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Marine ecosystems are in a state of crisis worldwide due to anthropogenic stressors,
exacerbated by generally diminished ocean literacy. In other sectors, big data and
technological advances are opening our horizons towards improved knowledge and
understanding. In the marine environment the opportunities afforded by big data
and new technologies are limited by a lack of available empirical data on habitats,
species, and their ecology. This limits our ability to manage these systems due to
poor understanding of the processes driving loss and recovery. For improved chances
of achieving sustainable marine systems, detailed local data is required that can
be connected regionally and globally. Citizen Science (CS) is a potential tool for
monitoring and conserving marine ecosystems, particularly in the case of shallow
nearshore habitats, however, limited understanding exists as to the effectiveness of
CS programmes in engaging the general public or their capacity to collect marine big
data. This study aims to understand and identify pathways for improved engagement
of citizen scientists. We investigated the motivations and barriers to engagement of
participants in CS using two major global seagrass CS programmes. Programme
participants were primarily researchers in seagrass science or similar fields which
speak to a more general problem of exclusivity across CS. Altruistic motivations were
demonstrated, whilst deterrence was associated with poor project organisation and
a lack of awareness of specified systems and associated CS projects. Knowledge
of seagrass ecosystems from existing participants was high and gains because of
participation consequently minimal. For marine CS projects to support big data, we
need to expand and diversify their current user base. We suggest enhanced outreach
to stakeholders using cooperatively identified ecological questions, for example situated
within the context of maintaining local ecosystem services. Dissemination of information
should be completed with a variety of media types and should stress the potential for
knowledge transfer, novel social interactions, and stewardship of local environments.
Although our research confirms the potential for CS to foster enhanced collection of
big data for improved marine conservation and management, we illustrate the need to
improve and expand approaches to user engagement to reach required data targets.
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INTRODUCTION

In an age of biodiversity loss and increasing anthropogenic
stressors, there is a need for robust monitoring to log and
prevent further loss (Driscoll et al., 2018). Within the marine
environment, coastal ecosystems provide considerable ecosystem
services including blue carbon sequestration, sediment
stabilisation, water filtration, and high primary productivity
(Barbier et al, 2011). However, despite well-documented
ecosystem services, coastal environments are undergoing
extensive degradation (Worm et al., 2006; Halpern et al., 2008).
Environmental disturbances associated with poor coastal and
catchment management, coastal development, climate change,
and invasive species act to impede the ecosystem functioning
of these habitats worldwide (Worm et al., 2006; Halpern et al.,
2008). The ramifications of this degradation are severe, both for
ecology and society, and require considerable effort to quantify
and monitor losses and/or shifts in biodiversity to better identify
potential remedial management or restoration approaches (Diaz
et al., 2006; Friedman et al., 2020). Achieving monitoring to this
end requires coordinated, large workforces and the creation of
Big Data on suitably fine spatial and temporal scales (Duffy et al.,
2019; Friedman et al., 2020).

Big Data can be thought of as data sets that are so large, and
collected so rapidly, that they become difficult to analyse/manage
with traditional means. Often these datasets are required to
have a number of the three V’s; volume, the quantity of data
collected, velocity, the speed at which the data is collected, and
variety, the variation in the data set (Kitchin and McArdle, 2016).
Within seagrass research, these Vs can translate to (i) adequate
spatial resolution and replication (likely requiring extensive
intra-country sites across a large number of countries exhibiting
seagrass ecosystems), (ii) adequate temporal resolution (seasonal
or sub-seasonal sampling to capture both inter- and intra-annual
variation), and (iii) adequate detail in collected data (ideally
containing density and morphology, taxonomy, and reproductive
biology). Collecting data that fit these requirements on a global
scale each year is beyond the scope of traditional field researchers,
especially given the high degree of heterogeneity and logistical
challenges associated with working in marine environments, and
require novel approaches to meet these goals (Liu et al., 2017).

Currently, the majority of long-term monitoring projects
occur annually (Duffy et al,, 2019), and likely do not occur at
the required spatial resolution for coordinated global monitoring.
Further, current estimates of seagrass distributions based on
collations of existing data are incomplete, showing large
variations in mapping effort and tools used between countries
(McKenzie et al., 2020). As such, although numerous projects
exist which collect data on seagrass ecosystems across a number
of countries worldwide, these efforts cannot yet be considered
truly global and coordinated.

Participation in citizen science (CS), defined as involvement
of members of the public in scientific studies without a formal
scientific background (Thiel et al, 2014), is rising globally
(Ellwood et al., 2017). CS projects are used extensively in ecology
(Kullenberg and Kasperowski, 2016), where increased workforces
can dramatically increase data collection potential both spatially

and temporally while potentially reducing funding requirements
(Kobori et al., 2016). As such, CS projects can be an attractive
option for ecological studies requiring the collection of Big
Data where minimal or no additional training is required and
may be a suitable method to remedy existing data gaps in
global seagrass distributions and promote a coordinated global
monitoring system with the intent of establishing continued, truly
global, data collection (Duffy et al., 2019).

Seagrasses are an ecologically important, evolutionarily
unique, and spatially declining coastal habitat known for
their considerable ecosystem services (Unsworth et al., 2018;
McKenzie et al, 2021). Seagrasses have, like other coastal
marine ecosystems, undergone substantial declines worldwide
with rates of loss estimated at 7% per year (Waycott et al., 2009).
Declines are linked to cumulative anthropogenic influences
inducing reduced coastal water quality and accelerated habitat
loss (Waycott et al., 2009; Short et al., 2011). Further, a lack of
awareness of seagrass ecosystems in the general public leads to
a lack of conservation effort and limited drive to reverse current
losses (van Keulen et al., 2018). Potentially as a result of limited
awareness and drive for conservation, seagrass CS projects exhibit
limited participation and represent a small proportion of globally
available CS projects (Jones et al., 2018).

Currently two seagrass CS projects exist which span large
spatial scales and target considerable numbers of participants,
namely Project Seagrass’ SeagrassSpotter' and Seagrass-Watch?.
Growth of both projects has been considerable since their
conceptions (Jones et al., 2018) (a brief overview of the number
of participants of each project is located in the “Materials and
Methods” section).

Despite the recent growth of seagrass science and associated
CS projects (Hind-Ozan and Jones, 2018) minimal work has
been completed on the current demographics, the degree
of inclusivity, the motivations, and potential barriers to
participation. Complexities of participation in CS projects from
a sociological perspective include participant-specific drivers for
initial, sustained, and discontinued participation (Geoghegan
et al, 2016). Research into individual projects can aid and
review project design, facilitating greater participation in
conservation and better integration of the needs of stakeholders
and citizen scientists (Cigliano et al, 2015). Concordantly,
by better understanding trends in participation, CS projects
can increase their ability to produce scientifically robust Big
Data at spatio-temporal scales adequate to support marine
monitoring and management.

This study investigates participation in the above outlined
seagrass CS projects via an online questionnaire designed to
gauge the ability of the projects to collect and facilitate the
further collection of marine Big Data. Specifically, the following
aspects were investigated: (1) demographics of users, (2) drivers
of participation in relation to (i) existing literature and (ii)
participant-specific responses, (3) perceived gains associated with
participation, (4) barriers present in (i) entry-level approaches
e.g., SeagrassSpotter (ii) traditional participatory approaches e.g.,

1www.seagrassspotter.org

2www.seagrasswatch.org
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Seagrass-Watch (iii) the use of mobile phones as monitoring
tools, and (5) perceived knowledge gains via participation.

MATERIALS AND METHODS

A non-probability, convenience design was used to sample
respondents (Etikan, 2016). Potential respondents were
contacted via four seagrass orientated online groups (Table 1).
Links to a questionnaire were included within contact media
inviting the recipient to participate. Questionnaire creation and
email dissemination processes were completed using Qualtrics
software provided by the University of York. All responses were
collected between 31/07/2018 and 5/09/2018. Any responses
received after this date was not included in analyses.

Due to the non-probability approach taken throughout this
study results herein are not representative of all CS volunteers
(Van Selm and Jankowski, 2006). However, given that parties
targeted for questionnaire dissemination were interested in
seagrasses to some degree (Table 1), results can be considered
representative of this group as a subpopulation (Etikan, 2016).

Ethical approval was obtained from the University of York
Environment Department Ethics Committee. Informed consent
to participate in the study was obtained from all participants prior
to engagement in the questionnaire.

A conceptual framework of the questionnaire used throughout
this study is contained in Supplementary Material 1. The
questionnaire was comprised of five sections: Consent,
SeagrassSpotter, Seagrass-Watch, Perceived Knowledge, and
Demographic questions; utilised a range of question types:
multiple choice, open ended, Likert-type and ranking exercises
and was based on the design guidelines of Andrews et al. (2003).

SeagrassSpotter and Seagrass-Watch

SeagrassSpotter has accumulated around 3,050 sightings of
41 seagrass species from 95 countries or territories as of
September 2020. Seagrass-Watch monitoring is established at
408 sites across 21 countries (Dufty et al., 2019). SeagrassSpotter
and Seagrass-Watch each offer vastly different approaches
to CS participation. Established in the United Kingdom in
2016, SeagrassSpotter presents an entry-level project utilising
a primarily mobile interface; asking users to report sightings
of seagrass via uploads of georeferenced photographs. Once
submitted, additional information is supplied to accompany the

uploaded photograph including phenology, associated fauna, and
seagrass change (Jones et al., 2018). Conversely, Seagrass-Watch
demonstrates a more traditional participatory approach, pairing
citizen scientists with formally trained scientists to monitor
trends in seagrass condition. Established in 1998 in Queensland
(Australia), Seagrass-Watch has produced temporally long-term
data which has proved a valuable tool for monitoring of
established sites e.g., Great Barrier Reef, Queensland (McKenzie
et al., 2012) and Singapore (McKenzie et al., 2017). To date, over
5,700 field site assessments have been conducted. Seagrass-Watch
was founded as a community-based monitoring initiative but
has evolved into the generally accepted methodology for seagrass
monitoring utilised primarily by scientists; citizen scientists now
contribute 40% of data when assisting scientists/environmental
practitioners and 7% when operating without the supervision of
a scientist (McKenzie et al., 2000, 2018).

Once consent was established, questionnaire respondents were
asked if they were current users of SeagrassSpotter or participants
of Seagrass-Watch. For respondents who answered “yes,” length
and frequency of participation was established. Motivations for
participation and perceived benefits were then queried based on
factors outlined in Geoghegan et al. (2016). Attitudes towards
the use of mobile phones as monitoring tools were then
gauged in addition to respondents ranking a series of deterring
concepts identified by Geoghegan et al. (2016). Deterrence was
further conceptualised by asking explicitly what respondents
thought would deter someone from participation in the project.
Respondents were then asked whether they understood how
their contribution to SeagrassSpotter helped to conserve seagrass
ecosystems. Following this, current participants in Seagrass-
Watch were questioned regarding their participation duration,
frequency, motivations, and perceived barriers for that project
specifically. Seagrass-Watch users were also asked whether they
submitted their data to Seagrass-Watch HQ and to provide a
reason if this was not the case. Respondents were then asked how
they heard about the projects. Respondents who were not current
users of a project were asked why this was the case and did not
complete the respective project section.

Perceived Knowledge

Current users of either project were asked if they participated
in additional CS projects, estimated their knowledge of seagrass
ecosystems and their threats, and were asked to name threats
to seagrasses in their area. Changes in perceived knowledge

TABLE 1 | Description and links to survey dissemination groups.

Group hame Description Link

SeagrassSpotter Users Email list comprised of current registered users NA
of SeagrassSpotter

Seagrass-Watch Users Email list comprised of current registered users NA

Murdoch University Seagrass Email Forum

United Kingdom Seagrass Network

of Seagrass-Watch

Email forum comprised of people interested in
seagrass ecosystems

Facebook group comprised of people
interested in seagrass ecosystems —

United Kingdom based

http://lists.murdoch.edu.au/mailman/listinfo/seagrass_forum

https://www.facebook.com/groups/545617545497309/
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throughout participation within the respective projects were
then gauged. Interaction with the marine environment and the
nature of interaction with seagrasses were established to identify
primary user groups.

Demographics
All participants were asked to answer additional optional
questions  regarding  their = demography,  education,

and profession.

Data Analysis
Analyses were completed within Qualtrics survey design software
(Qualtrics, 2018) and R 3.5.0 (R Core Team, 2013) using the
“psych” (Revelle, 2017) and “ggplot2” packages (Wickham and
Chang, 2016). Participant responses were coded and summarised
using simple frequencies and percentages. Where questions were
open ended, responses underwent deductive content analysis
(Hsieh and Shannon, 2005) to identify major themes. Concepts
identified in the literature were used to create a categorisation
matrix on which codes were based to reduce subjectivity (Elo and
Kyngis, 2008; Saunders et al., 2014; Supplementary Material 2).

Values from ranking and Likert-type scales were treated as
interval data throughout analyses (Carifio and Perla, 2008). Thus,
it was assumed that neighbouring items demonstrated an equal
change in participant response regardless of position e.g., 1-2
on a scale was the same change as 4-5 (Sullivan and Artino,
2013). Perceived motivations and barriers to participation were
summarised as frequencies per rank e.g., the number of times a
concept was scored within each rank (1-10). Knowledge scores
were summarised using means and standard deviations.

Cronbach’s alpha was calculated as a measure of reliability
for Likert-type scales investigating deterrence and knowledge
(Cronbach, 1951). Alpha values were not calculated for
questions ranking motivations as the survey design allowed
participants to only choose concepts which applied, giving rise to
incomplete data rows. Alpha coeflicients suggested scales could
be considered reliable as values were above accepted thresholds
(SeagrassSpotter deterrence = 0.82 range 0.73-0.91, Seagrass-
Watch deterrence = 0.88 range 0.79-0.96, knowledge = 0.94
range 0.9-0.97; all > 0.7). It should be noted that thresholds
are guidelines and are application-specific (Lance et al., 2006)
and that Cronbach’s alpha values calculated here may be subject
to inflation due to disproportionate increases in the number
of covariates with an increasing number of scales analysed
(Agbo, 2010). Further, Cronbach’s alpha is not a measure
of dimensionality (Trizano-Hermosilla and Alvarado, 2016).
Multidimensionality was not assessed due to small sample sizes
compared to those needed for robust assessment (Costello and
Osborne, 2005) and should be expected here due to sociological
complexities of concepts analysed (Jordan et al., 2011; Martin V.
Y. etal., 2016). Influences of multidimensionality on conclusions
drawn are, however, likely to be minimal given the study
assessed multidimensional concepts influencing seagrass CS
users, as opposed to attempting to identify unidimensional
factors constituting each concept.

Comparisons of project participation, demographics, and
perceptions of mobile devices were tested using Fisher’s exact

tests due to small observed values (Crawley, 2013). Within
each project, perceived knowledge scores were correlated against
participation duration and frequency using Spearman rank
correlation coefficients (Murray, 2013) and were tested between
demographics using Mann-Whitney U tests.

RESULTS

Demographics

Throughout the sample period, the questionnaire was completed
65 times; one respondent did not consent, thus valid n = 64.
Respondents demonstrated similar demographics between
SeagrassSpotter and Seagrass-Watch. Both projects demonstrated
a variety of ages and countries of residence skewed toward the
geographic origins of projects (Table 2). Gender of users was
lightly skewed towards greater female participation (Table 2).

Samples of both projects were dominated by users who held
undergraduate or postgraduate degrees (SeagrassSpotter: 90.9%,
Seagrass-Watch: 87.5%). Degree levels varied between projects,
with SeagrassSpotter users demonstrating a greater proportion
of doctoral degrees (Table 2). Users primarily aligned their
employment with educational and research professions, with
the latter constituting an overwhelming proportion of current
SeagrassSpotter users (80.5%). Around half of all respondents
(48.4%) stated that their profession was directly involved with
seagrass ecosystems. An almost equal proportion (47.5%) stated
that their employment was affiliated with a university or
equivalent organisation. Research was also a primary reason
for interaction with seagrass ecosystems, although this was of
lessened importance in Seagrass-Watch which showed a similar
proportion of citizen scientists (Table 2). Generally, country of
residence did not differ from the country in which users worked
with seagrasses (73.3%).

Respondents demonstrated a loosely equal likelihood of
participating in additional CS projects to those investigated
(SeagrassSpotter:  40.9%, Seagrass-Watch: 50%, median
number of additional projects = 2). Users of either project
discovered the opportunity via social media, websites, and
word of mouth (Table 2). Beach walking, SCUBA diving,
monitoring, snorkelling, and other watersports comprised
respondent’s primary methods of interaction with the marine
environment (Table 3).

Participation Length and Frequency

Current SeagrassSpotter users constituted a greater number
of respondents than those of Seagrass-Watch, both projects,
and non-users (Table 4); this variation was not significant
statistically (Fisher’s exact test p > 0.05). Length and frequency
of participation also differed between projects (Table 4). Users
of SeagrassSpotter reported short to medium (1-18 months)
participation lengths whilst participation in Seagrass-Watch
was comprised of longer durations (>5 years). Participation
frequency was heavily skewed towards infrequent (once every few
months) and incidental use in SeagrassSpotter, whilst Seagrass-
Watch users demonstrated infrequent but regular or annual
participation (Table 4).
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TABLE 2 | Demographics of users of current SeagrassSpotter and Seagrass-Watch users summarised as frequency and valid percent (brackets).

SeagrassSpotter Seagrass-watch
Age Under 18 00 00
18-24 1(4.6) 0(0)
25-34 8 (36.4) 2 (28.6)
35-44 4(18.2) 1(14.9)
45-54 4(18.2) 1(14.3)
55-64 2(9.1) 0(0)
65-74 2(9.1) 2 (28.6)
75-84 1(4.6) 1(14.9)
85 or older 0(0) 0(0)
Gender* Male 10 (45.5) 3 (42.9)
Female 12 (54.6) 4(57.1)
Education Less than high school degree 0 (0) 0(0)
High school graduate 0 (0) 0(0)
College but no degree 2(9.1) 1(12.5)
Bachelor’s degree 7(31.8) 4 (50)
Master’s degree 2(9.1) 1(12.5)
Doctoral degree 11 (50) 2 (25)
Professional degree 0 (0) 0(0)
Employment* Professional or technical 1(4.8) 1(16.7)
Educational 2(9.5) 2(338.3)
Retail trade 1(4.8) 0(0)
Accommodation or food 1(4.8) 0(0)
Arts, entertainment, recreation 14.8) 0(0)
Researcher/scientist 15(71.4) 2(338.3)
Unclassified 0(0) 1(16.7)
Involvement with seagrasses Research (Academic/University) 11 (50) 1(12.5)
Research (NGO or equivalent) 2 (9.1) 3(37.5)
Government work 1(4.6) 0 (0)
Citizen Scientists 4(18.2) 3(37.5)
Other: student, teacher, interested party 4(18.2) 1(12.5)
How did you hear about the project? Word of mouth 6 (27.3) 3(37.5)
Online 4(18.2) 1(12.5)
Social media 7 (31.8) 0 (0)
Print media 0 (0) 1(12.5)
Other: profession, conference, volunteer group 5(22.7) 3(37.5)
Country of residence® Australia 7 (24.1) 7 (43.7)
Finland 2(6.9 1(6.25)
Germany 1(3.4) 1(6.25)
Greece 1(3.4) 0 (0)
Japan 2(6.9 1(6.25)
Netherlands 1(3.4) 0 (0)
Philippines 1(3.4) 2(12.5)
South Africa 1(3.4) 0 (0)
Sri Lanka 1(3.4) 0(0)
Timor-Leste 1(3.4) 1(6.25)
Thailand 0(0) 1(6.25)
United Kingdom 8 (27.6) 1(6.25)
United States 3(10.3) 0(0)
Vanuatu 0 (0) 1(6.25)

*Results shown represent options with tallied responses only.

The majority of Seagrass-Watch users submitted their data
to Seagrass-Watch HQ (Table 5). Reasons for non-submission
included taking part as a larger organisation or group, utilising

adapted Seagrass-Watch methods but not taking part in Seagrass-
Watch surveys specifically, and data compatibility or submission
issues (Table 5).
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TABLE 3 | Respondent’s primary methods of interaction with the marine
environment.

Code Frequency and valid percent
Beach Walking 20 (24.1)

SCUBA Diving 12 (14.5)

Monitoring or surveys 12 (14.5)
Snorkelling 11 (18.3)
Watersports (sailing, kayaking etc.) 11 (138.3)
Swimming 8(9.6)

Fishing 4 (4.8)

Beach cleans 1(1.2)

Other: cycling, comments on the 4(4.8)

frequency of interaction

Motivations, Benefits, and Barriers to
Participation

Motivations for participation were similar between seagrass
CS projects although the relative importance of each concept
differed (Figure 1). SeagrassSpotter users were primarily driven
by contributing to scientific knowledge, helping wildlife (both
in general and area-specific contexts), and by sharing their
knowledge with others. Lesser motivations included learning
something new or developing new skills (Figure 1). Seagrass-
Watch users, however, were primarily motivated by meeting
people and taking part for fun, in addition to influences
of contributing to scientific knowledge and helping wildlife.
Seagrass-Watch users also attributed further motivation to
progressing their careers, because another person wanted them

to, to spend time outdoors, to learn something new, and as a form
of exercise (Figure 1).

Respondents did not perceive that their motivations had
changed over time (Table 6) citing considerable previous
monitoring of seagrasses, and a view that their actions can
protect the environment more generally as contributing factors.
Respondents that reported a change cited development within
the project, attending conferences, and involving the local
community as drivers of change.

Respondents reported a range of benefits associated
with participation in SeagrassSpotter including increases
in knowledge, a sense of contribution to science and the
environment more generally and sharing knowledge with other
users. Secondary benefits included using SeagrassSpotter as a
record of sightings, developing social connections, spending time
outdoors, and learning new skills (Table 6).

As with motivations for participation, deterring concepts were
similar between projects (Figure 1). Respondents highlighted
poor feedback, communication, disorganisation, a lack of impact
or output, personal circumstances and underappreciation as
deterring concepts. Seagrass-Watch users stated formal training
and funding issues as additional project-specific barriers and
generally reported higher deterrence scores than SeagrassSpotter
users (Figure 1).

Non-users of seagrass CS projects reported similar deterring
concepts to current participants (Table 7), citing personal
circumstance as the primary driver of non-participation. Non-
users of both projects highlighted a lack of awareness of
the opportunity to participate, in addition to project-specific
concepts of not downloading the SeagrassSpotter app and a

TABLE 4 | Variation in the number of participants, participation length and frequency of focal seagrass citizen science projects.

Do you currently take part in SeagrassSpotter?

Yes No

Do you currently take part in Seagrass-Watch? Yes 8 8

No 22 25
SeagrassSpotter Seagrass-watch

Lengtht 1-4 months 13 (43.9) 1-6 months 0 (0)
5-8 months 2(6.7) 7-12 months 3(18.8)
9-12 months 6 (20) 1-2 years 1(6.3)
13-18 months 3(10) 34 years 2(12.5)
Greater than 18 months 2(6.7) Greater than 5 years 8 (50)
Can’t remember 4(13.3) Can’t remember 2(12.5)

Frequency™ More than once a week 0 (0) More than once a week 0 (0)
Once a week 0 (0) Once a week 1(6.3)
A few times a month 1(3.9) A few times a month 1(6.3)
Once a month 0 (0) Once a month 0 (0)
Once every few months 8(26.7) Once every few months 4 (25)
Incidentally 17 (56.7) Quarterly 4 (25)
Once a year 3(10) Once a year 2(12.5)
Less often 0 (0) Less often 2(12.5)
Not sure 1(3.9) Not sure 2(12.5)

TTime periods are specific to either project based on the period they have been available and participation style.
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FIGURE 1 | Frequencies of motivations (upper) and barriers (lower) to participation in SeagrassSpotter (left) and Seagrass-Watch (right). Colour gradient indicative
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TABLE 5 | Proportion of Seagrass-Watch users who submit their data to Seagrass-Watch HQ and reasons for non-submission.

Data submitted to Seagrass-watch HQ?

Frequency and valid percent Yes
9 (60)

No
6 (40)

Reason for non-submission Code

Frequency and valid percent

Example comment

Organisation submits the data 2 (28.6) “Not me personally, but my organisation does”

Methods have been simplified 1(14.3) “... we use the Seagrass-Watch method as a
basis but have simplified it for use with local
volunteers”

Unsure whether the 1(14.3) “(data) goes to our local seagrass survey

organisation submits the data organisers, and we aren’t sure if they are still
organised to do anything with it”

Data not compatible 1(14.3) “Our data is not compatible to the system in
Queensland”

Participated as a group 1(14.3) “Took part in the survey as part of a group”

Did not take part fully 1(14.3) “I have not really taken part in Seagrass-Watch”

lack of availability of Seagrass-Watch programmes local to
them (Table 7).

Technology and Mobile Phones

SeagrassSpotter users demonstrated positivity towards mobile
phones as conservation tools (Table 8), attitudes were not
influenced by participant age or country of residence (Fisher’s
exact test, p > 0.05).

When asked what would deter them from continued
participation, SeagrassSpotter users cited an overly complex
design, lack of interest, poor mobile reception/Wi-Fi,
nervousness over submitting incorrect data and a perceived lack
of impact as primary factors (Table 8). Concerns were also raised
by two respondents regarding security and use of participant
personal data. Concerns over mobile reception/Wi-Fi were also
raised by respondents when barriers to the use of mobile phones
were gauged specifically. Concerns regarding a lack of access
and level of comfort when using mobile devices were also raised.
Despite this, most respondents perceived no additional barriers
via mobile phone utilisation, instead citing ease of access,
technological benefits and the potential for wide geographical
spread as supporting their implementation (Table 8).

Perceived Knowledge of Seagrass

Ecosystems

Generally, respondents reported considerable knowledge of
seagrass ecosystems and their threats, mean knowledge of
seagrass: 8.09 (£2.18), 7.63 (%1.77), 7.13 (£2.23), mean
knowledge of threats: 8.41 (£1.56), 7.38 (£1.85), 7.25 (£2.12)
for participants of SeagrassSpotter, Seagrass-Watch, and both
projects respectively. Perceived knowledge scores did not
differ significantly with the project users participated in
(Mann-Whitney U test, p > 0.05). When the nature of
interaction with seagrasses was analysed within a project-specific
context (Figure 2), only SeagrassSpotter users demonstrated
a significant change (Mann-Whitney U test, Knowledge of
seagrass: p = 0.006, df = 4, X> = 14.37, Knowledge of threats:
p = 0.008, df = 4, X? = 13.81), other projects did not produce

significant results (Mann-Whitney U test, p > 0.05). Users
who interacted with seagrasses as part of academic research or
government work reported higher scores than citizen scientists
and those with “other” interactions. Scores reported by non-
governmental organisation researchers fluctuated considerably
between projects (Figure 2). When gauged, perceived changes
in knowledge throughout participation varied substantially
between projects (Table 9). Reasons for perceived changes were
similar between projects with respondents citing knowledge
increases concerning training and methodologies, ecology behind
observed trends, and knowledge gained from attending events
(Table 9). Location-specific knowledge, greater environmental
intervention, and wider ecological knowledge were cited
as additional gains in SeagrassSpotter and Seagrass-Watch,
respectively (Table 9). Perceived knowledge scores did not
correlate with project-specific participation and frequency
(Spearman’s rank correlation, p > 0.05 throughout).

SeagrassSpotter users stated that they knew how their
contribution helped to conserve seagrass ecosystems (Table 10).
Perceived roles of contributions discussed increasing data
coverage of seagrasses, references to data being used as
preliminary work for more complex studies, and increasing
awareness of seagrass ecosystems generally (Table 10).

Seagrass CS users identified a range of threats to seagrass
ecosystems (Table 11). Salient themes throughout responses
included references to physical damage, coastal development,
changes to water quality, and climate change (Table 11).

DISCUSSION

Citizen science has been highlighted as a potential tool for
improving the collection of Big Data in marine science
through wide involvement of the general public, particularly
in poorly mapped and poorly understood ecosystems such
as seagrass meadows. Here we demonstrate that in the case
of seagrass systems, the use of CS, although assisting with
management and conservation, is largely ineffective at collecting
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TABLE 6 | Perceived changes in motivations and benefits to participation in seagrass citizen science projects.

Do you think your motivations have changed over the period of participation?

SeagrassSpotter Seagrass-watch
Yes No Yes No
3(10) 27 (90) 3(18.6) 13 (81.3)

Reason behind response Code

Frequency and
valid percent

Example comment

Seagrass Spotter Perceived change Involved the local community

No perceived change Long term monitoring/prior work
Protect the environment

Other: stated no change

Seagrass-Watch Perceived change Progression within the project

Attend conferences

No perceived change Long term monitoring

Prior research involvement

Other: stated no change

Benefits of participationt Knowledge increase

Contribution to science

Sharing knowledge

Record of sightings
Social Connections
Spend time outdoors

Learning new skills

1(10) “Although | started doing it for work, | ended up
getting a group of local kids to do it with me
and it ended up being a great way to get them
involved in marine conservation”

“I work with seagrass and other algae before
and after joining SeagrassSpotter”

“I still believe the project can help protect the
environment”

“At the beginning | was a new volunteer, now [
have been part of the program since 1998 and
am [a] coordinator. We have a 20-year dataset,
so | am very motivated to keep it going.”
1(16.7) “I am now passionate for seagrass in W.A. and
regularly attend international seagrass
conferences”

2(33.3) “I have been monitoring as part of a long-term
project, at one area (for) more than 9 years
now”

1(16.7) “l am doing research in seagrass before and
seagrasses are underappreciated in research”
1(16.7)
13(35.2) “I support anything that involves education
about ecosystems, the environment and [the]
world in general. The more | understand about
this topic the more | can do things to change
the situation. ..”

9(24.3) “Feeling that | contribute to science and the
environment...”

7(18.9 “I can share my knowledge with others and also
profit from the knowledge others have already
gathered”

“Get to have a record of my sightings that | can
access”

“SeagrassSpotter provides a connection with a
network of people working my field of research”
“Looking at our current sites and venturing into
other sites where we think seagrass may be”

“.. learning concepts. . learning more about a
different environment and how to protect it”

TCurrent Seagrass-Watch users were not asked how they thought they benefited from participation.

Big Data as it is not currently reaching out effectively to
the wider population, nor is it engaging the general public
in understanding an underappreciated and largely unknown
ecosystem. As a result of this limited outreach, seagrass CS
projects in their current form fall short of the spatial and
temporal resolutions and work forces required to globally
monitor and manage this important ecosystem. Results outlined
provide valuable insight into participation and knowledge
transfer in SeagrassSpotter and Seagrass-Watch and represent
the first known attempt to quantify such concepts in a seagrass-
specific context.

Demographics and Participation

Countries that participated in seagrass CS projects were
concordant with the variation in marine CS projects
worldwide, with enhanced uptake in Europe, Australia, and
United States Thiel et al. (2014). Increased participation in
the United Kingdom and Australia is likely due to increased
awareness of SeagrassSpotter and Seagrass-Watch in their
home countries. Participating countries are also concordant
with previous work summarising the demographics of existing
seagrass research groups (Hind-Ozan and Jones, 2018). Similarly,
users of both projects primarily cited “research” as a rationale
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TABLE 7 | Perceived barriers to participation in seagrass citizen science projects from non-users.

Barriers to participation Code

Frequency and valid percent Example comment

SeagrassSpotter Non-users Personal circumstance

Lack of awareness

Do not have the app
downloaded

Other: lack of ID skills, species
not available on the app

Seagrass-Watch Non-users Personal circumstance

Lack of awareness
Lack of programme availability

Other: respondent unsure

13 (39.4) “not finding the time” “relocation to a
part of the country that is inland”

10 (30.3) “Didn’t realise it was a thing before this
questionnaire”

4(12.1) “Have not yet installed the app. ..”

6(18.2)

24 (47.1) “I had no available time to lately, but |
want to do more”

15(29.4) “I've never heard of it”

8(16.7) “None organised locally, and no time to
organise one myself”

4(7.8)

for interaction with seagrass ecosystems and participation in
seagrass CS generally (Table 2). Increased participation, both in
terms of geographic location and profession, was thus associated
with users who were already aware of these projects through
their professions. Within these user groups, length and frequency
of participation was concordant with the length of time the
project had been available (Jones et al., 2018) and how the project
was designed, either incidental (SeagrassSpotter) or structured
(Seagrass-Watch) (McKenzie et al., 2001).

Motivation and Deterrence

Users of both projects cited altruistic and environmentally
positive concepts, knowledge development and social
interactions as motivations and benefits of participation
(Table 6). Altruism is frequent within environmental CS and
indicates a drive to protect the environment for the good of
others (Schwartz et al., 2012) and can be achieved via personal
actions and by contributing to science, which is viewed as
beneficial (Martin V. et al., 2016). Motivation by attainment
and sharing of knowledge is also common (Rotman et al,
2014), with increased knowledge associated with an increase in
environmentally positive behaviours (Bela et al., 2016). Minimal
changes in motivations throughout participation (Table 6),
also support the idea that users are altruistically involved with
seagrass CS projects. Users who identified changes in motivations
cited themes that implied a degree of environmental stewardship
and project responsibility, whether by raising awareness via
discussions or by ensuring the project’s longevity through
facilitating further recruitment.

Concordance was shown in deterring concepts, notably,
inadequate communication and feedback, and a lack of
demonstrable impact (Figure 1). Such deterrence likely results
from perceptions that participants’ time is not adequately
validated for continued participation (Bruyere and Rappe,
2007) and may lead to feelings of underappreciation within
users (Geoghegan et al., 2016). Project-specific barriers also
arose via differing project approaches. Lessened influence of
personal circumstance in SeagrassSpotter was likely due to
reduced temporal investment, whilst prominent deterrence via

a lack of sufficient formal training and available funds in
Seagrass-Watch reflected greater task complexity, logistical, and
financial investments associated with taking part (Franzoni and
Sauermann, 2014). A lack of awareness of the existence of
seagrass CS projects was also a significant barrier to participation
(Table 7). Minimal public awareness of seagrass ecosystems is a
known threat to their conservation and management (van Keulen
et al., 2018) and results here suggest that little progress has been
made to alleviate this thus far.

Perceived Knowledge of Seagrass

Ecosystems

Users of both projects reported high knowledge scores. This
is unsurprising given that researchers are likely to perceive
increased levels of academic knowledge (Raymond et al,
2010). Variation in scores with the nature of interaction
with seagrass ecosystems (Figure 2) is also unsurprising as
traditional citizen scientists, those with minimal academic
background in the subject, may have less academic knowledge
of seagrass ecosystems compared to a researcher in that field.
Citizen scientists may, however, hold considerable traditional
ecological knowledge if they exist in close association with
the oceans e.g., fishers (Drew, 2005) but may report modest
scores due to the complexities of assessing knowledge (Raymond
et al, 2010). Limited knowledge development reported by
SeagrassSpotter users (Table 9) is likely influenced by researcher
dominated demographics and an associated saturation of
seagrass specific knowledge in this user group. Similarly,
greater reported knowledge development in Seagrass-Watch
may have been due to a higher proportion of citizen
scientists, and thus greater potential for the attainment of
novel information.

Mobile Technologies

SeagrassSpotter users demonstrated substantial support for the
use of mobile phones as CS tools (Table 8), citing benefits that
is concordant with the wider literature (Brammer et al., 2016).
Despite respondent’s positivity towards mobile devices, barriers
to utilisation remained. Overly complex designs and requiring
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TABLE 8 | Perceptions of mobile phones as data collection tools by current SeagrassSpotter users.

Do you think mobile phones are an
effective data collection tool for citizen

Do you think mobile phones will create further barriers to participation?

science?
Yes No Yes No
26 (86.7) 4 (13.3) 9 (30) 21 (70)
Reason for choice Code Frequency and valid percent Example comment

Deterring concept! Overly complex design 6 (20)
Lack of interest 4 (18.3)
Poor mobile/Wi-Fi reception 3(10)
Nervous about wrong species 3(10)
D
Perceived lack of impact 3(10)
Challenging environment 2 (6.7)
Data security 2(6.7)
Other: language, access to 7 (23.3)
device, environmental impact of
survey, unnecessary use

Effective tool Ease of access 12 (52.2)
Technological benefits 4(17.4)
Wide data spread 3(13)

Not an effective tool Various aspects affect use 3(13)
Other: general comment 14.4)

Perceived barriers No barriers 11 (55)
Limits use to people with 3(15)
access
Limits use to those comfortable 3(15)
Reception/Wi-Fi coverage 2 (10)

Other: respondent unsure 1(5)

“if it was overly complicated or not very
user-friendly”
“... someone not interested in seagrass”

“If the app does not work in low quality network, or if it requires an
internet connection at all times. ..”

“Confidence in identification of seagrass”

“If SeagrassSpotter users didn’t see their entries/data being used
towards some greater purpose”

“...mud, unknown terrain, dangerous unseen objects. Discomfort
[being] dirty”

“If user data is compromised or used inappropriately”

“.. .people use their mobile phones more and more and carry them
with them on a frequent basis it makes the uploading of sightings
easier...”

“Mobile phones often used to photograph and record. . . torch can
sometimes be handy”

“Wide reach and return of greater data spread”

“[participation] depends on volunteers, climate, geographic
situation”

“I think phone apps are useful tools. However, | think many others
can be useful to”

“I think phones are the future. They are very user friendly”
“...could exclude some people in developing nations or poorer
areas where smartphone use is not widespread”

“[The] project is limited to responses from people that have access
to mobile phone and would feel confident using the application”

“...apps that don’t require internet to run are the most accessible
for those working in remote locations”

TCurrent Seagrass-Watch users were not asked specifically what would deter them from further participation.

reception/Wi-Fi were cited both here (Table 8) and in previous
assessments [e.g., Newman et al. (2011)], even when the project
allowed for data submission at a later date e.g., SeagrassSpotter.
Access to mobile devices and level of user comfort were also cited
as barriers here (Table 8), however, a lack of influence of age and
country of residence on perceptions suggested that these concepts
may not influence participation in SeagrassSpotter. Further,
“inadequate funds” was a minor deterrence in SeagrassSpotter
users (Figure 1) suggesting access to seagrass sites (and associated
travel costs) and/or mobile devices were not major barriers
to participation.

Concerns over data security and correct identification of
species were also raised by respondents (Table 8). Data handling
and security present future challenges for mobile CS projects
dealing with “Big Data” and should be considered a priority for
future development (August et al., 2015). Despite data validation

techniques being utilised in both SeagrassSpotter and Seagrass-
Watch, users were still concerned about submitting erroneous
reports (Table 8). We suggest that these features are more widely
advertised to users to prevent the development of an avoidable
barrier to participation (Martin V. Y. et al., 2016).

Participant Classification and

Implications for the Future

Following the categorisations of Danielsen et al. (2014), the
results of our questionnaire indicate that seagrass CS projects
examined currently lie primarily in type E (monitoring and
executed by scientists) with minor involvement of citizen
scientists. The researcher heavy demographic shown here can
likely be considered a result of both a lack of awareness of seagrass
ecosystems and their associated CS projects within the general
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public and a lack of engagement with true citizen scientists and
their communities.

It is evident that seagrass CS projects need to diversify
their user bases if these projects are to be viable as long term
monitoring schemes. Exclusivity in projects demonstrated here
also prevents these organisations from building the participant
networks required to collect marine Big Data. Specifically,
seagrass CS projects are suffering from reduced potential to build
a diverse user base that is logistically capable of collecting data
on the spatio-temporal scales needed to monitor or manage
marine environmental change. For seagrass CS projects to
become capable of building large, diverse user bases there is a
need for better community integration. Collaborative research
projects between scientists and local communities that aim to
answer mutually important questions (e.g., bottom-up project
creation) are far more likely to succeed due to better alignment
of the interests of scientists with those of stakeholders and/or
community groups (Bradshaw, 2003; Conrad and Daoust, 2008).
Alignment of these interests can lead to increased motivation
for participation within the local community, which gives rise
to a more inclusive, and often larger, user group (Geoghegan
et al., 2016); and as a result, a greater potential for Big Data
collection (Figure 3).

Greater inclusivity in seagrass CS projects, if facilitated, may
also produce secondary benefits to the project and associated
communities (Figure 3). By enhancing the development of social
capital by integrating the project (and associated researchers)
into local communities, larger communication networks can
be produced (Jordan et al,, 2012). These networks will likely
demonstrate a shared identity (e.g., people interested in
conserving the marine environment) in addition to shared

values, norms, and trust between parties (Pretty and Smith,
2004) and may reduce community marginalisation by facilitating
social interactions with groups who would otherwise not
interact (Conrad and Hilchey, 2011). Once communication
networks begin to expand, so will awareness of the seagrass
CS project and seagrass ecosystems more generally, leading
to increased participation, a greater potential for knowledge
transfer, and reductions in scientific illiteracy. Participation in
seagrass CS projects may also warrant benefits for individual
participants via the facilitation of positive interactions with
nature. These interactions can pose substantial benefits to
the individual [e.g., stress reduction, restoration of attention,
and improved psychological wellbeing (Keniger et al., 2013)]
and when combined with community-orientated changes above
may lead to heightened chances of environmentally positive
actions, localised environmental management and stewardship,
and greater willingness to bring environmental issues to the
knowledge of policymakers (Haywood, 2014; Hyder et al., 2015;
Hausmann et al., 2016).

Diversification of seagrass CS projects towards greater
community inclusivity may not require an overhaul of existing
methodologies or the creation of new projects. Instead, existing
easily understandable CS projects can be used to help local
communities answer ecological questions of interest (e.g.,
geographic arrangement of seagrass meadows and influences
on fisheries catch). It is critical that if seagrass CS projects
are to be integrated in this manner that research questions
are identified from a bottom-up co-research approach and
that both academics and community partners are treated
equally. There is increasing interest in how new technologies
can become integrated into CS programmes in order to
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TABLE 9 | Perceived gains in knowledge of seagrass ecosystems via participation in seagrass citizen science.

SeagrassSpotter Seagrass-watch
Do you think your knowledge of Yes 16 (63.3) 15 (98.8)
seagrass ecosystems has changed
whilst taking part in SeagrassSpotter or
Seagrass-Watch?
No 14 (46.7) 1(6.9)
Reason for choice Code Frequency and Example Comment

valid percent

SeagrassSpotter Perceived change Location-specific knowledge

Training and methods

Ecology behind observed
trends

Greater environmental
intervention
Attended events

No perceived change Considerable previous

knowledge

Lack of time for participation
Attended events

Seagrass-Watch Perceived change

Training and methodologies

Wider ecological knowledge

Ecology behind observed
trends

4 (28.6) “I have learned more about the species found
on my island, and their distribution”

2(14.3 “Experience and training”

1(7.1) “Discussing observation and working out
reasons for change”

1(7.1) “Stopped local potting inside a small area”

1(7.1) “I have attended several workshops and gained
new insight”

4 (28.6) “...when using SeagrassSpotter | was
searching for seagrass as part of my own
research”

1(7.1) “I have been too busy this year to put any time
or focus into increasing my skills and
knowledge”

2 (28.6) “I have learned a lot of new information through
Seagrass-Watch training and subsequent
monitoring events”

2 (28.6) “... learned about the techniques (transects,
quadrats and soil corer, epiphytes etc.,...”

2 (28.6) “.. .finding out about blue carbon [and], the
habitats of various marine life that need
seagrass to survive”

1(14.9) “Over a period of years [I] have seen some

interesting trends in the data”

TABLE 10 | Perceptions of how contributing to SeagrassSpotter helps to conserve seagrass ecosystems.

Do you understand how your contribution to SeagrassSpotter
helps conserve seagrass ecosystems?

Yes No
28 (93.3) 2(6.7)
Perceived role of contribution Code Frequency and valid percent Example comment

Increasing data coverage

Acts as groundwork
Increasing awareness

15 (68.2) “.. .bring more knowledge of the occurrence of
different seagrass species from certain areas
and so promote the importance of biodiversity
in seagrass meadows”

4(18.2) “It may help with basic groundwork. ..”

3(13 “Both increasing awareness and increasing

coverage [of] data”

maximise their effectiveness and expand the use of the
results that are collected (McClure et al, 2020). Artificial
intelligence is a particular avenue of expanding interest in
CS and numerous speculative potential benefits proposed
(McClure et al, 2020). Given the clear gaps in the reach
of these seagrass CS programmes to wider society and
particular marginalised social groups, AI could be used to

align the marketing of such programmes to different groups
using social media.

Further, while many CS projects rely upon the goodwill
of genuinely interested members of the public, finding ways
of increasing this pool of participants is necessary to increase
the impact of CS. An approach to diversify participation in
seagrass CS would be for conservationists and scientists to build
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TABLE 11 | Perceived threats to seagrass ecosystems by current users of
seagrass citizen science projects.

Frequency and
valid percent

Perceived threat

Physical damage 12 (14)
Coastal development 12 (14)
Water quality 10 (11.6)
Climate change 9 (10.5)
Pollution 8(9.3)
Runoff specifically 7(8.14)
Fisheries 6(7)
Sedimentation specifically 5(5.8)
Human impacts generally 4(4.7)
Tourism 2(2.3
Other: Trampling, invasive species, storms, increases in 1(12.7)

seed predators, mineral extraction, trampling, damage to
sediments, plastics, land reclamation, and aquaculture

partnerships with public and private organisations, businesses,
clubs and societies. This could include working with Scout
Groups and Youth Clubs to undertake field sampling activities.
These methods would guarantee high levels of group organisation
and guaranteed numbers associated with such activities, as well as
the ability to direct their participation more readily. Additionally,

targeting groups which are already associated with the marine
environment (e.g., water sports enthusiasts) may pose fruitful due
to an existing social connection with the sea and a potentially
enhanced drive to protect it.

Given the researcher-heavy demographic of seagrass CS users
here, it is evident that a regime shift is needed to diversify
the current user base of these projects to better promote
community inclusivity if seagrass CS projects are to be able
to collect Big Data. At present, although users report altruistic
and environmentally positive motivations, limited deterrence,
and positivity towards methods currently utilised (e.g., mobile
phones), seagrass CS projects are not benefiting from increased
inclusivity. Increased inclusivity, possibly as a result of improved
outreach and engagement beyond the current demographic,
is essential if we are to adequately conserve these important
ecosystems into the future.

Continued effort is needed to increase public awareness of
and exposure to seagrass ecosystems as a method of promoting
enhanced environmental stewardship and to help combat the
more general current trend of disconnection between humans
and their local environment (Schuttler et al., 2018). Although
this study focuses on a highly specific set of marine CS projects,
findings here are applicable to other marine CS programmes
where recruitment tends to lag terrestrial counterparts more
broadly. Alignment between participant responses here and
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FIGURE 3 | Conceptual cycles demonstrating potential project and societal benefits associated with increased community inclusivity within citizen science projects.
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existing environmental CS literature suggests that salient themes
are present universally across environmental CS projects and
that integrating these themes into recruitment efforts may
promote better success. Given the variation in media types used
by respondents here (Table 2), dissemination of recruitment
information should be completed with a variety of media
types (e.g., email, websites, in person events, flyers, etc.).
Further, to encourage broader participation, recruitment efforts
should stress the potential for knowledge transfer, novel social
interactions, and stewardship of local environments as these
concepts were primary drivers of participation in our study
and in the wider literature. By targeting these drivers during
recruitment, the creation of a larger and more motivated user
base may be tangible.
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