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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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CHAPTER 1: INTRODUCTION

Management of natural resources and ecosystems is relying increasingly on
engaging members of the public in collecting environmental monitoring data (Pfeffer &
Wagenet 2007; Holt et al. 2013) for application in decision-making processes (Antos et
al. 2006; Mcintyre 2008). Despite an accumulating body of work which discusses the
potential benefits of engaging members of the public in environmental monitoring
(Danielsen et al. 2005; Bonney et al. 2009b; Dickinson et al. 2010; Roy et al. 2012),
there is no published analysis of whether, in fact, the data collected by the public are

used for decision-making.

Coastal marine areas, specifically, are progressively affected by warming
oceans, changes in storm frequency and intensity, increasing extractive activities and
population pressures inducing accelerated degradation. Given the extensive scale
coastal marine areas occupy, the financial resources required for comprehensive
monitoring and the social complexities of decision-making, natural resource managers
have been encouraged by governments to engage members of the public in
environmental monitoring and management (Wilson 2002; Department of Environment
Water Heritage and the Arts 2009; Department of Sustainability 2012). Validation of
public monitoring data is identified as a concern for environmental researchers and
managers (Darwall & Dulvy 1996; Underwood & Chapman 2002), and although
validation studies of public monitoring data have taken place since the early 1990s, the
contexts to date are generally constrained to freshwater and terrestrial investigations.
In addition, no study of the impact on environmental decision-making of public
involvement in environmental monitoring has yet been reported. This signifies a
substantial gap in the knowledge required for researchers, policy makers and

managers to further integrate the public into marine decision-making processes.

The general aim of the research reported in this thesis was to assess the utility

of marine citizen science data for marine natural resource management in Australia.

The term citizen science has a variety of meanings and applications and is used
in a variety of scientific disciplines, from astronomy to zoology. In the natural sciences,
the term ‘citizen science’ can be applied to the actual process of managing natural

resources; however, more often than not it is used to mean the involvement of



members of the public in scientific research and monitoring activities (Miller-Rushing et
al. 2012; Shirk et al. 2012) . Members of the public who participate in citizen science
can be individuals or communities; they can be students, landholders, industry
enthusiasts (such as recreational fishers, SCUBA divers), or community activists. They
can initiate the activities or be asked to participate. They can be volunteers or can even
be paying participants. The consistent element is that the intended outcome of citizen
science is the provision of information for sound and informed decision-making for the
better restoration, conservation and management of ecosystems and natural resources
(Walker & Daniels 2001; Danielsen et al. 2005).

To achieve the aim above, Chapter 2 investigates the development of the field
of ‘citizen science’ and its potential place within community participation frameworks for
sustainability and environmental management. This will allow for an exploration of the
nature of citizen science, as well as the roles of the various participants within the field.
The chapter reviews the perceived benefits and challenges to the use of citizen science
in the natural sciences and discusses its potential uses in, and influence on,
environmental policy and management. The marine environment is used as a focus for
this thesis, however, the concepts addressed have application in other scientific

disciplines.

As validation of public data is identified as a primary concern to implementation
of citizen science, Chapter 3 provides a validation test of volunteers in a specific
context, not previously discussed in the available literature. Volunteer SCUBA divers
participated in both field and computer-based data collection techniques that were
validated against data provided by experts. By researching the validity of data collected
by citizen scientists, this study will contribute to improvements for wider application of
citizen science. It has been prepared in the format of an article for the journal Bulletin of

Marine Science.

To examine the application of citizen science data, Chapter 4 will present the
results of a questionnaire distributed to researchers, managers, community support
organisations and community members across Australia that focused on the potential
applications for, and actual uses of, citizen science data. The questionnaire covered
topics ranging from motivations for monitoring, operational capacity, data capture,

factors influencing use of data and evidence of impact of data collected by the public. It



has been prepared in the format of an article for the journal Environmental

Conservation.

The final chapter reviews the utility of citizen science for marine natural
resource management in Australia by synthesizing findings of Chapters 2-4. This
chapter also provides recommendations for better integration of citizen science in

research and decision-making.






CHAPTER 2: ISSUES AND OPPORTUNITIES FOR CITIZEN
SCIENCE IN NATURAL RESOURCE MANAGEMENT IN
AUSTRALIA

Participation of the public in science is not new. Bonney et al. (2009b) and
Miller-Rushing et al. (2012) provide some historical perspective to the field, recalling
the observations of bird strikes by lighthouse keepers in the 1880s, a weather observer
program initiated in 1890 and the annual Christmas Bird Count beginning in 1900. In
fact, amateur research and specimen collection programs have existed for centuries
(Brenna in Miller-Rushing et al. 2012), and much of the ecological monitoring
undertaken throughout history has utilized amateur scientists as important participants
in all aspects of a scientific study. In some cases they have quite successfully
performed such studies independently of professional scientists. However, the
professionalization of science in the early 20" century, that is, the rise of a niche of
society paid to specialise solely on scientific issues (Bell et al. 2008), led to a decrease
in the number of scientific enquiries jointly undertaken by members of the public and
professional scientists (Miller-Rushing et al. 2012). As such, a paradigm developed
where research rested with scientific bodies and natural resource management and
policy rested with government — not the community. From the 1990s onwards,
members of the public have taken an interest in ‘democratising’ science, making
science available to all rather than allowing it to be a monopoly of a select few (Irwin
1995; Carr 2004). The public may have a desire for increased participation in science
as it feeds into more well-considered and representative decision-making (Carr 2004,
Pfeffer & Wagenet 2007). As this marked change in the dynamics of decision-making
has emerged within the past two decades, an understanding of the current model of
decision-making in natural resource, environmental and conservation management in

Australia is required.

Citizen science is a growing field around the world, and much has been
discussed regarding its potential for informing research and decision-making. Recent
reviews on citizen science, however, have focused on activity in the United Kingdom,
the USA and Canada (Bell et al. 2008; Mcintyre 2008; Conrad & Hilchey 2011; Roy et

al. 2012). Citizen science is active in Australia, yet there has been no comprehensive



review of the place of citizen science within Australian environmental management

contexts.

This chapter is a review of the issues and opportunities of integrating citizen
science into Australian natural resource management. It will discuss the development
of the field of ‘citizen science’ and its potential place within community participation
frameworks for sustainability and environmental management. This will begin with an
exploration of the models of environmental management in Australia, and the place of
community participation within these models. Citizen science as an aspect of
community participation will be discussed, highlighting the perceived benefits and
challenges to its use in the natural sciences. Finally, the chapter will describe citizen

science’s potential uses and influence on environmental policy and management.

2.1 ENVIRONMENTAL MANAGEMENT MODELS

Legislative powers over the environment are not specifically dealt with in the
Australian Constitution and are not the sole province of any one sphere of government
(Commonwealth Of Australia Constitution Act 1900) . Government agencies at all
levels (local, state and federal) are commissioned with management of natural
resources within Australia. Internationally the term ‘natural resource management
(NRM) tends to be used when discussing the sharing of resources/commodities, such
as aquaculture, fisheries and forestry, amongst constituents (e.g. traditional owners,
recreational fishers, commercial fishers, etc) whereas NRM in Australia is used in a
broader context than what the term implies. It is used in Australia to mean the planning
and direction of activities for conservation, restoration and management of ecosystems

and natural resources (Commonwealth of Australia 2012).

Australia’s federal government has jurisdiction by legislation to manage
threatened species (under the Environmental Protection and Biodiversity Conservation
Act 1999), fisheries in Commonwealth waters (>3 nautical miles from shore) and
environments governed by international agreements, for example, Ramsar-listed
wetlands (United Nations 1971). Australia has also adopted the United Nations’
Agenda 21 for Environmentally Sustainable Development, one aspect of which aimed
to encourage governments to incorporate communities in environmental activities for
long-term sustainability (UN Dept of Economic and Social Affairs 1992). Sustainability

is the capacity to maintain personal and societal well-being at a certain rate or level
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(adapted from UN Department of Economic and Social Affairs - Division for Sustainable
Development 1992; Oxford Dictionaries 2013) which depends on the long-term
maintenance of the natural world. Australia addressed this need in Section 4, Chapter
32 of its National Strategy for Ecologically Sustainable Development (Ecologically

Sustainable Development Steering Committee 1992).

In Australia, each of the six states and two territories has responsibility for
management of public assets such as ‘national’ parks and reserves, marine parks, and
commodity-based resources (< 3 nautical miles from shore). Agencies of the state
often work towards achieving an aspirational NRM target, which directs their
management and research activities and provides a means of tracking progress on
NRM issues. One example of an NRM target is the NSW State Plan which contains 7
targets relating to environment and communities (NSW Department of Premier and
Cabinet 2011).

A neo-conservative shift in the 1990s caused policy changes and cutbacks in
funding for environmental agencies and research institutions in a number of countries,
and led to the devolution of some environmental responsibilities to municipalities and
the private sector (Burgin 2002; Lunney & Matthews 2002; Underwood & Chapman
2002; Pfeffer & Wagenet 2007; Kranjnc in McIntyre 2008). Within Australia this resulted
in the creation of 56 regional NRM bodies which occur within state boundaries,
operating in a variety of ways across the country, but having an overarching mandate
to manage natural resources at the regional biogeographic scale through involvement
of communities. Management of natural resources is directed by regional and local
NRM issues, raised through community concern or identified prioritisation processes
and documented in a regional NRM plan. Principles of ‘awareness raising’ and
‘capacity building’ are integral to many NRM strategies in Australia: a critical
component to managing resources is the inclusion of the people that use the resource
(Stepath 2000).

2.2 MODELS OF COMMUNITY PARTICIPATION IN NATURAL RESOURCE

MANAGEMENT

Community consultation and active participation by communities in planning

and decision-making processes is becoming increasingly prevalent throughout the
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world, and at all levels of government (Wilson 2002; Department of Environment and
Climate Change NSW 2008) as it is seen to be transparent, inclusive and
representative and increases the community ‘buy-in’ and support of the decision.
Numerous community participation models are available for use in NRM, depending on

purposes of resource sharing, sustainability or research.

Management of commodity-based natural resources, such as fisheries and
forestry, utilise community consultation processes to manage the distribution of the
resource amongst the constituents (eg. constituents of a fishery might be traditional
owners, recreational fishers, the various types of commercial fishing and conservation
proponents). Community consultation processes also provide an opportunity for these
stakeholders to be consulted about, and to influence, decision-making. = Regional
Forestry Agreements, for example, incorporate extensive scientific and social
information from communities and experts to identify areas of forest that require

protection and areas that can be used for commercial purposes (DAFF 2013).

Sustainability models of natural resource management have a strong basis in
capacity building activities and raising awareness of environmental issues, as these
activities will reinforce the role individuals and communities play in “informed and
appropriate action” (Carr 2004; Thomsen 2008). This concept is so pervasive that
philanthropic grants administrators in the US and Australia, who have stepped into this
space because of the neo-conservative shift by government, require successful
environmental research projects to include an ‘outreach’ component (Silvertown 2009).
The philosophy of sustainability puts learning, capacity building and changed
behaviours as its focus. It is argued that by improving community members’
understanding of their role in sustainable ecosystems, their changed attitudes and

behaviours may result in beneficial everyday actions (Stepath 2000; Thomsen 2008)

The Australian Government has run its environmental funding programs over
the past two decades by the sustainability model of community participation. The aims
have included increasing community awareness of current science in pure and applied
environmental research, improving participation in the decision-making processes
involved in management, and achieving locally-relevant on-ground results (Burgin
2002; Lunney & Matthews 2002; Department of Environment Water Heritage and the
Arts 2009). The key assumption of the community participation model is that
communities will gain an improved understanding of their role in sustainable

ecosystems and will embrace long-term stewardship over the environment and the
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program in which they are involved (Weston et al. 2003; Department of Environment
Water Heritage and the Arts 2009; Department of Sustainability 2012). In Australia, the
devolvement of funds to communities has primarily been through one of two processes,
either direct to community groups (including non-government organisations (NGO)) or

through the regional NRM bodies.

It has been argued that volunteers, by participating in longer-term
environmental activities, might play a key role as a potential solution to the cutbacks
and downsizing experienced by research institutions and management agencies, and
the new function given to other sectors (Antos et al. 2006; McIntyre 2008). This can be
demonstrated, in part, by the amount of effort expended by volunteers in environmental
restoration. The ‘Caring for our Country Outlook’ reported that between 2008 and 2013,
over 200 private land managers helped to conserve over 47 000 hectares of threatened
ecological communities, more than 30 200 farmers participated in over 450 projects to
increase their uptake of sustainable farm and land management practices, and over
400 000 hectares of Ramsar wetland were protected through on-ground activities
carried out by land managers, Indigenous and community groups and volunteers
(Commonwealth of Australia 2012). The ‘community’ in community participation is not
exclusive to communities of place — that is, those who live or work in a particular
location. Community also includes ‘communities of interest’, that is, those people who
take an interest in a particular issue. ldeally, community participation would comprise
involvement from scientists, natural resource managers, government, industry and
other members of the public to benefit mutual aims of conservation, restoration and
management through contributions of experienced individuals from their respective
communities (Burgin 2002; Lunney & Matthews 2002; Underwood & Chapman 2002).
In this way, citizen science, as a form of community participation, could be the bridge
between multiple stakeholders who can contribute equally in implementing positive
change and better management of natural resources (Jacoby et al. 1997; Stepath
2000; Thomsen 2008).

2.3 CITIZEN SCIENCE IN CONTEXT

The term citizen science has a variety of meanings and applications and is used
in a range of scientific disciplines, from astronomy to zoology. A list of terms often
associated with ‘citizen science’ is provided in Appendix 1. In the natural sciences, the

term ‘citizen science’ can be applied to the actual process of managing natural
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resources; however, more often than not it is used to mean the involvement of
members of the public in scientific research and monitoring activities (Miller-Rushing et
al. 2012; Shirk et al. 2012). Members of the public who participate in citizen science
can be individuals or communities; they can be students, landholders, industry
enthusiasts (such as recreational fishers, SCUBA divers), traditional owners or
community activists (Dickinson et al. 2010; Conrad & Hilchey 2011; Shirk et al. 2012).
They can initiate the activities or be asked to participate. They can be volunteers or can
even be paying participants. The consistent element is that the intended outcome of
citizen science is the provision of information for sound and informed decision-making
to enable better restoration, conservation or management of ecosystems and natural
resources (Walker & Daniels 2001; Danielsen et al. 2005).

Lunney & Matthews (2002) described citizen science as the integration of
community knowledge and support into research programs. The majority of citizen
science involves volunteers working alongside professional scientists (usually
biologists) on projects that have been adapted to give amateurs a role (Cohn 2008;
Silvertown 2009). In the words of one researcher, “Citizen science represents a
partnership between volunteers and scientists to answer real-world questions” (Cohn
2008). Citizen scientists may record observations, carry out physical tasks such as
field data collection or submission of specimens (Bonney et al. 2009b; Roy et al. 2012),
or undertake more complex tasks such as posing research questions, analyzing data,

discussing, and disseminating results (Conrad & Hilchey 2011) .

The phenomenon of citizen science is growing (Benz et al. 2013), as
substantiated by the rise and breadth of documentation in the field (Figure 2.1). In
recent years there have been reviews on the current state of citizen science (Roy et al.
2012); the history of citizen science (Miller-Rushing et al. 2012); the development of
frameworks for implementing citizen science programs (Danielsen et al. 2009; Shirk et
al. 2012); considerations of the issues and opportunities in citizen science (Bonney et
al. 2009b; CSIRO 2009; Dalton & Smith 2009; Dickinson et al. 2010; Conrad & Hilchey
2011; Stenekes & Sahlqvist 2011; Clarke et al. 2012); the development of best practice
for engaging volunteers in citizen science (Mackney & Spring 2001; Bell et al. 2008;
Mcintyre 2008); and discussion of the associated social outcomes, such as increasing
well-being (Koss & Kingsley 2010), a greater awareness of sustainability concepts
(Thomsen 2003; Thomsen 2008) and participation in management activities (Carr

2004; Danielsen et al. 2009). A two-day conference solely dedicated to the topic
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('Conference on Public Participation in Scientific Research,') was held in Portland,
Oregon in 2012 and, in the same year, the academic journal Frontiers in Ecology and
the Environment published a special edition entirely comprised of citizen science
related articles (Volume 10, Issue 6 August 2012).

100 |
90 -
80 -
70 -
Tk
50 -
40 -
30 -
20 -
10 -
n.-. . L : — ! N
S

Year of publication

Number of neer-reviewed niiblications

2010 I
2011 [
2013Illlllllllllllllllllllll

2005 B

2009 —

19a7 §
1998 §
1999 §
2000 §
2001 |
2002 §
2003 B
2004 3

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.

2.4 OuUTCOMES OF CITIZEN SCIENCE

The reviews and discussions presented in the previous section have described
citizen science as having varying levels of public participation (Danielsen et al. 2009;
Dickinson et al. 2010; Conrad & Hilchey 2011; Shirk et al. 2012). Shirk et al. (2012)
synthesized the descriptions of scientist-public interactions as a series of models
(Table 2.1).
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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.

Model Role of the Public

Ask scientists to conduct a scientific investigation
Contract

and report on results

Asked by scientists to collect and contribute data
Contribute

and/or samples

Assist scientists in developing a study and
Collaborate ) .

collecting and analyzing data

Develop a study and work with input from
Co-create scientists to address a question of interest or an

issue of concern

Independently conduct research that advances
Colleagues . o

knowledge in a scientific discipline

Shirk et al. (2012) classified the outcomes of citizen science programs into three
main categories: outcomes for science (e.g. scientific findings); outcomes for individual
participants (e.g. acquiring new skills or knowledge); and outcomes for social-
ecological systems (hereafter denoted as ‘society’, and examples include influencing
policies, building community capacity for decision-making, taking conservation action).
Each of the models described in Table 2.1 provide opportunities for each of the three
outcomes, however, due to the nature of some of the interactions between the
scientists and the public described in the models, some models are more likely to
produce certain outcomes than others (Table 2.2). When community groups, scientists
and managers consider the implementation of a citizen science program the benefits
and challenges of each model would need to be evaluated against the project’s desired
outcomes (for science, individuals and society) to determine which model of scientist-
public interaction would best achieve the project’'s goals. Additionally, certain
implementation challenges that may impact on the use of a model would need to be

considered.
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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.

Outcomes  for | Outcomes Outcomes Implementation Examples
Science for for Society Implications

Individuals
Contract: Ask scientists to conduct a scientific investigation and report on results
Expands Limited Under- Contracts are short European
research from opportunities | represented term project-based. Science Shops
being driven for public to | members of Requires communit (European
solely by participate society can ch:m ions 1o y Commission n.d.),
researcher bring P see description

interests to
consider also
community-
relevant interests
and questions.

concerns to
scientists to
investigate

communicate findings
and source funding for
additional research if
required.

next page;

Friends of Christie
Creek, South
Australia (Stuart
Manson,

pers.comm.)
Contribute: Asked by scientists to collect and contribute data and/or samples
Potential for Some Limited Funding dependent OPAL;
efficient data stewardship | stakeholder and cannot continue
: . . . . Earthwatch

collection at large | action and engagement | without financial (often roarams-
scale with high behaviour and capacity; | government) prog ’
Z::icl:;rs;?:n.and changes; decision- assistance; B:gdl_rgi{:.ustraha

Y limited role making may training and prog ’
allows for for public be slow to coordination/facilitation | Feral or In Peril,
coordination of participants | result costs South Australia

large number of
volunteers,
spanning wide
geographic area,
the collection of
large datasets,
early detection of
issues

Collaborate: Assist scientists in developing a study and collecting and analyzing data

Potential for
efficient data
collection at large
scale with high
data precision
and accuracy;

may need to
choose between
data collection for
scientific validity
and data
collection for
education and
empowerment

Strong
sense of
stewardship,
increased
capacity and
skills and
appreciation
of data
collection
concerns

Highlights
local
conservation
issues and
provides
detailed local
information

Resource intensive —
volunteers participate
in various tasks;

researchers
responsible for
volunteer recruitment
and retention, data
analysis, interpretation
and dissemination

Community-based
monitoring of
wetlands in
Madagascar;

BirdLife
International’s
Important Bird
Areas in Kenya;

Sea Search
Victoria
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Table 2.2 cont'd

Outcomes for | Outcomes for | Outcomes for Implementation | Examples
Science Individuals Society Implications

Co-create: Develop a study and work with input from scientists to address a question of interest
or an issue of concern

Intermediate Increased Yields more High to Watershed
expectations of science decision- establish, low to | councils in
data precision and | process skills making power maintain; Canada and USA,
accuracy; (refining than other community must | "N by board;
: . questions and types of y
intermediate : ; L have Ranger and
. : interpreting monitoring; . .
capacity to inform data) commitment to community-based
large-scale High degree of | goal setting, monitoring of
monitoring decision- planning and resource use and
schemes making implementation; | wildlife in
relevance at For researchers Phillipines;
biogeographical | . . ’ .
intensive Eco Divers
scale .
support required | seagrass
to assist monitoring
community in activities (see
goal-setting, description in
design,training Chapter 3)
and data
analysis
strategies

Colleagues: Independently conduct research that advances knowledge in a scientific discipline

Amateurs become | Citizen Allows Research is Examples in fields
the ‘experts’ by scientists investigations entirely self- of astronomy,
carrying out work | develop and of issues where | funded by citizen | physics, taxonomy
that otherwise extend their there may not scientists and archaeology
might not skills and otherwise be a (Mims 111 1999)
transpire due to knowledge in political priority
lack of resources, | scientific
time, skills or concepts and
inclinations in processes;
prgfegglonal Focus of
scientific . L
community; mvgstlgatlon is

’ of high
interactions relevance to

between citizens the individual
and scientists are

likely only when

findings are

written and

submitted for peer

review and

publication

14



The spectrum of public involvement therefore places researchers, managers
and communities at the nexus of shared decision-making. There are trade-offs and
benefits to each of the approaches to citizen science, which these models make
explicit. The use of one model over another will directly relate to the goals and
aspirations of the communities, the level of support researchers and the managers can
provide and the level of precision and speed of decision-making required. For example,
where a high degree of precision in the data is required in order for a management
decision to be applied, it may be more beneficial to employ a Contributory model of
citizen science, which allocates scientists the highest level of control of the scientific
process whilst still engaging the public, through collection of data. The Co-create model
may be a good choice where the public have responsibility for management of natural
resources, to ensure good quality science is used towards management decisions. In
an example from the United States, a community group requested assistance from
scientists to design a suitable monitoring program for the purpose of targeting critical
areas for restoration and protection (Shirk et al. 2012): in this case, precision of data
only needed to be high enough to triage restoration efforts. Contractual models can
operate as an introduction to scientific process for members of the public. The
expansion of ‘Science Shops’ across Europe (European Commission n.d.) provides
socially marginalised communities with an opportunity to engage with scientists, who
who provide low-cost or pro bono consulting services. The intent of these services is
that knowledge generated is ‘geared to the requirements of civil society’ (European
Commission n.d.).

The presence of a well-structured and well-supported framework that considers
the aims of a study, the intended outcomes, and the needs of the public is critical to
ensuring provision of data that meets the intended outcome and increases the
likelihood of mutual satisfaction in the outcome for scientists and citizens (Bell et al.
2008; Dickinson et al. 2010; Shirk et al. 2012). Satisfaction in citizen scientists relates
to the level of participation they wish to maintain, their overall experience with the
activity and the aspects of support they can expect, including choice of methodology,
training, support and supervision (Lovell et al. 2009). When frameworks are not
developed, aims are often not achieved and the quality of data is compromised. This is
an area of new research (testing whether frameworks assist in achieving outcomes)
and has been initiated by a small group of researchers based in the United States
(Shirk et al. 2012), however in the past this concept has been addressed in part by

ensuring some analysis of volunteer motivations have been incorporated into program
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design (Weston et al. 2006a; Bell et al. 2008; Conrad & Daoust 2008; Wolcott et al.
2008).

2.4.1 OUTCOMES FOR SCIENCE

Each of the five models of citizen science potentially have excellent outcomes
for science. Reviewed citizen science programs mainly operate within the three models
of Contributory, Collaborative and Co-create (Bonney et al. 2009a; Dickinson et al.
2010), which rely heavily on interactions between the public and professionals. Citizen
science projects have progressed the scientific body of knowledge on trends in species
ranges, distributions, abundances and diversity; the spread of disease or invasive
species; changes in phenology or life-cycle events; and have advanced innovative
techniques on the collection, analysis and management of data (see Dickinson et al.
(2010) and Shirk et al. (2012) for further examples of these outcomes). From a
professional’s perspective, there are many potential benefits of these interactions with
the public, including access to greater amounts of data, (e.g. data sets collected over
long periods) often at a lower cost than if the data had been collected by professional
scientists (Darwall & Dulvy 1996; Newman et al. 2003; Goffredo et al. 2008; Holt et al.
2013). There is also the ability to refine, extend and complement professionally-
collected data (Pattengil-Semmens & Semmens 2003; Monk et al. 2008; Edgar &
Stuart-Smith 2009; Gillett et al. 2012). Volunteers can supplement condition and trend
information collected by natural resource management agencies (McKenzie et al. 2000;
Zeller et al. 2001), can cover areas rarely or not visited by management agencies and
can survey numerous sites simultaneously (Edgar & Stuart-Smith 2009; Finn et al.
2010; Stuart-Smith et al. 2013). The biodiversity of habitats, such as seagrass beds,
can vary greatly among locations, days, seasons and years, and data collected by
members of the public, because of the access to greater numbers of observers, may
help in quantifying this variation (West 2006). Darwall & Dulvy (1996), for instance,
were able to complete baseline subtidal surveys in Tanzania, possible only through the
assistance of a large number of volunteers (200 individuals over more than 6000
dives). Volunteers can also provide a project with a much-needed source of cash
(Cohn 2008; Lovell et al. 2009). As volunteers directly incur part of the costs to
participate in the project there are significant cost-savings to the public and scientific
community. For example, volunteer SCUBA divers in Europe provided seahorse
sightings to researchers, a task which would have taken one professional scientist 20
years and would have cost > $1.3 million USD (Goffredo et al. 2004).
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2411 FACTORS INFLUENCING SCIENCE OUTCOMES

The focus of criticism from scientists, understandably, is the rigour in the data
the citizens provide (i.e. the sampling design, methodologies used, and the data
collection procedures) and is the primary source of concern with the field of citizen
science (Underwood & Chapman 2002; Foster-Smith & Evans 2003). The factors
believed to influence the quality of data provided by citizen scientists are generally
consistent throughout the literature and focus on three main aspects: design and
execution of sampling methods; training; and quality assurance/quality control

processes.

Experimental design and performance of tasks are two areas that can affect the
quality of data. Schmeller et al. (2009) suggest that, in assessing influences on the
quality of data collected by volunteers, “the doubt should be cast on the designer of
the study, as inaccuracies or the statistical value of collected data is generally related
to problems in methodology, design, or poor communication within the program”. A
well-designed study will reduce the likelihood of inconsistencies in the data, and
therefore maximise the likelihood of useful data being provided (Goffredo 2004).
Accuracy of data collection is reduced where subjective observations are required or
where a result may depend on the observer’s level of experience (Halusky et al. 1994;
Goffredo et al. 2004; Goffredo et al. 2008; Edgar & Stuart-Smith 2009). Tasks must be
realistic and achievable and appropriate to the observer’'s level of experience (Foster-
Smith & Evans 2003), as observer effects begin to infiltrate more complex tasks,
reducing the usability of the data (Halusky et al. 1994; Mumby et al. 1995; Darwall &
Dulvy 1996).

Training programs have been shown to reduce both observer bias (Wilson
2002) and attrition (Wilson 2002; Edgar & Stuart-Smith 2009). Effective training
programs include the use of training aids, such as manuals or field identification sheets
(Halusky et al. 1994; McKenzie et al. 2000) and a form of assessment to gauge
mastery of skills (Mumby et al. 1995; McKenzie et al. 2000). In some cases, volunteers
attain specialized accredited certification (Halusky et al. 1994; Turner 2006; Koss et al.
2009), and in others, volunteers must achieve a certain level of success before their
results are accepted as part of the body of data used in the project (Darwall & Dulvy
1996; Wilson 2002; Edgar & Stuart-Smith 2009). Follow-up training may also be

necessary to keep skills fresh (McKenzie et al. 2000)
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Quality assurance protocols in fieldwork, such as the use of standards and field
guides and in-field supervision, can reduce potential sources of error. Seagrass-Watch,
a community seagrass monitoring program, uses a consistent set of methods and
validation processes (McKenzie et al. 2000; Finn et al. 2010) as does Reef Life Survey,
a citizen-science based reef monitoring program (Edgar & Stuart-Smith 2009). In-field
supervision of volunteers by experts, at least at some point in the program
development, is essential to allow researchers to provide detailed information to the
volunteers and evaluate their progress. (Goffredo et al. 2004). Citizen scientists cannot
improve in their data collection techniques or observations if they are unaware of
issues relating to their performance and skills. Identifying a problem is not the only
necessary step: citizen scientists must also be given assistance to find a solution to the
identified issue. Mumby et al. (1995) found that when the feedback loop between
scientists and volunteers was missing, divers did not improve with experience in their
data collection abilities. Lovell et al. (2009), Edgar & Stuart-Smith (2009), Finn et al.
(2010) and Koss et al. (2009) used a high ratio of experts to volunteers, in some cases
1:1, in continual field supervision to ensure correct identification of species and
application of methods. This amount of interaction between experts and volunteers
may not be possible on a continual basis, but it has been shown to be beneficial, at
least in the initial stages of training, ensuring procedures are understood, followed and
corrected as required. An alternative to in-field supervision is the use of photos and
video, which can assist the expert to remotely evaluate the volunteers’ actions and data
and provide feedback where required (Finn et al. 2010). A quality assurance protocol
in data processing is also necessary. Development of proformas for use in the field
reduces transcription errors or omissions during data entry. Cross-checking data with
photos or video can be a useful tool for the researcher to double check suspicious data
sets (Finn et al. 2010).

By no means is the issue of valid data a problem only for citizen science
programs (Kercher et al. 2003; Newman et al. 2003; Katsanevakis et al. 2012) but the
issue is perceived to be greater where citizens are involved in the provision of data
(Mumby et al. 1995; Newman et al. 2003). Although there is a growing number of
studies demonstrating validation tests of citizen scientist data (Halusky et al. 1994;
Fore et al. 2001; Engel & Voshell 2002; Bell 2006; Delaney et al. 2008; Lovell et al.
2009; Finn et al. 2010; Gollan et al. 2012) there are currently no validation studies
conducted on citizen scientists outside of field-based sampling techniques. With the

growing use of digital technology in environmental monitoring, using volunteers for
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computer-based tasks is likely and is already occurring in some fields (eg. Zooniverse,

https://www.zooniverse.org; Fold it, http://fold.it/portal; Explore the Sea Floor,

http://exploretheseafloor.net.au). Therefore there is a need to extend validation of
citizen scientists to these types of tasks.

Validation primarily centres on the reliability of data citizens provide, comparing
volunteers with each other (Halusky et al. 1994; Delaney et al. 2008; Ward-Paige &
Lotze 2011) or with experts (sometimes called ‘parallel testing’), with the implicit
assumption that experts are relatively accurate (Mumby et al. 1995; Darwall & Dulvy
1996; Fore et al. 2001). However, few citizen science studies have provided
assessments of expert accuracy: rather than relying on assumptions, conducting tests
of expert accuracy should be included in all studies (Foster-Smith & Evans 2003;
Kercher et al. 2003) against a standard where possible. This aspect of a citizen
science program is important as it may expose sources of error outside of observer
bias, such as in the methods, equipment or techniques (Newman et al. 2003). New
methods have become available which assist in assessing these biases (Bird et al.
2013).

Ely (2008b) reported that volunteers were rarely involved in aspects of
environmental research outside of data collection (the Contributory model). Engaging
citizens in additional research activities beyond the collection of data, such as
developing research questions, designing studies, analysing and interpreting data, is
more likely to provide citizens with a better appreciation of the whole process of
research (Newman et al. 2003; Ely 2008b; Wilderman in Conrad & Hilchey 2011; Roy
et al. 2012). This, in turn, increases the potential for initiating localized, hypothesis-
driven research (Foster-Smith & Evans 2003; Dickinson et al. 2010). To date, this

potential remains largely unexplored.
2.4.2 OUTCOMES FOR INDIVIDUALS

An outcome for Science is only one of the many potential reasons for engaging
with volunteers, as participation by volunteers in research and monitoring programs
may be beneficial to both the individuals involved and the public. As well as the
potential for developing a deeper appreciation for scientific processes (see above),
individuals involved in citizen science learn new skills (Foster-Smith & Evans 2003;
Newman et al. 2003; Bell et al. 2008; Thomsen 2008) and have their eyes opened to
new landscapes, species and ecosystems (Foster-Smith & Evans 2003; Bell et al.
2008)
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Becoming more environmentally responsible requires a change in attitude
(Stepath 2000), and is not just the result of exposure to new information. Volunteer
monitoring programs have been shown to lead to changed behaviour relating to
environmental issues and personal responsibility (Saunders 2002; Foster-Smith &
Evans 2003; Thomsen 2008; Koss & Kingsley 2010), including conducting small
conservation projects inspired by their experiences in the study (Gladstone et al. 2006;
Lovell et al. 2009), joining conservation groups (Newman et al. 2003), and participating
in other social movement activities (Lovell et al. 2009). As Tofler (in Wilson 2002)
noted, “members of a small group working together to bring about some change in the
ecological condition of their community...will find they must learn something about
science, economics, sociology and politics, as well as the communicative skills
required to define the difficulties, outline alternative solutions, and persuade others.”
Working towards a long-term goal (for example, a long-term data set) may not be
sufficiently engaging for participants' ongoing participation. Thomsen (2003) highlights
the social and interactive aspects of citizen science and the importance of rewarding
and enjoyable social processes in ensuring continued participation of volunteers. By
giving the scientific and social aspects of a project equal focus, the maximum benefit of
community participation can be achieved (Saunders 2002; Foster-Smith & Evans 2003;
Thomsen 2003; Overdevest et al. 2004). This indirectly benefits the agency as, apart
from the acquisition of data, these social benefits contribute to the longer-term
sustainability of the project (Foster-Smith & Evans 2003). Individuals and community
groups with an interest in their local environments often have a detailed knowledge of
and expertise in particular environmental features. Development of this expertise,
along with scientific support, can enable comprehensive monitoring in local areas and
increased understanding of local environments for communities, managers and
scientists (Jacoby et al. 1997; Wilson 2002; Overdevest et al. 2004).

It is important to consider the support needs of the volunteers as they contribute
their freely given time, effort and personal funds (Stepath 2000; Newman et al. 2003;
Edgar & Stuart-Smith 2009; Finn et al. 2010). The voluntary nature of citizen science
demands that 'rewards' other than monetary ones must be fostered (Thomsen 2003).
Volunteer monitoring generates feelings of personal satisfaction and enjoyment
through contribution and socialising with others (Overdevest et al. 2004; Koss &
Kingsley 2010). The richer the experience, the less turn-over and attrition will result

which, in turn, reduces the demand on the research team for training and
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administrative management tasks, a very common issue with volunteer monitoring

programs (Underwood & Chapman 2002; Danielsen et al. 2009).
2.4.3 OUTCOMES FOR SOCIETY

Although there is a growing number of documented cases of positive science
outcomes (eg. scientific findings) from citizen science programs (Smith & Edgar 1999;
Goffredo et al. 2004; Edgar & Stuart-Smith 2009; Huveneers et al. 2009; Clemens et al.
2010; Ward-Paige & Lotze 2011; Iwamura et al. 2013) and the literature increasingly is
capturing the outcomes of citizen science for individuals (Newman et al. 2003;
Overdevest et al. 2004; Bell et al. 2008; Thomsen 2008; Koss & Kingsley 2010)
documentation on societal outcomes is evident, but less explicit, and limited in the type
of outcomes discussed. Identified outcomes for society include partnerships between
the public and scientists and managers (Jacoby et al. 1997; McKenzie et al. 2000;
Wilson 2002; Goffredo et al. 2008); conservation and management actions (Jacoby et
al. 1997; McKenzie et al. 2000; Danielsen et al. 2005; Seak et al. 2011) and increased
public engagement in policy processes (Carr 2004; Overdevest et al. 2004; Thomsen
2008).

Partnerships are well discussed in the literature. When collecting data across a
wide geographic region the use of partner organisations in regional and local areas is
essential to manage data, minimize duplication of effort and maintain data quality
(McKenzie et al. 2000; Silvertown 2009). Partnerships are essential when engaging a
wider sector of the public: a citizen science program in Italy which used recreational
divers to collect marine biodiversity information resulted in increased participation of
businesses and agencies to further develop regional initiatives and productive
environmental consortiums (Goffredo et al. 2008). People benefit from and place value
on contributions from scientists and other experts. A comprehensive survey
undertaken by Alexandra et al. (1996) showed partnerships were actively sought and
highly valued by community volunteers undertaking community-based monitoring.
Partnerships also provide the opportunity for scientists and natural resource managers
to work together to develop and frame questions in a measurable way, to promote
prioritization and to meet agreed outcomes between science and management
(Lindenmayer & Likens 2009). Partnerships allow volunteers and facilitators to access
support from a variety of sources and develop networks for learning and shared

decision-making (Thomsen 2008).
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Policy, conservation or management outcomes are fairly well documented in
developing countries (Danielsen et al. 2005; Seak et al. 2011) where citizen science
activities directly feed into natural resource management practices, but are less well
documented in developed countries. This could be due to the time lag between
research, management action and determining the impact of the action (Shirk et al.
2012), or could be due to a lack of communication of the results of studies using citizen
science (Cohn 2008; Ely 2008a; Benz et al. 2013). It is, however, recognized that
projects designed primarily by the public (the Collegial model) have fewer opportunities
to build trust with managers and researchers, which affects the probability of their use
for decision-making (Burgin 2002; Saunders 2002; Fernandez-Gimenez et al in Shirk et
al. 2012). In any case, the lack of documented cases of these societal outcomes
presents a serious gap in the knowledge of scientists for any further integration of

citizen science into research and decision-making.

2.5 CONCLUSIONS

Governments in Australia have a range of mechanisms available for managing
natural resources. Community participation is seen to be the predominant paradigm,
whereby ‘communities’ are integrated with natural resource management through
sustainability concepts of education and capacity building, and management activities
of planning, environmental restoration, conservation, monitoring and decision-making.
This paradigm, a shift from a previous top-down management approach consisting
almost exclusively of experts, has created in some contexts a tension between
‘scientists’ and ‘citizens’. It has been suggested that citizen science provides a bridge
between multiple stakeholders who can contribute equally in implementing positive
change and better management of natural resources (Jacoby et al. 1997; Stepath
2000; Thomsen 2008).

A series of models, synthesized by Shirk et al. (2012) from a range of work by
practitioners in the field of citizen science, provides a way of conceptualizing the
different types of interactions between the public and scientists, ranging from
Contractual, where citizens engage scientists to research and report on a specific
issue, through to Collegial, where amateurs make their own discoveries and may
become experts in the field. The models of predominant focus to citizen science

practitioners are Contributory, Collaborative and Co-create, which exhibit the highest

22



levels of interaction between scientists and citizens. Peer-reviewed literature on citizen

science is concentrated on the Contributory model.

Quality assurance and quality control are identified as factors in the use of
citizen science data by researchers and managers (Darwall & Dulvy 1996; Delaney et
al. 2008; Dickinson et al. 2010). Validation studies have been undertaken within many
fields of environmental research, with citizen science capabilities closely scrutinized.
Trust in data generated by citizen scientists may be gained if the data satisfy
appropriate statistical analysis considerations, although new methods provide greater
flexibility and inferential opportunity (Bird et al. 2013).The vast maijority of validation
studies centre on potential benefits and challenges to using citizen scientists for data
collection, with multiple studies finding that, with adequate training, volunteers can
perform tasks as competently as experts (Fore et al. 2001; Foster-Smith & Evans 2003;
Newman et al. 2003; Pattengil-Semmens & Semmens 2003; Edgar et al. 2004;
Goffredo et al. 2004; Delaney et al. 2008; Gollan et al. 2012) The majority of these
validation studies focus entirely on in-field tasks. With use of and advances in digital
technology in ecological studies, data processing, as a part of research, will be
required as much or more than fieldwork, and volunteers are already showing interest
in being involved in these types of tasks. There is therefore a need to extend validation
of citizen scientists to computer-based tasks in addition to the traditional fieldwork
activities. Validation studies, although recognizing the need for a quantitative
assessment of expert precision alongside the analyses of the citizen scientists, often
do not provide such an evaluation and thus highlight a need to incorporate this aspect

more widely in studies of citizen science.

Citizen science is described as having three general outcomes: for science, for
the individual, and for society (inferring decision-making applications) (Shirk et al.
2012). Much of the recent discussion on the topic of citizen science focuses on its
contribution to science (Foster-Smith & Evans 2003; Newman et al. 2003; Dickinson et
al. 2010; Roy et al. 2012) with limited discussion of the benefits to individuals
(sustainability learning, Thomsen 2008; well-being, Koss & Kingsley 2010). However,
not currently present in the literature is an analysis and discussion on the usefulness of
citizen science for decision-making purposes, often the third intended outcome of
citizen science programs (Walker & Daniels 2001; Danielsen et al. 2005). The
imbalance in published records of scientific vs societal or individual outcomes is

perhaps due to the actual or perceived notion that research specific for local
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management is less ‘publishable’ in traditional journals. However, if science is to be
useful to society, it is essential to understand the current uptake of citizen science by
decision-makers and the factors they consider to be of greatest influence on their

choice to use citizen science in their decision-making processes.
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CHAPTER 3 ASSESSING THE QUALITY OF DATA COLLECTED
BY CITIZEN SCIENTIST SCUBA DIVERS FOR MONITORING
SEAGRASS CONDITION

Carla Sbrocchi', Tim Glasby?, William Gladstone’

' School of the Environment, University of Technology Sydney, Sydney NSW

2 Port Stephens Fisheries Institute, Department of Primary Industries, Taylors Beach,
NSW

ABSTRACT

For environmental managers and researchers to use the data provided by citizen
scientists, they must be able to trust its quality (i.e. accuracy, precision and reliability).
The aim of this study was to test the accuracy and precision of citizen scientists of
varying levels of experience in resource monitoring. This was done by field and lab
experiments that compared data on seagrass condition collected by citizen scientists
(volunteers) with data collected by professional scientists (experts). Data on subtidal
seagrasses collected by citizen scientists using SCUBA-based field and computer-
based sampling methods were not significantly different from those collected by
professional scientists for two field tasks, measurements of leaf lengths and mooring
scours. Citizen scientists did not differ from experts in their estimates of % occurrence
of seagrasses and sand (from video ftransects), 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

" This chapter has been formatted for submission to the journal Bulletin of Marine Science.
Material from Chapter 2 may be repeated here as this chapter is intended to stand alone.
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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.

Key words: marine biodiversity, citizen science, natural resource management, public
participation in scientific research, seagrass condition assessment, validation, SCUBA,

volunteer

3.1 INTRODUCTION

The term ‘citizen science’ is most often used to mean the involvement of
members of the public in scientific research activities (Miller-Rushing et al. 2012; Shirk
et al. 2012). The phenomenon of citizen science is growing, substantiated by the
growth in number and diversity of relevant publications (Benz et al. 2013). In recent
years there have been reviews on: the current state of citizen science (Roy et al. 2012);
the history of citizen science (Miller-Rushing et al. 2012); the development of
frameworks for implementing citizen science programs (Danielsen et al. 2009; Shirk et
al. 2012); considerations of the issues and opportunities (Mackney & Spring 2001;
Bonney et al. 2009b; CSIRO 2009; Dalton & Smith 2009; Dickinson et al. 2010; Conrad
& Hilchey 2011; Stenekes & Sahlqvist 2011; Clarke et al. 2012); the development of
best practice for engaging volunteers in citizen science (Bell et al. 2008; Mclintyre
2008); and discussion of the associated social outcomes, such as increasing well-being
(Koss & Kingsley 2010), a greater awareness of sustainability concepts (Thomsen
2003; Thomsen 2008) and participation in management activities (Carr 2004;
Danielsen et al. 2009). The range of activities citizen scientists undertake is broad, with
over 200 groups participating specifically in marine citizen science in Australia alone,
gathering information about reef health, shorebird presence, turtle nests, marine
mammal behaviour, exotic species occurrence, water quality and resource use (C

Sbrocchi, University of Technology Sydney, unpubl data).

One of the intended outcomes of citizen science is the provision of information
for sound and informed decision-making for the better restoration, conservation and

management of ecosystems and natural resources (Walker & Daniels 2001; Danielsen
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et al. 2005). It has been suggested that for environmental managers and researchers
to use the data provided by citizen scientists for decision-making and to test
hypotheses, respectively, they must be able to trust it (Mumby et al. 1995; Newman et
al. 2003; C Sbrocchi, University of Technology Sydney, unpubl data). Trust may be
gained if the data satisfy appropriate statistical analysis considerations, although new
methods provide greater flexibility and inferential opportunity (Bird et al. 2013). Data
quality incorporates aspects of accuracy (how close an estimate is to the true value),
reliability (consistency in accuracy and data provision over time) and precision
(similarity of estimates among observers) (Andrew & Mapstone 1987). It is important to
note that accuracy and precision are independent of one another — data can be precise
(all estimates are similar to each other, i.e. minimal variability among samplers), yet
inaccurate (the estimates are far from the true values) (Andrew & Mapstone 1987;
Underwood 1997). By no means is the issue of data quality relevant only for citizen
science programs (Kercher et al. 2003; Newman et al. 2003; Katsanevakis et al. 2012),
but it is perceived to be more of a potential problem in cases where citizens provide
data (Mumby et al. 1995; Newman et al. 2003). Thus, it is important to audit samplers

to quantify both the precision and accuracy of the data they produce.

Validation studies usually focus only on the precision of citizens, by comparing
data with each other (Halusky et al. 1994; Delaney et al. 2008; Ward-Paige & Lotze
2011) or with professional scientists (i.e. ‘parallel testing’), with the implicit assumption
that experts are relatively accurate (Mumby et al. 1995; Darwall & Dulvy 1996; Fore et
al. 2001). Rather than relying on assumptions, tests of expert accuracy should be
included in all studies (Foster-Smith & Evans 2003; Kercher et al. 2003) against a
standard where possible. This aspect of a citizen science program is important as it
may expose sources of error outside of observer bias, such as in the methods,

equipment or techniques (Newman et al. 2003).

Citizen science is experiencing growth in the marine sciences (Figure 3.1, also

Supplementary Table S3.1) with 124 papers published over a period of 19 years.
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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 Table S3.1.

A sample of 12 papers, randomly selected from the 124 papers (~10% sample,
Supplementary Table S3.1), revealed that parallel tests were performed in 11 (92%)
studies but scientists’ results were validated only in 3 (25%) studies (Supplementary
Table S3.2). This study will provide a validation of data collected by professional
scientists to provide context to the results of the parallel test between citizen scientists

and professional scientists.

Validation studies on volunteer data have shown that data provided by
volunteers is not usually demonstrably different from professional scientists for a range
of data types, including fish length estimates, species identification, water quality
parameters, and percentage cover estimates (Halusky et al. 1994; Pattengil-Semmens
& Semmens 2003; Delaney et al. 2008; Edgar & Stuart-Smith 2009; Finn et al. 2010)
However, given the growing use of digital technology in environmental monitoring,
there is potential to engage volunteers in computer-based tasks and this is already
occurring in some contexts (e.g. Zooinverse, Explore the Sea Floor). There is a need to
extend validation of citizen scientists to tasks outside of field-based sampling

techniques to include computer-based tasks.

There are numerous operational models that characterize the level of
interaction between scientists and members of the public as part of a citizen science
program. These can range from scientist-led studies in which volunteers participate to
community initiatives that engage scientists in development of study aims, design and
data analysis (summarised in Shirk et al. 2012). However, citizens are rarely involved

in aspects of environmental research outside of data collection, with fieldwork being the
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implied mode of participation (Ely 2008b). By engaging citizens in additional research
activities, such as developing research questions, designing studies, data processing,
analysis and interpretation, they may become more engaged in the process of research
and natural resource management (Newman et al. 2003; Ely 2008b; Wilderman in
Conrad & Hilchey 2011; Roy et al. 2012). To date, this potential remains largely

unexplored.

The aim of this study was to test the accuracy and precision of volunteers of
varying levels of experience in resource monitoring. This was done using field and lab
experiments that evaluated the quality of data collected by citizen scientists and
comparing these with data collected by professional scientists. This study used data
collected during fieldwork and computer-based techniques, and it therefore extends the

scope of previous research on quality assessments of citizen scientist-collected data.

3.2 METHODS

3.2.1 STUDY SITE

The field component of this study was undertaken in Manly Cove, Sydney
Harbour, New South Wales, Australia (-33.801372, 151.285649). The site is sandy and
shallow (2-4 m) with generally very good underwater visibility and low swell. The site
comprises a mix of seagrass species (Halophila spp., Zostera muelleri spp. capricorni
and Posidonia australis). The site has been the subject of recent study (Gladstone
2010; 2011, 2012) which assessed the impacts of moorings on seagrass meadows.
Traditional moorings consist of a block (usually of concrete), chain rope and mooring
buoy (hereafter called swing mooring). Ebb and flow of the tide as well as variations in
wind strength and direction cause the chain to drag along the seabed in response to
movements of the attached boat, removing seagrass and other organisms. As a result,
a scour develops and further action of the chain prevents seagrass from recolonising
the area (West 2011; Demers et al. 2013). Replacing these swing moorings with
seagrass-friendly moorings aimed to remove the constant pressure on the sediment
and seagrass meadows from the scouring action of chains, and thereby allow
seagrasses to recolonize the scours. The outcomes of this were monitored (NSW

Department of Primary Industries Fisheries 2009; Gladstone 2010).
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3.2.2 PARTICIPANTS

This study involved a group of citizen scientists, Eco Divers, who had initiated
and participated in volunteer marine assessment and monitoring activities (including
seagrass monitoring) for four years at the time this study commenced. The field
experiment involved four participants from Eco Divers, all of whom had previously
participated in seagrass monitoring. The lab experiment involved seven participants,
five from Eco Divers and two from other dive research clubs, none of whom had any
experience in the particular lab techniques prior to this study (although the group
included several participants from the field experiment). The field experiment also
involved three professional marine researchers from the NSW Department of Primary
Industries (DPI), all of whom had >7 yr of experience (range 7-20 yr) monitoring
seagrasses and other subtidal habitats using a variety of techniques. The lab
experiment involved four professional marine researchers that comprised two of the
researchers from DPI involved in the field experiment and two from the University of
Technology Sydney. The professional marine researchers had >4 yr experience (range

4-15 yr) in the techniques employed.

3.2.3 FIELD EXPERIMENT: HYPOTHESES AND SAMPLING DESIGN

The field study tested the null hypothesis that measurements of mooring scour
lengths and seagrass leaf lengths collected by volunteers and experts would not differ.
All divers measured the dimensions of mooring scours and leaf lengths at 12 sites,
comprised of 4 traditional swing moorings, 4 seagrass-friendly moorings and 4 control
sites (seagrass meadows with no moorings). Data were collected by the Eco Divers
citizen scientists (hereafter called ‘volunteers’) and professional scientists (hereafter

called ‘experts’) in March-May 2012.

Divers used two fibreglass tapes to lay out 10 m transects at the four cardinal
compass points intersecting at the midpoint of the mooring, or through an assigned
midpoint at a control site. Volunteer divers recorded video of the transects, first in the
north-south direction, then in the east-west direction, to be used in quantifying the biotic
attributes of each site (see next section on lab experiment). Two 0.5x0.5 m quadrats
were placed along each transect at assigned distances and photographed for
estimates of % cover of seagrass (see next section on lab experiment). The diver

selected the 10 longest leaves of Zostera muelleri spp. capricorni (hereafter called
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Zostera) and Posidonia australis (hereafter called Posidonia) within each quadrat and
recorded their length to the nearest 1 mm. Scour lengths in the four cardinal directions
were measured from each transect to the nearest 1 cm at 8 sites (four seagrass
friendly moorings and four swing moorings). Divers generally worked in teams of three:
the first diver deployed the transects and quadrats, the second diver recorded the video
transects and photoquadrats, and the third diver recorded the measurements. Divers

changed roles at different sites.

3.2.4 LAB EXPERIMENT: HYPOTHESES AND SAMPLING DESIGN

The lab experiment tested the null hypothesis that estimates of the % cover of
seagrasses and sand (from photoquadrats) and % occurrence of seagrasses and sand
(from video transects) would not differ between volunteers and experts. The lab
experiment also tested the null hypothesis that experts would not vary significantly in
their estimates. Volunteers participated in a day-long training workshop in June 2012
where in-depth instruction on use of the computer-based sampling techniques (given
the term ‘data processing’ when used with the volunteers) was given by one of the
professional scientists. Although the volunteers all had some experience in underwater
sampling (range 1-4 years), none had previously been involved in computer-based

environmental sampling.

Four experts and seven volunteers used the photo-quadrat images, taken by
the volunteers, to assess the % cover of the following features: Halophila, Zostera,
Posidonia, algae or sand. Algae were sampled but not analysed because they occurred
so infrequently. The photograph taken of each quadrat was overlaid with a 100-point
grid. The identity of the feature underlying each point on the grid was recorded and the
total number of records of each feature summed to provide an estimate of its % cover

in the quadrat.

The % occurrence of seagrass and sand at each site was quantified from the
video transects by two experts and seven volunteers. Along each transect, the video
was paused at 10 evenly-spaced time intervals and the presence-absence of each
feature (Halophila, Zostera, Posidonia, sand, algae) in the image was recorded (‘1 for
present, ‘0’ for absent). The number of occurrences of each feature from the 10 pause
positions along each transect was recorded and % occurrence calculated. Photo-

quadrats and video transects are among the suite of standard methods that are used to
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estimate seagrass cover and occurrence (Lanyon & Marsh 1995; Duarte & Kirkman
2001; McDonald et al. 2006).

As part of the training session, volunteers were given time to work on the tasks
and receive feedback and assistance. Where volunteers could not complete the tasks
within the training session, the remainder of work was completed on the volunteer’s
own time and submitted on a USB drive via postwithin six weeks of the training

session.

3.2.5 INFLUENCE OF PHOTO QUALITY

The quality of the photoquadrat images taken by the volunteers that had been
used in the lab experiment was assessed by one of the professional scientists using
criteria based on clarity, lighting, the angle at which the photo was taken, and whether
the photo was centred. Each image was given a ‘quality score’ between 1 (very poor)
and 5 (excellent). These scores were used to determine whether photo quality was a

contributing factor to variation in estimates of % cover of the variables assessed.

3.2.6 VOLUNTEERS’ ATTITUDES AND PERCEPTIONS

To test the hypothesis that participating in activities other than traditional field-
based data collection improves understanding of scientific processes, volunteers
completed a questionnaire that asked them to rank (on a Likert scale from 0-5) their
experience with the computer-sampling exercises. The questionnaire examined their
confidence in performing the task immediately after the training session and after
completing the task, the usefulness of the feedback received during the training
session, the usefulness of the activity to their overall understanding of the scientific
research process and their role in particular as a volunteer (Table 3.1). Although all of
the volunteers had previously participated in some underwater monitoring activities,
four of the seven volunteers had specific seagrass monitoring experience. None of the
volunteers were experienced in computer-based sampling techniques. Results of the
questionnaire were analysed by descriptive statistics (frequencies and percentages).
Volunteers were also asked to provide an estimate of the time taken to complete the

tasks.
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Table 3.1. Questions asked of volunteers after a training session to assess their level of
enjoyment with the data processing (lab) experiment. n=7

Question Possible responses

Please circle the number that best describes how you | 1,2, 3,4,5
felt immediately after the training session: how
confident did you feel that with the described methods
you could undertake the task?

(1 = did not feel confident, 5= felt confident in most
tasks)

Please circle the number that best describes how you | 1,2, 3,4, 5
felt once you had completed the task: how confident
were you that you had completed the task in the way
the methods described?

(1 = did not feel confident, 5= felt confident in most
tasks)

If you were given assistance or feedback while | 1,2,3,4,5
undertaking the task, how useful was the feedback?
(1= ‘not useful’, 5 = ‘very useful’)

Please tick the statements that describe how you feel | o The data processing activity

about the data processing aspect of this study: enhanced my overall experience
of participating in research.

o The data processing activity
improved my understanding of
how research works and what
scientists do.

o The data processing activity
improved my understanding of
volunteers’ contribution to
research.

o | would prefer not to participate in
this aspect of research again.

o | would like to participate more in
this aspect of research.

3.2.9 STATISTICAL ANALYSES
Field experiment

The experimental design consisted of two factors: Expertise (fixed, 2 levels:
expert, volunteer) and Site (random, with n=9 levels for test of leaf length
measurements and n=8 levels for test of scour length measurements). For scour length
measurements, control sites were not relevant. The type of site (control, swing and
seagrass-friendly mooring) was thus not included as a factor, as a comparison of

Expertise across numerous sites was the focus of this study.

Although the field experiments consist of univariate measurements,
PERMANOVA, (Anderson 2001; McArdle & Anderson 2001) a multivariate
permutational program, was used to test the null hypotheses as PERMANOVA allows

unbalanced design and produces estimates of components of variance.
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PERMANOVAs were based on a Euclidean distance similarity matrix, with significance
determined by permutation (9999 permutations under a reduced model). Analyses
were undertaken with PRIMER 6 & PERMANOVA+ software (Primer-E).

Leaf length measures in each quadrat were averaged with n=8 values per
person per site. Posidonia leaf length data were log(x+1) transformed to remove
heterogeneity of variances (tested by Conchran’s C-test). Four replicates of scour

length measurements per site were used.
Lab experiment

Factors included in the PERMANOVA model used to compare % cover
estimates of seagrass species among volunteers and experts were: Expertise (fixed, 2
levels: expert or volunteer), Person (random, 11 levels, nested within Expertise; 7
volunteers and 4 experts) and Site (random, 12 levels), with n=8 replicates per site.
Heterogeneity of variances for Posidonia and Halophila percentage cover analyses
could not be removed, thus untransformed data were analysed for these variables,

however, significance levels were reduced to 0.01.

PERMANOVA was also used to test the hypothesis relating to the %
occurrence of seagrasses and sand at each site.  Factors included in the
PERMANOVA model were Expertise (fixed, 2 levels: expert, volunteer), Person
(random, 9 levels, nested within Expertis; 7 volunteers and 2 experts), and Site
(random, 12 levels). Percent occurrence values in each transect were averaged with
n=4 values per person. Heterogeneity of variances for Posidonia and Halophila percent
occurrence analyses could not be removed; thus untransformed data were analysed for
these variables, however, significance levels were reduced to 0.01. PERMANOVAs
were based on a Euclidean distance similarity matrix, with significance determined by
permutation (9999 permutations under a reduced model). All other details were the

same as above.

3.3 RESULTS

3.3.1 FIELD EXPERIMENT

Means of measurements for leaf length and scour length are displayed in
Figures 3.2 and 3.3. Results of PERMANOVAs of mean leaf length measurements for

Posidonia and Zostera and mean scour length measurements for volunteers and
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experts are summarised in Table 3.2. No significant differences were detected for
either variable between experts and volunteers, although differences were apparent
among sites. The residual variance components were always larger than the variance
components associated with the other factors, indicating that variation among replicate

units was important.

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.

Source df MS F p Variance
component
a) Zostera leaf length No transform
Expertise 1 66.46 0.85 0.35 0.00
Site 8 337.19 4.33 <0.001 4.02
*Expertise x Site 8 77.84 0.00
Residual 126 80.02 8.82
b) Posidonia leaf length Ln(x+1)
Expertise 1 0.02 0.01 0.91 0.00
Site 8 7.00 5.70 0.001 0.60
*Expertise x Site 8 1.22 0.00
Residual 126 1.29 1.1
¢) Scour length No transform
Expertise 1 23.21 2.37 0.13 0.65
Site 7 30.68 3.14 <0.01 1.62
*Expertise x Site 7 6.35 0.65 0.00
Residual 48 10.28 3.13
12
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Figure 3.2. Estimates of Mean (+ Standard Error) leaf length of Zostera and Posidonia seagrass
measured by experts and volunteers.
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Figure 3.3. Estimates of mean (+standard error) length of mooring scours from experts and
volunteers.

3.3.2 LAB EXPERIMENT

PERMANOVA was used to compare variation between volunteers and experts
for the variables % cover and % occurrence, summarised in Tables 3.3 and 3.4.
Significant differences were detected for % cover of all parameters (seagrass species
and sand; Table 3.3, Figure 3.4). Pairwise tests revealed that estimates of mean %
cover of experts and volunteers differed significantly at some but not all sites (Table
3.4), and the number and identity of sites where differences occurred was different for
each variable. Significant differences between experts and volunteers in % cover
estimates occurred at three sites (Zostera), one site (Posidonia) and six sites (sand).
Estimates of mean % cover by experts were higher than volunteers for two variables

(Zostera and Halophila) and lower for two (Posidonia and sand) (Figure 3.5).
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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 transformations.

Source df MS F p Variance
component
a) Zostera No transform
Expertise | 1 4369.10 4.60 <0.01 2.67

Site | 11 5916.50 | 72.15 | <0.001 8.46
Person(Expertise) | 9 691.59 8.43 | <0.001 2.52
Expertise x Site | 11 275.84 3.36 | <0.001 2.18

Person(Expertise) x Site | 99 82.00 0.18 1 0.00
Residual | 924 | 446.87 21.13
b) Posidonia No transform*
Expertise | 1 230.74 2.71 0.05 0.56

Site | 11 | 2911.30 | 301.33 | <0.001 5.96
Person(Expertise) | 9 28.86 2.99 | <0.001 0.44

Expertise x Site | 11 59.91 6.20 | <0.001 1.11
Person(Expertise) x Site | 99 9.66 0.1 1 0.00
Residual | 924 91.58 9.57

c) Halophila No transform*
Expertise | 1 189.97 3.1 0.04 0.52

Site | 11 | 195.63 | 46.63 | <0.001 153
Person(Expertise) | 9 | 33.44 | 7.97 | <0.001 0.55
Expertise x Site | 11 | 28.90 | 6.89 | <0.001 0.77

Person(Expertise) x Site | 99 4.20 0.73 0.98 0.00
Residual | 924 5.72 2.39
d) Sand No transform
Expertise | 1 13509.00 | 7.61 <0.01 4.91

Site | 11 | 14601.00 | 124.95 | <0.001 13.33

Person(Expertise) | 9 1186.30 | 10.15 | <0.001 3.34
Expertise x Site | 11 603.15 5.16 | <0.001 3.46
Person(Expertise) x Site | 99 116.86 0.22 1 0.00
Residual | 924 | 528.67 23.03
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Figure 3.4. Estimates of mean (+ standard error) of % cover of Zostera, Posidonia, Halophila

and sand recorded by experts and

volunteers.

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

bold.
Site a) Zostera | b) Posidonia | c) Halophila | d) Sand
t p t p* t p* t p

1 1.25]0.27 | 0.00 |0.00 | 0.12 | 1.00 | 1.11|0.28
2 2.36 (0.04 | 3.42 | 0.01 |0.71 | 0.53 | 3.52 | 0.01
3 013090 (114 | 050 [1.23 | 0.40 |0.21|0.84
4 1.77 1016|111 |0.41 | 0.73 | 0.49 | 1.41|0.19
5 1.77 1011 0.74 |1.00 | 1.79 | 0.13 | 242 | 0.05
6 0.79 1045|349 | 0.01 |214 | 0.04 | 2.11 | 0.08
7 2.83(0.02 1.07 | 042 |0.17 | 0.87 | 2.84|0.02
8 1.97 1 0.08 | 0.77 | 0.65 | 2.31 | 0.04 | 2.77 | 0.02
9 1.9310.09|3.09 | 0.02 |2.39 | 0.04 | 3.67 | 0.01
10 1299 0.01 239 |0.04 | 245 |0.03 |2.83]|0.01
11 |232|0.05|213 |0.07 |2.25 | 0.05 | 2.94 | 0.02
12 |1 1.02|0.310.30 | 0.81 | 296 |0.02 | 2.11 | 0.07

38



Additional pairwise tests were performed to investigate the significant term
Expertise x Site. Demonstrated in Figure 3.5, all variables were recorded quite
differently amongst people (both experts and volunteers). Within volunteers (person 1-
9), sand was recorded differently at 10/12 sites, Posidonia was noticeably recorded by
only one volunteer at one site (site 8) and not recorded by two volunteers at another
site (site 11), Zostera was recorded differently at four sites, and Halophila at six. Within
experts (person 10-13) the main sources of variation seem to be with how sand is
recorded (particularly by one expert at all sites, Posidonia at one site (site 6) but also
Zostera at four sites (sites 6,7,11,12). The components of variance associated with the
residual are always larger than those associated with Expertise or Person, indicating

that variation amongst samples, replicates and sites is important.
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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.e. no
moorings).

39



Experts and volunteers did not differ significantly in their estimates of the mean
occurrence of any of the seagrasses or sand using the video transect technique (Table
3.5). Components of variance reveal there was some variability among people within
levels of expertise for Halophila, and sand, however, there is more variation due to
sites and individual replicates. There was no difference amongst people within levels of
expertise for Zostera and Posidonia. Post-hoc comparisons indicated the cause for the
significant Person(Expertise) term for Halophila was due to differences among the
volunteers, not between the two experts. For sand, the cause of the significant

Person(Expertise) could not be determined from the pairwise comparisons.

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.

variance
Source df MS F p component
a) Zostera No transform
Expertise 1 2.88 0.23 0.75 0.00
Site 11 147.70 89.63 <0.01 242
Person(Expertise) 7 12.76 1.92 0.07 0.35
Expertise x Site 11 0.95 0.57 0.83 0.00
Person(Expertise) x Site 77 1.65 0.25 1 0.00
Residual 324 6.65 2.58
b) Posidonia No transform*
Expertise 1 418 1.50 0.278 0.00
Site 11 119.59 160.16 <0.01 2.18
Person(Expertise) 7 2.78 0.61 0.75 0.00
Expertise x Site 11 0.56 0.74 0.67 0.00
Person(Expertise) x Site 77 0.75 0.16 1 0.00
Residual 324 4.55 213
¢) Halophila No transform*
Expertise 1 50.02 1.21 0.28 0.23
Site 11 165.66 34.44 <0.01 2.54
Person(Expertise) 7 41.50 7.51 <0.01 0.86
Expertise x Site 11 3.61 0.75 0.67 0.00
Person(Expertise) x Site 77 4.81 0.87 0.76 0.00
Residual 324 5.53 2.35
d) Sand No transform
Expertise 1 0.08 0.97 0.49 0.00
Site 11 0.01 0.35 0.90 0.00
Person(Expertise) 7 0.08 2.49 0.01 3.2
Expertise x Site 11 0.01 0.35 0.90 0.00
Person(Expertise) x Site 77 0.04 1.06 0.28 2.23
Residual 324 0.03 0.18
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3.3.3 PHOTO QUALITY

Four volunteers took the photos at the 12 sites that were used in the lab
experiment. A large proportion (41%) of photos had an issue that potentially could
make analysis of the photos difficult: 26/98 photos (27%) had parts of the quadrat
(which were not straight) missing from the photo and an extra 14/98 quadrats (14%)

were just not straight (Figures 3.6-3.8).
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Figure 3.6. Score = 5. Figure 3.7. Score = 2 Figure 3.8. Score = 2.

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 (figure 3.8).

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).

Photographer
Site/ ,16\ 2\ ?E’% 23 C A B D C B D B
Quadrat SEM | SEm | sSEm | sFm 5-S 6-S 7-S 8-S 9-C 10-C | 11-C | 12-C
1 3 2 4 4 4 2 3 4 4 4 4 3
2 3 2 3 3 3 2 3 2 3 4 4 5
3 4 3 5 3 5 3 3 5 4 4 4 4
4 3 4 3 2 4 4 4 3 3 2 5 2
5 4 3 4 3 5 4 4 5 5 3 4 3
6 3 3 4 3 5 3 3 3 4 1 4 3
7 4 4 4 5 3 2 5 4 5 2 3 4
8 3 4 3 3 4 4 5 3 5 3 3 3
Zs,p p z,s s s zs | zs
Mean
quality
score | 3.38 | 3.13 | 3.75 | 3.25 | 4.13 | 3.00 | 3.75 | 3.63 | 4.13 | 2.88 | 3.88 | 3.38
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The mode of photo quality scores was 3 (Table 3.6), although each photographer
scored a 1 or 2 (very poor quality) at least once. Two sites at which significant
differences were detected for Posidonia (sites 2, 6) showed up to three photos of very
poor quality. Sites where significant differences were detected for Zostera show
multiple poor quality photos at some sites (sites 2, 10). The quality of photo is not likely

to have affected the sand percentage cover estimates.

3.3.4 VOLUNTEER ATTITUDES

Volunteers estimated the time taken to complete the data processing tasks at
home ranged from 6 to 14.5 hr (median=10 hr). This included analysis of
photoquadrats and video trasects, data entry, and checking of data entry. Two experts
completed half the tasks and data entry in 5 hr, and the other two experts completed all
tasks in 9-12 hr (median = 10.5 hr), demonstrating there is no difference between the
time taken for volunteers and experts to undertake the data processing tasks. When
asked whether they thought involvement in the lab experiment enhanced their overall
experience in scientific research, 50% of volunteers answered yes. All volunteers
reported that their understanding of ‘what scientists do’ had been enhanced, and 75%
thought their involvement in the activity had improved their understanding of how
volunteers can contribute to different aspects of research. Volunteers’ confidence about
their abilities in the use of computer-based data collection techniques was evaluated
immediately after the full-day training workshop and upon completion of data
processing. The majority of volunteers reported their confidence and abilities had
remained the same or increased (74%) while 2/8 volunteers (24%) reported a decrease
in confidence in their ability to complete the activity (Figure 3.9). Two (2/8) of the
volunteers expressed interest in continuing to participate in computer-based data

collection.
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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 task.

3.4 DISCUSSION

The null hypothesis that experts and volunteers did not differ for two in-field
tasks that involved measuring seagrass leaf lengths and the length of mooring scars is
supported. Measuring leaf lengths and scour lengths were relatively simple tasks and
each of the divers involved had previous experience with these specific field-based
activities. This supports a growing number of studies where no difference for field data
collection techniques between experts and volunteers has been observed where
volunteers are experienced in the techniques (McKenzie et al. 2000; Foster-Smith &
Evans 2003; Pattengil-Semmens & Semmens 2003; Edgar & Stuart-Smith 2009).
Estimates of components of variance demonstrate that the variation in level of
expertise is less than the variation due to site. A high residual result indicates there is
high variation within replicates. This could indicate the replicates and sites are naturally
variable, or that there are not enough replicates within the study design. We suggest
that the number of replicates is sufficient, and the more likely cause of a high residual
result is variability within replicates, as, for example, some quadrats within a scour had

leaf length measures of 0 cm (no seagrass) and others had >50 cm.

The null hypothesis that experts and volunteers did not differ in % cover
estimates is rejected, as although there was no overall effect of expertise on the
estimates of % cover of seagrasses and sand collected from photo-quadrats, there was

an effect that depended on the site being sampled. This occurred for 4/12 sites for
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Zostera % cover, 6/12 for sand, and 2/12 for Posidonia. Contributing sources of error
could potentially arise from photo quality or experience in applying the techniques.
Assessing % cover can be subjective, and where subjective observations are required
or where a result may depend on the observer’s level of experience, accuracy and
precision can be reduced (Halusky et al. 1994; Goffredo et al. 2004; Goffredo et al.
2008; Edgar & Stuart-Smith 2009).

The null hypothesis that experts and volunteers did not differ in their
assessments of the occurrence of seagrass and sand from data collected from video
transects is supported. Video transect processing technique involved a relatively simple
protocol (noting presence/absence of a species), whereas photoquadrat estimates
required careful counting of multiple species within an area. This may suggest that
volunteers may be more suited to this rather than the photo quadrat tasks, or that more
training may be required for volunteers to achieve a sufficient level of experience and
precision. Foster-Smith & Evans (2003) found that tasks must be realistic and
achievable and appropriate to the observer’'s level of experience, as observer effects
begin to infiltrate more complex tasks, reducing the usability of the data (Halusky et al.
1994; Mumby et al. 1995; Darwall & Dulvy 1996). Components of variance support the
results, indicating that there is some variation in the data individual people provide,
however it is relatively low compared to the variability amongst sites. There is more
variation due to sites and individual replicates than between levels of expertise or

people within a level of expertise.

Photo quality may have had an impact on percentage cover estimates as lower
quality photos (scores of 1 or 2) were generally observed at sites with differences
between levels of expertise (Table 3.6). Poor quality photos may result from either poor
photographic technique, low-quality equipment, poor lighting or poor diving technique
(buoyancy control). Using experienced divers to conduct the sampling work will reduce
the error from poor diving technique, and photographic technique can be ameliorated
provided feedback is given to the divers involved. Prior to this study, these volunteers
were previously unaware how much the quality of photographs affected the type and
quality of analysis that can be performed. The volunteers committed to taking more
care with their photographic techniques in the future. In future, photos should be
checked for quality prior to forwarding on to the scientist involved, and the scientist

should check photos following receipt to ensure quality is sufficient. Further work may
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be required to assess the contribution of photographic equipment to photograph quality

and resulting quality of analysis arising from these photos.

Experience with applying computer-based techniques may also have been a
contributing factor to differences between experts and volunteers, or within these
groups. None of the volunteers had previous experience in such activities. A quarter of
the volunteers were not confident in their ability to complete the activity (Figure 3.9)
likely due to the unfamiliarity with this type of task. There may also be some interaction
between a diver’s level of experience in seagrass monitoring and the accuracy of data
supplied in the computer-based sampling activities. That is, his or her experience in
monitoring seagrass may better equip the volunteer to assess photo and video
evidence. It is not possible, however, to determine how much of a factor this may have
been without more examples (larger sample size of novices and more experienced

volunteers).

Members of each group (Expert, Volunteer) were equally variable in certain
tasks. For estimates of percentage cover, for example, of the four experts, only 2 were
highly correlated. As we would expect the results of experts of similar experience to be
more highly correlated (less variable), it would suggest that methods and instructions

require review to reduce any subjectivity in interpretation.

Dickinson et al. (2010) suggest that citizen science must extend volunteers
beyond the collection and submission of field data to uncover mechanisms underlying
ecological patterns — that the process of engaging volunteers in more meaningful and
insightful aspects of research will allow more novel hypotheses to be presented and
explored. All of the volunteers participating in this study had previously been involved in
other monitoring activities, exclusively as field data collectors. The majority of
volunteers reported their involvement in the additional data processing activity as part
of this study enhanced their overall experience in scientific research, improved their
understanding of scientific research processes, and improved their understanding of
the role volunteers can and do play in environmental research. Two volunteers
reported a desire to seek out more of these opportunities. The time commitment the
volunteers made was not insignificant: volunteers estimated the time taken to complete
the computer sampling tasks at home was about 10 hours, which is over and above the
6 hours they spent in a training workshop. Experts were no quicker, thus revealing
volunteers are capable of equal efficiency. However, as volunteers, the element of time

may influence the degree of commitment and level of interest for this type of task held
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by these volunteers over and above their interest in the marine environment. Although
divers on the whole may not be interested in data-processing and analysis, there is a
cohort of other volunteers increasingly becoming involved in scientific research through

computer-based, web-enabled activities (fold it, http:/fold.it/portal/; Zooniverse,

https://www.zooniverse.org/).

A high proportion of marine citizen science programs operating in Australia rely
on SCUBA-based volunteers (authors’ unpublished findings). A potential barrier to
using SCUBA divers in Australia is the introduction of a national standard for dive
operations (AS/NZS 2299.2:2002 Occupational Diving Operations and NSW Work
Health & Safety Regulation 2011) which defines volunteers who participate in research
or contribute data to a research or management organization as ‘workers’. As such,
volunteers must be qualified to a professional dive qualification level (scientific diver or
above), must have a valid first aid and CPR ticket and must undergo an annual medical
by a certified Diving Physician. As volunteers are not paid workers, there are significant
funding shortfalls to gain and/or maintain these certifications. Divers in this study were
subsidized by a government agency to obtain the necessary certifications so that they

might be able to contribute to this and other research in the region.

3.5 CONCLUSION

Data on subtidal seagrasses collected by citizen scientists using field and
computer-based sampling methods were not significantly different from those collected
by professional scientists for two field tasks, measurements of leaf lengths and mooring
scours. Volunteers did not differ significantly from experts in the results provided for %
occurrence of seagrasses and sand (from video transects), however, there were
differences detected, often dependent on site, for a more complex task of estimating
percentage cover of seagrass and habitat features (from photoquadrats). Photographs
taken by the volunteers and used in the study potentially could be the cause of the
significant differences for some of the percentage cover estimates: volunteers, as a
result of participation in this study, have committed to reviewing their photographic
techniques to ensure the provision of high quality data into the future. Variation was
present in the data collected by experts in the computer-based percentage cover tasks,
indicating methods require review and may have contributed to volunteer-expert
differences. Inaccurate technique and interpretation of methods may have contributed

to variation in volunteer results as well. Despite some of these contributing factors,
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estimates of variance components show that variation amongst sample replicates is
consistently higher than the estimates of variance due to expertise and person, which

are relatively small.

To our knowledge, this study provides the first example of validation of citizen
scientists undertaking computer-based sampling activities for natural resource
condition monitoring. Involving volunteers in these aspects of research, additional to
field data collection, provides them with a better appreciation of the whole process of
research and monitoring (that might flow back to improved field practices — our
experience) and provides an opportunity for researchers to build on personal skills and
interests of volunteers through their participation in field work. This type of task also
provides the opportunity for non-diving participants to contribute to marine projects (eg.

Explore the Sea Floor, http://exploretheseafloor.net.au/).

The evidence supports the inclusion of SCUBA divers in scientific research, as
they have been shown to be capable of providing reliable and accurate data in a wide
variety of contexts. Harnessing the effort of these volunteers benefits long-term
provision of data, including the comparison of current data with historical observations
to determine change (Ward-Paige & Lotze 2011), designation of priority conservation
areas (Smith & Edgar 1999) and measuring the relative success of different
management strategies for protection of at-risk locations or species (Edgar & Stuart-
Smith 2009).
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SUPPLEMENTARY TABLE S3.2

Presence of parallel tests and data validation in a sample of peer-reviewed literature of

marine monitoring studies involving citizen scientists, 1993-2012 (randomly selected

from Supplementary Table S3.1)

Study; Study | Subtidal/ | Parallel test | Data Data Result of parallel test and/or
subject Intertidal | performed Validation | Validation data validation
(comparing | performed | performed
volunteer on citizen | on  expert
and expert | data data
data) (accuracy)
Halusky et al. | Subtidal None Yes None Volunteers performed seven
(1994); (SCUBA) tasks with adequate accuracy.
Phys/Chem Five other variables were
measures, performed satisfactorily after
reef profiling, modification of the methods.
invertebrates, Three tasks could not be
Fish executed successfully due to
inadequate  equipment  or
technique/knowledge.
Mumby et al. | Subtidal Yes Yes None Substrate composition and
(1995); Coral, | (SCUBA) biological cover estimated with
macroalgae, >90% accuracy in seagrass
substrate habitats and 70-90% in reef
composition, sites. No clear trend of
biological improved accuracy  and
cover consistency for coral or
macroinvertebrate
identification was found with
survey experience.
Darwall & | Subtidal Yes Yes None Consistency of volunteer data
Dulvy (1996); | (SCUBA) on abundance and diversity
Fish lengths, estimates of fish species
abundance improved between two census
and diversity dates. Fish length estimates
by divers exhibited a high
degree of accuracy by the
third trial.
Foster-Smith Intertidal | Yes Yes Yes Volunteers were capable of

& Evans
(2003); Snails
and limpets

identifying species, counting
and measuring some
gastropods. Recording errors
made during the fieldwork
were similar to those made by
professional scientists.
Volunteers' abundance
assessments for some
species were inconsistent due
to (1) a lack of field
experience (2) inadequate
guidelines on the use of the
abundance scale; and (3)
insufficient training before field
surveys commenced.
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Pattengil- Subtital Yes Yes Unsure Implied that volunteer results

Semmons and | (SCUBA) (implied) are adequately accurate.

Semmons

(2003); Fish

Bell  (2006); | Subtital Yes Yes None General agreement between

Sponges (SCUBA) data collected by volunteers
and author (expert).

Delaney et al. | Intertidal | Yes Yes No Primary school students were

(2008); Crabs at least 80% accurate (third-
grade students) and up to
95% accurate (seventh-grade
students) when discerning the
differences between native
and invasive crab species.
Determination of crab gender
required at least a seventh
grade education to obtain 80%
accuracy, and 2 years of
university education to exceed
95% accuracy.

Koss et al. | Subtidal Yes Yes No Intertidal assessments were

(2009); Rocky | (SCUBA) found to be  typically

Reefs, ; comparable with scientists.

seagrasses Intertidal Subtidal (SCUBA)
assessments found species
richness measures were not
significantly  different,  but
species identification and
abundance measures
particularly in algae are
significantly different.

Edgar & | Subtidal Yes - during | Yes Yes Volunteer-generated data

Stuart-Smith (SCUBA) | training were comparable to

(2009); Fish, professionals' for all metrics

Reef, investigated. Variation

Invertebrates between individual divers
within volunteer and
professional  groups also
contributed little to total
estimated variance between
transects compared to
residual variation between
replicate transects, variation
between sites, and variation
between regions studied.

Finn et al. | Intertidal | Yes None Precision Volunteers' visual estimates of

(2010); test only percent seagrass cover highly

seagrass correlated with that of
scientists.

Huveneers et | Subtidal Yes - 20% of | None None Identification skills of

al. (2009); | (SCUBA) | participants volunteers were adequately

Sharks accurate.

61




Gillett et al.
(2012); Reefs,
Fish

Subtidal
(SCUBA)

Yes

None

None

Reasonable agreement
between data collected by the

citizen science and
professional monitoring
programs. Observed

differences were likely a
product of biases and error
inherent to the sampling
programs (methodological
differences) and the analyses
(post-hoc, non-synoptic nature
of the study).
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SUMMARY

Citizen science describes the involvement of members of the public in scientific
research projects and its benefits include provision of data, increasing public
knowledge, and influencing policy development. One method for gauging the utility of
citizen science is to review the uptake and use of data provided by citizen scientists.
Globally, there are many examples of citizen science providing accurate and valid data,
but it is also important to ascertain whether such data are being used to develop
policies or contribute to decision-making, and if not, to determine why. We investigated
these questions using an online questionnaire, distributed to citizen scientist groups,
resource use groups such as dive clubs and recreational fishers, researchers in
universities and environmental managers in local, state and federal government
agencies. The questionnaire quantified: a) the characteristics of citizen science groups
(number of groups, scale of monitoring, protocols, group operations, factors for
provision of data); b) characteristics of data users (those who use citizen science data),
including operational arrangements, use of validation protocols, levels of engagement
and factors influencing use of citizen science data; and c) uses of data from citizen
science. The focus of the questionnaire was limited to marine environments in
Australia. Respondents (n=185) primarily represented state government agencies
(25%) and community groups (20%). The design of the monitoring program and the
calibre of the quality assurance/quality control measures were the factors which most
influenced usage of data. The capacity of volunteer groups to provide data was
primarily affected by the number of skilled members and the security of funding and
partnerships. More than 70% of respondents reported having used citizen science-
collected data for natural resource management decisions or research. Within
Australia alone, 53 marine citizen science programs have produced 72 peer-reviewed
publications and 110 technical reports. Involvement in citizen science produced
additional benefits for data users, including the development and maintenance of
relationships, increased funding opportunities and increased community skills and
knowledge. These output measures indicate engaging in citizen science is a valid

method for achieving natural resource management outcomes.
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4.1 INTRODUCTION

Natural resource management (NRM) is the intersection of science and policy —
the nexus between societal values and scientific evidence. If decisions are to achieve
benefits for both the environment and society, a series of requirements should be met:
an informed citizenry is engaged in defining values for the area that support
conservation and development, good quality research is made available which can help
to prioritise management actions and inform decisions for improved ecosystem
function, and an opportunity is provided for communities to become more informed
about issues of the area and discuss potential solutions (Carr 2004; Pohl & Hadorn
2008). These are the underlying principles of adaptive management, where a
continuous cycle of monitoring and evaluation is conducted to assess progress against
achieving a desired societal outcome, usually of improving or maintaining the quality of
the environmental asset (Curtis & Lockwood 2000; Duncan & Wintle 2008).

NRM is undertaken at a variety of scales — from local, which may address point-
source issues, and up to bioregional scale, such as the Great Barrier Reef. National
scale monitoring schemes occur in parts of the world (Rebele 1997; Certain &
Skarpaas 2010). However, a government-run, national monitoring program does not
occur in Australia, (Gibbons et al. 2008; Lindenmayer & Likens 2009) partially due to
the size of the continent and practical constraints in funding and implementing a

monitoring program at this scale.

There is momentum in demonstrating the utility of citizen science for advancing
science. Citizen science research can take the form of observations, physical sample
collection, data collection for environmental studies and monitoring. Several studies
have addressed the capacity for citizen science to contribute specifically to marine
monitoring in Australia (Koss et al. 2005a; Koss et al. 2005b; Turner 2006; Dalton &
Smith 2009), and the large number of volunteers currently involved in marine
monitoring activities throughout Australia in particular is staggering. More than 700
shorebird observers participate in surveys each year and up to 7000 observers
participated in the Atlas of Australian birds 1998—-2002 (Barrett in Weston et al. 2006b;
Clemens et al. 2010). Over the past 25 years, nearly 27,000 people have contributed to
Infofish, a recreational fishing program, with an estimated 2,000 people contributing
each year (Bill Sawynok, Infofish program manager, pers comm). Internationally,

Goffredo et al. (2004) estimated recreational divers saved a professional biologist 18 yr
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and nearly $1.4 million USD. Much of the current discussion on citizen science
focusses on its contribution to research (Foster-Smith & Evans 2003; Newman et al.
2003; Dickinson et al. 2010; Roy et al. 2012). Volunteer data have been validated in
studies on invasive species (Delaney et al. 2008), species abundance and distributions
(Goffredo et al. 2004; Lovell et al. 2009; Schmeller et al. 2009; Szabo et al. 2012),
vegetation assessments (Gollan et al. 2012), mammalian field ecology (Newman et al.
2003), marine habitat assessments (McKenzie et al. 2000; Edgar & Stuart-Smith 2009;
Finn et al. 2010) and water quality (Fore et al. 2001). In each of these, non-experts

have demonstrated their capacity to provide high-quality data.

Although a worthy consideration, science is only one of three described
outcomes of citizen science programs, the others being outcomes for individuals and
society (Shirk et al. 2012). Given that there has been some discussion of the benefits
to individuals (sustainability learning; Thomsen 2008; well-being; Koss & Kingsley
2010), the lack of information on societal outcomes (how citizen science can or has
been used) is concerning (Walker & Daniels 2001; Danielsen et al. 2005). Other than in
a very specific context (localised in developing countries, see Danielsen et al. (2009))
the question of whether monitoring data collected by non-experts has had a
management or policy application has not been explicitly addressed. Therefore, it
would be useful to understand the current uptake of citizen science by decision-makers
and the factors that most influence their decision to use citizen science in their
decision-making processes. Citizen science is purported to improve decision making
processes as it directly involves the public in the research process, thereby educating
the citizens who then are more likely to make more informed and environmentally

responsible decisions (Carr 2004; Thomsen 2008).

The aim of this study was to investigate the societal outcomes of citizen
science, specifically in the marine environment. Jacoby (1997) proposed that the
critical components that link environmental research with natural resource
management include observation, data management, links to management actions,
evaluation of management actions, feedback mechanisms and feed-out mechanisms
(communication). The current study provides a test of whether such critical links occur
in Australia. We used an online questionnaire to ask citizen science groups, resource
user groups (e.g. recreational fishing, recreational SCUBA divers), researchers and
natural resource managers a series of questions about their involvement in and use of

data from citizen science programs.
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4.2 METHODS

A web-based questionnaire (Survey Monkey ®) was used to deliver 43 questions
covering the following themes: a) characteristics of citizen science groups, b)
characteristics of data user organisations (those who use citizen science data), and c)

uses of data provided by citizen science (Table 4.1).

Table 4.1. Questionnaire Themes

Theme Question topics

a) characteristics of citizen

science groups Operations (length of time operating, source of funding)

Topic of study and location, scale of monitoring

Protocols

Factors affecting provision of data

b) characteristics of data user Operational arrangements (capacity to support citizen
organisations science)

Level of engagement with citizen science, benefits of
engagement

Factors affecting use of data

Quality assurance and data validation

) uses of data provided by citizen | Reported/perceived uses and documentation of actual
science data results

Impact of citizen science

Skip-logic functions directed respondents through the questionnaire based on the
answers they provided (i.e. if ‘no’ was selected for one question, the questionnaire
skipped to the next set of questions) (Survey Monkey). All questions offered non-
response options (e.g. “don’t know”) and participants were permitted to skip questions
they did not wish to answer. The questionnaire was developed with input from a range
of researchers and managers in both academic and management agencies and staff in

volunteer-based organisations and resource-use groups.

A database of potential respondents and their associated organisations was
compiled from a literature review, suggestions from researchers, searches of Australian
funding programs and a web-based search (Google) limited to Australian websites with
the terms “community-based monitoring” and “citizen science”. A search of funding
programs [the federal Natural Heritage Trust, Envirofund, Coastcare and Caring for our
Country; the New South Wales Environmental Trust; and Western Australia Coastcare
grants] yielded more than 200 organisations or networks which manage citizen science

programs. This included community groups, nongovernment organisations (NGOs),
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natural resource management (NRM) agencies at local, regional, state and federal

level (e.g. Fisheries, Marine Parks, regional NRM bodies) and universities.

Using a purposive non-random sampling approach (Neyman 1934), potential
respondents within organisations identified through the search described above were
contacted via email, provided with an outline of the aims of the project, and asked to
complete the online questionnaire. Personal contacts, other scientific networks
(Australian Marine Sciences Association, Australian Coastal Society, science
communicators, marine educators) and Facebook were also used to promote the
questionnaire. In many cases, the initial contact person passed the survey on to the
most appropriate people within the organization (e.g. the research unit and the
management unit of the same organization). The online questionnaire was open for 47
days (Aug-Sept 2012). Closed-ended questions were analysed using a descriptive
summary of findings in the form of frequencies and percentages or rankings. A

complete list of questions is provided in Supplementary Material, Appendix S4.1.

4.3 RESULTS

4.3.1 GENERAL RESPONDENT INFORMATION

Participating organisations have not been identified in the results; aggregated
data only are reported to maintain privacy. The number of people who received the
questionnaire is unknown, but 207 individuals submitted responses. Of these, 11%
responded that the questionnaire was not relevant to them and did not continue, 34%
partially completed the questionnaire and 55% completed the questionnaire in full.
Responses from those who completed both partial and full questionnaires were used in
this analysis (n=185). Respondents represented seven types of organisations (Table
4.2), with the greatest representation from state government agencies (25%) or
community groups (20%). Responses in the ‘other category tended to be associated

with commercial enterprises such as ecotourism operations or private consulting firms.
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Table 4.2. Characteristics of respondents by organisation type, based on n=185 partially/fully
completed surveys (percentages rounded to nearest whole number).

Organisation Type % % citizen % data % both
respondents scientists user

Federal (Australian) Government 5% 1% 2% 2%

State Government 25% 1% 21% 3%

Local Government 5% 1% 3% 1%

Regional Natural Resource 10% 1% 6% 3%

Management Body

University/Research Institution 17% 3% 11% 4%

Non Government Organisation 15% 6% 2% 6%

Community Group 20% 17% 1% 3%

No Organisation 1% 1% 1% 1%

Other 5% 1% 3% 1%

TOTAL 30% 48% 22%

Citizen science entities tended to fall into two types: a ‘group’ or a ‘program’. A
‘group’ was defined by the authors as a self-organised collective of people (e.g. a
community group, Indigenous rangers) who may collect a variety of environmental data
in a variety of ways depending on their interests, whereas a ‘program’ was defined as
having a design with a specific focus and generally having a specific approach to
community involvement and data collection (e.g. CoralWatch, SeagrassWatch, Reef
Life Survey). This survey recognized that public involvement could arise from either
perspective and did not differentiate results between groups and programs. Thirty
percent of respondents identified themselves as belonging to community groups or
programs consisting of volunteers who collected data. Examples of these respondents
included members of community organisations who collect water quality information,
and participants in local-government based community engagement programs. Forty-
eight percent of respondents identified themselves as ‘associated’ with these types of
groups, in that they assisted, funded, analysed and/or otherwise used data collected by
volunteer groups. The greatest number of responses from those associated with
volunteers came from universities and state government NRM agencies. Hereafter,
those that identified themselves as collectors of data through citizen science are called
‘citizen scientists’ and those that used, assisted, funded or analysed data from
volunteers are called ‘data users’. Some respondents identified themselves with both of
these categories (22%), i.e., they both provided and used data. Examples of this
included a university-based researcher who established a non-government

organization which undertook citizen-science based monitoring programs. Responses
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from those who both provided and used data were incorporated into the analysis of
citizen scientists and data users and not differentiated. We assumed that only one
person per section within an organization (eg. research unit, management unit)
provided responses: respondents could elect to answer anonymously and therefore we

were unable to track all individuals or organisations.

4.3.2 CHARACTERISTICS OF CITIZEN SCIENTISTS

The length of time citizen science organisations had been operating in the
Australian marine environment varied from less than 1 yr to more than 50 yr
(meanxSD=9.5+10.5 yr, n=73). All groups and programs were based in and operated
from Australia, with 8% also having overseas affiliates (e.g. ReefCheck, Coral Watch
and Reef Life Survey). The majority of groups and programs undertook monitoring
primarily to increase their knowledge on an area or species of interest (35%), but also
in response to a potential environmental threat (28%), a request from a natural
resource management agency or other expert (14%), out of general interest (5%), or

for self-education and capacity building (1%).

Programs operated over a range of spatial scales, with most at the local (32%)
or regional (25%) scales (3% operated across regions, 19% at state level, 11% at a
national level and 11% at international). ‘Local’ was undefined in the questionnaire, but
represented a scale smaller than ‘regional’ and ‘state’ and was likely understood to
mean within the boundaries of a local government area. ‘Regional’ was defined to
mean the jurisdictional boundary of the natural resource management agency. The
majority of groups (64%) collected data from multiple monitoring sites across areas
(e.g. multiple sites in more than one estuary, or multiple study sites within an area such
as a Marine Park), 25% oversaw multiple monitoring sites in one area (e.g. multiple
study sites in an estuary), 6% monitored one monitoring site in one area (e.g. one
study site in an estuary), and 6% responded that the spatial scale of their monitoring

varid depending on the program in which they were most recently involved.

Of the citizen scientist respondents, 57% reported that their monitoring occurred
in “marine” environments, while 22% targeted estuarine environments, 11% studied
beaches/dunes, 3% focused on air/climate, 3% on social (behavioural) issues and 5%
were undefined. The subjects of monitoring ranged from physical and chemical
measures to biological observations, with biotic measures most highly reported (68%)

(Table 4.3). Of the biotic measures, ‘integrated measures’ that encompassed multiple

74



species and types of parameters relating to reef condition, for example, was the most
highly reported (16%).
Table 4.3. Monitoring activities according to biotic, physical and social categories. Data are

percentages of 73 ‘citizen scientist’ respondents. Percentages are rounded to nearest whole
number.

% Respondents

Biotic - Aquatic Vegetation 8%
Biotic - Bacteria 1%
Biotic - Birds 9%
Biotic - Fish 11%
Biotic - Integrated (habitats - reefs, seagrass beds, etc) 16%
Biotic - Invasive Species 6%
Biotic - Invertebrates 11%
Biotic - Marine Mammals 5%
Biotic - Plankton 1%
Physical/Chemical - Clarity/Turbidity 5%
Physical/Chemical - Flow/Water levels/Tides 4%
Physical/Chemical - Meteorological 2%
Physical/Chemical - Nutrients, Temperature, Salinity, 7%
pH, etc.

Physical/Chemical - Toxicity/Pesticides 0%
Social - Attitudes, behaviours 4%
Social - Debris 7%
Social - Resource Use 2%
Climate Change 1%
Other 3%

Citizen scientists primarily funded their operations through government or
natural resource management agency grants (75%). Other sources of funds included
self-funding through membership fees and fund-raising activities (29%), corporate
grants (20%), private grants (16%), or donations (6%). In-kind support (such as advice,
facilities, administration, technical support) was accessed by a large proportion of
respondents (57%) to sustain their operations and 20% of respondents were internally
funded through another organisation’s operational budget. Responses were filtered to
reflect the funding source of greatest influence on operational support of citizen science
groups (Figure 4.1), demonstrating a substantial reliance on government grants with
some in-kind support from other organisations. Interestingly, 7% of all respondent

groups indicate they are primarily (>90% of total operational budget) self-funded.
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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.
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Citizen science organisations used international, national or other recognized
scientific protocols (53%) or a protocol that had been developed by the group itself
(41%). Quality assurance methods employed by citizen science groups included:
participation in training programs (79%), use of field guides (69%), periodic review of
data and protocols (67%), using accepted scientific protocols and methods (64%),
calibration of instruments (23%) and a written quality assurance plan (21%), validation
of data (11%), and other responses (5%), which included team meetings and using
simple methods. Four percent did not know what quality assurance methods they
employed. Citizen scientists used multiple methods to store their data, with 56%
keeping hard copies, 46% storing data in electronic formats on personal computers,
41% using electronic formats on institutional computers and 40% storing data on
internet-accessible databases. Other formats include mapping software, such as
Google Earth or ESRI products (27%), and smartphone apps (6%). ‘Other’ responses
(7%) comprised passing the data onto another organisation for custodianship, and
reviwing current data management options. Only 9% percent of respondents used
metadata statements for data sharing purposes. Thirty-two respondents provided URLs
for an online database where citizen science data were stored (available upon

request).
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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.
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More than 87% of citizen scientists have made their data available to at least
one university or research institution, a government body or a natural resource
management organization at some point in time. Respondents were asked to rank the
key factors that affect their ability to provide data. Citizen scientists’ highest concerns
are maintaining a skilled volunteer base and securing ongoing funding and

partnerships (Figure 4.2).

4.3.3 CHARACTERISTICS OF DATA USER ORGANISATIONS

Data users, who were primarily those in universities and government agencies,
(n=101) had engaged in various aspects of citizen science programs including:
establishment or administration of groups (including providing funding) (13%);
supervision and training (9%); design of methods or study aims (3%); or data storage
and analysis (5%). Some respondents (47%) engaged in multiple aspects of a citizen
science program, which involved more than one of these activities. Nineteen percent
of data users limited their engagement in citizen science to using the provided data
only. The length of time data users had been engaged in citizen science programs was
relatively evenly distributed across the given time periods ranging from 1 to 10+ years,
with the greatest percentage of respondents engaged for 3 yrs (Figure 4.3). Seventeen
percent of respondents were intermittently or opportunistically engaged in citizen
science, meaning they did not have an ongoing relationship with a particular program
or group and occasionally used citizen science data if the data were suitable for a

particular purpose.
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Figure 4.3. Frequency distribution of time data users had engaged with citizen science (based
on n=101 responses).

A total of 85% of respondents affiliated with data user organisations reported
that they had an operational model which allowed for the use of volunteer-collected
data in research and management activities. A substantial proportion (71%) also
reported their organization had a stated aim of increasing skills and knowledge of
environmental issues and management in the broader community. Many organisations
(69%) had someone within the organization available to handle data arising from
citizen science activities (receiving, storing, retrieving), either as part of their overall
data collection activities (47%) or exclusively for citizen science groups and their data
(22%). Dedicated community liaison officers were employed in 58% of data user

organizations, while 6% contracted out that role.

Data validation had been performed in some capacity by 52% of respondent
data user organisations. Details of the validation procedure were not requested. Of
those who undertook a data validation process, the results were: accuracy adequate
(74%), data was corrected (30%) and could not use the data (10%). A validation of the
volunteers’ skills and protocols had been performed in some capacity by 48% data
users, however, 43% had not and 10% did not know. Of those who undertook some
form of validation, the results were: accuracy adequate (67%), skills and/or protocols
required correction (40%) and data could not be used (11%). As a result of the

validation processes, organisations reported they were most likely to provide feedback
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to group members on the results of the validation process (43%), change some
protocols or procedures (34%), change or initiate additional training (34%), change
some aspects of the monitoring program’s design (32%), and/or confirm the record with
the observer (27%). Twelve percent did not know what action was taken following
validation processes, 3% did not give any explicit feedback or make any changes, and
3% responded with other processes, such as notifying an affiliate organization of
results of validation and using different techniques depending on the program and the
volunteers involved. Key factors which affected the ability to use data centred around
the monitoring program design and the calibre of quality assurance/quality control

measures employed (Figure 4.4).

Data is stored by users in multiple formats: electronic formats on institutional or
personal computers (43% and 36% respectively), with some use of hard copy (26%),
internet-based databases (26%) and/or mapping software (23%). Twenty percent of
respondents either did not store the citizen science data they used, or do not know how

it was stored.
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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 groups.
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4.3.4 UsEes OF CITIZEN SCIENCE DATA

Table 4.4 outlines the various uses of citizen science data, reported and ranked
for both citizen scientists and data users. These responses compare how citizen
scientists perceived or knew their data to be used, and the actual uses of citizen
science data, reported by data user groups.
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, 9=lowest/least used)

Rank Citizen Scientist Reponses I{Data User
esponses
1 Education and communication No present use for the data
2 Research Advocacy
3 Management decision or policy Management decision or policy
4 Storage in database Education programs
5 Advocacy Storage in database
Communications products:
6 Spatial products websites, newsletters, social
media

7 Compliance Spatial products (maps)
8 Other Compliance
9 Don't know Research

The ranks given by citizen scientists and data users regarding uses of citizen science
data were markedly different. Citizen scientists either used or thought their data were
used primarily for education, communication, and research. A high rank given by
citizen scientists indicates they used or thought their data were used for decision-
making purposes. Data users, on the other hand, may have received data from citizen
scientists, but did not have a present use for the data. Others felt it could be used for
advocacy and management decisions. The lowest rank given by data users indicated

research was the least frequently reported use for citizen science data.
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Both citizen scientists and data users were asked to supply evidence of uses of
their programs. More than 130 respondents reported a management, policy, research
or advocacy use of citizen science data (Table 4.5). Of the 130 responses, 53
provided documentation demonstrating various uses of citizen science data, including:
decision-making uses (management and policy such as strategic planning processes,
regulations to exclude dogs from wildlife reserves, and fisheries assessments, 30/130,
23%); peer-reviewed scientific papers (14/130, 10%); and advocacy through written
submissions (10/130, 7%). Additionally, 110 technical reports have been produced
using citizen science data. Although making up only 10% of the responses, 72
published peer-reviewed journal articles were based on data collected by citizen
scientists in Australian marine environments (Supplementary Material, Appendix S4.2).

Table 4.5. Outputs of citizen science programs, compiled from all respondents ((n=185)) as a
measure of usefulness of citizen science data.

0,
Output N % all % data users
respondents
Programs reporting a use of decision-making, o
research or advocacy 130 70%
Programs demonstrating uses of decision- 53 299 739
making, research or advocacy ° 0
Programs demonstrating decision-making 30 16% 419
uses ° ?
Programs demonstrating peer reviewed o o
research 14 8% 19%
Number of peer reviewed papers utilising 72
Australian marine citizen science
Number of reports/books/submissions using 110
Australian marine citizen science

Data users were asked to record whether there were any real or perceived
additional benefits from interacting with citizen science groups, apart from the ‘use’ of
data. The benefits listed (n=97 respondents) included building relationships (94%),
increasing community skills and knowledge (91%) and community stewardship of the
marine environment (90%). Other benefits included increasing funding opportunities

(62%) and contributing to management targets (58%).
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4.4 DISCUSSION

We believe this is the first survey to examine current citizen science practices
specifically in the marine environment, and also in Australia. Citizen science programs
aim to achieve outcomes for science, for the benefit of individuals, and for the benefit of
society more broadly through decision-making processes and community-building. This
survey provides a point of reference for evaluating the status of marine-based citizen
science in Australia and the contributions of citizen science to natural resource
management decision making. Citizen scientists monitor a great range of subjects
from water quality to biological assemblages. With an average of 10 yr in operation,
citizen science groups currently in existence in Australia are well established. The main
challenges to ongoing provision of data were reported as maintaining funding and the
skill levels of volunteers. These challenges have been reported elsewhere (Weston et
al. 2003; Bell et al. 2008; Wolcott et al. 2008) and are addressed primarily through
assessments of and addressing group aims and volunteer motivations. Articulating
group aims may also assist in diminishing the competition that arises between citizen
science groups and programs for funding, as grants schemes can thus be targeted to

specific locales, issues and relevant groups.

Few respondents (14%) had established their monitoring activities as a result of
a direct request from an NRM professional or other expert, but rather the subject of the
citizen scientists’ monitoring, and the environment in which they worked, reflected their
interests or the location of a perceived environmental threat. However, the result that
87% provided data to universities or agencies suggests these groups were looking for
stronger relationships to assist in analysing data and facilitating its application in
potential policy options. Monitoring programs arose as a result of specific interests of
the citizen science group. Many utilised scientifically-recognised protocols (53%) in
their monitoring program, however 41% developed their own protocols. Tailoring a
protocol for a specific location or objective may be necessary or may contribute to
feelings of group-ownership of the process (Halusky et al. 1994; Koss & Kingsley
2010), but if the monitoring program is designed to provide scientifically valid data, it is
equally important to ensure that the protocols are scientifically robust. Some programs
reported there were no established methods available for use by citizen scientists and
therefore these programs, in developing their own protocols, provide the first record of
methods for these purposes. In some cases, like Coral Watch, these methods are now

published and used in national and international monitoring contexts, even by
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researchers not engaged with citizen scientists (Fabricius 2006; Montano et al. 2010;
Teymour & Sanjani 2010; Fabricius et al. 2011).

The concerns data users had with citizen science data related to the design of
the monitoring program and the calibre of quality assurance measures employed by the
groups. However, it appears data users are not taking the opportunity to review data, to
test their perception that it is not valid. Approximately half of data users did not or do
not know whether their organization validated any of the methods or data provided to
them by citizen scientists. Two possible scenarios arise from this; either the data are
used, and their reliability questioned, or the data are not used due to a lack of faith in
their reliability. Either outcome would seem to be wasteful of resources. The cause of
not validating the data most likely relates to logistical constraints. One respondent
reported that managers had many demands on their time, and if the data had not been
collected in response to a specific request from him, he found it difficult to find the time
to further assess it. As validation of citizen science is not seen as core business of
many NRM operations, the capacity required to assess and provide feedback may be

seen as too limited.

In the majority of cases, it seems, citizen scientists and data users are not
interacting early enough in the development phase of the sampling program for
scientists and managers to have confidence in the quality of data produced from the
program. The low degree of participation of data users in citizen science, particularly in
development of sampling design and supervision (ranges of: 3-50% and 9-56%
respectively) cannot be attributed to an institutional problem: data users reported their
organisations had the capacity to engage with, train and assist citizen science groups.
It is possible that the problem lay in the perception of managers and scientists of the
value of the data compared to the effort expended by them in assisting the volunteers
(Underwood & Chapman 2002; Newman et al. 2003), which is reflected in the result
that users did not have a current use for citizen science data. Although their
organization does not exclude the possibility of using citizen science data, managers
and scientists may not have the capacity, authority, willingness or flexibility to
accommodate it.

Measuring the publication output from citizen science programs is one way of
determining the utility of citizen science for research. In coast and marine environments
within Australia, 72 peer-reviewed publications and over 110 reports using citizen

science data have been produced by 53 programs over 13 years. In reality, this value
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may even be higher as not all respondents provided evidence of these uses in time to
be included in this paper. Evaluating uses against documented cases only, 30 groups
or programs (23% of all respondents) could support claims of management and policy
uses, 14 (10%) provided peer-reviewed research and 10 (7%) demonstrated advocacy
through submissions. Many of these programs which produce high-quality, peer-
reviewed articles are based entirely on citizen science-derived data. Such programs
include Bird Life Australia (>25 papers), Infofish Australia (10), Earthwatch (7),
Seagrass-Watch (13), Coralwatch (6), RedMap (5) and Reef Life Survey (5 papers).

4.5 CONCLUSIONS

Data arising from citizen science programs has been criticized for being of poor
quality and not collected with particular management questions in mind (Lunney &
Matthews 2002; Underwood & Chapman 2002). This survey of nearly 200 individuals
involved in marine-based citizen science activities across Australia indicated that some
citizen science is being used for management and policy decisions, as well as high-
quality research (as evidenced by the numbers of peer-reviewed papers).

It is important to note that not all citizen science projects are the same — there is
not a single model of citizen science — and outcomes for research (e.g. scientific
findings), for individual participants (e.g. acquiring new skills or knowledge, well-being)
and/or for social-ecological systems (eg. influencing policies, taking conservation
action) may be achieved in varying degrees. Theoretical models of public-scientist
interactions highlight strong outcomes for decision-making and research when citizens
and scientists/managers are mutually benefitting from the citizen science process, in
either a Contributory, Collaborative or Co-created framework (Shirk et al. 2012).
Clearly, in cases where scientists and the public are working together, citizen science
can result in high-quality research outputs: in this case, 14 programs (19% of data
users) produced 72 peer-reviewed articles over 13 years. Cohn (2008) surmised that
volunteers generally do not analyse data or write scientific papers and scientists are
often required to make sense of the data collected by citizens. The questionnaire
results may support this statement. While 53 programs prepared ‘reports’ on their data,
only 14 have published in peer-reviewed journals. Given that the majority of groups
surveyed were self-initiated, engaging managers and scientists in the early stages of
the development of monitoring programs may achieve enhanced research outcomes,

including outputs such as journal articles.
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Many have written about the consistent and widespread problem facing citizen
science: the need for managers and scientists to work with the participants to drive
appropriate monitoring programs so that good scientific and decision-making outcomes
can be achieved from the expended effort (Bell et al. 2008; Dalton & Smith 2009; Koss
& Kingsley 2010; Shirk et al. 2012). Less than 56% and as few as 3% of data users we
surveyed were directly engaged in the design or oversight of citizen science groups,
indicating there is opportunity for local and regional managers to be more involved in
citizen science programs, to more strongly link citizen science activities with decision-
making processes at appropriate scales. This may be achieved by inviting scientists
and managers to sit as members of advisory committees, assisting in setting questions
and objectives for monitoring and experimental design, or by directly engaging
scientists to periodically review methods and data to ensure they align with group
monitoring objectives. If natural resource managers and scientists with to make use of
data arising from citizen science programs, supporting local and regional citizen
science programs, perhaps by way of providing or facilitating training or offering
administration or data management solutions, may be beneficial. Scientists may also
wish to enhance the learning environment, where citizens become more active in the
scientific process, and find more meaning and value in the experience (Luther et al.
2009; C Sbrocchi, University of Technology Sydney, unpubl data). As these citizens
become more engaged, they are also more likely to contribute higher quality data with
fewer biases (Luther et al. 2009). Volunteers tend to choose monitoring sites based on
access issues (Clarke et al. 2012) presence of charismatic species or habitats (Baker
et al. 2012; Hammerton et al. 2012), or proximity to home (Koss & Kingsley 2010).
These biases could be overcome by targeting under-represented areas by either
employing professionals or encouraging volunteers to monitor elsewhere (Tulloch et al.
2012).

With a strong focus on monitoring at the local and regional level (58% of
respondents), there is a great opportunity to influence local and bio-geographic scale
NRM decisions. In fact, 46% citizen scientists indicated their data were used for
decision-making purposes, and data users (those who assist/fund/support/use citizen
science data) rank decision-making within their top three uses of citizen science data.
The applications of citizen science are certainly not insignificant, and more could be
done to maximize on the opportunities present within this emerging field to harness a
willing and capable workforce who are equally capable of integrating more fully with

scientific and management processes (Thomsen 2003; Carr 2004; Luther et al. 2009;
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Shirk et al. 2012). Citizen science research has addressed this by providing
frameworks for maximizing the available workforce that volunteers provide to
environmental research no matter whether the approach is localized and community-
driven or a top-down, broad scale monitoring program (Bell et al. 2008; Dickinson et al.
2010; Conrad & Hilchey 2011; Shirk et al. 2012).

If we accept Jacoby’s model (1997) that the critical components that link
environmental monitoring with natural resource management include observation, data
management, links to management actions, evaluation of management actions,
feedback mechanisms and feed-out mechanisms (communication), we can conclude
from the responses given by more than 200 professionals across Australia that citizen
science has more than just a place in natural resource management in Australia, it is

essential.
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APPENDIX S4.1 QUESTIONNAIRE

Community based monitoring, or citizen science, is on the rise in Australia, particularly in the coastal and
marine domain. The premise of many community based monitoring programs (also known as citizen
science, or public participation in scientific research) is that they contribute useful data; however, to
date, no comprehensive analysis has been undertaken within Australia to review such programs, to
determine the extent to which data provided by citizen scientists has been used in published research or
has influenced management decisions or policy. Your input through this survey will seek to provide a
clearer picture on the past, current and future provision of data by coastal/marine community
monitoring groups, which will help to understand;

¢ the types of data that are collected by community volunteers

e uses of the data

¢ the degree to which decision-making or policies have already benefited from this data

e the factors that may affect the quality of data provided

e data capture and management options, and

e other issues that may influence the provision and use of volunteer collected data in Australia.

The results of this survey will be compiled into an MSc thesis and shared with those who have
participated in this study, with the aim to publish the results in a peer-reviewed journal. Initial findings
will be presented at the 2012 Coast to Coast Conference in Brisbane, Australia. This survey consists of a
maximum of 41 questions, but most people will only need to answer about 22 questions, and should
take about 10-15 minutes. If you have any questions or concerns regarding the distribution of this
survey please contact:

Carla Sbrocchi

carla.d.sbrocchi@student.uts.edu.au

MSc candidate at University of Technology, Sydney
This study has been approved by the University of Technology, Sydney Human Research Ethics
Committee. If you have any complaints or reservations about any aspect of your participation in this
research which you cannot resolve with the researcher, you may contact the Ethics Committee through
the Research Ethics Officer (ph: 02 9514 9772, Research.Ethics@uts.edu.au) and quote the UTS HREC
reference number 2012052A. Any complaint you make will be treated in confidence and investigated
fully and you will be informed of the outcome.

1. Which of the following best describes you?
Manager what is this? Professional what is this? Technician what is this?
Federal Government

State Government

Local Government

Regional NRM body (CMA, NRM board)
University/Research Institution

Incorporated Non

Government Organisation

Community Group

Not applicable (no organisation)

Other (please specify below)

2. Please tell me about the organisation to which you belong, with respect to your engagement with
coastal/marine citizen science.

A. Community Group or Program consisting of volunteers who collect data

B. Associated with community groups/programs that use volunteers to collect data (we assist, fund,
analyse and/or use data)

C.BothAand B

D. Neither A nor B. Survey is not relevant to me.
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In this section you will be asked questions relating to your organisation's community-based monitoring
activities. If this does not pertain to you, go back and choose another option, or exit this survey. If you
also fund or support community monitoring programs or use (analyse, manipulate, report, etc) data
collected by volunteers, complete this section and continue on to Section 2.

3. What is the name of your community group or marine monitoring program that undertakes data
collection in the coastal and/or marine environment?

4. How many years has your group/program been involved in marine monitoring?

5. Does the operation of your citizen science group/program have an Australian base?
Group/program AND sites are both Australia-based.

Group/program IS Australia-based but sites are NOT in Australia.

Group/program does NOT have an Australian base but sites ARE in Australia.
Group/program and sites are NOT Australia-based.

Other (please specify)

6. What was the main driver in initiating your data collection activities? (choose one only)
General interest

Response to a potential environmental threat

Increase knowledge on local area or local species

Request from Natural Resource Management agency or experts

Other (please specify)

7. What types of data are collected?
Environments Study Subjects Type of Measurements
Other (please specify)

8. What scale does your monitoring program relate to?

International (your group monitors sites across nations or is one of several in an international program)
National (your group monitors sites across a country or is one of several in a national program)

State (your group monitors sites across the state or is one of several in a statewide monitoring program)
Regional (your group monitors sites across a region or is one of several in a region-wide monitoring
program)

Local

Other (please specify)

9. Specify the size and type of monitoring your group undertakes.

One monitoring site in one area (eg. One study site in an estuary)

Multiple monitoring sites in one area (eg. Multiple study sites in an estuary)

Multiple monitoring sites in multiple areas (eg. Multiple sites in more than 1 estuary or multiple study
sites at different places in a Marine Park)

Other (please specify)

10. Are your methods....

A. Based on an international, national, or other recognized scientific protocol/method?
B. Based on a protocol/method developed by your group/program?

C. Neither A nor B

D. Don't know

11. Name the protocol/method you use OR name the person/organisation who developed it.

12. What methods do you use to guarantee the reliability of your data? Choose all that apply.
Calibration of instruments
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Written quality assurance plan

Metadata statements for data sharing

Use of accepted scientific protocols and methods
Use of field guides

Training programs

Periodic review of data and/or protocols

Don't know

Other (please specify)

13. How do you store your data?

Hard copy (paper)

Spreadsheet or database on personal computer

Spreadsheet or database on institutional computer
Internet-based database (please provide web address below)
Mapping software (eg. GIS, Google Earth)

Smart Phone app

Other (please specify below)

Other Storage Option or Web address of database

14. Is your data provided to a university/researcher, local/state/federal government or natural resource
management organisation?

Yes

No

Don't know

Other

15. To whom is the data provided? This may be the name of an organisation, a contact person and their
details (phone/email) or an internet-based database web address.

Data provider 1

Data provider 2

Data provider 3

16. Has your data been used for any of the following? (tick all that apply)

Stored in an institutional/online database

Advocacy

Spatial products (maps)

Education programs or communications products (websites, newsletters, social media)
Compliance

Research

Management decision or policy (decision on land use, restoration of habitat, etc., planning process,
evaluation of management practice, or development of policy/legislation)

Don't know

Other (please specify)

17. Could you provide references that illustrate uses of your data? (eg. reports, communications
products, media articles, journal articles)

Yes. | can document some below.

Yes, | can provide by email. (contact details are provided at the end of the survey)

Yes, but could you please follow up with me later? | will leave my details at the end of the survey.

No.

Place reference(s) here

18. How are your group's monitoring activities funded? (Estimate answers as percentages of your total
budget. Entries should sum to a total of 100%)

90



Membership fees/fund raising activities/selffunded
Donations

Government grants (federal, state, CMA/NRM region, local)
Corporate grants

Private grants

Operational budget of an organisation

Inkind support

Don't know

19. If funded by government grants, who was the funding body? Name of Funding Body (e.g. Sydney
Metro CMA) OR Name of Funding Round (e.g. Envirofund 2006)

Funding Provider 1

Funding Provider 2

Funding Provider 3

Funding Provider 4

Funding Provider 5

20. What are the key factors that impact on your ability to provide data to organisations? Please rank
your answers from 1 = most important factor to 6 = least important factor.

Our administrative capabilities (data management, group coordination)

Quality assurance/Quality control measures

Communication with researcher/organisations

Number of volunteers or their technical skills

Safety/OHS considerations

Securing ongoing funding or partnerships

21. In addition to collecting data, does your organisation also use or analyse volunteer collected data?
Yes. You will now continue on to Section 2 of the survey.

No. You will be forwarded on to Section 3 of the survey.

Other

This section is for those who assist or fund volunteers/community groups or are provided with,
manipulate, store, analyse or otherwise use volunteer data from coastal/marine environments. If this
does not pertain to you, you may go back and choose another option or exit this survey. Realising that
your organisation may engage with citizen science in varying ways and degrees, please select the
options that illustrate the complete range in which you utilise citizen science.

22. List the marine monitoring program or community group with which your organisation/project has
associated. If you don't engage with groups/programs specifically (eg you devolve funds to other
organisations who work with citizen scientists) you may enter 'don't engage directly' in box below.
Group or Program 1

Group or Program 2

Group or Program 3

Group or Program 4

Group or Program 5

Group or Program 6

23. Of these groups/programs with whom you have associated, in which aspects of their monitoring
program has your organisation/project been involved? Primary Aspect AND Number of Years involved
Group or Program 1 (from question above)

Group or Program 2 (From question above)

Group or Program 3 (from question above)

Group or Program 4 (from question above)

Group or Program 5 (from question above)
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Group or Program 6 (from question above)
Other aspect

24. Does your organisation/project have a person dedicated to liaising with and coordinating community
groups?

Yes within our organisation.

Yes provided by contracted organisation.

No.

Don't know.

25. Does your organisation/project have a training and community capacity role? (Community capacity
is an organisational objective to increase community skills and knowledge)

Yes.

No.

26. Does your organisation/project have anyone dedicated to handling data arising from citizen science
activities (e.g. receiving it, storing it, retrieving it)?

Yes, specifically for Community Monitoring groups and their data.

Yes, as part of our organisation's overall data collection and monitoring activities.

No.

27. Does your organisation's operational model allow for the use of volunteer-collected data to
contribute towards your research, management decisions or planning activities?

Not applicable

Yes

No

Don't know

28. Would any of the following be considered by your organisation/project to be 'fringe benefits' of
using community data? Choose all that apply.

Contributes to our management targets

Increases our knowledge base for decision-making or policy development

Increases our funding opportunities

Increases community stewardship of marine environment

Increases community skills and knowledge

Builds relationships

29. What factors influence the willingness of your organisation/project to use
community data? Choose all that apply and assign a factor rank (1 is major factor, 5 is not a factor)
Data management/storage capacity

Group having a dedicated coordinator for liaison, data entry, retrieval, analysis, etc.
Calibre of quality assurance/quality control measures

Extent/type of training group has received

Design of monitoring program

Level of support we can provide group

Safety/OHS considerations

Scale of group's monitoring activities (temporal or spatial)

Level of financial support group maintains

Group's data analysis capabilities

30. How do you store data collected from marine community monitoring groups?
Hard copy (paper)

Internet-based database

Don't know
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We don't store the data ourselves
Mapping software (eg. GIS, Google Earth)
Spreadsheet or database (personal)
Spreadsheet or database (institutional)
Other (please specify)

31. How have you used data from community-based monitoring programs and how

valuable was the community data to this use? Choose all that apply and assign a value rank (1 is
Essential, 5 is Trivial)

Evidence towards management decision, planning process, evaluation of management practice, or
policy development/legislation

Research

Communications products: websites, newsletters, social media

Storage of monitoring data on database

Spatial products (maps)

Education programs

Regulation/compliance

Advocacy

Filed only (no plan at present to use data)

Other (please specify)

32. Could you provide references that illustrate the uses of citizen science data by your
organisation/project?

Yes, | can document some below.

Yes, | can provide by email (Contact details provided at the end of the survey).

Yes, but could you please follow up with me later? | will leave my details at the end of the survey.

No.

| have provided an answer in Section 1.

Place reference(s) here.

33. Has your organisation/project performed a validation ('QA/QC') test on volunteer data? (ie. to
screen for clerical errors or inconsistencies)

Yes on data we receive from some projects/groups.

Yes on data we receive from all projects/groups.

No

Don't know

34. What was the result of the validation? (choose all that apply)
Accuracy adequate

Could not use the data

Data was corrected

35. Has your organisation/project performed a validation ('QA/QC') test on the skills and protocols the
volunteers employ? (ie. to check whether the procedures and application of techniques are correct)

Yes on some of the projects/groups.

Yes on all of the projects/groups.

No

Don't know

36. What was the result of this validation? (choose all that apply)

Accuracy adequate
Could not use the data
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37. As a result of the validation process(es), did your organisation do any of the following: (Choose all
that apply)

Skills and/or protocols required correction

Provide feedback to group members on results of validation
Change some aspects of the monitoring program's design
Change some protocols or procedures

Change or initiate additional training

Confirm record with observer

No explicit feedback given or changes made

Not applicable

Don't know

Other (please specify)

Please complete this section if volunteers use SCUBA in their marine monitoring activities.

38. Is SCUBA used by volunteers to collect the data provided to you?
Yes

No

Don't know

39. What qualifications are the SCUBA divers required to have to participate in monitoring activities?
(Tick all that apply)

Open Water

Advanced

Rescue Diver

Dive Master

Dive Instructor

Commercial or Scientific Diver (ADAS)

Other accredited Scientific Diver

Commercial level medical certificate (compliant with AS2299)
Minimum number of dive hours or logged dives (please specify below)
Project-specific training (please specify below)

PADI specialty (please specify below)

First Aid Certificate

Oxygen provider certificate

Other (please specify)

40. Are you aware of the new Dive Standard in Australia? Click here: Part 4.8 Diving

Work on page 177 of the document To summarise, a volunteer who participates in monitoring for the
purposes of providing data to a natural resource manager or research body ('limited scientific diving
work') must now have 60 hours of logged dives, an annual commercial-level medical certificate, a
current First Aid and CPR ticket, a current Oxygen Provider ticket and a VET accredited dive qualification.
Yes

| was not previously aware.

41. How do you think this will affect your ability to acquire and use data from volunteer groups and
programs?

42. Please take the opportunity to mention any other issues or comments relating to
volunteer monitoring programs or your involvement with them.

43. | may like to follow up on some of the answers you have provided, and | certainly

would like to share the results of the survey with you. Are you happy to leave your
details with me? Rest assured that your personal information is completely confidential.
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Yes I'm happy for you to contact me and I'd like to hear about the results of the survey.
No thanks. Good luck with your project.

If you would like to receive updates on this research, provide additional answers or you just want to let
me know who you are, please enter your name, phone number and email address here. Your personal
information is completely confidential and will not be shared with anyone.

44. Leave your details here.
Name:
Company:
Address 1:
Address 2:
City/Town:
State/Province:
ZIP/Postal Code:
Country:

Email Address:
Phone Number:

Thanks for sharing your thoughts on coastal and marine community-based monitoring programs in
Australia. If you would like to forward additional information or if you have any queries you can find me
at:

carla.d.sbrocchi@student.uts.edu.au

And in case you needed to see this one more time:

This study has been approved by the University of Technology, Sydney Human Research Ethics
Committee. If you have any complaints or reservations about any aspect of your participation in this
research which you cannot resolve with the researcher, you may contact the Ethics Committee through
the Research Ethics Officer (ph: 02 9514 9772, Research.Ethics@uts.edu.au) and quote the UTS HREC
reference number: 2012052A. Any complaint you make will be treated in confidence and investigated
fully and you will be informed of the outcome.
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CHAPTER 5:; GENERAL DISCUSSION AND CONCLUSION

5.1 INTRODUCTION

Citizen science is not new (Miller-Rushing et al. 2012) however the growth in
this field in recent years requires researchers, policymakers and natural resource
managers to determine what role it might play in contemporary natural resource
management. Governments have been encouraged to include community participation
in monitoring activities to progress sustainability goals (Ecologically Sustainable
Development Steering Committee 1992; UN Department of Economic and Social
Affairs - Division for Sustainable Development 1992) and, as a result, have primarily
directed monitoring funds to community groups over the past 20 years. Researchers
have capitalized on a willing volunteer workforce and have used it to progress
understanding on environmental conditions and other environmental research
(Newman et al. 2003; Goffredo et al. 2004; Lovell et al. 2009; Crall et al. 2010; Szabo
et al. 2012; Tulloch et al. 2012; Benz et al. 2013; Iwamura et al. 2013). Potential
benefits to employing a citizen science approach to research and monitoring range
from increasing opportunities for funding to increasing opportunities for knowledge

gathering (see Chapter 1).

The discussion in this chapter will use the findings from Chapters 2 to 4 to
demonstrate the actual benefits and uses of citizen science and discuss the application
of citizen science to marine natural resource management in Australia. It will conclude
with the presentation of pathways for better integration of citizens into research and

management leading to meaningful decision-making.

5.2 BENEFITS OF CITIZEN SCIENCE

As discussed in Chapter 1, citizen science can benefit research and monitoring
programs by supplementing condition and trend information collected by natural
resource management agencies (McKenzie et al. 2000; Zeller et al. 2001), covering
areas rarely or not visited by management agencies and surveying numerous sites
simultaneously (Edgar & Stuart-Smith 2009; Finn et al. 2010), providing access to

greater amounts of data (eg. data sets collected over long periods), often at a lower
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cost than if the data had been collected by professional scientists (Darwall & Dulvy
1996; Newman et al. 2003; Goffredo et al. 2008). Results of a national questionnaire
found that benefits observed and experienced by over 90% of data users (those who
assist/fund/store/analyse data from citizen scientists) include building relationships,
increasing community skills and knowledge and community stewardship of the marine
environment. Other benefits included increasing funding opportunities and contributing
to management targets. These aspects could be collectively seen as critical
components of natural resource management by feeding into adaptive management
processes (monitoring and other research) and building capacity in the wider

community for ongoing sustainable management outcomes.

5.3 CHALLENGES TO THE FIELD OF CITIZEN SCIENCE

5.3.1 DATA ISSUES

The role of the public in environmental monitoring and research has certain
perceived limitations that must be addressed to be more widely adopted for use in
natural resource management. Challenges focus on (1) issues with data (its quality,
accessibility and integration into other research and into decision-making processes)

and (2) funding and support for citizen science activities.

Data quality has been identified as a key factor in the use of citizen science by
multiple researchers (see Chapter 3) and respondents of a national questionnaire (see
Chapter 4). Data validation is a process within the field of science that ensures the
quality of data. Results of various data validation studies indicate citizen scientists,
provided they have adequate training and support, can provide results comparable to
experts in a variety of environmental science fields and research contexts, including
fish length estimates, species identification, water quality parameters, and percentage
cover estimates (Halusky et al. 1994; Pattengil-Semmens & Semmens 2003; Delaney
et al. 2008; Edgar & Stuart-Smith 2009; Finn et al. 2010 and see also Chapter 3).
Citizen scientists, at least in marine environments, have been validated most often in
the use of field techniques. The growing use of technology in environmental science
and thus the potential involvement of citizens in it will require validation to be extended
into data-entry and other computer-based tasks. The evidence of this research

indicated these tasks can be more difficult for the volunteers to perform accurately, and
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the tasks may only appeal to a small number of potential volunteers. However, the
engagement of the volunteers in these tasks provided opportunities which extended
beyond the immediate provision of data. Involvement in these non-traditional types of
tasks provided the volunteers with an increased understanding of scientific method and
research and improved their understanding of the need for quality assurance

processes. This also had flow-on effects into improved field monitoring techniques.

The purpose of research (and by association, gathering data) is to share
insights (Wilson 2002) with other regions that can be applied elsewhere (Lunney &
Matthews 2002; Wilson 2002; Sharpe and Conrad in Finn et al. 2010). It is possible
that the lack of broader uptake of citizen science data (the sharing of insights and
application elsewhere) could either be due to the inaccessibility of the data or lack of
awareness of the data’s existence. Many citizen scientist projects keep their data
either in hard copy or on a personal computer. Many established programs are taking
steps to increase the accessibility of citizen science data for the purpose of data

sharing, including Redmap (www.redmap.org.au), the Atlas of Living Australia

(www.ala.org.au), Atlas of Life in the Coastal Wilderness (www.alcw.org.au) and

ClimateWatch (www.climatewatch.org.au) domestically, OPAL/i-spot

(www.opalexplorenature.org/surveys) in the United Kingdom, and ProjectNoah

(www.projectnoah.org) and eBird (www.ebird.org), internationallly.

Increasing the visibility of groups and programs may be another way of
improving usage of data. In Australia, the Listening to the Land directory (1996)
provided a baseline of volunteer environmental monitoring. It surveyed groups across
the country regarding their monitoring activities, both terrestrial and marine. Since the
“Listening to the Land” survey, the numbers of marine monitoring programs have
increased exponentially over 15 yr, from 14 in 1996 to greater than 200 in 2013 (see
Chapter 4). It also provided a directory of citizen science groups, outlining their
monitoring objectives, monitoring subjects, location of activities and points of contact.
An ongoing updated version of such a directory would assist in increasing visibility of

groups, but would also provide a centralized location for data users to easily find

" There are also a number of terrestrial-based citizen science programs in Australia and abroad
making their data available online: Bowerbird (www.bowerbird.org.au), RabbitScan
(http://www.feralscan.org.au/rabbitscan/), and Project Budburst (www.budburst.org) are a few

examples.

110



monitoring programs. Such an approach is used in the United States

(http://www.birds.cornell.edu/citscitoolkit) and would be useful for ongoing citizen

science promotion in Australia.

Data integration tools are in development to assist collection, analysis and
dissemination of citizen science data (Mayfield et al. 2001; Gouveia et al. 2004;
Hochachka et al. 2009; Luther et al. 2009; Crall et al. 2010; Bird et al. 2013). In the US,
leaders in public participation in scientific research have sought to address issues of
accessibility and visibility and interpersonal relationships to improve communication,
innovation, and best practices across the field of citizen science. This has led to a
toolkit for citizen science project development (www.citizenscience.org/toolkit), the
creation of the web site citizenscience.org, which supports a community of ~2000
subscribers, and the development of best practices for citizen science data
management (McEver in Benz et al. 2013). In addition to this, a conference was born to
further progress these ideas and partnerships in citizen science. Considering the
progress of these concepts in Australia, a similar set of tools may be useful to the
citizen science community here. In fact, some tools have already been developed (see

Citizen Science Toolbox, https://app.secure.qgriffith.edu.au/03/toolbox, and

Conservation Council of Western Australia, http://ccwa.org.au/programs/citizen-
science) and collaboration on increasing awareness on the presence of these and

other tools should be a priority for those in this field.

5.3.2 FUNDING AND SUPPORT FOR CITIZEN SCIENCE

The current federal funding model, initiated nearly two decades ago (the Natural
Heritage Trust through to the current Caring for our Country) devolved funds to
communities at regional and local scales for conservation, restoration and
management (Centre for International Economics 2005; Commonwealth of Australia
2012). Responses of a questionnaire indicate citizen scientists have taken advantage
of this funding and rely heavily upon it: 75% of all groups rely at least in part, and 32%
of all groups rely almost exclusively on government funding. Natural resource
management in Australia, in general, occurs at bioregional scales, as this is the scale
that ecosystems and landscapes function. Therefore, the model of funding being
devolved to smaller scale operators is conceptually aligned with natural resource

management processes (see Chapter 1 and following section). A difficult challenge,
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however, is the inevitable competition that arises between citizen science groups and
programs for the same pool of funds. By identifying and articulating primary goals and
conducting honest evaluations of strengths and weaknesses within a citizen science
group, much of the competition between groups could be alleviated: grants could be
much more targeted to specific issues, relevant scales of monitoring and appropriate

skillsets.

Despite the positive results reported by questionnaire respondents, only 14% of
groups undertook monitoring at the request of an expert and a maximum of 50% of
data users have engaged with citizen science groups to develop project aims. The
division between researchers and communities may in part be due to the current
funding model where each must compete for funds to achieve, arguably, a common
goal of maintaining or improving the condition of environmental assets across the
country. This creates silos, not collaboration. Parks Victoria (n.d.) research suggests
there is little cross-over in communication between agencies, scientific communities,
and the wider public. As a result, individuals go to other individuals within their own
‘niche’ for information - agency staff go to other agency staff, researchers go to the

literature and people in the community go to other individuals in the community.

A large proportion of citizen scientists responding to the questionnaire (87%)
have provided their data to research organisations and NRM bodies. Less than 52% of
questionnaire respondents identifying themselves as data users participated directly in
citizen science — in the development of the monitoring program, the absorption of data,
or making meaning of the data. Given that the data users who responded to the
questionnaire are only a fraction of the total population of NRM professionals and
experts across the country, there are gaps in the interactions between citizen scientists
and experts that may affect the ongoing progress of citizen science in Australia. Citizen
science groups identified support mechanisms (the level of support - both financial and
partnership — they could expect to receive) and maintaining a skilled volunteer base as
the main factors in continuing to provide data. It could be argued that maintaining
volunteers and skills (eg training) in part relies on involvement from other organisations
(eg. provision of funding or technical support), raising the importance of ‘support’ even

more.
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5.4 CITIZEN SCIENCE AND NATURAL RESOURCE MANAGEMENT

The predominant model of natural resource management in Australia is
adaptive management. Adaptive management is ‘learning by doing’, a structured and
iterative process of decision making and improving management (Jacoby et al. 1997;
Duncan & Wintle 2008). For monitoring to be meaningful and play its part in an
adaptive management process at the bioregional scale, the monitoring (funded by
governments but undertaken by communities as part of the current funding model)
must feed back into this cycle. In order for this to occur, managers, scientists, policy-

makers and members of the public must be more intimately engaged.

Managing the condition of environmental assets (ecosystems and natural
resources) requires knowledge on the condition of the asset as well as input from
social processes to gauge the capacity and willigness to enact change. These
processes are a constant push and pull between various drivers and solutions.
Transdisciplinary approaches respond to the complexity of environmental issues: as
the issue itself transgresses disciplinary boundaries, research should have the capacity
to adapt to respond accordingly. Transdisciplinary research is issues-based, dynamic
and socially relevant and draws upon experts from multiple disciplines, including
environmental science and those representing society (Nowotny et al. 2003; Pohl &
Hadorn 2008; Robinson 2008; Cordell 2010; Lang et al. 2012)

Bonney et al. (2009b) recommended a consortium approach to team and
project development: (1) a researcher to maintain the scientific rigour and develop
protocols that will lead to the collection of quality data and who will analyse and publish
the data; (2) an educator to work with citizen scientists in explaining and field-testing
methods, develop clear and comprehensive supporting material and to share feedback
between citizen scientists and researchers; (3) a computational statistician or
information scientist to develop the technology required to receive, store, visualise and
disseminate data; and (4) an evaluator to ensure the project begins with measurable
objectives and assesses the project against those objectives. Arguably, a (5) social
scientist should also be involved in the consortium to gain a better understanding of the
human element involved in the process of doing citizen science (e.g. where the

motivations for doing science is to bring about change). These people may all exist
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within certain organisations (our findings — Chapter 4) and may be a matter of
developing relationships across the organization to access people with these skills.
Moving the field of citizen science forward requires better integration between these

groups of people.

5.5 PRACTICAL SOLUTIONS FOR INTEGRATED CITIZEN SCIENCE

The engagement of public in the transdisciplinary approach can be
implemented in a variety of ways, and frameworks for public-scientist interactions are
emerging (Bell et al. 2008; Dickinson et al. 2010; Shirk et al. 2012). The five models of
public-scientist interactions (Chapter 2, but also Danielsen et al. 2009; Dickinson et al.
2010; Conrad & Hilchey 2011; Shirk et al. 2012) represent modes of interaction
amongst scientists, community members and natural resource managers, ranging from
a contractual relationship where the public hires scientists to investigate an issue to a
collegial model where amateurs have developed and tested their own hypotheses. The
majority of citizen science operates in the middle of these extremes, where public and
scientists are both involved in the research processes, however, in varying degrees.
These models are: Contributory, where the scientist develops the questions of interest
and methods and engages the public to assist with data collection; Collaborative,
where the study is designed by the scientist, but the public are involved in data
collection, project (re)design and dissemination of findings; and Co-create, where the
study is designed by scientists and members of the public working together and for
which at least some of the public participants are actively involved in most or all steps
of the scientific process (Bonney et al. 2009a). The models presented above will have
strengths and weaknesses with respect to the outcomes each can produce. Therefore
it is essential that each project develop a framework (project plan) that clearly
articulates the project’'s desired outcomes (for research, individuals and/or society),
which in turn will influence the model of public-scientist interaction selected for the

project (Dickinson et al. 2010).

A variety of resources are available to assist NRM managers and scientists to
better understand how members of the public can be integrated into research activities,
potentially leading to better outcomes for research, individuals and society.
Frameworks are available to provide assistance to managers and scientists in working
with members of the public for specific outcomes (Bell et al. 2008; Conrad & Daoust
2008; Bonney et al. 2009b; Dickinson et al. 2010; Shirk et al. 2012). Currently the
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uptake of this information by natural resource managers and scientists in Australia is
limited (only 14% of citizen scientists monitor at the request of an NRM manager or
other expert — Chapter 4) and presents a barrier to the development of the field of

citizen science.

Consortium approaches at Cornell Lab of Ornithology, and the OPAL program
in UK demonstrate that partnerships between disciplines and formal and informal
science are leading to positive social and scientific outcomes, with the aim of yielding
better ecological outcomes into the future. Information specialists (‘data scientists’) are
needed to integrate data from Bioblitzes, traditional knowledge, recreational diver
surveys, hypothesis-driven monitoring, physical samples, and technology-enabled
observations (such as project Noah, iSpot, bluecloud spatial, epicollect) and a rich set
of information technologies are required to decode and decipher the patterns in the
data. Experiences in Australia demonstrate there are opportunities in local and regional
natural resource management to more strongly link citizen science activities with
decision-making processes at appropriate scales. This may be achieved by citizen
scientists inviting scientists and managers to sit as members of advisory committees,
assisting in setting questions and objectives for monitoring and experimental design, or
by directly engaging scientists to periodically review methods and data to ensure they
align with group monitoring objectives. If natural resource managers and scientists wish
to make use of data arising from citizen science programs, they must make a
commitment to supporting local and regional citizen science programs, perhaps by
providing or facilitating training, or offering administration or data management
solutions. Scientists may also wish to enhance the learning environment so that
citizens become more active in the scientific process, and find more meaning and value
in the experience (Luther et al. 2009, our findings, Chapter 4). As these citizens
become more engaged, they are also more likely to contribute higher quality data with
fewer biases (Luther et al. 2009).

The growth in the field of citizen science demonstrates a desire from the public
to be more actively involved in the processes of research for the advancement of
scientific understanding, their own personal development or well-being, and ultimately,
for improved environmental outcomes. Results from this study and from many other
global examples can demonstrate that 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
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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. However, for the field to truly advance, a paradigm shift must occur in the way
that managers and scientists view and interact with citizen science, as only then will its

potential be realized for natural resource management in Australia.
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APPENDIX 1: GLOSSARY

Citizen science — has been used in a variety of scientific disciplines and social
contexts and has also been used as an analogous term to civic science, community-
based management, community-based monitoring, community research, community
science, community participation in natural resource management, public participation
in scientific research, and volunteer biological monitoring. Although there are
similarities amongst the various terms, there are important differences that differentiate
them (see other glossary entries). The term ‘citizen science’ has produced confusion
amongst scholars due to its varied use and meanings which has resulted in more
descriptive terminologies more recently, however, amongst practitioners citizen science
is understood to mean the involvement of members of the public in scientific research.
Citizen science can be seen as a way professional scientists leverage the labour of
large numbers of people across a wide geographic area, or a way to leverage the
knowledge, experience, and insights of the world’s people to advance understanding
(Cornell Lab of Ornithology 2007).

Civic science — is a scientist-centric approach where scientists engage non-scientists
in policy issues which have technical or scientific components, but focusses on the
planning and consultation components rather than the collection of data or design of
studies. Civic science also comprises the engagement of research scientists in the
democratic and policy process (Irwin 1995).

Community-based management — is a bottom up (public-led) approach which aims
for local stakeholder participation in natural resources, including the planning, research,
development, management and policy making, often while generating a revenue to
benefit the community. Is generally used in the context of natural resources/industry
(fisheries, marine parks, forestry) (Danielsen et al. 2005).

Community-based monitoring (also community-based research and public-
interest research) — the engagement of members of the community to initiate and
undertake monitoring activities. Can be used in a wide variety of disciplines, including
health, social welfare, education, toxins research and natural sciences.

Community participation in conservation/natural resources — General participation
in natural resource management includes activities such as volunteering to work on
environmental projects, investing in ethical investments, adopting environmentally
responsible habits, and choosing to purchase goods and services with smaller
ecological footprints (ACT Natural Resource Management Council) . It has a broad
field, but generally is used in the context of restoration and maintenance activities
(revegetation, best-practice farm and industry practices, and consultation) (Harrington
et al. 2008).

Community science - the interaction between conventional
(university/agency/industry) and community-based scientific knowledge systems used
in a particular place to discover, map, monitor, model, or measure changes in species
number and/or behaviour, or changes in the state of the environment (Carr 2004);
relates to a collective (communities). It does not imply an application of fieldwork,
however, the research centres around issues that are in the public interest where no
established data exist at a local level or for which institutional science funding is
absent. Community science is typically issues- and concerns-driven rather than policy
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and funding driven, usually related to issues of environmental restoration and
management.

Public participation in scientific research — a more recent term, coined to provide a
more descriptive term specifically for citizen science in ecological fields, meaning, lay
people interacting with scientists to participate in a scientific research effort (Shirk et al.
2012). Generally used in the context of conservation, ecology, and environmental
management.

Volunteer biological monitoring — more often used in European countries, this term
is understood to mean environmental monitoring undertaken by volunteers (generally
naturalist group members) for research towards conservation outcomes (Schmeller et
al. 2009).
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