EVALUATING THE USEFULNESS OF CITIZEN
SCIENCE FOR NATURAL RESOURCE
MANAGEMENT IN MARINE ENVIRONMENTS

Carla D Sbrocchi

Master of Science (Marine Science)

A thesis submitted for the degree of Masters by Research

University of Technology Sydney
School of Environment

January 2014






CERTIFICATE OF ORIGINAL" AUTHORSHIP

| certify that the work in this thesis has not previously been submitted for a degree nor
has it been submitted as part of requirements for a degree except as fully

acknowledged within the text.

| also certify that the thesis has been written by me. Any help that | have received in my
research work and the preparation of the thesis itself has been acknowledged. In
addition, | certify that all information sources and literature used are indicated in the

thesis.

Signature of Student:

Date:



ACKNOWLEDGEMENTS

Sincere gratitude to my supervisors Prof Bill Gladstone and Dr Tim Glasby who have
provided continuous guidance, encouragement and support. | have been fortunate to
receive financial support from the Sydney Metropolitan Catchment Management
Authority and the Australian Geographic Society which was integral to having
volunteers involved in my study: thank you SMCMA and Australian Geographic for your
assistance in supporting the divers in my study and to Lesley Diver for making this
happen. Thank you also to Skye Taylor and Peter Gibson from NSW Department of

Primary Industry (Fisheries) and Glenn Courtenay for providing your expertise.

To all the questionnaire respondents across the country (who must remain
anonymous), thank you for taking the time to contribute your thoughts. This thesis is
based largely on what you told me, and | appreciate your candour. To Dave Thomas,
Peter McGee, Karen Raubenheimer, Deborah Dickson-Smith, Scott Portelli, Mark
Kitchen, Alice Forrest, Silke Stuckenbrock, David Massih, Elaine Kwee, Kate Tinson,
John Turnbull: you are exemplars in the field of citizen science. Your commitment to
marine monitoring and raising public awareness on marine issues is nothing short of
inspiring — | am indebted to you and | am honoured to have the pleasure of working

with you.

Thank you to all my friends and colleagues who have provided encouragement,
enthusiasm and listening ears. | cannot express enough gratitude to Meg, John, Libby
and Derek who been available to help at a moment’s notice.  And finally, to Adam,
Aurora, Leif and Wren: you have walked this journey with me and have been ever

gracious, ever understanding and ever loving. xo

This study has been approved by the University of Technology, Sydney Human
Research Ethics Committee (UTS HREC REF NO. 2012-052A).



TABLE OF CONTENTS

CERTIFICATE OF ORIGINAL" AUTHORSHIP ....ccoiiiiiiiiiiiiieeeie e ii
ACKNOWIEAGEMENTS ...t s iv
Table Of FIQUIES ... ..t viii
ADSTIFACT ... Xiii
Chapter 1: IntroducCtion ..o 1

Chapter 2: Issues and Opportunities For Citizen Science In Natural Resource

Management in AUSIralia ..........coooeri i 5
2.1 Environmental Management Models............ccoooiiii 6
2.2  Models of Community Participation in Natural Resource Management........... 7
2.3  Citizen Science in CONEXE.... ... 9
2.4 Outcomes Of CitiZEN SCIENCE........coiiiiiiiiiiiiee e 11

241 OUtCOMES fOF SCIBNCE ....eevviiiiiiiiieeee e 16
2.4.1.1 Factors influencing Science OutCOmMES...........cccceeiiiiiiiiiiiiiiiiee e, 17
2.4.2  Outcomes for INAIVIAUAIS ............ooeiiiiiiiiiiiii e 19
2.4.3  Outcomes fOr SOCIELY ....uiiiiiiiiiiecce e 21
2.5 CONCIUSIONS ...ttt ettt ettt e e e e e e e e e e e nnenees 22

Chapter 3 Assessing the quality of data collected by citizen scientist SCUBA divers for

monitoring seagrass CONAILION .........ouuuuiiiii e 25
ADSTIrACT. ... 25
3.1 INErOAUCTION ... 26
B 7 /1= 1 o o 29

3.2, StUAY S eiiieiiiiie e 29
3.2.2 PartiCipants..........oooiiiiiii 30
3.2.3  Field experiment: hypotheses and sampling design..............ccceeeeeeeeee. 30
3.2.4  Lab experiment: hypotheses and sampling design ...........cccooeiiiiiiiinnnnes 31
3.2.5 Influence of photo quality..........coovvviiiiiiii 32



3.2.6  Volunteers’ attitudes and perceptions ..........cccceeeiieiiiiiiiiiei e, 32

3.2.9  Statistical analySes ...........ueeiiiiiiiiii e 33
3.3 RESUIS .. 34
3.3.1 Field eXperiment ... ... 34
3.3.2 Lab eXperiment ... ..o 36
3.3.3 PROO QUAIITY ... 41
3.3.4  Volunteer attitudes ........ccoooiii e 42
3.4 DISCUSSION ..ttt 43
3.5 CONCIUSION ... 46
ACKNOWIEAGEIMENTS ...t nnennnnes 47
Supplementary Table S3.1 ... 48
Supplementary Table S3.2 ... 60
REFEIENCES ...t 63
(01 T T o] =Y 0 S U OO PPN UUPPPPPRPPIR 67

Who Cares about Citizen Science? A Survey on the Utility of marine citizen science in

AUSTFANIA. ... 67
SUMIMAIY ..ttt e e e e et e e e e e e e e e et e e eeeeeeeat b e e eeeeeeessbaaanns 68
4.1 INrOAUCTION ... 69
4.2 METNOGS.... .o 71
4.3 RESUIES ..ttt 72

4.3.1 General respondent information...............oeevviiiiiiiiiiiiiiiiiiiiiieeeee 72
4.3.2  Characteristics of Citizen Scientists ... 74
4.3.3  Characteristics of Data User Organisations ............ccccccoeeeeeiiiiiiieeeeeeeen, 78
4.3.4  Uses of Citizen Science Data.............cooeeeeeiiiieiii, 81
4.4 DISCUSSION ... 83
R T 7o T 1] T I PSRRI 85
o {011 Yo [ [T o =T o PR 87

Vi



Appendix S4.1 QUESHONNAINE .......ccei i 88

Appendix S4.2: Citizen Science Publications based on Australian Citizen Science

ACHIVITIES ...t e e e e e e 96
REFEIENCES. ...t 104
Chapter 5: General Discussion and ConcCIUSION ...............ooeiiiiiieiiieeeiiiiiceee e, 108
5.1 INIrOAUCHION ...ttt 108
5.2 Benefits of Citizen SCIENCE ..........uuiiiiiiiiiiiiiiiee e 108
5.3 Challenges to the Field of Citizen Science.............ccccccuuiiiiiiiiiiiiiiiiiiiiiiiis 109
5.3.1 Data ISSUES ... .o 109
5.3.2 Funding and support for Citizen Science............coovvieiiiiiiiiiiiicieeee e 111

5.4  Citizen Science and Natural resource Management ..............ccooooevviviiinnnnn.. 113
5.5 Practical solutions for integrated citizen science...........ccccccoeeeeiiiiiiiiiiinnnnnn.. 114
APPENAIX 12 GIOSSAIY ... i e e e e e e e s 117
REFEIENCES ...t 119

vii



TABLE OF FIGURES

Figure 2.1. The number of peer-reviewed publications with the key word “citizen

science” using web of science database. n=347 publications 1900-2013.................... 11

Table 2.1: Models of public-scientist interactions in citizen science (Shirk et al. 2012), in

order (from top to bottom of table) of increasing public involvement............................ 12

Table 2.2: Evaluation of the five models of citizen science against outcomes for
science, individuals and society (SYNTHESIZED FROM Lunney & Matthews 2002; Ely
2008b; Danielsen et al. 2009; Conrad & Hilchey 2011; Shirk et al. 2012). Models are in

order of increasing public involvement (from top to bottom) as per Table 2.1.............. 13

N
()]
)

N
o
I

—_
[@)]
1

(6]
I

o

Number of peer-reviewed
publications
=

1993
1994
1995
1996
1997
1998
1999

Figure 3.1. Peer-reviewed publications implying use of citizen science for marine data
collection, 1993 to 2012. Compiled list of references can be found in Supplementary
TADIE S e 28

Table 3.1. Questions asked of volunteers after a training session to assess their level

of enjoyment with the data processing (lab) experiment. Nn=7...............ccco. 33

Table 3.2. Summary of PERMANOVAs testing for differences in estimates of mean leaf
length of Zostera and Posidonia and of mooring scour lengths, measured by volunteers
and experts. Estimates of variance components are included. Transformations are
written above each analysis. *When Expertise x Site was non-significant (p>0.25), this

term was pooled with the Residual to create new tests for the main factors. ............... 35

Figure 3.2. Estimates of Mean (+ Standard Error) leaf length of Zostera and Posidonia

seagrass measured by experts and VOIUNEErS. ............coooiviiiiiiiiii e, 35

viii



~

»

o
—

Length (m)
w BN

N

—_

o

Expertise

OExpert Mean mVolunteer Mean

Figure 3.3. Estimates of mean (+standard error) length of mooring scours from experts
= Lo IRV ] U o1 (== = PSSR 36

Table 3.3. Summary of PERMANOVA results testing for differences between experts
and volunteers in estimates of mean % cover of seagrass (Zostera, Posidonia,
Halophila) and sand from photoquadrats. Estimates of variance components are
included. Transformations are written above each analysis. *Adjusted Significance level
of p=0.01 used because variances were heterogenous and could not be eliminated by
LU= T TSy {0 0 0 =1 o] o 1TSS 37



Percentage Cover
N w B N (2] ~ (€] ©
o o o o o o o o

—_
o

B

Zostera Posidonia Halophila Sand

o

OExpert Mean mVolunteer Mean
... 38
Figure 3.4. Estimates of mean (+ standard error) of % cover of Zostera, Posidonia,

Halophila and sand recorded by experts and volunteers. .........ccccooeviiiiiiiiiievenie, 38

Table 3.4. Results of pair-wise tests comparing Expert and Volunteer data for each
site. *Adjusted significance level of p=0.01 used for Posidonia and Halophila because
variances were heterogeneous and could not be eliminated by transformations.

Significant p-values are in DOId. ......... ... 38

Figure 3.5: Estimates of mean % cover of seagrass (Zostera, Posidonia, Halophila) and
sand recorded by each person at each site. Person 1-9 = volunteers, 10-13 = experts.
Sites 1-4 are seagrass friendly moorings, Sites 5-8 are swing moorings, and Sites 9-12

are controls (i.€. NO MOOKINGS). .. .uuuuu e e e e e e e e e e e e e 39

Table 3.5. Summary of PERMANOVA results testing for differences between experts
and volunteers in estimates of mean % occurrence of seagrasses and sand from video
transects Transformations are written above each analysis. Variance components are
included. *Adjusted significance level of p=0.01 used because variances were

heterogeneous and could not be eliminated by transformations. ............ccccccvvvvvvvneenn. 40

Figures 3.6, 3.7, 3.8 (L-R). Photos demonstrating contribution of orientation and clarity
to photo quality score. Quadrat is centred, square and clear (figure 3.6); figure 3.7



shows photo that is not square and taken at acute angle; 10% of quadrat missing from
dull Photo (fIGUIME 3.8). ..ceeiiiiiie e e e e 41

Table 3.6. Quality scores of photos taken by volunteers. Letter denotes photographer.
Site is denoted as Seagrass-Friendly Mooring (SFM), Swing (S) or Control (C).
Shading indicates those moorings where significant differences were detected in %

cover measured by experts and volunteers for Zostera (z), Posidonia (p) or sand (s). 41

Figure 3.9. Comparison of confidence in 8 volunteers in completing the computer-

based activities, at the conclusion of the training workshop and after completing the

Table 4.1. QUESLIONNAINE TNEMES ... e 71

Table 4.2. Characteristics of respondents by organisation type, based on n=185

partially/fully completed surveys (percentages rounded to nearest whole number)..... 73

Table 4.3. Monitoring activities according to biotic, physical and social categories. Data
are percentages of 73 ‘citizen scientist’ respondents. Percentages are rounded to

NEAIESTt WHOIE NUMDET. .. ettt e e e e et e e e eaeen 75

Figure 4.1. Comparison of funding sources for citizen scientist respondents, showing
(upper panel) proportion of respondents reporting all sources of funding (respondents
could select more than one response so percentages may total >100); (middle panel)
proportion of respondents reporting a funding source that made up more than 50% of
their total operational budget; and (lower panel) proportion of respondents reporting a

funding source that made up more than 90% of their total operational budget. N=60.. 76

Figure 4.2: Key factors that affect citizen scientists’ ability to provide data to
organisations. Responses displayed for % respondents selecting top answer ('1').
‘Volunteers’ describes the number of volunteers in the group and their technical skills,
‘funding’ refers to the financial support and partnerships the group maintains, ‘admin’
includes the capacity of the group to enter and store data, ‘communication’ is the
amount of feedback the group receives from researchers or other project proponents,
‘QA/QC’ describes data quality and assurance protocols, and ‘safety/OHS’ relates to

insurances and protocols for group monitoring activities. ..., 77

Figure 4.3. Frequency distribution of time data users had engaged with citizen science

(based 0N N=101 FESPONSES). c.ceeeieieiie e 79

Xi



% respondents
= N W Hh OO D
LILIILILZ
XK
anac I

safety/OHS | IEIN

training
Capabilties
Support

Scale of Monitoring ||| | |Gz

Program

Data Management -
I

Group's Finances -

Design of Monitoring

Group's skills and
Group's Admin/Data
Communication and

Figure 4.4. Factors which contribute to a data user’s decision to use citizen science
data. Responses displayed are proportion of respondents selecting factor as top
answer (‘1" rank), n=90. ‘QA/QC’ describes data quality and assurance protocols
employed by the group, ‘Group’s admin’ includes the capacity of the group to enter and
store data, ‘Safety/OHS’ relates to insurances and protocols for group monitoring
activities, and ‘Communication’ is the amount of feedback the user provides to the

CItiZEN SCIENCE GIOUPS. ..uui ittt e et e e et e e e et e e e e et e e e e eet e e e eeaa e e e eananeees 80

Table 4.4. Perceived and known uses of citizen science data reported by citizen
scientists and data users. Responses displayed are ranked, where 1 = top answer. (94
citizen science respondents, 97 data user respondents; 1=highest/most used rank,

O=loWESH/IEAST USEA) ... .ciiiiiiiiiee e aeaans 81

Table 4.5. Outputs of citizen science programs, compiled from all respondents

((n=185)) as a measure of usefulness of citizen science data. ..............ccccevvvvveveeneenn.n. 82

Xii



ABSTRACT

Management of marine natural resources and ecosystems is relying
increasingly on the engagement of members of the public to collect environmental
monitoring data for application in research and marine decision-making processes.
Despite an accumulating body of work which discusses the potential benefits of
engaging members of the public in marine environmental monitoring for better
decision-making, there is no published analysis of whether, in fact the data collected by
the public are used. The aim of this research was to assess the utility of citizen science
data for marine natural resource management in Australia. This was accomplished by
an investigation into the development of the field of ‘citizen science’ and its potential
place within community participation frameworks for sustainability and environmental
management. It also reviewed the perceived benefits and challenges to the use of
citizen science in the natural sciences and discussed its potential uses and influence

on environmental policy and management.

A validation study was undertaken to evaluate seagrass condition data
collected by volunteers using field and computer-based sampling methods. Citizen
scientists (volunteer SCUBA divers) did not differ from experts (professional marine
scientists) in their estimates of % occurrence of seagrasses and sand (from video
transects), however, they differed in a more complex task of estimating % cover of
seagrass and other habitat features (from photoquadrats). Experts differed in their
estimates of % cover from photoquadrats, indicating methods require review and may
have contributed to volunteer results. Citizen scientists found the computer-based
activities helpful in expanding their knowledge on scientific processes and essential for
evaluating and modifying techniques used in their monitoring protocol. This evidence
further supports the inclusion of volunteer SCUBA divers in scientific research
(including seagrass condition monitoring) and highlights the importance of also

validating professionals prior to training volunteers.

Results of a questionnaire distributed to researchers, managers, community
support organisations and community members across Australia demonstrated that
citizen science is being used for decision-making in Australia, as well as for high-quality
research. More than 70% of respondents (n=185) reported having used citizen

science-collected data for natural resource management decisions or research, with 53



programs producing 72 peer-reviewed publications and 110 technical reports. Where
scientists and the public are working together, citizen science is a powerful research
tool that has an added benefit of expanding the individual well-being of the participants
involved. This study has also been able to demonstrate that citizen science is
achieving its purported use of data for decision-making, and additional documented

cases are likely to arise as the field gains trust.
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