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ABSTRACT KEYWORDS
Citizen science can be a viable mechanism to foster productive Citizen science; community-
linkages between community and government for sustainable based water monitoring;
water resource management. In Australia, this potential has natural resource
longstanding policy support but research into program extent, ~ Management; policy
characteristics or impact on decision-making processes has been

lacking. This article draws on a temporal analysis of data records

from two citizen science programs and a nationwide survey of 47

program coordinators representing 43 freshwater and estuarine

citizen science programs to examine these knowledge shortfalls.

Results indicate that program activity has contracted in Victoria

but increased in the ACT, with additional evidence indicating a

nationwide contraction. Survey results revealed programs

operating nationwide and largely implemented as a community-

government partnership, combining data and educative priorities.

Despite 70 per cent of programs having goals to inform

catchment decision-making, data use was verified for less than

half of programs. Program coordinators reported several social,

organisational and technical barriers that limit this uptake. In

highlighting these issues, we make three recommendations for

enhancing linkages between citizen science and catchment

decision-making: (1) increasing institutional support; (2) improving

coordination and embracing new possibilities for collaboration;

and (3) demonstrating and communicating program achievements.

Introduction

The need for practical and effective links between the public, science and policy is a
widely discussed theme in sustainability and water resource management literature
(Carr 2015; Reed 2008). In Australia, the past three decades have witnessed the emer-
gence of diverse participatory programs and strategies that include the public in the man-
agement of natural resources (Curtis et al. 2014). These initiatives range from those that
provide information to, or seek input from, interested or affected stakeholders, to more
resource—intensive programs that build active and connected communities (Dean et al.
2016). Part of this broader development are longstanding efforts to support public invol-
vement in the collection and analysis of water condition data, commonly referred to as
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‘citizen science’ (Bonney et al. 2009; Irwin 1995). In recent years, citizen science has
grown in prominence as a viable mechanism to improve water resource management
and foster productive linkages between community and government (Buytaert et al.
2014; McKinley et al. 2016; Nascimento et al. 2018; Turrini et al. 2018). However,
whether and how these linkages form is an under-researched area, particularly in
Australia.

In water environments, citizen science has historically functioned to build skills and
raise community awareness around waterway issues through a combined process of par-
ticipatory learning and scientific inquiry. This form of citizen science is otherwise labelled
‘volunteer monitoring’ or ‘community-based monitoring’ (Buckland-Nicks, Castleden,
and Conrad 2016; Deutsch and Ruiz-Cordova 2015), and has been informed by the prin-
ciples and practices of ‘participatory action research’ and ‘community science’ (Carr 2004;
Cooper et al. 2007). In recent years, the popularity of citizen science has brought about a
wide array of new projects in a variety of environmental contexts (Pocock et al. 2017),
largely driven by advances in technology to support data collection, management and dis-
semination (Newman et al. 2012). The current suite of citizen science projects reveals a
diversity of approaches, methods of data collection and multifaceted objectives, including
the provision of data, policing environmental threats or education and engagement
(Kinchy, Jalbert, and Lyons 2014). Projects enlist participants at varying levels of engage-
ment, ranging from ‘contributory” projects that involve volunteers in data collection, to
‘collaborative’ and ‘co-created’ forms, which involve participants in more steps of the
research process and tend to produce deeper engagement due to their focus on local
issues (Shirk et al. 2012).

Despite an increasing body of research demonstrating citizen science can make signifi-
cant achievements in advancing ecological research (Dickinson et al. 2012), its uptake in
environmental decision-making has been slow (Conrad and Hilchey 2011; Hecker et al.
2018). Accordingly, the issues and opportunities of citizen science at the science-policy
interface have become a critical point of exploration and review (Ballard et al. 2017;
Carlson and Cohen 2018; Chapman and Hodges 2016; Hecker et al. 2018; Hyder et al.
2015; McKinley et al. 2016). A central focus in this research is on the potential for data
collected by volunteers to shape policy and resource management outcomes. If volunteer
data collection is supported by sufficient training, data validation and effective quality
control, then the data have the potential to identify environmental problems, assess con-
servation activities, inform and evaluate policy, and meet legislative and statutory agree-
ments (Stepenuck and Genskow 2018). While not all citizen science projects will have
such goals, nor will they be suitable for these purposes (Bonney et al. 2016), emerging
research shows particular promise for contributions within place-based projects aiming
to affect local decision-making (Newman et al. 2017).

Beyond its scientific dimensions, citizen science is regularly promoted as a tool for
empowerment and behaviour change, with the potential to lead to more transparent
and inclusive government processes (Nascimento et al. 2018). Public engagement in
research and monitoring activities can raise environmental awareness, strengthen connec-
tion to ‘place’, improve scientific literacy and build social capital, among other benefits
(Haywood 2016). These opportunities can empower communities to use the tool of
science as an effective and structured method for communication of local environmental
concerns (Pfeffer and Wagenet 2007). For example, a study by Storey et al. (2016) on
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volunteer stream monitoring in New Zealand showed participants became more confident
and better equipped to engage in conservation action as a result of their participation. In
addition to enhanced civic engagement, volunteers are increasingly recognised as posses-
sing valuable local knowledge that can guide program operation, such as choosing relevant
and accessible sites for monitoring, and influencing the development of research questions
in a way that aligns with community interests, needs and expectations (McKinley et al.
2016).

The data- and engagement-related benefits of citizen science described above represent
two distinct, but mutually reinforcing, pathways through which citizen science can
influence environmental decision-making (McKinley et al. 2016). However, the realisation
of each pathway is not supported by a substantial body of evidence, leading several
researchers to call for more focused attention on the contributions of citizen science
decision-making, including the factors that permit meaningful and effective citizen partici-
pation and data contributions (Conrad and Hilchey 2011; Stepenuck and Green 2015).
These knowledge shortfalls are particularly acute in Australia, despite longstanding invest-
ment and strong rates of participation in community-based monitoring (Thomson 2007).
Australia, therefore, provides a rich case study to examine the issues and knowledge gaps
identified above and is the focus of this article.

The historical context of freshwater and estuarine citizen science in
Australia

In Australia, the history of freshwater citizen science is largely a story of Waterwatch,’
a community-based water monitoring initiative that has operated for about three
decades. The national Waterwatch program emerged in 1993 due both to rising
public environmental concern and government policy to educate and engage the com-
munity in water management issues. The program was underpinned by two intercon-
nected themes: participatory learning for sustainability and community-based
monitoring of water quality and aquatic habitats (Thomson 2007). It was built on a
flexible framework so that it responded to the local biophysical and social contexts
in the respective region of implementation, with regional coordinators employed to
support monitoring activities.

Waterwatch has maintained a longstanding commitment to educate and involve the
public in the management of water resources by raising environmental awareness and pro-
moting positive stewardship behaviours. Program goals extended beyond these educative
dimensions to include the collection of useful, credible and accepted data to underpin
catchment decision-making several years after its establishment (Waterwatch Victoria
2000). Interest by scientists and government agencies in exploring the utility of volun-
teer-collected data can be traced to as early as the year 1999. For example, Finlayson
and Mitchell (1999) advocated for wetland conservation to explore the use of community
participation in monitoring wetland condition, not only to act as an early warning for pol-
lution impacts but also to improve communication between wetland researchers, man-
agers and the local communities. More recently, government environmental policy at
all levels explicitly states a commitment to support community-based water monitoring
initiatives for its knowledge generation benefits (ACT Government 2014; DEPI 2013).
However, efforts to link data with management actions and policy development have
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been hindered historically by perceptions that community-collected data is inferior to pro-
fessional data (Wilson 2002). In response, Waterwatch has worked to improve the align-
ment between community and professional data by implementing data confidence plans,
regular training and quality assurance and quality control (QA/QC) procedures. More-
over, the level of resistance to the use of volunteer-collected data does not align with emer-
ging evidence demonstrating citizen science water quality data can be comparable to
professional approaches (Fore, Paulsen, and O’Laughlin 2001; Nicholson, Ryan, and
Hodgkins 2002; Storey et al. 2016).

In 2008-09, changes to federal natural resource management funding arrangements
meant Waterwatch programs were supported through a regional delivery model, which
had a significant initial impact on program stability (Thomson 2007). These changes
were felt across the spectrum of community-based natural resource management pro-
grams, weakening engagement and reducing support from natural resource management
(NRM) bodies (Robins and Kanowski 2011). Ongoing funding challenges have highlighted
the necessity of strong partnerships with local, regional and state government agencies,
non-government organisations and industry (Hardie, Tilleard, and Wealands 2009).
These partnerships not only assist in funding opportunities; they also provide programs
with greater credibility and capacity to integrate within monitoring and decision-
making frameworks.

Despite undergoing various developmental phases (Figure 1), Waterwatch has not been
supported by sufficient research attention on program characteristics, spatial extent and
influence within catchment decision-making. Some early studies investigated the prin-
ciples and conditions of effective environmental stewardship, including community-
based monitoring programs (Carr 2002), the experiences and empowerment of volunteers
in catchment groups (Gooch 2004), and the community-agency interactions that influence
community research activities (Thomsen 2008). However, these studies predate the recent
and widespread interest in citizen science (e.g. Pecl et al. 2015), including the associated
advances in technology to support participation and improve data management

Emergence of supportive

Strategic review of funding initiatives,
:/(\El\z/aiteexggtgg Waterwatch Vict’:toria policies and monitoring
recommends i
. successful initiative SlignsHtr strategies
establish (NHT 2000) monitoring with e.g. ACT Water Strategy
national 2200 community government priorities 2012720 1 Viclonan
Waterwatch groups monitoring (Hardie et al. 2009) Waterwgi/ N{anagement
program 5495 sites ‘ rategy
1992 2000 2005 ‘ 2010 2015
Increase in federal Strategic Plan ’
funding for highlightg needfor  EstuaryWatch ~ Changes to funding {//\(att er_watcz
Waterwatch more scientificall COMmences epnirulests b
hkastmamalinonn %/ cessation/restriction EstuaryWatch
Waterwatch gorous approach, of some programs data portal

formalisation of data

website developed quality protocols

Figure 1. A timeline of major events in the history of the community-based water monitoring program,
Waterwatch.
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(Newman et al. 2012). Therefore, renewed investigation into the extent and influence of
freshwater and estuarine programs is critical if programs are to realise their full potential
in contemporary water resource management that is increasingly characterised by com-
munity partnerships and multi-actor coordination.

Methods

The central aim of this research was to conduct a comprehensive assessment of freshwater
and estuarine citizen science programs in Australia using an approach comprising two
methods. First was an analysis of program data records from two freshwater citizen
science programs to establish how program activity and volunteer participation has
changed over time. The second was an online survey distributed to all freshwater and estu-
arine citizen science program coordinators with three key aims:

(1) to build a baseline understanding of the extent, characteristics, diversity of objectives
and partnership structure across the network of programs in Australia;

(2) to document and review examples of data contributions to catchment decision-
making, including factors that influence data uptake; and

(3) to explore the extent to which volunteers, through their participation, influence
program operation and actively participate in catchment decision-making.

Program activity analysis

An initial investigation to determine how program activity has changed over time was
conducted on two longstanding freshwater citizen science programs, in Victoria (Water-
watch Victoria) and the Australian Capital Territory (Upper Murrumbidgee Waterwatch).
Both programs consist of multiple sub-programs hosted by regional natural resource man-
agement (NRM) bodies, water utilities or catchment coordinating committees. The ten
sub-programs in Victoria and the four sub-programs in the ACT provide their data to cen-
tralised databases for storage and analysis. We collated these data and examined temporal
trends in monitoring activity for each program using the total number of data records and
unique monitoring sites annually since program inception as a proxy for program activity
and volunteer participation over time. Data records were analysed only if they were from
natural waterbodies e.g. lakes, rivers, wetlands and estuaries. Sites were excluded if they
were marked as groundwater sites, household dams, rainwater tanks, constructed channels
or stormwater drains.

Survey

To understand the characteristics and contributions of freshwater and estuarine citizen
science programs, a survey of individuals in coordinating roles was conducted between
March and April 2018. Coordinators were chosen as participants since they occupy a
central position in citizen science networks and hold comprehensive insights into
project issues and opportunities. To recruit participants, emails were sent either to organ-
isations supporting freshwater or estuarine citizen science initiatives or directly to coordi-
nators, as identified through an extensive web search and existing professional networks.
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These were the most effective recruitment methods since, at the time of the survey design
and implementation, a comprehensive list of known freshwater and estuarine citizen
science projects in Australia was not available. The study was also promoted through
other channels, including natural resource management email lists and newsletters and
through the professional networks of program coordinators. In cases where a coordinator
or organisation did not answer the survey request, two rounds of follow-up requests were
sent via email at two-week intervals after initial survey deployment. The survey was avail-
able online using the software LimeSurvey (LimeSurvey GmbH).

Survey requests were sent to 61 freshwater and estuarine citizen science programs
across Australia. Of these, 47 coordinators representing 43 programs from all states and
territories in Australia responded to the survey, for a response rate of 77 per cent. It
was most common for a program to have one coordinator facilitating monitoring and
research activities. However, one program had five dedicated coordinators (four of
whom took part in this study) each coordinating activities in separate regions. Another
program involved a network of four subprograms located within separate catchment
groups.

The survey comprised 38 questions seeking coordinator responses on three categories:
(1) general program characteristics, (2) program interactions and partnerships, and (3)
program and volunteer contributions to catchment decision-making (Table 1). The
program characteristics analysed included monitoring duration, goals, number of volun-
teers, number of monitored sites, water condition indices collected, geographic focus and
training and quality assurance and quality control (QA/QC) protocols. Questions related
to interactions and partnerships sought information from coordinators about the organ-
isations and institutions with whom their program interacted in the past year. For the
purpose of this study, an interaction was defined as a ‘one-off’ or ongoing exchange of

Table 1. Survey categories and questions for coordinators of freshwater citizen science programs in
Australia.

Survey category Survey questions

General program characteristics Monitoring years
Goals
Number of active volunteers
Number of sites monitored in the past year
Geographical focus
Biological, chemical or physical indicators collected
Level of volunteer involvement in monitoring steps
Implementation of training, QA/QC protocols

Interactions and partnerships Program interactions with organisation or institution (federal or state environmental
management department, local council non-government organisation (NGO), NRM
board or Catchment Management Authority (CMA), other community or citizen
science group, TAFE or University, museum or zoo, primary or secondary school, and
‘no interactions’)
Nature of interaction (exchange of ideas or advice, training, collaboration on
projects, sharing data and resources or receiving funding)
Importance of interactions and partnerships for achieving goals

Contributions to catchment Data uptake in decision-making

decision-making Type(s) of data uptake

Perceived influence on decision-making
Barriers to data uptake
Volunteer participation in decision-making processes
Volunteer influence on program operations
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ideas or advice, training, collaboration on projects, sharing data and resources or receiving
funding. Respondents were asked to name up to three organisations within seven organ-
isational categories and report the importance of these interactions for achieving their pro-
gram’s goals. We limited responses to three organisations per category to reduce survey
burden and expected this would capture a majority of their interactions. The final ques-
tions assessed the ways in which volunteers influence program design and implemen-
tation, and actively participate in decision-making processes.

Data contributions to catchment decision-making were assessed using three measures.
First was the assessment of claims of data uptake from coordinator reports as part of the
survey. Second, the provision of evidence of data uptake (in the form of documentation,
links to web pages etc.) was sought from coordinators. This provided a mechanism to
overcome the potential influence of social desirability bias among respondents (Nederhof
1985), which was identified as a methodological issue in a similar study on citizen science
uptake in natural resource management (Stepenuck and Genskow 2018). Social desirabil-
ity is the tendency for respondents to report positively about their program’s impacts on
decision-making even if no, or tenuous, linkages were achieved. The third measure was
an independent web search of program websites and program-specific documentation to
investigate additional instances of data uptake. The purpose of this third measure was to
(1) cross-validate statements about data use by coordinators that lacked detail or were
not supported by any form of documentation and (2) ensure the capture of a compre-
hensive assessment of the use of volunteer data for water and catchment decision-
making. To explore factors important in determining data uptake, we established
relationships between the uptake of program data in decision-making (i.e. yes versus
no) and (1) number of volunteers per program, (2) number of sites monitored per
program, (3) longevity of monitoring and (4) number of organisational interactions.
We excluded schools from this assessment because these interactions were not con-
sidered important in determining a program’s capacity to contribute data to inform
decision-making. We did not undertake statistical testing to confirm these relationships
as this was an exploratory study, and we lacked adequate statistical power given the
limited sample size.

Results
Program activity

Trends in program activity over time were found to differ between Waterwatch Victoria
and Upper Murrumbidgee Waterwatch. For Waterwatch Victoria, total records and
number of monitoring sites showed an initial increase from program inception in
1993 to 1998, then plateaued for approximately eight years before reaching a peak in
2007 for 10,063 total records and 1571 unique sites monitored across the state
(Figure 2a). During the past decade, program activity has declined and, as of 2017,
Waterwatch Victoria is operating at approximately 40 per cent of the peak period. In
contrast, the Upper Murrumbidgee Waterwatch program had relatively slow uptake
in its first ten years of development showing a notable increase in total records and
sites monitored after 2006, reaching 1887 total records and 231 sites monitored in
2017 (Figure 2b).
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Figure 2. Total number of records and unique sites monitored per year for (a) Waterwatch Victoria and
(b) Upper Murrumbidgee Waterwatch since inception.

Survey

Program characteristics

Findings show programs are mainly affiliated with local, regional or state government (51
per cent) and catchment groups and coordinating committees (31 per cent). Approxi-
mately 10 per cent were community-led programs and one program emanated from a uni-
versity. Programs were largely concentrated along the eastern and south-eastern coast of
Australia (Figure 3).

Program size varied considerably, with total active volunteers and sites monitored
reported to range from 2 to 240 and 1 to 300, respectively. Approximately half of coordi-
nators reported their program had been collecting water condition data for more than 20
years while ten programs (21 per cent) had been in operation for five years or less (Figure
4a). Most programs were focused on monitoring at a local to regional level with no pro-
grams operating nationally or internationally at the time of data collection (Figure 4b).
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Figure 3. Location and size of programs across Australia by postcode. Size of squares represents the
number of sites monitored in 2017.

Many programs monitored more than one type of waterway. Most programs were
found to monitor rivers (89 per cent), followed by lakes/reservoirs (53 per cent), wetlands
(51 per cent) and estuaries (23 per cent). There were also some reports of programs moni-
toring groundwater and constructed waterbodies. Coordinators reported data collection
for a wide range of water condition indices, with the most common being physicochemical
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Figure 4. (a) Program longevity and (b) geographic focus of monitoring of freshwater and estuarine
citizen science programs in Australia (n = 47).
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Figure 5. Water condition indices collected by freshwater and estuarine citizen science programs in
Australia (n =47).

parameters (Figure 5). Almost half of coordinators reported that their program monitored
the physical and riparian habitat (e.g. flow, sediment size or riparian cover) (51 per cent)
and macroinvertebrates (51 per cent), while the monitoring of other aquatic taxa (frogs
and platypus) was less common.

Program goals

Table 2 shows the priorities of programs, with all but four coordinators reporting mul-
tiple goals. A majority of coordinators identified a combination of education and data-
related goals. Educating and engaging the community was reported to be the main pri-
ority for a majority of programs (87 per cent), followed by goals relating to the collection
and use of waterway monitoring data (Table 2). Nineteen coordinators reported their
program had priorities to investigate the outcomes of a management effort (40 per
cent) while answering a particular research question was reported by just seven programs
(15 per cent).

Table 2. Goals of freshwater and estuarine citizen science programs as reported by program
coordinators.

Number of Percent
Program goals programs (%)
To educate and engage the community 41 87.2
To obtain data useful to inform management decisions and policy 33 70.2
To create long-term data sets on a particular waterway 29 61.7
To address a lack of monitoring/waterway data 25 53.1
To monitor a perceived environmental threat (e.g. pollution, impacts of a 22 46.8
development)
To investigate the outcome of a restoration or other management efforts 19 40.2
To use monitoring data to obtain funding for natural resource restoration and 14 29.8
protection
To answer a research question 7 14.9

To investigate an environmental crisis 4 8.5
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Training, data quality assurance and control and monitoring protocols

Many programs had processes in place to ensure the collection and delivery of high-
quality data. These included volunteer training (96 per cent) with its frequency varying
across programs, from once per year to on a needs basis i.e. as new groups/projects
begin. A high proportion of programs wase found to implement data quality assurance
and quality control procedures (83 per cent) and use of government (or government-
endorsed) data collection standards (60 per cent).

Program interactions and partnerships

Table 3 reveals the program interactions and partnerships with other organisations and
institutions, including the purposes of these connections. Programs most commonly
interacted with primary and secondary schools (81 per cent) followed by local councils
(72 per cent), federal and state environment departments (60 per cent) and other com-
munity environmental groups or other citizen science programs (60 per cent). Less
common interactions were with private companies (32 per cent) and museums and
zoos (15 per cent). Three programs reported no interactions. Interaction purposes
varied according to organisation type. For example, it was more common for programs
to receive funding from federal or state environmental departments than it was for local
councils to provide financial support. Moreover, programs exchanged ideas and advice
with other community and citizen science groups to greater extents than with govern-
ment departments.

Table 3. The extent and purposes of organisational interactions and partnerships.
Purpose of interaction (as a percentage of n)

Exchange of Collaboration on  Sharing data Receiving
Organisation n % ideas or advice Training projects and resources funding
Primary or secondary 38 809 31.6 553 34.2 42.1 0
school
Local council 34 723 67.6 17.6 50.0 529 235
Federal or state 28 596 53.6 214 50.0 60.7 50.0
environmental
management
department
Other community or 28 596 76.0 40.0 56.0 44.0 4.0
citizen science group
NRM board or Catchment 25 53.2 57.1 17.9 53.6 46.4 321
Management Authority
TAFE or University 25 532 60.0 40.0 48.0 56.0 12.0
Non-government 23 489 53.6 25.0 53.6 46.4 3.6
organisation (NGO)
Private organisation or 15 319 47.8 174 435 39.1 13.0
company
Museum or zoo 7 149 20.0 0 20.0 20.0 0

Types and extent of data uptake

To investigate linkages between community data and decision-making, coordinators were
asked questions about their program’s contributions to, and perceived influence on, catch-
ment management and policy development. For programs whose coordinator claimed
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data-related priorities (n = 45), approximately half reported ‘some’ influence (n =23) on
catchment decision-making while 38 per cent reported having fittle’ or ‘no influence’
(n=17). No coordinators reported that their program had ‘extensive’ influence on catch-
ment decision-making.

Coordinators from 24 programs claimed their program’s data was used in catchment
decision-making, while approximately 11 program coordinators reported no data
uptake and eight coordinators were ‘not sure’. After collecting and collating data use
instances through documentary analysis and independent web searches, a revised total
of 19 programs were found to have verifiable evidence of data uptake. Evidence of data
use came in the form of management reports, internal and program-specific reports,
policy and planning documents, monitoring frameworks and webpages. There were
instances in which positive claims about data uptake were unsubstantiated (n=5), as
well as instances in which examples of data use were found for programs whose coordi-
nators reported ‘no’ or ‘not sure’ when asked whether their program had achieved data
uptake (n=5). One respondent was unwilling to provide evidence of data use even
though this program had on a number of occasions identified an environmental
problem that was raised with stakeholders for resolution. Their reasoning was that it
was not appropriate to publicise examples as it would undermine the ‘pro-active, non-
regulatory approach’ undertaken by the organisation.

Instances of data uptake were categorised according to a typical adaptive management
framework, with findings as follows: (1) strategy and planning (9 per cent of total pro-
grams with data-related priorities), (2) monitoring and implementation (27 per cent)
and (3) reporting and evaluation (24 per cent) (Table 4, for full list see Supplemental
Table 1.). In the evaluation and reporting category, volunteer data were used for resource
condition reporting, impact evaluations against policy targets and annual reporting of
management activities. Data uptake for monitoring and implementation related to the
testing of assumptions and resource condition change due to external influences.
Several examples were reported where findings from program investigations triggered
action by authorities e.g. pollution impacts. Data uptake in strategy, planning and
policy development was least common.

Factors influencing data impacts on decision-making

To understand which factors might influence the uptake of program data in decision-
making, we explored the relationship between program data uptake and four factors:
(1) volunteer numbers, (2) sites monitored, (3) program longevity and (4) extent of part-
nerships and organisational/institutional interactions. Our findings reveal that, generally,
programs with greater numbers of volunteers and sites monitored have delivered more
impacts on catchment decision-making than smaller programs (Figure 6a, b). Addition-
ally, program longevity appears to be important in determining whether a program has
achieved data uptake (Figure 6¢). Of the 20 programs that have been in operation for
more than 20 years, 80 per cent (n = 16) have achieved some form of data use in catchment
decision-making compared to only one in nine programs (11 per cent) that have been in
operation for less than five years. Finally, programs with a greater number of interactions
were more likely to achieve data uptake than those programs with fewer interactions
(Figure 6d).
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Table 4. Data use by freshwater and estuarine citizen science programs in Australia and applications in catchment decision-making.

Percent of
programs
Data use category Elaboration (n=45) Examples of documented cases
Strategy and planning Regional planning 8.8% (n=4) ACT Waterwatch (incorporating data from four subprograms) integrated citizen science data with

Monitoring and
implementation

Reporting and
evaluation

Project/program planning
Policy development

Monitoring and research to test ~ 26.6% (n=12)
assumptions

Monitoring condition change

and external influences

Resource condition reporting 24.4% (n=11)
Impact evaluation against targets

Annual reporting of

management activities

government monitoring frameworks within the ACT Government’s Environment Division for the
Biodiversity, Research and Monitoring Program, the Conservation Effectiveness Monitoring Program and
the ACT Integrated Water Monitoring Plan.
Data from Waterwatch Manningham City Council used data collected across 20 sites in seven catchments
to shape water policy including A Cleaner Yarra River and Port Phillip Bay Action Plan, Manningham
Water Cycle Management Plan and Generation 2030.
Platypus management plan used volunteer-collected data from the Melbourne Water Waterwatch
program through an eDNA approach.

Use of data in a targeted monitoring program by Waterwatch South Australia Murray-Darling Basin
investigating the effectiveness of Water Sensitive Urban Design (WSUD) infrastructure.
Data collected by volunteers from Melbourne Water Waterwatch program on water quality in drought
refuges important for the preservation of a vulnerable fish species, triggering emergency watering
actions as dissolved oxygen levels in refuges reached critical levels.
Waterwatch Goulburn-Broken Region undertook an intensive program of water quality monitoring in the
Murray River upstream and downstream of the Barmah Forest to record the potential impact of
management activities from the Barmah Forest floodplain.
Volunteers measuring estuarine salinity levels and tracking mouth condition to inform estuary closure
management.
Measurement of environmental flow effects by Melbourne Water Waterwatch program influenced
management actions to reduce public health risks following extensive blue-green bloom in a Victorian
river.
A citizen science project conducted by FrogWatch investigated the relationship between frog species and
habitat relationships in urban and peri-urban wetlands used data collected by hundreds of citizen
scientists collected over more than ten years.

Multiple programs prepare water quality information reports that detail catchment condition across a
region commonly through a report card system.
User of volunteer data in regional government annual reports.
North Central Waterwatch used citizen science data to establish water quality trends to track the success
of policy to improve fish numbers and habitat quality.
Citizen science data from multiple Waterwatch Victoria subprograms has been used to supplement
monitoring information for state of environment reporting such as Argent (2017), Index of Stream
Condition (Ladson et al. 1999), Index of Estuary Condition and the Yarra and Bay (2019).
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Figure 6. The relationship between the uptake of program data in decision-making (i.e. yes versus no)
and (a) number of volunteers per program, (b) number of sites monitored per program, (c) longevity of
monitoring and (d) number of organisational interactions.

Barriers to uptake

Of the 29 coordinators who reported the presence of barriers to data uptake, the most
common comment was about the presence of funding and financial constraints and
difficulties connecting and coordinating with decision-makers, followed by a lack of
interest by decision-makers in volunteer-collected data (78 per cent) (Figure 7). Data
quality aspects of the programs that may limit uptake, such as accuracy, frequency of
sampling and management procedures were lower level concerns. Many coordinators
(46 per cent) claimed that their data are viewed ‘somewhat receptively’ by decision-
makers, eight (17 per cent) indicated that decision-makers were ‘very receptive’
towards their data, and 37 per cent responded with ‘neutral’ or ‘somewhat sceptical’.
However, one coordinator cited an example of funding restrictions for their monitoring
program due to a perceived lack of value of volunteer-collected data by the funding

body.
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Figure 7. Barriers to data uptake as reported by program coordinators (n = 29).

Volunteer impact and influence on program operations and participation in
decision-making
All programs involved volunteers in data collection, with site selection and
data management a feature for more than half of programs (Figure 8). Participation
in other aspects of the research process was less common. Approximately 18 per cent
of programs involved volunteers in developing research questions and 26 per cent
participated in data analysis. Only three coordinators reported that volunteers in
their program were involved in all steps of the research process from
developing research questions, collecting data to analysing and dissemination of monitor-
ing results.

The active involvement of volunteers in program operation and catchment decision-
making was reported by coordinators in two open-ended questions; they offered the fol-
lowing examples:

¢ volunteers’ local knowledge was important in the selection of safe, accessible and/or
scientifically relevant monitoring sites (23 of 47 programs);

Developing research questions [N
Collecting data |
Selecting sites for monitoring )
Managing data (e.g. upload to database) [
Analysing data ]
Disseminating monitoring results ]

0 20 40 60 80 100
Percent of programs

Figure 8. Extent of volunteer participation in the research/monitoring process.
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« volunteers have prompted investigation by raising concerns about local environmental
issues, including logging coupes, septic leaks, pollution and excessive sediment impacts
(5 of 47 programs);

o the presence of volunteers on advisory committees, working groups and leading com-
munity engagement initiatives (7 of 47 programs);

« instances of volunteers contacting environmental regulatory agencies, local council or
water management authorities about their concerns (8 of 47 programs);

* one case involving a volunteer lobbying government for more funding for the monitor-
ing program to continue and be able to disseminate results to the rest of the community.

Discussion

This broad review of citizen science projects conducting research and monitoring in Aus-
tralia’s waterways finds a diversity of projects operating nationwide. Despite this, evidence
suggests a contraction in the size and scale of activities over the past decade. This claim is
substantiated by analysis of program data records which revealed a steady decline in moni-
toring effort in Victoria since 2008. While the same analysis found monitoring effort in
ACT to be increasing, the claim of a nationwide contraction is furthermore supported
by previous reports on the extent of community-based monitoring activities that high-
lighted strong rates of volunteer participation in monitoring a large number of sites
across Australia (Thomson 2007). This finding contrasts with studies in the United
States and Canada where similar activities have increased in recent years (Carlson and
Cohen 2018; Jalbert, Kinchy, and Perry 2014; Stepenuck and Genskow 2017). The
decline in program extent in Victoria appears to coincide with changes to federal
funding, which has put pressure on the delivery of regionally-administered community-
based programs (Robins and Kanowski 2011). This is a particular challenge for water-
based citizen science projects whose activities are usually centred on the long-term collec-
tion of water condition data, which conflicts with governments having a short-term focus
for community-based programs.

While programs differed considerably in their size and scope, a number of consistent
characteristics were found in a majority of programs. First, many are affiliated with gov-
ernment environmental agencies and catchment committees with an expanded network of
interactions and partnership with other organisations, including schools, universities, and
local councils, among others. Second, volunteers are primarily involved in the long-term
collection of water condition data, particularly physicochemical and biological indicators
in lakes, rivers, wetlands and some artificial waterbodies, such as storm water drains and
irrigation channels. Third, many programs display considerable longevity with over half of
programs collecting data in waterways for more than 15 years. Finally, over two-thirds of
the programs surveyed had goals of informing catchment management and policy in
addition to the educative priorities that have long formed their primary remit. We uncov-
ered few programs that emanated from universities, aimed to advance ecological research
or that were entirely educational. Instead, the predominant model of freshwater and estu-
arine citizen science has not deviated substantially from the foundational principles and
practices in early initiatives.

Perhaps the most significant development in freshwater and estuarine citizen science in
Australia has been the increased attention towards integrating volunteer data within
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catchment decision-making. Despite this, less than half of programs with data-related pri-
orities have experienced uptake of their data. Where it existed, data use for reporting and
evaluation of resource condition and the investigation of management efforts was the most
common form. Programs have developed ‘report cards’ detailing baseline water quality or
catchment condition (e.g. Bunn et al. 2010). Report cards provide a valuable communi-
cation tool about the status of water quality for future decision-making, but it is often
unclear how they are subsequently used to inform ‘on-the-ground’ management practices
or shape policy (Stem et al. 2005). More tangible links with decision-making were revealed
in instances where programs triggered action, such as emergency watering of drought
refuges, and local investigations of management efforts and external environmental influ-
ences. Engaging monitoring groups in place-based projects with clear aims and outcomes
builds on the strong volunteer interest in the management decisions that affect local areas
(Newman et al. 2017). It was far less common for programs to contribute data for strategy
planning and policy development. Some examples showed volunteer data being integrated
within government monitoring frameworks and being used to shape various environ-
mental policies and underpin species management plans. In these cases, volunteer data
were mostly used as a supplementary, rather than standalone, data source at a regional
to state scale. The lower levels of data uptake for strategy planning and policy development
could be related to recent evidence that suggested volunteer data is viewed less receptively
for policy decisions than for natural resource management decisions, due to the perceived
risks associated with relying on volunteer data for large-scale or long-term policy decisions
(Stepenuck and Genskow 2018).

Data uptake was found to be most common in larger projects, which have monitored
water environments for a longer period of time and have developed a broad network of
interactions and partnerships with other organisations. Larger, long-term projects may
have more resources, extensive datasets and time to develop productive connections
that improve their capacity to make positive impacts on decision-making. We did not con-
sider other factors known to be important in delivering positive impacts on decision-
making, such as program objectives, level of financial support, data quality assurance
plans and level of volunteer participation in the research process (Stepenuck and
Genskow 2018). We suggest continued investigation into the factors that enable citizen
science contributions to catchment decision-making as a critical avenue of future research.
Such investigations are likely to benefit from in-depth studies using qualitative methods
that engage with a wider breadth of actors in citizen science networks.

Our study provides evidence that volunteers participate actively in water management
issues by, for example, raising environmental concerns with local agencies, participating on
advisory committees and lobbying government for additional funding. These examples of
civic engagement were reported by coordinators, and opportunities to elicit information
and experiences directly from volunteers should be pursued in future research. Further,
this study is unable to provide clarity on the mechanisms related to this civic engagement
and whether they are directly caused by participation in citizen science. Nevertheless, these
emerging indicators are important to furthering discussion about the extent to which
citizen science promotes active engagement in environmental decision-making and strength-
ens relationships, which remains a key question for public participation advocates. This is par-
ticularly crucial since water policy in Australia specifies community engagement in water
management and policy processes as a key priority (e.g. ACT Government 2014; DEPI 2013).
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Enhancing linkages between citizen science and decision-making

The goals, characteristics and strong associations with NRM organisations shared by many
freshwater and estuarine citizen science projects highlight their potential for productive
linkages with water management and policy. While this study has provided evidence to
suggest some programs are making positive impacts, the extent of data uptake remains
limited relative to the duration of community-based water monitoring and citizen
science activities in Australia. This has been recognised as an issue for similar programs
in other parts of the world and suggests that significant barriers limit data uptake for pro-
grams in Australia (Chapman and Hodges 2016). Respondents in this study identified
difficulties connecting and coordinating with data end users and funding and resource
constraints as the two main barriers to data uptake. Moreover, a lack of interest in volun-
teer-collected data was rated a significant barrier, suggesting continued hesitation in the
use of citizen science in decision-making processes. This result is supported by over a
third of coordinators indicating decision-makers were neutral or somewhat sceptical of
citizen science data. The presence of strategies to assure high data quality in a majority
of programs, and coordinators considering data accuracy as a relatively low-level
concern, both suggest that social and institutional factors impeding the uptake of
citizen science are just as relevant as scientific or technical barriers.

Based on these findings and building on insights in the citizen science literature, we
propose three recommendations to enhance linkages between freshwater and estuarine
citizen science and catchment decision-making: (1) increasing long-term institutional
support; (2) improving coordination and embracing new possibilities for collaboration,
and (3) demonstrating and communicating program achievements.

First, the strong rates of participation in community-based monitoring and citizen
science activities demonstrate a willingness by communities to act as stewards for their
local areas but their efforts require adequate resourcing and supportive institutional cul-
tures. Community-based programs in Australia have historically been challenged to
undertake their work in the face of short-term funding arrangements, with an expectation
to expend additional efforts to acquire further sources of funding (Ross, Buchy, and
Proctor 2002). Program stability is therefore critical for project success and the satisfaction
and empowerment of participants. As citizen science becomes increasingly accepted and
institutionalised, the challenge will be how to maximise its contributions to decision-
making while maintaining the diverse and distinctive benefits afforded to participants
who often contribute large amounts of time and resources.

In Europe and the United States, the emergence of policies and strategies to facilitate
citizen science contributions are examples of significant developments in the effort to
build more supportive institutions (Shanley et al. 2019). For example, the USA’s Crowd-
sourcing and Citizen Science Act 2016 (15 USC 3724) is recent legislation that provides
clarity to decision-makers about whether an agency can use citizen science for its work
(Guerrini et al. 2018). Similar developments are nascent in Australia and will be necessary
steps if citizen science is to reach its full potential for policy. Some positive signs in this
area include a recent citizen science funding initiative established by the Australian gov-
ernment’s Inspiring Australia Science Engagement Programme (Ministers for the Depart-
ment of Industry, Innovation and Science 2017). While the projects emerging from these
new initiatives are encouraging, government departments should also maintain
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commitment to pre-existing freshwater and estuarine citizen science programs since they
already comprise high stocks of human and social capital.

Second, our findings indicate that more effective coordination is needed between exist-
ing citizen science projects and decision-makers. Similar issues have been highlighted by
other researchers who have consistently recommended communication between programs
and decision-makers at early stages of project development to ensure data are collected
within, rather than apart from, the decision-making frameworks (Aceves-Bueno,
Adeleye, and Bradley 2015; Chapman and Hodges 2016). This recommendation acknowl-
edges the limitations of a ‘linear or technocratic model of communication” and recognise
that contemporary decision-making is a complex, multidimensional and social process
(Young et al. 2014, 387). Improving coordination between citizen science projects and
decision-makers requires clear articulation of the roles and responsibilities of all partici-
pants, sensitivity to stakeholder interests and motivations, the development of a shared
vision with realistic expectations (McKinley et al. 2016; Tulloch et al. 2013; Weston and
Conrad 2015). Further, this requires willingness on the part of policy makers to work col-
laboratively with new and existing citizen science projects (Conrad and Daoust 2008).

Furthermore, we echo calls for programs to improve collaboration by experimenting
with new forms of participation (e.g. Hecker et al. 2018). This study found that few pro-
grams enlisted volunteers in all phases of the research process, from devising research
questions, to collecting data and interpreting and disseminating results. One possibility
to increase volunteer engagement is to undertake activities under the principles of ‘co-
created’ citizen science (Shirk et al. 2012). Co-creation brings together scientists,
decision-makers and community in a ‘bottom-up’, collaborative arrangement throughout
the entire research or monitoring process, which can improve the social relevance of
research efforts, strengthen relationships between stakeholders and may lead to stronger
policy (Chapman and Hodges 2016; Hecker et al. 2018). Despite having potential for
greater depth of engagement, particularly for small, local catchment groups (Wilderman
and Monismith 2016), practitioners should be aware that well-conceived and well-
designed co-created citizen science can be time consuming, require significant levels of
trust and can be difficult to implement if engaging with large numbers of participants
(Chapman and Hodges 2016).

Finally, demonstrating and communicating program achievements should be integrated
into program development to justify funding, attract additional resources, promote the
development of new partnerships and reinforce the value of existing ones. This should
also involve communicating how data were collected and the quality assurance and
control procedures that promote confidence in the data. Furthermore, research suggests vol-
unteer motivation is enhanced when they see that their efforts are valued by researchers,
NRM bodies and private industry (Alender 2016), thereby increasing the stability of the
program into the future. Instances of data uptake reported in this study are not likely to
be a comprehensive list due to an underreporting by coordinators and a lack of documen-
tation of all data contributions. It is also possible that when data are used for catchment
decision-making, program coordinators and volunteers may not be aware of this use
(Carlson and Cohen 2018). Therefore, the communication of data contributions, and
program achievements more broadly, is critical and requires a two-way knowledge exchange
between programs (including volunteers) and decision-makers (Jacoby et al. 1997).
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Conclusion

With support for citizen science increasing in Australia, the present study responds to calls
for increased understanding about the position and influence of citizen science in catch-
ment and water resource management (Conrad and Hilchey 2011; Stepenuck and Green
2015). We find that freshwater and estuarine citizen science in Australia is primarily a
community capacity-building initiative with widespread potential for integration in gov-
ernment monitoring and community engagement policy frameworks. Our evidence shows
citizen science data has been used for catchment decision-making, particularly for short
term investigations and reporting on resource condition. Yet, program coordinators
reported significant barriers that limit increased data uptake, which were largely social
and organisational in nature rather than scientific and technical. We recommend that
to improve the standing of citizen science in the context of water resource management,
practitioners will benefit from focusing on the processes underpinning environmental
decision-making, including coordinating activities to meet the data requirements of
decision-makers, embracing new modes of collaboration i.e. co-creation, maintaining
and furthering the development of partnerships with supportive organisations and insti-
tutions and demonstrating and communicating program achievements. By shedding light
on the characteristics and contributions of programs monitoring water environments, we
highlight the possibilities of citizen science as a meaningful and effective participatory
approach to lessen the chasm between environmental management and the public.

Note

1. Waterwatch is the main focus in this historical account due to a lack of documentation of
other past and current freshwater citizen science programs in Australia.
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