similar in
similarly diverse ecosystems of different sizes, allowing for interactions such as predation and
competition to be compared. However, abiotic factors vary considerably across large spatial
scales (e.g. in June, the average temperature range on Mt Wellington, Tasmania, is -5°C to
0°C but in Darwin, Northern Territory, it is 20-30°C), but less so on small scales (e.g. in June
on the Sunshine Coast, Queensland, the average temperature range at Noosa is 13-22°C and
at Mooloolaba it is 11-21°C).

The temporal scale of an ecosystem refers to the time period of ecosystem
investigation. Measures of species diversity can vary at different times of day or year
due to organisms being nocturnal or diurnal or hibernating or migrating during winter
months. Therefore, species interactions also change considerably over time. Temperature and
humidity changes over shorter time scales, but most abiotic factors are relatively constant in
an area over time.

To better understand successional changes in ecosystems, ecological data for specific spatial
and temporal scales is used to develop models that demonstrate successional changes. The most
accurate and comprehensive dataset entails examining every part of the ecosystem, such as in
a census collection. However, this is highly impractical for most ecosystems. A more practical
approach is to examine parts of the ecosystem through sampling. The reliability of the model is
determined by how well the sample represents the ecosystem.
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Syllabus link
Chapter 2 discusses
the different
sampling methods
and techniques.

Ecosystem models are also useful for simulating and analysing the long-term dynamics
and properties of complex ecosystems. This provides a basis for predicting the impacts of
changes in real ecosystems and developing tools for management support and policy advice.
For example, the concept of secondary succession is applied to restoration ecology projects
worldwide to determine how to restore ecosystems that have suffered natural or human-made
disturbances. An understanding of abiotic conditions and the roles of species can be used to
predict successional outcomes.

Analysing the ecological succession
of abandoned farmland

Figure 6.3.1 shows an example of data collected at a hypothetical location in south-east
Queensland of abandoned farmland. The number and types of plants that grow in the field
were counted 5, 50 and 100 years after the farmland was abandoned (Table 6.3.1).

5years 50 years 100 years o Caper shrub <15 m
= LIL o o Al ® 2 Al |a (Capparis humistrata)
| | | | | | [ J [ J . .
= ° ° A A A ® Belson's panic <80 cm
0 ° [ ® ° A (Homopholis belsonii)
L L] ° A ® A A m Spiny peppercress <20 cm
em =m me A (Lepidium aschersonii)
] mem “ e .. ° 2 A = m Hairy nightshade <40 cm
eme ° e o ° a (Solanum adenophorum)
L LIL L ] Al (& N [ ] 4 Brigalow <25 m

May I: 50 years Airtemp. 24°C  Soil temp.29°C 12 p.m.

(Acacia harpophylla)
A White gum <50 m
(Eucalyptus argophloia)
100 years Airtemp.21°C  Soil temp.20°C 12 p.m.

FIGURE 6.3.1 Data for a hypothetical location in south-east Queensland

TABLE 6.3.1 Summarising the percentage of different plant species present over time

Total Percentage Total Percentage Total Percentage
number (%) number (%) number (%)
14 45 3 14 1

5 years 50 years 100 years

Spiny peppercress 6
Hairy nightshade 8 26 0 0 0 0
Belson's panic 5 16 4 19 0 0
Caper shrub 4 13 8 38 2 11
Brigalow 0 0 4 19 11 61
White gum 0 0 2 10 4 22
Total 31 100 21 100 18 100
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Change in plant species over 100 years
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Hairy nightshade
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FIGURE 6.3.2 A graph representing the data in Table 6.3.1

Analysis

Trend: From 5 years to 100 years, the proportion of smaller herbaceous species decreases.
Trend: From 5 years to 100 years, the percentage of plants that are trees increases.
Pattern: Both the air and soil temperatures decreased from 50 years to 100 years.

Interpretation

The smaller plants were able to grow in the existing soil (secondary succession). This changed
the environment, allowing for shrubs and then trees to become established. As a result of the
shade provided by trees, the air temperature and soil temperature were lower at 100 years than
at 50 years.

Evidence of changes in past ecosystems

Comparing organisms across very long time scales by using evidence from the fossil record
and current biota improves understanding of how the living components of ecosystems
change over time. Changes in abiotic factors can also be deduced by studying soils, rocks and
even ice cores.

Evidence from the fossil record

The Riversleigh Fossil Site is located in north-west Queensland. Discovery of fossils here
improved understanding of the history of many of Australia’s vertebrate groups. Scientists can
accurately predict and describe Riversleigh’s ecosystem 25—15 millions of years ago because
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many of the more than 250 sites at Riversleigh that are rich in fossils are well preserved
(Figure 6.3.3). The extensive biodiversity seen in the fossil record points to a climate very
different from today’s dry and hot habitat. Sedimentary rocks at the sites also indicate signs of a
wetter climate. Early relatives of today’s fauna were preserved in the lime-rich sediments of the
wetlands that flourished in this era. This layer lies on top of older limestone that doesn’t display
the fossil remnants or sedimentation patterns characteristic of a wet climate.

Auscape/Universal Images Group/Getty Images

FIGURE 6.3.3 Fossil remains of a crocodile on the Riversleigh
Fossil Site

Ice cores as evidence of change

Drilling down into the ice at the poles and within large glaciers produces cores that have
preserved a continuous record of past climatic conditions. Trapped gas bubbles and the
presence or absence of traces of organisms reveal information about changes in temperature
and relative concentrations of atmospheric gases.

Periods of low global temperatures resulted in ice ages — extended periods of time when
glaciation occurred over large sections of the northern hemisphere and when the ice sheets
expanded at both poles. There have been five major ice ages, the last reaching its maximum
15000—18000 years ago.

Glaciation helped create the deep fertile soils of Europe, but in Australia the story was
different. Sea levels dropped and huge expanses of the ocean floor were exposed, providing
a land link for species to move between Australia and the islands to the north. Lower global
temperatures and evaporation rates also affected the water cycle — lower levels of atmospheric
water meant less rainfall (Figure 6.3.4). A little more than 15000 years ago, Australia became
a desert: windblown, dry and, for more than three-quarters of the continent, treeless, with
two-thirds covered in sand dunes and the topsoil heavily wind-eroded.
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FIGURE 6.3.4 Changes in Australian vegetation over time. With a decrease in rainfall and a cycle of
recent ice ages, the vegetation of Australia has changed dramatically over the last 22 million years.

LEARNING CHECK 6.3

DESCRIBING

1 Describe a temporal scale change in an ecosystem.
2 Describe a spatial scale change in an ecosystem.

APPLYING

3 Explain how sampling ice cores can be used to give evidence of climate change.

INTERPRETING

4 Table 6.3.2 shows data for a similar ecosystem to that shown in Figure 6.3.2.

TABLE 6.3.2 The percentage of different plant species present over time in an ecosystem

Percentage (%) of plant species at

Spiny peppercress 45 18 40
Hairy nightshade 26 10 30
Belson’s panic 16 18 19
Caper shrub 13 36 11
Brigalow 0 18 0
White gum 0 0 0

Deduce what happened in the brigalow scrub system described by the data in
Table 6.3.2. Include references to biotic and abiotic factors in your response.
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CHAPTER Primary succession
SUMMARY

«  Primary succession describes changes that happen in an area that has not previously
been colonised.

«  Pioneer species are the first to colonise the area — this is the first stage of succession.

«  The area undergoes additional transitional stages as part of the succession process.

«  The end of succession is usually marked by a climax community.

1Barerock 2 Mosses, 3 Grasses, 4 Woody 5 Fast-growing 6 Climax forest
grasses perennials pioneers trees

Initial disturbance
Z.
"W

L

Biodiversity and
biomass

Soil layer

Increase
over time

v

Time

Secondary succession

. Because of some environmental and human activity, some successions do not reach
climax communities.

«  Secondary succession occurs when organisms recolonise recently disturbed communities.
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Primary succession
Up to 1000 years

Disturbance

Secondary succession
20-100 years

Barren Pioneer
landscape species

Intermediate
community

Climax
community

e.g. fire, flood,
drought, storm

Intermediate
community

Adapted from Khanolkar RA, et. al. (2020). Ecological
Succession of Polymicrobial Communities in the Cystic
Fibrosis Airways. mSystems 5:10.1128/msystems.00809-20.

Climax
community

Interpreting data

«  Data can help us to understand the changes that occur in an ecosystem over time.

For example:

- Spatial scale can indicate the size of an ecosystem.
- SDI can indicate species diversity.
- Ecosystem models can help simulate and analyse long-term dynamics of ecosystems.
- Plant species type and abundance can give information about succession.

9780170483384
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CHAPTER MULTIPLE CHOICE

EXAM 1. When succession occurs, the species present change because:

A the early species exhaust the food supply and die out.

B different species take different lengths of time to develop.

C each community alters the environment, enabling other organisms to
become established.

D the change in climate from season to season results in different physical
environments, suiting different species.

2. The fossil record, rocks, soils and ice cores provide information on the nature of

past ecosystems and changes in the components of those ecosystems. At Riversleigh

in Queensland:

A there are rich, well-preserved fossils that demonstrate extensive biodiversity and
point to a climate similar to today’s dry and hot habitat.

B sedimentary rocks indicate changes in abiotic factors, suggesting that the climate
was drier in the past.

C trapped gas bubbles in ice cores reveal information about how the temperature and
relative concentrations of atmospheric gases do not change.

D early relatives of today’s fauna were preserved in the lime-rich sediments of the
wetlands that flourished 25-15 million years ago.

3. Ecosystems and the communities within them are dynamic in nature and are always
changing. Succession is a process that occurs progressively over time as one community
is replaced by another. Select the best description of succession from the following.

A A plant growing in early succession would have an abundance of resources and
would be a K-selected species.

B  Few offspring would be produced by a K-selected animal during late succession.

C r-selected species generally take a long time to reach sexual maturity and produce
many offspring in their lifetime.

D Plants living in a climax community are likely to show K-selected characteristics,
including being fast-growing colonisers.

4. An ecologist sampled two ecosystems. Their findings showed temporal similarities. An
example of a similarity is:

same types of plant species.

same types of animal species.

plant species that are found in different locations.

animal species that feed at the same time.

goawp
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Questions 5 and 6 relate to the following graph.

Change in communities in the process of succession
N

Community variable

Undisturbed

WHighly degraded

Succession

A\ 4

5. The species that are most likely to be r-selected are represented by:
A the blue and red lines.
B the brown and purple lines.
C the blue, red, brown and purple lines.
D none of the lines.

6. The species that are most likely to be K-selected are represented by:
A the blue and red lines.
B the brown and purple lines.
C the blue, red, brown and purple lines.
D none of the lines.

7. An observation that suggests a primary succession is occurring is the presence of:

A Dbare rock.
B insects.

C soil

D water.

8. An observation that suggests a secondary succession is occurring is the presence of:

A Dbare rock.
B insects.

C soil

D water.
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Questions 9 and 10 relate to the following information.
With a decrease in rainfall and a cycle of recent ice ages, the vegetation of Australia has
changed dramatically over the last 22 million years.
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9. How many years before present was the Australian vegetation predominantly rainforest?
A 0to 10000
B 10000 to 50000
C 10000 to 2 million
D 50000 to 22 million

10. According to the graph, the vegetation currently dominant in Australia is:
A grassland.
B fire-sensitive woody sclerophyll.
C fire-tolerant woody sclerophyll.
D rainforest.

SHORT RESPONSE

11. Identify three characteristics of pioneer species that make them effective colonisers.

12. Explain how the fossil record and sedimentary rock characteristics provide evidence of
past ecosystems.
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CROSS-CHAPTER QUESTION

13. Consider the following photo. Explain how the complexity of the food web would be
expected to change as you move away from the shoreline across the sand dunes.

Ophe/Shutterstock.com

DATA ANALYSIS

Questions 14 and 15 refer to the following information.

Mt Quincan is a cinder cone volcano in the Atherton Tablelands, Queensland. It is last
thought to have erupted 10 000 years ago and is currently considered ‘dormant’ rather
than extinct. When a volcano erupts, rocks, gas and ash are released, along with lava
flows. Mt Quincan is now home to a large variety of flora and fauna.

Tom Watson/Getty Images
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A hypothetical scenario of an eruption generated some data, based on previous cinder cone
eruptions:

« A spray of molten rock into the air driven by the gas released from the volcano.

. This forms small scoria rocks or ‘cinders’ that are >2mm in diameter and ash that is
<2mm in diameter.

«  These fall down around the central vent of the cone.
«  Lava emerges towards the base of the cone on the north side.

Hypothetical outcome of an eruption:

Effect of hypothetical eruption - Top down view
N

|:| Central vent

- Lava
E - Scoria

[] Ash

[ ] Plants

Predicted succession for the recovery:

N

14
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8
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A/ AN
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0 /cf . v . 4 N
D) 10 20 30 40 50 60 70 80

=@— Lichen —@—Grass =—@— Shrub =—@=—Smalltree —@— Large tree

14. Interpret evidence
Deduce whether the same type of succession would occur on all parts of the cinder cone
after an eruption, using evidence from the data.

15. Interpret Evidence
Determine whether the predicted succession has returned to a climax community, using
evidence from the data.
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SCIENCE AS A HUMAN ENDEAVOUR

Syllabus + First Nations peoples’ knowledges of environmental change and
dot point interactions between abiotic and biotic elements of ecosystems has
developed over thousands of years and provides valuable data for
understanding ecosystem dynamics. This includes knowledge of land
management practices that can maintain ecosystems at specific
successional points.

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

First Nations people’s knowledge and management of ecosystems

First Nations Australians have an inherent bond with the land. As explained by Noonuccal
woman Karen Martin-Booran Mirraboopa of North Stradbroke Island:

‘We believe that Country is not only the Land and People, but is also the Entities of
Waterways, Animals, Plants, Climate, Skies and Spirits. Within this, one Entity should not
be raised above another, as these live in close relationship with one another. So People
are no more or less important than the other Entities.’ (Martin & Mirraboopa, 2003, p. 207).

For thousands of years, First Nations Australians have studied and developed a deep
understanding of interrelationships in the environment. This wealth of knowledge is often
called ‘traditional ecological knowledge’. This knowledge has led the development of
longstanding sustainability of the environment, taking into account the biotic and abiotic
elements of ecosystems.

The use of fire to protect and
maintain the environment

First Nations Australians have
been consciously using fire to
support and maintain ecosystems
for thousands of years (Figure 1).
This practice is often referred to as
‘cleaning up the Country’ or ‘caring
for Country’. For example, before
colonisation, the Kuku-Yalanji
Peoples in north Queensland used
fire regimes in certain areas to
manage areas of tropical rainforest
and sclerophyll forest. These
practices are used to support plant
life and germination as well as to
protect carbohydrate resources

in fire-sensitive areas. The Martu
Peoples of the Western Desert
have also long used fire in certain
regions to support the regrowth of
plants, to create habitats and as a
preventative measure to reduce the
occurrence of wildfires.

© Joésph Sambonb

iy

FIGURE 1 Early dry season burn conducted by
Wellesley Islands rangers on Lardil Country.
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Indigenous ecological knowledge: The Gunditj Mirring Partnership Project

The Budj Bim Cultural Landscape (Figure 2) in south western Victoria, now a UNESCO
World Heritage listed site, is a traditional homeland of the Gunditjmara People. Budj Bim
(‘High Head’) is part of the Eccles volcanic landform. The volcanic explosion forming Mt
Eccles is estimated to have occurred 27 000—30 000 years ago and was witnessed by the
Gunditjmara People.

FIGURE 2 Lake Condah, which is part of the Budj Bim National Heritage Landscape in
south-west Victoria.

The volcanic explosion created a complex landscape of stony rises, wetlands,
swamps and adjacent low-lying land prone to flooding, and an excellent habitat for
an abundance of flora and fauna that became readily available resources for the
Gunditjmara. In addition to this, the Gunditjmara constructed extensive aquaculture
centred on the kooyang (short-finned eel) and aqueduct systems at least 6600 years
ago to help trap store and harvest kooyang.

:‘o The Gunditj Mirring Partnership Project has produced a nine-volume literature review
L recording traditional and contemporary Gunditjmara land management practices, some
refined over thousands of years.
Gu‘:geiglmfmg The partnership project is designed as a way of continuing the traditional land
Partnership Project ownership strategies, as well as their contemporary techniques, as part of a broader
Field Guide to the Budj Bim recognition of First Nations communities’ contributions and unique viewpoint on land

Cultural Landscape

management.
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Topic 1: Genetics and heredity
CHAPTERS RELATED TO THIS TOPIC AREA: 7-11
Topic 2: Continuity of life on Earth

CHAPTERS RELATED TO THIS TOPIC AREA: 12-14
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All organisms are alike in key respects. They all consist of cells that carry out cellular processes. All organisms
need inputs of energy, respond to their surroundings, and have a capacity to grow and reproduce according
to instructions contained in DNA. Life on Earth also shows immense diversity. Millions of different organisms
exist now, and many more millions lived in the past. Studies of genetic inheritance and theories of evolution
help to explain life’s unity and diversity.

UNIT OBJECTIVES

By the end of this unit, students should be able to:

Describe ideas and findings about genetics 5. Evaluate processes, claims and conclusions
and heredity, and the continuity of life on Earth. about genetics and heredity, and the continuity

. Apply understanding of genetics and heredity, of life on Earth.
and the continuity of life on Earth. . Investigate phenomena associated with

. Analyse data about genetics and heredity, and genetics and heredity, and the continuity of life
the continuity of life on Earth. on Earth.
Interpret evidence about genetics and heredity, Biology 2025 v1.2 General Senior Syllabus © State of Queensland
and the continuity of life on Earth. (QCAA) 2024

9780170483384

149



DNA structure and function

SCIENCE UNDERSTANDING
+ Describe the structure and function of DNA, genes and chromosomes in prokaryotes
SYLLABUS . .
and eukaryotes, including
DOT POINTS

helical structure, nucleotide composition (nitrogenous base + sugar + phosphate),
complementary base pairing, hydrogen bonds

introns and exons, promoter region

homologous chromosomes (i.e. sister chromatids, centromeres, telomeres, gene
loci, alleles), role of histones

circular chromosomes (i.e. prokaryotes, mitochondria, chloroplasts) and plasmids.

Describe the process of DNA replication with reference to helicase, DNA polymerase
and the joining of Okazaki fragments.

Explain how errors in DNA replication and damage by physical/chemical factors in the
environment can lead to point and frameshift mutations.
Biology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Introduction

Biologists have known since the time of Gregor Mendel, in the mid-19th century, that
organisms inherit their physical characteristics from their parents. However, it is only in
the last 70 years that the mechanism of inheritance has been explained. Understanding

DNA structure and function has allowed the fields of genetics, epigenetics and genetic
engineering to arise and grow into the life-saving fields of study we now rely on for medical
diagnosis and treatment. Genetic mutations and errors in DNA replication account for a
large percentage of human congenital conditions. Every new discovery brings us closer to
providing hope and relief to those who suffer from them.

Worksheets
® DNA structure

® Structure and function of
genetic materials

® DNA replication

® Point mutations @

:l To access resources above, visit

1 Ke N e'.SO n M I ndTa p cengage.com.au/nelsonmindtap
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ASSUMED KNOWLEDGE

v
v

All living things inherit deoxyribonucleic acid (DNA) from their parents.

DNA is the common genetic material for all organisms and carries the information
coded in genes.

Prokaryotes are organisms that do not have organelles in their cells, whereas
eukaryotes have many organelles.

In eukaryotes, DNA exists in the nucleus, chloroplasts and mitochondria.

Enzymes are proteins with a specific functional role in the cell.

LEARNING OUTCOMES

By the end of this chapter, you should be able to:

v
v

deoxyribonucleic acid
(DNA) an information

molecule that is the Deoxyribonucleic acid (DNA) is the cellular genetic material that contains the instructions
for growth, development and functioning of all organisms, whether they are prokaryotes or
material; it contains eukaryotes, unicellular or multicellular. DNA has the same basic structure in all organisms,
but small differences in the sequence of subunits make individuals and species distinct from

universal basis of an
organism'’s genetic

instructions, in chemical
code, for the operation of

identify the major researchers in the development of the DNA double helix model
describe the chemical structure of DNA, including nucleotides, directionality, hydrogen
bonding and complementary base pairing

describe the chemical structure of a nucleotide, including nitrogenous base, sugar
and phosphate

explain complementary base pairing

describe the structural and functional differences between DNA and RNA

describe the functional structure of DNA, including centromeres, telomeres, genes and
gene loci

describe the functional structure of genes, including promoter regions, introns

and exons

describe the structure and function of chromosomes, including sister chromatids and
homologous chromosomes

describe the role of histones in the structure and function of euchromatin

and heterochromatin

describe the structure and function of circular chromosomes and plasmids

describe the process of DNA replication, including the formation of the replication
bubble and replication fork, synthesis of the leading strand, and synthesis of the
lagging strand

explain the processes that create Okazaki fragments

describe the role of DNA ligase in the joining of Okazaki fragments

describe the role of DNA polymerase in both creating and repairing errors in

DNA replication

explain how chemical and physical factors create errors in the DNA sequence

during replication

explain how errors in replication become permanent mutations

explain the impact of point and frameshift mutations on the functioning of a cell.

JAR Structure of DNA

the cell one another.
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Developing the helical model of DNA s,

O‘.

Maurice Wilkins (1916-2004) began using spectroscopy to study DNA in the late 1940s. In

1950, he and Ray Gosling (1926-2015) obtained the first clear crystalline X-ray diffraction
patterns from DNA fibres. Their colleague Alec Stokes (1919-2003) suggested that the patterns

indicated that DNA was helical in structure.

In 1952, Rosalind Franklin (1920-58)
(Figure 7.1.1), working alongside Wilkins in his
laboratory in England, obtained some clear X-ray
diffraction images of DNA (Figure 7.1.2). This was
not an easy task because of the complexity and size
of DNA and how difficult it was to crystallise.

In 1953, using Franklin’s results without her
knowledge or consent, US biologist James Watson
(1928-) and English physicist Francis Crick (1916-
2004) suggested that DNA consisted of the now
familiar two chains joined and twisted around each
other to form a double helix ladder (Figure 7.1.3).

This was the beginning of a further 7 years of
work for Wilkins and his colleagues to check and
verify Crick and Watson’s hypothetical model. It was
for this and his original X-ray diffraction studies that
Wilkins was awarded the Nobel Prize for Physiology
or Medicine with Crick and Watson in 1962. There is
continued debate about whether Rosalind Franklin
should also have been awarded this Nobel Prize.
However, Franklin had died before the prize was
awarded (of cancer caused by the radiation in
her research), and Nobel Prizes are not awarded
posthumously (after death).

2
-

ke

FIGURE 7.1.1

Weblinks

Rosalind Franklin: DNA's

unsung hero

James Watson: How |

discovered DNA

Pictorial Press Ltd/Alamy Stock Photo

Rosalind Franklin, an

expert X-ray crystallographer, worked
on the structure of DNA in the early
1950s. Her work was pivotal in enabling
Watson and Crick to propose their
hypothesis for the structure of DNA.

sl

Science History Images/Alamy Stock Photo

FIGURE 7.1.2 An X-ray diffraction photograpﬁf DNA. The DNA molecule was too small to
see physically by conventional methods, so X-rays were used. This image shows the regular

spacing and paired nature of DNA bases.
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Karen Kasmauski/The Image Bank Unreleased/Getty Images

Bettmann/Getty Images

FIGURE 7.1.3 (a) James Watson and (b) Francis Crick proposed a structure for DNA. (c) Crick’s sketch of a double helix.

nucleotide the basic
building block of nucleic
acids (DNA and RNA)
linked together by
phosphodiester bonds;
each nucleotide is made
up of a five-carbon
sugar molecule, a
phosphate group and a
nitrogenous base

V624

Syllabus link
Chapter 11
discusses RNA
and its functions in
more detail.

al
o‘:

Worksheet
DNA structure

complementary bases
nitrogenous bases that
bind to each other in DNA
(A-T and C-G) and in
RNA (A-U and C-G)

ribonucleic acid

(RNA) a short-lived
molecule consisting

of ribonucleotides; it
plays an essential role
in protein synthesis (as
messenger RNA and
transfer RNA) and as a
structural component
of ribosomes
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The chemical structure of DNA

A molecule of DNA is composed of two long strands of subunits called nucleotides, wound
around each other to form a double helix. A nucleotide has three distinct chemical components
(Figure 7.1.4):

« afive-carbon sugar molecule

« anegatively charged phosphate group

« an organic nitrogen-containing compound called a base.

There are four kinds of nitrogenous (nitrogen-containing) bases in DNA: adenine (A),
thymine (T), guanine (G) and cytosine (C).

In each strand, the sugar molecule of one nucleotide binds to the phosphate group of the
next nucleotide, leaving the nitrogenous base sticking out from each sugar-phosphate backbone
(Figure 7.1.4c). These bases do not stick out horizontally; instead, they tilt towards the 5’ (‘five-
prime’) end of the strand and away from the 3’ (‘three-prime’) end of the strand. To ensure that
the helix is stable, the two strands are oriented in opposite directions, so that the 3’ end of one
strand pairs with the 5’ end of the other strand (Figure 7.1.4b).

Hydrogen bonds between pairs of nitrogenous bases hold the two strands of the double
helix together. Two features of the structure of these bases ensure that they can only pair
with one other base: their size and the number of hydrogen bonds they can form. For
example, thymine (T) has only one ring and can form two hydrogen bonds. This means
it cannot pair with guanine (G) or cytosine (C) because these both form three hydrogen
bonds. It also cannot pair with another thymine (T) because it only has one ring and the
distance between the two strands requires a total of three rings across a pair. Adenine (A)
has two rings and can form two hydrogen bonds, meaning it can pair with thymine’s (T)
one ring to form a complementary base pair. The structure of the four bases ensures the
correct pairing of nucleotides because A can only pair with T and G can only pair with C
(Figure 7.1.4b).

Ribonucleic acid (RNA) is a nucleic acid related to DNA, but has three major differences:
« RNA is usually single stranded.

+ The base thymine (T) is replaced by the base uracil (U).
« The nucleotide’s sugar is ribose instead of deoxyribose.

RNA is generally a short-lived molecule for copying or transporting information. It degrades

far quicker than DNA, which makes it unsuitable for long-term information storage.

9780170483384
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Sugar— Nucleotide
phosph base
strand

Hydrogen bond

3 end

Base

Phosphate

d Sugar

i Deoxyribose (DNA)
5 end

Phosphodiester bond

Ribose (RNA)
Nucleotide
HO — CH, OH
H H
H H
OH OH

FIGURE 7.1.4 (a) The DNA helix is a double-stranded molecule. (b) The two strands are held together by hydrogen bonding
between complementary nitrogenous bases. (c) As well as nitrogenous bases, nucleotides have a sugar-phosphate backbone
linked by phosphodiester bonds. (d) DNA contains deoxyribose sugars and RNA contains ribose sugars.

The functional structure of DNA >

| £ 4
The sequence of bases along a strand of DNA carries the information required for an organism
to be built and function. However, with roughly 3 billion base pairs in the human genome, it Weblink
. . . . DNA: the book of you
requires some sort of organisation to be functional.
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centromere the waist-

like constrictionin a
duplicated chromosome
required for the movement
of chromosomes during

Figure 7.1.5 shows the functional structures of DNA. At some point along the strand lies a
sequence of DNA that controls the formation of the centromere, the connecting point on a
chromosome for replicated DNA. The centromere divides the DNA strand into two arms, one
longer than the other. Along the length of each arm, sections of DNA that code for proteins are

cell division called genes.

Long (q) arm Centromere  Short (p) arm

1 Telomere

Telomere T sl

Exon1 Exon2 Exon 3 Exon4 Exon5 Exon6 Exon7

(N B R ]

Promoter Intron 1 Intron2 Intron 3 Intron 4 Intron 5 Intron 6 Intron 7

FIGURE 7.1.5 The functional structures of DNA. Genes are located on the long and short arms of a DNA strand and consist
of various sections of coding and non-coding DNA. Of all the regions encompassed by a gene, only the exons are coding DNA,
and even then, they are spliced together in different combinations to produce several different proteins from the same gene.

chromosome a structure
composed of DNA and
protein that contains,
along its length linear
arrays of genes carrying
genetic information

gene a region of DNA
that encompasses the
coding and non-coding
DNA for a particular
protein or protein family

gene locus the specific
physical location of a
gene on a chromosome

coding DNA a section
of DNA that specifically
carries the code for
direct translation into

a polypeptide

non-coding DNA a
section of DNA that
carries information for
when, where or how
often its associated
coding DNA is expressed

promoter region a region
of DNA upstream of a

gene that binds enzymes
that initiate transcription

intron a section of DNA
or mRNA that does not
code for a polypeptide

exon a section of DNA
or mRNA that codes for
a polypeptide
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Genes are of varying lengths and varying distances apart, but the location of each gene (gene
locus (plural: loci)) are consistent between members of the same species. For example, the gene
that is currently suspected to be responsible for the curliness of human hair, PRSS53, is located
in every human on chromosome 16; specifically, it is within sub-band 11.2 on the short arm of
this chromosome. The sequence of DNA bases at this location will determine which variant of
hair curliness an individual carries.

Each gene can be read, switched on and switched off independently of other genes. When
a gene is switched on, the cellular machinery will read the coding DNA to produce a specific
protein. The gene is then said to be expressed.

Non-coding DNA mainly exists between genes on a DNA strand. The study of non-
coding DNA is part of epigenetics and new discoveries are building a convincing picture of the
importance of these in-between sections. They are no longer considered ‘junk’. Among other
things, non-coding DNA provides instructions for when, where and how often the coding DNA
is expressed, such as promoter regions that encourage gene expression and inhibitor regions
that discourage it.

Some non-coding DNA occurs within the gene itself. These are called introns and are
generally spliced out of the sequence during protein synthesis. The remaining sections of the
gene are coding DNA and are called exons. Stitching together different combinations of exons
allows for a single gene to produce multiple different effects in the body.

At each end of the DNA strand are several thousand bases of repetitive non-coding DNA
called telomeres. These protect the fragile ends of the molecule so that if a base or two were
to break off, it would not affect the sequence of an important gene. Telomeres become shorter
with age, gradually exposing important functional genes to degradation and contributing to
the general loss of bodily function associated with ageing.
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«l
LEARNING CHECK 7.1 <

DESCRIBING Worksheet

Structure and function of
genetic material

1 Identify three scientists who contributed to the discovery of the structure of DNA.
2 Describe the chemical structure of DNA, including the backbone, directionality,

hydrogen bonding and complementary base pairing. 00
3 Describe the structure of a nucleotide. Syllabus link
. . Chapter 11 considers
4 Describe the function of telomeres. the effects of coding
. . and non-coding DNA
5 Identify the type of chemical bond that holds two strands of DNA together. on protein synthesis
6 Define: and gene expression.
a exon b centromere.
telomere a region at the
APPLYING end of a chromosome,
characterised by
7 ldentify the nucleotide sequence for the complementary strand of a fragment of a fePeatzq Seg‘:\ﬁgces of
DNA chain with the nucleotide bases GCCTATTGCA. non-coding

chromatin the complex
of proteins and DNA
in eukaryotes

y#8 Chromosomes heterochromatin

tightly coiled complex
of proteins and DNA

- : - : . - that is characterised b
In most eukaryotic cells, DNA is only visible as a grainy substance without detail. The term fe:, ;serc‘ezr:ﬁdel:l;?tedy

chromatin describes the combination of the cell’s DNA and all of the proteins associated  transcription activity
with it. It is generally divided into two forms (Figure 7.2.1): heterochromatin, which
A . 3 N . i euchromatin a loosely
carries only a few genes, isn’t very active and remains tightly condensed most of the time,  cqjled complex of
and euchromatin, which is densely populated with genes, highly active and loosely wound  proteins and DNA that
s is characterised by
to allow frequent transcription.

many genes and high
transcription activity

2 Q Chromosome

Nucleosome

Transcription
Replication

DNA binding factor

Heterochromatin

Chromatin accessibility

and therapeutic application. Sig Transduct Target Ther 9, 340 (2024). © 2025 Springer Nature Limited,

Source: Chen, Y., Liang, R, Li, Y. et al. Chromatin accessibility: biological functions, molecular mechanisms
Licensed under a Creative Commons by 4.0, https://www.nature.com/articles/s41392-024-02030-9/figures/1

FIGURE 7.2.1 Heterochromatin and euchromatin storage structures in DNA. Euchromatin allows for easier access to DNA,
so genes that are highly active are stored in euchromatin.
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When the cell prepares to divide, both forms of chromatin condense by coiling tightly
histone a protein around histone proteins, eventually becoming thick enough to be seen under a microscope,
LTJ?;?&?LSCEW: in when stained, as a number of separate chromosomes (Figure 7.2.2). A chromosome is one DNA

molecule, from end to end, with its associated proteins.

2nm

11 nm

FIGURE 7.2.2 Levels of organisation in a human chromosome. Interacting proteins package loops
of coiled DNA into a ‘supercoil’, which is organised as a cylindrical fibre.

Sister chromatids and homologous pairs

For most of the time, chromosomes are unduplicated. An unduplicated chromosome
is a single, long DNA double helix molecule coiled around histone proteins. However,
since chromosomes only become visible when duplicated and condensed prior to cell
division, the familiar image of an X shape is actually two identical copies of the same
linear chromosome (Figure 7.2.3). Each copy of the linear chromosome is not called a
sister chromatids the .. . .
two identical copies of chromosome anymore. When they are joined by their centromeres into the X shape, each
a single chromosome, chromosome copy is now called a sister chromatid. It can be helpful to call the X shape
formed by replication a duplicated chromosome and the single shape an unduplicated chromosome to avoid this

and connected by
a centromere naming confusion.

One chromosome (unduplicated):

(4 )

One chromosome (duplicated):

One chromatid

Its sister chromatid

Centromere

FIGURE 7.2.3 An unduplicated chromosome and a duplicated chromosome, showing the position
of the centromere and the sister chromatids.
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In a eukaryotic cell, each somatic chromosome has a pair. Together they are called
homologous pairs and are usually denoted by different colours in diagrams. Each sister
chromatid, which make up a duplicated chromosome, has an identical DNA sequence
because they are direct copies of each other. But each chromosome in a homologous pair
is inherited from a different parent, so their DNA sequences are similar but not identical
(Figure 7.2.4). Each homologous chromosome carries the same sequence of genes along
its length (i.e. both chromosomes 16s will have the PRSS53 gene at locus 11.2 on the short
arm) but the sequence of DNA bases at the locus may be different. Different base sequences
at the same gene locus are called alleles, and they are the cornerstone of genetic variation
between individuals.

Paternal
chromosome

Maternal
chromosome

Locus 1
This locus contains
genes A and B.

Locus 2
This locus contains
gene C.

Centromere

Gene D: alleles D or d

Gene E: alleles E or e

Gene F: alleles F or f

FIGURE 7.2.4 Homologous chromosomes have the same sequence of genes but may carry
different DNA combinations (alleles) for those genes and result in variations of the gene.

Photographic images of the chromosomes in a dividing cell are arranged into matched
and ordered pairs to create a karyotype, the standard way of displaying and analysing
chromosomes. Somatic chromosomes are ordered by length, from longest to shortest, with
members of each homologous pair sharing characteristic banding patterns that denote their
matching gene loci. The exceptions are the sex chromosomes, X and Y, which do not contain
a matching set of gene loci and are always placed last in a karyotype. Two X chromosomes
are homologous, but X is not homologous with Y. Figure 7.2.5 shows a karyotype of
a male mouse with one X and one Y chromosome. Each species has a particular number
of chromosomes in its cells. Mice have 40 chromosomes (19 + 1 pairs) and humans have 46
(22 + 1 pairs).

9780170483384

somatic of the body,
as distinct from

the sex cells or

sex chromosomes

homologous pair a

pair of unduplicated
chromosomes that

are the same size and
shape, and have the
same genes at the same
locations; each member
of the pair may carry a
different allele for any
particular gene

alleles two or more
alternative DNA
sequences at the
same gene locus on
homologous
chromosomes

karyotype a display

of the number and
appearance of the
chromosomes of

an organism or cell
observed at metaphase
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Syllabus link
Chapter 8 discusses
the use of plasmids
in medical research,
drug development
and DNA
technologies.

plasmid a small circular
piece of DNA in bacteria
that can replicate
independently of the
cell's chromosomes;
plasmids carry antibiotic
resistance markers

FIGURE 7.2.5 A karyotype of a mouse. Mice have 19 pairs of somatic chromosomes and one set
of sex chromosomes. This individual has one X and one Y and is genetically male.

Circular chromosomes

Membrane-bound organelles, such as the nucleus, are not present in prokaryotes, so the DNA
in prokaryotes generally forms a single circular chromosome that lies in direct contact with
the cytoplasm (Figure 7.2.6). This large circular chromosome contains all the essential genes
for the cell’s function. Although not in a membrane-bound nucleus, it does tend to clump
together in a space known as a nucleoid. Additional small rings of DNA, called plasmids,
may also be present in the cytoplasm. These carry many non-essential, but still highly useful,
genes such as those for antibiotic resistance. Plasmids can replicate independently of the main
chromosome and have become important tools in genetic engineering because they can be
easily transferred from one bacterium to another.

Bacterial

chromosome Cytoplasm

Plasmid

Y

Cell wall

Plasma
membrane

FIGURE 7.2.6 DNA in a prokaryote cell exists as circular chromosomes and plasmids.
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The DNA of mitochondria and chloroplasts in eukaryotic cells is similar to the single
circular chromosomes in prokaryotic cells. This feature provides strong evidence for
the endosymbiotic theory, which proposes that eukaryotic organelles originated from
prokaryotic cells that were engulfed by a host cell.

LEARNING CHECK 7.2

DESCRIBING

1 Describe how chromosomes are ordered in a karyotype.
2 Define:

a homologous chromosome
b sister chromatid
¢ plasmid.

APPLYING

3 Discuss how you would know whether two chromosomes in humans are homologous.

4 Explain why chromosomes are generally depicted as an X shape even though they are
usually linear.

ANALYSING

5 Distinguish between euchromatin and heterochromatin.
6 Compare the DNA in mitochondria and chloroplasts with the DNA in the nucleus.

DNA replication

DNA is the master code that determines the structure and function of every body cell. It carries
this information from one generation of cells to the next and from one generation of organisms
to the next. Cells undergo cell division for a variety of reasons, including growth, repair and
reproduction, but before they divide, cells must replicate or copy their DNA to ensure that
each daughter cell receives the instructions for the proper functioning of that cell. Cells also
replicate all their organelles, but the syllabus focuses on replication of DNA.

endosymbiotic theory
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