9 BIOZONE

BIOLOGY

MODULES 1-4







.9 BIOZONE

BIOLOGY

MODULES 1-4

BIOZONE Learning Mea
fraditional custodians of the lands where we work and
the places in which we live.

ia respectfully acknowledges the

We pay our respects to ancestors and to all First Natfions
elders: past, present and emerging.



© Copyright Notice

This Work is copyright. No part of this publication
may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electrical,
mechanical, photocopying or otherwise, without the
permission of BIOZONE Learning Media Australia.
Except as permitted under the Copyright Act 1968,
for example, any fair dealing for the purposes of
private study, research, criticism or review, subject
to certain limitations. These limitations include:
Restricting the copying to a maximum of 10%

of this book; providing an appropriate notice and
warning with all copies of the Work disseminated;
taking all reasonable steps to limit access to these
copies to people authorised to receive these copies;
ensuring you hold the appropriate licences issued
by the Copyright Agency Limited ("CAL"), supply a
remuneration notice to CAL and pay any required
fees. For details of CAL licences and remuneration
notices please contact CAL at Level 12, 66 Goulburn
Street, Sydney, 2000, Tel: 1800 066 844 or see:
www.copyright.com.au/licences-permission/
educational-licences/

First edition 2022
ISBN 978-1-98-856654-2

Copyright © 2022 Richard Allan
First published 2022 by BIOZONE International Ltd

First printing

Printed by Greenridge Press (Australia) with paper
manufactured using resources and methods that have
a low environmental impact.

Acknowledgements

BIOZONE wishes to thank and acknowledge the
team for their efforts and contributions to the
production of this title.

Cover Photograph
Photo: Unsplash - David Clode

The pied heron (Egretta picata) is a bird found
in coastal and subcoastal areas of monsoonal
northern Australia as well as some parts of
New Guinea. It is a small, adaptable heron
using a variety of feeding situations and a
diversity of feeding techniques to catch small
prey, mostly insects gleaned from aquatic
plants and also fish caught in very shallow
water. https://en.wikipedia.org/wiki/Pied_heron

Disclaimer

Although every care has been taken, Aboriginal and
Torres Strait Islander people should be aware that this
title may contain images of deceased persons.

The external weblinks (URLs) referenced in this book
were correct at the time of publishing. However, due
to the dynamic nature of the internet, some addresses
may have changed, or cease to exist. While BIOZONE
regrets any inconvenience that this may cause
readers, no responsibility for any such changes or
unforeseeable errors can be accepted by BIOZONE.

BIOZONE Learning Media Australia

P.0. Box 2841, Burleigh BC,
QLD 4220, Australia

e 075535 4896
¥ 07 5508 2432
= sales@biozone.com.au

www. BIOZONE.com.au

About the Authors

Kent Pryor Author

Kent has a BSc from Massey University majoring in zoology and
ecology and taught secondary school biology and chemistry for
9 years before joining BIOZONE as an author in 2009.

Jillian Mellanby Editor

Jill began her science career with a degree in biochemistry

and, after a short spell in research labs, became a science
teacher both in the UK and then New Zealand. She spent many
years managing the Royal Society of New Zealand’s academic
publishing programme of eight science journals which allowed her
to hone her project management and editorial skills. She was also
a part of the Expert Advice writing team at the Royal Society of
New Zealand, producing science pieces for a public audience. She
joined the BIOZONE team in late 2021 as editor.

Lissa Bainbridge-Smith Author

Lissa graduated with a Masters in Science (hons) from the
University of Waikato. After graduation she worked in industry in
a research and development capacity for eight years. Lissa joined
BIOZONE in 2006 and is hands-on developing new curricula.
Lissa has also taught science theory and practical skills to
international and ESL students.



Contents

Using This Worktext..........cccceeiciiiiiiinniiiiiece Vi

Using the Tab System.........cccooiiiiiciiiiieeee viii

Using BIOZONE's Resource Hub............ccceenee. ix

Support for Depth Studies .........cccceeeeenieiiiiinnnenne X
Chapter 1: Working Scientifically

pDooogod
NouhwN-=

Key Skills and Knowledge..............cccccccueaunenne 1
Aims, Questions, Hypotheses, and Predictions 2
Planning and Conducting Investigations........... 4
Safety and Ethical Guidelines..........ccccccvvenennn. 8
Processing and Analysing Data............cc..c..... 10
Problem SolViNg........ccocveeeiieeniie e 19
Evaluating & Communicating Scientific Ideas.21
Chapter Review: Did You Get It?........cccoe....... 23

MODULE 1: Cells as the basis of life

Chapter 2:

10
1
12
13
14
15
16

18
19
20

22
23
24
25

26
27

Ooon goguoouboogoogoogoo

29

0
3
o)
T
=
(]
w

30
31
32
33
34
35
36
37
38
39
40
41
42

Ooooogoogoodg
([

Cell Structure

Key Skills and Knowledge..............ccccooueeuennee 25
The Cell is the Unit of Life........cccoceeiieencennns 26
Types of Cells

Cell SIZES ...uviiiiiiee e
Prokaryotic Cells.........ccocveeiiieeeiiiee e 29
ANIMal CellS ..o 31
Identifying Structures in an Animal Cell .......... 32
Plant Cells.........coovviiiiiiieee e 33
Identifying Structures in a Plant Cell............... 34

Optical Microscopes
Preparing @ Slide ........cooceeiiiiiniiiiiieeecee

Electron MiCroSCOPES.......ccevvvveeeiiiiieeeriieeeenns 39
Calculating Linear Magnification..................... 41
Biological Drawings.........cccoeveerieeriiiennieenieens 42
Observing and Drawing Cells .........ccccceevieenes 44
Cell Structures and Organelles..........ccccoc...... 46
Comparing the Features of Cells .................... 48
The Plasma Membrane...........ccccocoeevieeniieenns 50
Phospholipids and the Properties

of Membranes............ccccooiiiiiiiiiiie 51
The Structure of the Plasma Membrane.......... 52
How Do We Know? Membrane Structure ....... 54
Modelling the Plasma Membrane ................... 55
Chapter Review: Did You Get It?.........c.c....... 57

: Cell Function

Key Skills and Knowledge............c.cccccccvvuenen. 58
What Cells Need for Survival...............ccoc... 59
Cells Exchange Substances by Diffusion ....... 60
Investigating Transport Across Membranes ....63

Diffusion and Cell Size.............ccooiiiiiciennn 64
Overcoming Limitations to Cell Size ............... 65
Investigating the Effect of Cell Size................. 66
OSMOSIS ...

Estimating Osmolarity of Cells
Water Relations in Plant Cells...........c.cccceenee
Active Transport .......cceeevevvciiee e
lon Pumps and Cotransport..........ccccceeveveeennn.
Membranes and the Export of Proteins .......... 73
ENdOCYLOSIS....oveiiiiiiieeceeee e 75

43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

66
67

Ooooooboogoogoogonogoogoaodg
[

Active and Passive Transport Summary.......... 76
Energy Inputs and QUtputs ........ccccceeevveerinenne 77
Energy Transformation in Cells ...........ccccevee.. 79
The Role of ATP in Cells .......cccoovviiieniiiiennne 80
ATP and ENergy ......ccceeeeevieeeeiiiiee e 82

Cellular Respiration: Inputs and Outputs ........ 83
Measuring Respiration ...........cccceveviieeeiiinnnnn.

The Biochemistry of Respiration
Anaerobic Pathways ..........ccccoviieeiiiiiieeinens

Investigating Yeast Fermentation .................... 90
ChIoroplasts ........cecveeeiieeiiee e 92
Photosynthesis: Inputs and Outputs ............... 93
Investigating Photosynthetic Rate................... 95
Pigments and Light Absorption............ccccce.... 96
Separation of Pigments by Chromatography ..97
Light Dependent Reactions............ccccceeevnneen. 98
Light Independent Reactions ............ccc....... 100
Dealing with Cellular Wastes ...........c.ccoe...... 101
ENZymes ..o 102
Models of Enzyme Activity.......ccccoecvveeeennnnn. 103
How Enzymes WOork.........ccoovveeeviiiiieeeennen. 104
Factors Affecting Enzyme Activity................. 105
Investigating Peroxidase Activity................... 107
Chapter Review: Did You Get It?................... 109
Synoptic Assessment: Module 1................... 110

MODULE 2: Organisation of living things

Chapter 4:

68
69
70
71
72
73
74
75
76

Oooogoodg

0
=7
Q
o
]
o

77
78
79
80
81

83
84
85
86
87
88

20
91
92

Oodooooooooooodd

Organisation of Cells

Key Skills and Knowledge..............c..c.cueu.....
Unicellular Eukaryotes .........cccccvvevvveeeeennnnn.
Colonial OrganiSms..........cceerveeeieeenreeiiieennes
Multicellular Organisms...........ccocoeevveeiiieenns
Specialisation in Plant Cells............cccceeenne
Specialisation in Animal Cells............cccccen..
The Hierarchy of Life.......ccccooveiviiiiiiiieeene
Exploring Tissues and Organs.....

Organ Systems Work Together
Chapter Review: Did You Get It?................... 130

: Nutrients and Gas Requirements

Key Skills and Knowledge...............c...c.........
Autotrophs and Heterotrophs
Plant Structure and Function
Gas Exchange in Plants.............ccccoieiene.
Gas Exchange and Stomata.........................
Leaf and Stem Adaptations............ccccevieenne

Investigating Stomatal Density..................... 139
Excretion in Plants ..o 141
Gas Exchange ... 142
Gas Exchange in Insects ............cccccoeeiene. 144
Gas Exchange in Fish..........cccoooiiiiiinnn 145
The Mammalian Gas Exchange System....... 147

The LUNGS ..o
Modelling Lung Ventilation ............cccccceeeenee
Gas Transport in Humans ...........cccceceeiieenne
The Digestive System ........ccccccoviiiiicnennn.
Moving Food Through the Gut

Activity is marked: L]

to be done; M when completed

® Includes practical investigation



Contents

] 93 The Stomach and Small Intestine.................. 155
] 94 Digestion, Absorption, and Transport............ 158
[ ] 95 TheLarge Intestine.......ccccevrereeerrereensiennnne. 160
] 96 Chapter Review: Did You Get It?................... 161
Chapter 6: Transport

Key Skills and Knowledge...............cccccccuu.... 162
[] 97 The Plant Transport System...........cccceeeee. 163
[] 98 Plant DiSSECHON ......c.cooveuiieeriierieeceeericeenas 164
[] 99 Stemsand ROOLS .......ccccerireeuenirinicienicenenas 165
[] TOO XYIBM ettt 167
[] TOT PhIOBM ..ot 168
[] 102 Uptake at the ROOt........cccevvrerieercniccriene 169
[] 103 Transpiration .........cccceeeerereeeneenenn. ...170
[ | ® 104 Investigating Plant Transpiration ................... 172
[] 105 TransloCation........cccoevveereerie e 175
[] 106 Experimental Evidence for Plant Transport...177
[] 107 The Circulatory System .........cccccveneieneennne. 178
[] T08 BlOOT......eiieiiiieieiisieieie et 179
[] 109 Bl00d VESSEIS....c.ccviiviieiirieiriesieiesieeeeie s 180
[] 110 Capillaries and Capillary Networks.... ....181
[] 111 Structure of the Mammalian Heart................ 183
[] 112 Changes in the Blood..........c.ccoeeerencicniennnne. 184
[] 113 Open Circulatory Systems..........ccccceeereennnne 185
[] 114 Closed Circulatory Systems...........cc.ccccoenenvee 186
[] 115 Chapter Review: Did You Get It?................... 188
[] 116 Synoptic Assessment: Module 2.................... 189

MODULE 3: Biological diversity

Chapter 7:

117
118
119
120
121

O Oodgo

122

Chapter 8:

123
124
125
126

127

128

129

130

131

132
133

Oodd o o o o oggo

Effects of the Environment on Organisms
Key Skills and Knowledge...............ccccccu.. 192
Types of Selection Pressures...........ccccceeuee.. 193
Predicting the Effects of Selection Pressure.194
Disease as a Selection Pressure................... 195
The Rise and Fall of the Prickly Pear............ 197
The Influence of Cane Toads on

Native SPecCies .......ccceveereereeiieiiecieceeiene 198
Chapter Review: Did You Get It?................... 199
Adaptations

Key Skills and Knowledge...............cccccccau.. 200
Adaptation and Fitness ............ccccoevciiiinnnne 201
Reproductive Strategies for Survival............. 203
Adaptations for DiVing.........ccccceeviieiiiiiinene 205
Adaptations for Controlling

Body Temperature..........ccccocoeiiiiiiiiniiinnnee. 207
Structural Adaptations for
Thermoregulation..........ccccccoiiiiiiiiiiiiieiine, 209
Behavioural Responses for
Thermoregulation............cccccoieiiiiiicnnne 213
Physiological Adaptations

for Thermoregulation..........ccccocceeiiiiiiiennnen. 215
Adaptation: Galapagos Finches

and Darwin........ccccceeeeeiiiiencceeeeeeeee 217
Adaptation: Australian Flora and Fauna........ 219
Plant Adaptations.........cccceevvveeeiiiiiiceniieeen 220
Chapter Review: Did You Get It?........c...c..... 223

Chapter 9: Theory of Evolution by Natural Selection

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

Ooooogoogoogoogan

Key Skills and Knowledge...............ccc......... 224
Earth's Evolutionary History............c.ccc.coc.. 225
Mechanism of Natural Selection ................... 228
Microevolutionary Processes in Gene Pools 230

Natural Selection and Evolutionary Change .232
Stages in Species Formation........................ 234
Allopatric Speciation ..........cccooceeiiiiiiiiennenn.

Sympatric Speciation.........

The Evolution of Horses

The Evolution of Whales ... 240
The Evolution of Platypus ............cccccooenene. 241
Patterns of Evolution...........ccccociiiieeniennnn. 242
Divergence is an Evolutionary Pattern.......... 243
The Rate of Evolutionary Change................. 245
Divergent Evolution in Ratites...........

Adaptive Radiation in Mammals
Convergent Evolution............cccocociiiieneenn.
Chapter Review: Did You Get It?................... 251

Chapter 10: Evolution - The Evidence

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

Oooooooogoogoogoogood

Key Skills and Knowledge.................c..........
The Evidence for Evolution............
Descent and Common Ancestry

Fossils and Fossil Formation ..............cccc.....
Methods of Dating Fossils..........cccccccoeecennene
Relative Dating and the Fossil Record.......... 259
What is Absolute Dating?...........ccccceerveneenne. 261
Transitional FOSSIlS.........ccoooiiiiiiiiiiiiieeeee

Biogeographical Evidence ....
Oceanic Island Colonisers...........ccccocveerieenne

Continental Drift and Evolution

Homologous Structures ...........cocoveieeeiiennne
Developmental Evidence for Evolution.......... 272
Evolution of Drug Resistance..............c......... 273
Changes in Cane Toads.........cccooeeenieenieennne 275
Determining Relatedness Using Proteins .....276
Determining Relatedness Using DNA........... 278
Comparing DNA Sequences

The Molecular Clock Theory

Using Mitochondrial DNA...............ccociiieis
Chapter Review: Did You Get It?................... 282
Synoptic Assessment: Module 3.................. 283

Activity is marked: L]

to be done; M when completed

® Includes practical investigation



Contents

MODULE 4: Ecosystem dynamics

Chapter 11: Population Dynamics

Key Skills and Knowledge.............ccccccuu.n... 286
L] 172 Components of an Ecosystem...........c.......... 287
(] 173 Habitat oo 288
L] 174 Factors Affecting Population Size ................. 289
L] 175 Calculating Change in Population Size.......... 290
L] 176 Predation and Population Cycles.................. 291
L] 177 Abiotic Factors and Population Size.............. 292
L] 178 Estimating Population Size ............ccccceeenneee. 293
L] 179 Patterns of Population Growth ...295
L] 180 Modelling Population Growth ............cccc........ 297
L] 181 The Impact of DiSease..........cccceeveveeveeveuenne.. 299
L] 182 Ecological NiChe ........c.cc.cceoveveeveeeeeeerenee. 300
L] 183 Species Interactions..........ccceecvveeviieeeennnen. 301
L] 184 The Influence of Competition..........cccccen..... 303
L] 185 Interspecific Competition...........cccceecveeeenneee. 304
L] 186 Competition and Species Distribution 305
L] 187 Identifying Species in a Eucalypt Forest....... 307
L] 188 Keystone SPeCies ........ccccevveveevevereereeneenannn 309
L] 189 The Effect of Keystone Species.................... 311
[] 190 Why Do We Sample?........ccccceoeueuerrreverecnnen. 312
L] 191 How Do We Sample Ecosystems? ............... 313
L] 192 Quadrat Sampling ........ccccoeeeveeeereeeienee 316
L] 193 Quadrat-Based Estimates..........cc.ccccereennee. 317
L] 194 Transect Sampling ........c.cceeveveveeeeeeeeeeenene. 318
L] 195 Field Study of a Rocky Shore ... ...320
[] 196 The Sixth EXtNCHON ......cccveveviieiciiicieiceae 323
[] 197 Chapter Review: Did You Get It?................... 325
Chapter 12: Past Ecosystems

Key Skills and Knowledge................cccc........ 326
L] 198 Analysing Evidence for Ecosystem

Change ....ooooeiiie e 327
L] 199 Techniques for Analysing Environmental

Change ...oooieeeeie e 330
L] 200 Analysing The Evidence for Biological

Change .....ccoooveiiiiiiieee e 332
[] 201 Reasons for Past Environmental Change .....337
[] 202 Chapter Review: Did You Get It?................... 341
Chapter 13: Future Ecosystems

Key Skills and Knowledge..............cccccuu..... 342
[] 203 The Role of Humans on the Future

Of SPECIES ... 343
[] 204 Predicting Future Biodiversity ...........c..ccee... 345
L] 205 Restoring Damaged Ecosystems ...347
L] 206 Chapter Review: Did You Get It?................... 350
[] 207 Synoptic Assessment: Module 4................... 351

Chapter 14: Depth Studies: Guidance and Ideas

Key Skills and Knowledge..............ccccuu......
L] 208 Depth Studies: Guidance and Ideas

Appendix 1: GIOSSArY ......cccevceeeeieiriiieiiee e 358
Appendix 2: Equipment List.........cccoccveiiiennenn. 362
Photo Credits and Acknowledgements............. 364
INAEX e 365

Activity is marked: [®/ to be done; v when completed

® Includes practical investigation



Vi

Using This Worktext

HSC Biology: Modules 1 - 4 has been specifically written to meet the content and skills requirements of the NSW Stage
6 syllabus (Modules 1 - 4). The worktext follows the structure outlined in the Stage 6 syllabus, so it is easy for you to
know where you are in the course. Module breaks divide the content into sections (the modules) and summarise the
student outcomes for each module. Each chapter has an introduction page so you can see the key knowledge and skills
requirements for each chapter. You can review and test your understanding, and prepare for assessments and exams by
carrying out the Chapter Review and Synoptic Assessment activities.

» A structure of a module is outlined below, it will help you identify the features within each module.

Module Chapter Activities Chapter Chapter Activities Chapter Synoptic

break Introduction Review Introduction Review  Assessment
‘ | |
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° °
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The chapter introduction identifies the inquiry question for the
chapter. Keep this in mind as you work through the content, and
try to relate your learning back to it. The chapter introduction also
provides you with a summary of the key skills and knowledge
requirements for the topic, written as a set of learning outcomes.
Use the check boxes to identify and mark off the points as you
complete them. A list of key terms for the chapter is provided to
help you practise develop your scientific vocabulary.

§
g Cell Function w
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Free response questions allow you
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the same principles to a new situation.
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Using the Tab System

The tab system helps you identify important parts of the HSC Biology course (general capabilities, cross-curriculum priorities,
and other curriculum learning areas). The tabs also allow you to see at a glance if online support is provided on BIOZONE's
Resource Hub, and if there are content links with other activities. A summary of the icon tabs is provided below.

General capabilities

Critical & creative thinking: Develop critical and creative thinking skills through asking questions, making
predictions, engaging in practical and secondary-sourced investigations, and anlaysing and evaluating evidence.

Ethical understanding: Apply ethical values and principles to your studies and investigations. Understand the
implications of these to others and the environment. Understand reasoning can assist making ethical judgements.

Information & communication technology capability: Use ICT to access information, collect, analyse, and
represent data, model and interpret concepts and relationships, process information, and communicate ideas.

Intercultural understanding: Appreciate and respect diverse cultures (yours and others) and understand how
cultural perspectives have impacted the developments, breadth and diversity of scientific knowledge and applications.

Literacy: Literacy is the ability to identify, understand, interpret, create and communicate effectively using written,
visual, oral, and digital formats. Apply these skills to communicate scientific concepts and findings.

JBBBRE

F[ Numeracy: Numeracy involves recognising and understanding the role of mathematics in the world. Develop
numeracy skills through measuring, recording, representing, and anlaysing data.

Personal & social capability: Establish positive relationships, make responsible decisions, work effectively (alone
and with others) and constructively handle challenging situations during your scientific endeavours.

S

Cross-curriculum priorities

Aboriginal & Torres Strait Islander histories & cultures: The traditional knowledge and cultural practices of
Aboriginal & Torres Strait Islander peoples provide insight into how the environment and natural world work.
Traditional knowledge and Western scientific knowledge can be used together in a complementary way.

Asia & Australia's engagement with Asia: The diverse environments of Australia and Asia provide opportunities to
study interactions within and between the two environments, including how human activity influences the region, and
the significance of these to the rest of the world.

Sustainability: Sustainability is concerned with the ongoing capacity of the Earth to maintain all life. It provides
contexts for exploring, investigating, and understanding the interrelatedness and sustainability of Earth's systems,
including both natural and human-made environments.

OJoNS

Other learning across curriculum areas

Civics & citizenship: Understand how civics, the understanding of Australian society, and citizenship can be applied
to scientific ideas and technological advances.

Difference & diversity: Australian society is diverse in terms of gender, race, and socio-economic circumstances.
Working collaboratively provides opportunities to develop an appreciation of the values and ideas of others.

Work & enterprise: Develop and use safe working practices. Identify risks and carry out hazard assessments when
working in the laboratory or field.

ele}o

Other tabs

Grey hub tabs indicate the activity is supported by content on BIOZONE's Resource Hub.
See page ix for details about BIOZONE's Resource Hub.

Green tabs show connections to related activities and content elsewhere in the book.

Appendix 1: Glossary of key terms and their definitions
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Appendix 2: Equipment list for the practical investigations
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Using BIOZONE's Resource Hub

» BIOZONE's Resource Hub provides links to online content supporting the activities in the book. From this page,
you can also check for any errata or clarifications to the book since printing.

» Many of these external websites are narrowly focused animations and video clips directly relevant to that part of the
activity identified by the hub icon. There is also material for data exploration, source material for activities, and some
fact sheets, as well as 3D models and spreadsheet models. The hub provides great support for your studies.

- www.BIOZONEhub.com

Then enter the code

in the text field Or scan this QR code
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Chapter in
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Support for Depth Studies

During your HSC Biology course you will carry out depth studies. A
depth study is when you choose an area of the syllabus you have
enjoyed or found interesting, and explore it in more depth (you
deepen your understanding of the topic).

There are lots of options for a depth study:

* Do you want to work alone or in a group?

* Do you want to carry out your own investigation (collect primary
data) or analyse second hand data (someone else's research)?

* Do you want to do a research project, create a model, or carry out a e PN L fa: | ——
practical investigation in the laboratory or field? g

1 -

There are too many options for us to cover in this worktext, but we have provided some helpful information to help you
make your depth study a success! Chapter 14 of this worktext provides you with information for choosing what type of depth
study you want to do, it provides guidance on planning and carrying out the study, and also some tips on how to share your
findings with others. Refer to these pages often as you plan and work on your depth study. Your teacher will also help you

with your choice, and they will provide more information about what you need to do to meet the syllabus requirements for
the depth study.

Chapter 14 provides support to

help you plan and carrying out Choosing your depth study
your depth study * What types of studies, projects, or investigations can be
used for a depth study?
f * What type of study is most appropriate for the topic |
o want to study?

¢ e What are the differences between a primary practical
f investigation and a secondary-sourced investigation?

Depth Studies: 1
Guidance and Ideas
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Tips for planning your depth study Sharing your findings

* What does the planning process look like? * What communication style is best for my

» What do | need to think about when planning my study?
depth study? * What style of communication do | prefer or

* What do | want to find out from my study? feel confident with?

« What type of data should | collect and how will | * How should | structure the way | deliver my
analyse it? findings?

« What equipment will | need? * How do | acknowledge the work of others?

* How long will it take?
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Key terms
accuracy

aim
argumentation
assumption
data
hypothesis

line of best fit
mean

median

mode

model
precision
prediction
primary data
qualitative data
quantitative data
random error
reliability
replication

sample size

scientific evidence

secondary data

standard deviation

systematic error
validity

Working Scientifically

Working scientifically skills

Background in the activities noted. Covered in context in following chapters.

Questioning and predicting

1 Identify, develop, and construct questions and hypotheses for scientific investigation.
Modify hypotheses based on new data and evidence.

Planning investigations

2 Assess safety, risks, and ethical issues. Apply relevant occupational health and safety
guidelines during practical work. Select appropriate methods and technologies for
carrying out the investigation.

3 ldentify experimental controls and variables and justify their use. Develop appropriate
methodology to ensure a valid procedure. Adapt methodologies as required and record
and justify these modifications.

Conducting investigations
4 Demonstrate safe laboratory practices and risk management during an investigation.
5 Select and use appropriate equipment and technologies. Systematically generate and

record primary data, and collate secondary data. Acknowledge secondary sources
using accepted referencing.

Processing data and information

6 Select and record qualitative and quantitative data. Represent data in a range of
appropriate formats, and present them using appropriate digital technologies
and/or media.

7 Apply appropriate quantitative processes to data. Evaluate the quality of collected data
and improve where necessary.

Analysing data and information
8 Identify trends and patterns in data. Recognise and assess errors and limitations of
the data.

9 Assess the relevance, accuracy, validity, and reliability of both primary and secondary
data. Suggest ways to improve or extend investigations.

Problem solving

10 Model primary and secondary data to explain phenomena, make predictions and solve
problems. Use scientific evidence and critical thinking to provide solutions and solve
problems.

Communicating

11 Select and use appropriate forms of communication including, digital, written, oral, and
visual formats.

12 Use appropriate scientific notation and terminology when communicating scientific
ideas. Construct evidence based arguments. Evaluate arguments and conclusions
based on feedback.

Activity
number

23

2208

6 208

6 208



Key Idea: Hypotheses are tentative, testable explanations for
observed phenomena. Hypotheses can be used to generate
predictions about a system or its behaviour.

Science is the pursuit and application of knowledge and
understanding of natural phenomena following systematic
evidence-based methods. The practice of science involves

Aims, Questions, Hypotheses, and Predictions

asking questions and posing testable and refutable
hypotheses about the things we see around us. A hypothesis
leads to one or more predictions about the way a system will
behave. Like all of science, hypotheses are not fixed, but can
be modified as we gather more information about the system
or the phenomenon we are interested in.

Understanding science

Science is a process through which we
can understand what we see. Science has
application in the modern world and is
creative and collaborative. It distinguishes
itself from other ways of understanding

by using empirical standards, logical
arguments, and skeptical review.

Benefits and
outcomes

Use findings to develop
technology, solve
problems, answer

questions, educate.

Exploration
and discovery

Questioning,
observing,
and sharing
information

Investigating and
testing ideas
Carrying out
investigations,
comparing results
to predictions, and
developing models that
explain observations,

Above all, science is a global
human endeavour and, while
rigorous, it requires creativity
and imagination. New research
and ways of thinking can be
based on the well-argued idea of
a single person.

Analysis and feedback

Review and
discussion of results.
Publication and repeat
investigations.

Observations, hypotheses, and predictions

» An observation is watching or recording what is happening.
Observation is the basis for forming hypotheses and
making predictions. An observation may generate a
number of hypotheses (tentative explanations for what
we see). Hypotheses should have a sound theoretical
basis and should be testable and falsifiable (able to be
disproved/refuted by evidence).

» A hypothesis will lead to one or more predictions. These
are statements of what you expect to happen under certain
conditions. Predictions can be tested by investigation.

» Hypotheses are written as statements, e.g. "Higher
temperatures increase water loss in plants". For every
hypothesis, there is a corresponding null hypothesis:

a hypothesis of no difference or no effect, e.g. "Higher
temperatures have no effect on water loss in plants". A null
hypothesis allows a hypothesis to be tested statistically. A
hypothesis can then be rejected if the experimental results
do not support it.

» A research hypothesis is often written as a statement
to include the prediction: "If X is true, then if | do Y (the
experiment), | expect Z (the prediction)".

» Any biological investigation requires you to make
assumptions about the system you are working with.
Assumptions are features of the system (and investigation)
that you assume to be true but do not (or cannot) test.
They are usually based on prior knowledge.

Bl6|0|~

Shining bronze cuckoo with. woolly bear caterpillar

Observations: The shining bronze cuckoo has been observed
to selectively feed on caterpillar species known for their toxicity
to vertebrates, including brightly coloured monarch caterpillars
and the hairy woolly-bear caterpillars of the magpie moth. These
caterpillars are avoided by other bird species.

Question: How are cuckoos able to eat toxic prey without being
affected by the toxins?

Assumptions: Cuckoos can see the bright warning colours. The
toxins in the caterpillars would affect the cuckoos if absorbed.
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Generate a hypothesis for the question " How are cuckoos able to eat toxic prey without being affected by the toxins?"

N

Generate a prediction about shining bronze cuckoos fed on toxic caterpillars:

> For the example of the shining bronze cuckoo, the investigation would
involve a careful observational field study to collect data about how
birds behave after eating toxic prey (photograph right). In fact, shining
bronze cuckoos, like other cuckoos, have a number of adaptations
to avoid being poisoned, including shaking the gut out of the prey
and trapping toxic caterpillar "hairs" in the inner mucous lining of the
stomach, which is periodically vomited out.

» However, many of our questions in science are investigated using
controlled experiments in which we manipulate a variable of interest
to determine the outcome of this manipulation.

) These experiments are conducted for a purpose or aim, i.e. to test
the predictions generated by our hypothesis. The aim is a brief
statement of purpose, usually beginning with "To determine...". Use
the examples below to practice.

3. When preparing cultures of an unidentified bacterial species (X)
isolated from the field, a laboratory assistant noticed that cultures
left overnight on the end of a bench near a heating unit grew faster
than those left on the opposite side of the bench. They decided to
investigate this observation further by carrying out an investigation
in which 10 plates are incubated for 24 hours at a controlled 37°C
and 10 plates are incubated for 24 hours at a controlled 20°C:

(a) Write an aim for the investigation:

(b) Write a hypothesis for the investigation:

(c) Write your null hypothesis for the investigation:

(d) Rewrite your hypothesis as a working (research) hypothesis to include your prediction for the investigation:

(e) Are your hypothesis and its prediction testable? Explain:

(f) What assumptions are being made in this investigation?

(g) Is your hypothesis and its prediction falsifiable? Explain:
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Key Idea: Carefully executed, well planned investigations are
more likely to produce reliable, valid data.

A major part of any practical investigation is collecting
the data. Practical work may be laboratory or field based.
Typical laboratory based experiments involve investigating
how a biological response is affected by manipulating a
particular variable, e.g. temperature. The data collected for a

Planning and Conducting Investigations

quantitative practical task should be recorded systematically,
with due attention to safe practical techniques, a suitable
quantitative method, and accurate measurements to an
appropriate degree of precision. If your quantitative practical
task is carried out well, and you have taken care throughout,
your analysis of the experimental results will be much more
straightforward and less problematic.

Carrying out your practical work

Preparation

Familiarise yourself with the equipment
and its set up. Calibrate equipment if
necessary to give accurate measurements.

Read through the methods and identify key
stages and how long they will take.

Identifying variables

A variable is any characteristic or property able to take any
one of a range of values. Investigations often look at the effect
of changing one variable on another. It is important to identify
all variables in an investigation: independent, dependent, and
controlled, although there may be nuisance factors of which you
are unaware. In all fair tests, only one variable is changed by
the investigator.

Dependent variable

* Measured during the investigation.
* Recorded on the y axis of the graph.

Dependent variable

\J

Independent variable

I

Independent variable

* Set by the experimenter.
* Recorded on the graph's
X axis.

Controlled variables

¢ Factors that are kept the
same or controlled.

e List these in the method,
as appropriate to your
own investigation.

B|6[6[@]| ]~

Execution and recording

Know how you will take your
measurements and how often. Use a
logbook to record results systematically
as you go. You could record results as a
hand-written table or in a spreadsheet. If
using a datalogger, data will be logged.

Analysis and reporting

Analyse the data. Tables can summarise
data. Graphs present the data to show
patterns and trends. Statistical tests can
determine the significance of results.
Present your findings, e.g. as a poster, a
digital presentation, or an oral report.

Experimental controls

A control refers to a standard or reference treatment
or group in an experiment. It is the same as the
experimental (test) group, except that it lacks the
one variable being manipulated by the experimenter.
Controls are used to demonstrate that the response
in the test group is due a specific variable (e.g.
temperature). The control undergoes the same
preparation, controlled conditions, observations,
measurements, and analysis as the test group. This
helps to ensure that the responses observed in the
treatment groups can be reliably interpreted.

{{U I
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> The experiment above tests the effect of a certain
nutrient on microbial growth. All the agar plates are
prepared in the same way, but the control plate does
not have the test nutrient applied.

» Each plate is inoculated from the same stock
solution, incubated under the same conditions, and
examined at the same set periods. The control plate
sets the standard; any growth above that seen on the
control plate is attributed to the nutrient.
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Selecting the correct equipment
It is important that you choose equipment that is
appropriate for the type of measurement you want 500 : Smi
to take. For example, which of the glassware would _'f" ;g?.‘";
you use if you wanted to measure 225 mL? 3 B
— 450
The 500 mL graduated cylinder has graduations =
every 5 mL whereas the 500 mL beaker has —400
graduations every 50 mL. It is more accurate to
measure 225 mL in a graduated cylinder. =350
Different types of graduated v.&:_— 1}) =
glassware have different e 250
accuracies. A beaker is less = 1
accurate than a measuring —200
cylinder and a measuring &
cylinder is less accurate than a —150
pipette. Volumetric glassware is ~ 100
the most accurate. 3

Percentage errors

Percentage error is a way of mathematically expressing how
far out your result is from the ideal result. The equation for
measuring percentage error is:

experimental value - ideal value
x 100

ideal value

For example, to determine the accuracy of a 5 mL pipette,
dispense 5 mL of water from the pipette and weigh the
dispensed volume on a balance.

The mass (g) = volume (mL). The volume is 4.98 mL.

experimental value (4.98) - ideal value (5.0)
ideal value (5.0)

x 100

The percentage error = —0.4% (the negative sign tells you
the pipette is dispensing less than it should).

Data loggers and field equipment

Equipment for collecting data in the field ranges from very
general (quadrats and measuring tapes) to highly specific
(electronic tags, pH and conductivity meters). Select the
equipment that is appropriate to your investigation and know
how to use it correctly (including calibration if required).

Data loggers are increasingly used both in the lab and in the
field. A data logger is an electronic device that records data

over time, either with built-in instrumentation or via a plug-in
sensor. Most interface with a computer or phone so that the
collected data can be viewed and analysed.

Data loggers enable data to be collected automatically. They
are typically positioned and left unattended to measure

and record data over the set period of monitoring. In the
field, they can provide data on the physical environment
alongside a study of biological populations. Many, such as
the temperature logger pictured below, are simple to use,
and the data can be easily accessed via a smartphone app.

1. Assume that you have the following measuring devices available: 50 mL beaker, 50 mL graduated cylinder,
25 mL graduated cylinder, 10 mL pipette, 10 mL beaker. What would you use to accurately measure:

(a) 21 mL: (b) 48 mL:

(c) 9 mL:

2. Calculate the percentage error for the following situations (show your working):

(a) A 1 mL pipette delivers a measured volume of 0.98 mL:

(b) A 10 mL pipette delivers a measured volume of 9.98 mL:

(c) The pipettes used in (a) and (b) above both under-delivered 0.02 mL, yet the percentage errors are quite different.
Use this data to describe the effect of volume on percentage error:

3. A researcher wanted to investigate the number of steps the students in a classroom did during their day at school. What
piece of equipment would be useful for this investigation and how might the investigation be carried out?
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Investigation: Effect of light on rate of photosynthesis
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