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Marine Citizen Science (MCS) is highly underrepresented in the citizen science literature, despite the
instrumental (data-focused) and capacity-building (society-focused) benefits such projects offer for
marine conservation. Nevertheless, the MCS literature has experienced continual growth since its first
publications in the early 1990s. Few reviews have considered the developing history of MCS, and none
have considered recent developments in the field. By reviewing 185 MCS papers published from 2014–
2018, this study examines recent developments in MCS and offers informed recommendations for future
MCS projects. Over the five surveyed years, there were significant increasing trends in both MCS publication quantity and diversity of affiliated research countries, although many tropical study regions with high
observation potential remained underrepresented. Sixty-eight percent (68%, N = 126) of surveyed MCS
studies focused on non-emblematic study subjects versus thirty-two percent (32%, N = 59) of studies
that focused on emblematic subjects (e.g., coral reefs, megafauna, and endangered/critically endangered
species found on the Red List of Threatened Species compiled by the International Union for Conservation
of Nature [IUCN]), suggesting that the charismatic appeal of the scientific topic may not be a limiting
factor to volunteer participation. Nearly 82% (N = 151) of studies failed to describe explicit hypotheses,
and many studies utilizing novel data neglected to include descriptions of data quality assurance measures
(25%, N = 47) in their reports, potentially fueling the credibility challenge, which citizen science research
faces as a whole. Finally, only a small portion of studies (10%, N = 19) involved participants beyond mere
data collection, despite the unique and diverse perspectives volunteers may bring to scientific research.
Collectively, these results aid in forming a set of recommendations for future MCS projects seeking to
improve the quality of their credibility, study design, and volunteer contributions through explicitly stating hypotheses/quality-insurance methods, considering the potential of non-emblematic study species/
smartphone applications, and designing projects that allow for a spectrum of volunteer participation in
high-observation potential areas.
Keywords: literature review; recommendations; collaborative projects; study species; volunteer participants

Introduction and Objectives
Since citizen science was first mentioned in 1989 (Haklay
2015), the field has experienced a steady increase in
popularity, particularly in the field of ecology (Follett and
Strezov 2015). This increase in popularity likely stems
from a variety of factors, including a growing realization
among scientists of the potential skills represented by the
volunteer participants (Silvertown 2009). In addition to
fulfilling these labor-focused, instrumental goals, citizen
science also addresses socially focused, capacity-building
goals by inspiring, educating, and engaging members of
the public in scientific issues (Ceccaroni et al. 2017). These
capacity-building goals may also serve to enhance social
license, the unwritten consent from the public for govern-
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ment or other institutions to manage natural resources,
through building marine citizenship and ocean literacy
among volunteers (Kelly et al. 2019). To accomplish these
instrumental and capacity-building goals, citizen science
projects involve volunteers in one or more steps in the scientific process (Shirk et al. 2012), although contributory
projects, in which volunteers act primarily as data collectors, tend to be most common. Less common are collaborative projects (projects in which volunteers participate
beyond data collection) and co-created projects (projects
which are jointly developed and executed, and results are
reported by scientists and members of the public) (Shirk
et al. 2012).
Although citizen science projects occur in a wide range
of environments, the marine environment seems particularly underrepresented in the citizen science literature.
Despite making up 70% of the earth’s surface, marine
environments were studied in only 14% of citizen science
projects globally surveyed in 2012 (Roy et al. 2012). This
underrepresentation of marine citizen science is likely a
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result of the unique challenges that marine environments
present. Still, marine citizen science (MCS), which can be
defined as citizen science that studies at least some aspect
of the marine environment, has been experiencing steady
growth over recent decades (Thiel et al. 2014), as well as
high levels of interest among marine users (Martin et al.
2015). MCS projects can occur in a wide variety of marine
environments, including the coastal (Hidalgo-Ruz and
Thiel 2013), intertidal (Delaney et al. 2008), neritic (Hesley
et al. 2017), and oceanic zones (Horne 2013). Similar to its
terrestrial counterparts, MCS projects also tend to focus
primarily on biodiversity monitoring (Thiel et al. 2014;
Hyder et al. 2015), although a variety of other phenomena
have been studied as well, including the spread of invasive species (Delaney et al. 2008), pollution (Anderson
and Alford 2014), and the categorization of whale calls
(Shamir et al. 2014).
Despite their relative scarceness, marine-based projects
may be especially suited for citizen science, particularly
with respect to the importance of the instrumental and
capacity-building benefits that citizen science can offer
to the marine environment. For example, having a large
number of volunteers increases the temporal and spatial surveying scale, which is particularly meaningful for
projects occurring in the marine environment, as more
than 80% of the oceans are estimated to be unmapped
and unobserved (NOAA 2018). Furthermore, the capacitybuilding goals (i.e., education, engagement, and inspiration) accomplished through citizen science are especially
pertinent to marine environments, as 37% of humans
may depend on the marine resources provided by the
coastal communities in which they live (United Nations
2017). Capacity-building benefits of MCS include producing a skilled task force and an ocean-literate community
(Schläppy et al. 2015; Kelly et al. 2019), thereby creating
a community better prepared to protect the resources on
which they may depend. By increasing monitoring efforts
and empowering members of the public to take political
action to protect the oceans, MCS projects may help to
address such critical problems as rising sea levels, overfishing, and ocean acidification.
In contrast to these benefits, the marine environment
also presents many challenges to citizen science projects, chief of which is the inaccessibility of some parts
of the study environment. As terrestrial beings, humans
require either special skills or transportation to access
most marine environments, which can be both prohibitive and costly (Cigliano et al. 2015). Additionally, MCS
may be limited by the 40% of the population that does
not live in coastal areas (Hyder et al. 2015) and therefore
cannot easily travel to study areas, as well as by the cultural and individual differences in how people relate to
the sea (Jefferson et al. 2015). A variety of subjectively
uncharismatic marine study subjects (i.e., microfauna,
pollution) (Jones et al. 2018) and the underutilization of
volunteers’ potentially unique, out-of-the-box perspectives (Lukyanenko et al. 2016) may also present room for
improvement in volunteers’ contributions. For example,
volunteers may have valuable insights into project design
or data analysis, which go unnoticed when volunteers are
viewed solely as data collectors (Lukyanenko et al. 2016).
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Furthermore, MCS suffers from challenges related to citizen science generally, such as the credibility challenge,
which can make convincing the scientific community of
the trustworthiness of volunteer-collected data particularly difficult (Freitag et al. 2016). Addressing these issues
will be critical to designing successful MCS projects in
years to come.
Amidst the benefits and challenges of MCS, there surely
lie opportunities to improve the design and implementation of future projects. Many studies have previously
attempted to offer recommendations for citizen science
projects. These recommendations can be highly specific to
a single aspect, such as properly understanding volunteer
motivation (Hermoso et al. 2019; Martin et al. 2015; West
and Pateman 2016); incredibly broad, such as offering
overarching principles for citizen science project design
(Silvertown 2009); or they can be presented in the form of
tool kits designed to tailor guidelines to the ultimate goal
of the project (Cigliano et al. 2015). While such recommendations are useful, they rarely consider large samples
of previously published projects, and often are not specific to marine-based projects (but see Thiel et al. 2014).
Although underrepresented, marine citizen science
stands as a rapidly growing field (Thiel et al. 2014).
Therefore, our study seeks to offer an updated look at the
state of MCS through a broad survey of recently published
literature. Specifically, our study examines four different research areas, including (1) trends in quantity and
research/researcher locations of published MCS studies,
(2) differences in the representation of emblematic and
non-emblematic study subjects, (3) differences in the representation of descriptive and hypothesis-based studies,
and (4) differences in the representation of contributory
and collaborative participation models in recent MCS literature. By analyzing MCS literature published within the
past five years (2014–2018), this study will present a broad
look at the current state of MCS, as well as offer informed
recommendations for future projects.
Methodology
A literature review was conducted of MCS studies published within the last five years to elucidate current
research trends, geographic tendencies, and opportunities
for growth. Given that Thiel et al. (2014) already performed
a comprehensive MCS review up to 2014, this review
focused solely on studies published from 2014–2018.
Searches were conducted in Web of Science, Scopus, and
Google Scholar databases between January and February
2019, using the topical search terms “marine citizen science,” “ocean citizen science,” “coastal citizen science,”
and “marine volunteer” individually. All literature encountered in Web of Science and Scopus databases, as well as
the first fifty studies encountered in Google Scholar, was
examined, and only papers meeting at least one of the following two criteria were retained: (1) studies or reviews
that clearly involved members of the public in marine
research, (2) studies or reviews that used previously collected, marine-based data, which were clearly gathered
by members of the public. For this review, members of
the public were defined to be anyone except professional
marine scientists or marine science students. Literature
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that (1) gave a synopsis of multiple case studies within a
single paper, (2) included biology students as members of
the public, or (3) involved the public merely for an attitude/perspective survey were not included.
Once all literature had been collected, each study or
review was further examined to elucidate trends in recent
MCS literature. Variables included year published, study
subject, study species, researcher country, research country, study area, study habitat, public participation model,
marine skills used, study type, study objective, data origin,
data quality measures, and use of smartphone application.
The variable “study subject” was further sorted by
emblematic and non-emblematic study subjects.
Emblematic study subjects were defined by the authors
as marine megafauna, endangered/critically endangered
species (as identified by the IUCN), and coral reefs. Nonemblematic study subjects comprised all other study
subjects, and included microfauna, invasive species, and
marine pollution.
The variable “researcher country” was based on the country affiliations of the majority of each study’s authors, and
in the case of multiple, equally represented affiliations,
both countries were recorded. This was done to examine
which countries were initiating recent MCS research. In
contrast, the “research country” variable was based on the
country in which the study actually took place. This was
done to examine the location of the actual citizen volunteers involved in these studies. Studies that took place
across entire oceans or seas were categorized as global.
Furthermore, each research country was categorized as
being either tropical (0–23.5° latitude), subtropical (23.5–
35° latitude), or temperate/polar (greater than 35° latitude). Only three studies found were performed in polar
environments (Bergmann et al. 2017; Enoksen and Reiss
2018; Storrie et al. 2018), and thus this category was combined with the temperate studies category. The effects
of seas on climate were also taken into account when
classifying research countries; for example, the entire
Caribbean Sea was classified as tropical (despite extending beyond 23.5°N), while the entire Mediterranean Sea
was classified as subtropical (despite extending beyond
35°N). Any extraordinary aspects of the studies (such as
citizens initiating projects or performing laboratory work)
were also noted as the literature was examined.
The variable “study type” was categorized to include species-based studies, pollution-based studies, and environment-based studies. Species-based studies were defined as
studies that focused exclusively on one or more biological
species. Pollution-based studies were defined as studies
that focused on some aspect of marine pollution, such
as beach litter. Environment-based studies were defined
as studies that focused on all other aspects of the marine
environment, such as water quality, ecosystem health, or
ecosystem restoration.
The variable “study objective” was categorized into five
different types— population monitoring (studies that collected biological data of a single species), survey (studies
that collected biological data of multiple species), conservation (studies that focused on pollution or invasive species eradication), environmental monitoring (studies that
collected data on abiotic variables, such as water quality),
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and discovery (studies that used volunteer data to document a new species or new species range).
The variable “public participation model” was categorized on the basis of the typology set forth by Ceccaroni et
al. (2017), with contributory projects defined as projects in
which volunteers merely contributed data, and collaborative
projects as studies in which volunteers participated in the
scientific process beyond mere data collection. Discoverybased projects, in which citizen volunteers were responsible
for the discovery of a previously unknown species or species
range, were also classified as collaborative projects.
All data were analyzed using R Studio (R Core Team
2017), and world maps were produced using the ggplot2 R
package (Wickham 2016). Research areas 2–4 (differences
in the representation of emblematic and non-emblematic
study subjects, differences in the representation of descriptive and hypothesis-based studies, and differences in the
representation of contributory and collaborative participation models in recent MCS literature) were examined using
annual counts of the specified variable, and non-parametric tests were used to account for the small sample
size. A complete list of surveyed literature is recorded in
Supplemental File 1: Appendix.
Results
Many of our results echoed the findings of Thiel et al.
(2014), and novel findings were also elucidated. In this
section, we describe results focused on location, study
subject, study type, and the participatory model used.
Trends in quantity and researcher/research locations
of published marine citizen science (MCS) studies

A total of 185 studies were retained in our literature
survey of MCS studies published from 2014 to 2018. We
found a significant increasing trend in the number of
published studies (p = 0.003, R2 = 0.931, linear regression
analysis) from 2014, when 17 studies were published, to
2018, when 59 studies were published (see Figure 1).
A significantly increasing trend in richness of researcher
countries contributed to these studies (p = 0.02, R2 = 0.873,
linear regression analysis), covering every continent with
the exception of Antarctica. However, the majority of
these publications were developed by researchers from
just three countries, including the United States (N = 42),
Australia (N = 41), and the United Kingdom (N = 16).
Indeed, the top five countries initiating MCS research
(researcher countries) made up nearly 66% of the MCS
literature published from 2014 to 2018, despite decreased
contributions by many of these top-contributing countries in 2017 and/or 2018 (see Figure 2).
Occasional decreases in literature contributions from
top-contributing countries were balanced by an increasing richness of countries initiating MCS research from
2014 to 2018. Indeed, the richness of researcher countries contributing to MCS literature nearly tripled over the
five years, from just 9 contributing countries in 2014, to
24 contributing countries in 2018. Furthermore, the top
contributing researcher country for each year made up
a decreasing proportion of the total literature published
that year, falling from 35% of all papers published in 2014
to only 16% in 2018.
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Figure 1: Total marine citizen science (MCS) literature encountered from 2014 to 2018. MCS literature has been experiencing a steady growth in publication since its beginnings in the early 1990s, which is a trend that continues today
(9.7 new papers per year, based on a linear model).

Figure 2: Bar plot showing marine citizen science (MCS) literature contributions for the top five contributing researcher
countries, ordered from 2014 to 2018. Despite occasional decreases in contributions from major countries, MCS continued to grow through 2018 as a result of the increased diversity of contributing researcher countries.
Although it is possible that researchers perform their
research abroad, nearly 81% of MCS studies surveyed
were performed in countries matching the authors’ main
affiliation(s) (N = 149). Of the remaining 36 studies, 20
were classified as having been performed globally (across
an entire ocean or sea), and the other 16 studies as having
been performed in countries differing from the authors’
affiliations. Figure 3 shows the research locations of the
165 MCS studies surveyed (20 global studies excluded),

highlighting that even when looking at research location,
the USA (N = 38), Australia (N = 36), and the UK (N = 12)
remain top contributors.
It might be thought that MCS takes place primarily in
tropical regions where the conditions for field work are
more favorable. However, our study found that tropical studies (defined as studies taking place in locations
between 0 and 23.5° latitude) made up decreasing quantities of MCS studies published from 2014 to 2018, while
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subtropical and temperate/polar studies (taking place
in locations at latitudes greater than 23.5°) made up
increasingly more of MCS studies (see Figure 4). In fact,
by 2018, temperate/polar MCS studies (taking place in
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locations greater than 35° latitude) made up the majority (38%) of studies, while tropical and subtropical studies each contributed to 31% of MCS studies published
that year.

Figure 3: World map displaying country locations of marine citizen science research published from 2014 to 2018,
with European inset. Data points are scaled and colored to indicate total contributions from each country for these
years. Although a total of 44 locations are represented, the majority of publications come from only three countries—
Australia, the United Sates, and the United Kingdom.

Figure 4: Scatter plot showing the percentage of published marine citizen science (MCS) studies undertaken in temperate/polar, subtropical, and tropical environments respectively. Contrary to common belief, from 2014 to 2018 there
has been an overall decreasing trend in tropical MCS studies and increasing trends in subtropical and temperate/polar
studies. The decreasing trend in tropical studies from 2014 to 2018 is not significant (p = 0.09, R^2 = 0.67) unless the
outlier point from 2017 is removed (p = 0.02, R^2 = 0.96).
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Emblematic and non-emblematic study subjects

A high diversity of study subjects was found among the
185 studies examined. Most studies (N = 129) focused on
faunal or floral species, 35 studies focused on some aspect
of marine pollution, and 21 studies focused on other
environmental aspects, such as restoration or ecosystem
health. In total, 32% of the studies (N = 59) focused on
emblematic subjects (defined as coral reefs, marine megafauna, or endangered species). Annual means of studies
focusing on emblematic or non-emblematic species were
not significantly different from one another (Wilcoxon
signed rank test, p = 0.056). Additionally, of the 129
species-based studies (defined as studies that focused
exclusively on one or more biological species), nearly
86% focused on particular faunal species, with species of
saltwater fish (N = 50), marine mammals (N = 17), and
mollusks (N = 12) being most popular (see Table 1). Overall, population monitoring of a single faunal species in
coastal waters was the most common study design (see
Figure 5).
Descriptive and hypothesis-based studies

The vast majority of studies published each year were
descriptive in nature, while significantly fewer studies
mentioned explicit hypotheses in their introduction/
methods section (18% overall, Wilcoxon signed rank test,

p = 0.012). Additionally, 9% of all studies (N = 17) incorporated a smartphone application in their study design.
SCUBA and/or snorkeling experience was required for
32% of the surveyed studies (N = 60). In terms of data
origin, 63% of all studies (N = 117) produced novel data
whereas the rest incorporated, to at least some extent,
previously collected citizen science data. Finally, 40%
of the studies that produced novel data (N = 47) had no
mention of any measures taken, such as volunteer training or data verification, to assure the quality of citizencollected data.
Contributory and collaborative participation models

Significantly fewer studies worked with their citizen volunteers in a collaborative rather than contributory participation model (Wilcoxon signed rank test, p = 0.012).
The approximately 10% of studies that collaborated
with volunteers throughout the research process include
examples of citizen volunteers cultivating and transplanting species of coral (Horoszowski-Fridman et al. 2015;
Toh et al. 2017), developing and implementing genetic
laboratory techniques (Borg et al., 2016), and contacting
researchers to propose data collection during recreational
expeditions (Gewert et al. 2017). However, there was no
significant trend in collaborative projects over the past
five years.

Table 1: Table showing marine citizen science study subjects encountered in published literature from 2014 to 2018.
The large quantity of un-emblematic subjects may indicate that the charismatic appeal of study subjects is not as
critical as previously thought in recruiting volunteers for marine projects.
MCS species list
Study subject
Fauna:
Marine mammals
Cetacea
Sirenia
Saltwater fish

# of studies Study subject
113 Flora:

# of studies
2

17 Mangroves

1

16 Seaweed

1

1
50 Other:

70

Elasmobranchii

12 General faunal species

11

Osteicthyes

38 General faunal and floral species

Marine reptiles
Chelonioidea
Elapinae
Sea birds
Crustaceans
Mollusks

2

7 Plankton

3

6 Reef ecosystem

1

1 Debris
10 Oil
6 Environment

31
1
21

12

Bivalvia

8 Emblematic species?

Cephalopoda

2 Yes

59

Gastropoda

2 No

126

Cnidarians

9

Anthozoa

5

Scyphozoa

4

Echinoderms

2
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Figure 5: Bar plots showing various aspects of marine citizen science (MCS) studies surveyed from 2014 to 2018. Studies
that focused on single or multiple faunal species, on coastal water habitats, or on population monitoring were most
common. The “other” category listed in study habitats consists of a variety of less-represented categories, including
wetlands, estuaries, rocky reefs, and intertidal regions.
Discussion
The results of this literature survey show that MCS continues to experience growth, as predicted by Thiel et al.
(2014). Perhaps more surprising is that this growth comes
in part as the result of an increased diversity of contributing researcher countries, indicating that MCS appears to
be gaining global popularity. Overall, the majority of studies were researched in the same countries as the authors’
affiliation, highlighting that MCS volunteers are generally
drawn from the authors’ home country.
As similarly reported in Thiel et al. (2014), the MCS studies examined in this survey tended to be both initiated
and carried out in more economically developed countries
with relatively long coastlines such as the United States,
Australia, and the United Kingdom. Still, this review shows
examples of less developed countries participating in MCS
research, including many countries in Southeast Asia and
a few in Central/South America and Africa (see Figure 2).
However, these few examples are hardly commensurate
with the vast observation potential (high biodiversity and
high human populations) that lies within many tropical
countries (Pocock et al. 2018), indicating that these tropical regions remain a largely underutilized MCS resource.
A variety of study subjects were also used in the 185
papers surveyed in this literature review, consisting of
floral and faunal species, pollution, and other aspects of
the marine environment. The proportional abundances of
these categories in the published literature is similar to
those described by Thiel et al. (2014), with floral and faunal species making up the vast majority of study subjects,
followed by pollution/contamination. Although some
study subjects can be researched quite easily from shore
or with minimal volunteer training, other subjects can be
more difficult. For example, identifying marine species
often requires specialized training or the ability of volunteers to either SCUBA dive or snorkel, which for some
researchers can present a challenge. These challenges
can be overcome, however, by focusing on mammalian,
avian, or intertidal species, which can be identified above
water; by working with anglers who are able to identify

and tag individuals at the surface; or by utilizing data
previously collected by dive clubs. Indeed, many of the
surveyed studies adopted well-established methods, as
evidenced by the 37% of total studies that incorporated
previously collected data. Also, many (31%) of the faunal
studies focused exclusively on marine mammals, seabirds,
or intertidal bivalves, which are well known by hobby naturalists. Implementing methods such as these in citizen
science projects aided in producing the 68% of surveyed
studies that required no SCUBA or snorkeling experience
from volunteers.
More than two thirds of studies surveyed did not focus
on emblematic features (defined by the authors as marine
megafauna, coral reefs, or endangered species). This suggests that the attractiveness (i.e., the emblematic appeal) of
the study subject may not play a critical role in the recruitment and engagement of marine volunteers. Indeed, the
attractiveness, or appeal, of the marine environment (even
in colder, temperate regions) may be motivation enough
for many volunteers to participate in scientific studies.
Perhaps researchers need not focus their citizen science
projects primarily around emblematic study subjects.
Instead, researchers might strive to demonstrate to volunteers the impact of certain study subjects on the marine
environment, as this could serve as an alternative motivator to members of the public. This is exemplified by the
17% of surveyed projects that studied the unglamorous
subject of marine pollution, but also less obviously by the
33% of surveyed faunal studies that focused on (mostly)
non-emblematic bony fish species, many of which were
invasive (as indicated by the studies) (i.e., the lionfish derbies in Malpica-Cruz et al. 2016). Indeed, the motivations
of MCS volunteers may be focused less on study subjects
and more on other aspects, such as the ability to contribute to scientific knowledge (Martin et al. 2016b).
As is common in citizen science studies, the vast majority of surveyed projects (82%) were descriptive in nature,
lacking any explicitly defined hypotheses. This inductive
approach to science, while thoroughly important to scientific advancement, may influence the view that citizen
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science serves only to complement alternative, hypothesis-driven research (Dickinson et al. 2010). However, the
successful publication of so many descriptive MCS studies may also indicate the scientific community’s growing
acceptance of such descriptive studies. Still, to counter the
perception of citizen science as merely complementary
science within the scientific community, researchers may
strive to incorporate hypothesis testing into their study
designs whenever possible.
There has also been an increase in the use of smartphone
applications in MCS studies over the past years. Although
smartphone applications have been used in projects from
2015 to 2018, 75% of the projects (12 of 16 total studies)
utilizing smartphone applications in their study design
were published in just the last two years (2017–2018). This
increase in smartphone application usage underscores
the prevalence of such devices globally, and researchers
seeking to streamline data collection might consider the
use of smartphone applications to achieve this (Compas
and Wade 2018; Martin et al. 2015). Electronic databases
such as Redmap (Range Extension Database and Mapping
Project) have already shown the power of technology to
overcome many of the classic MCS data organization challenges (Nursey-Bray et al. 2018). Indeed, MCS volunteers
may actually prefer the use of such technological interfaces to assist in data collection, and might be less likely to
participate in projects without them (Martin et al. 2016a).
An incredibly important aspect of citizen science has
always been the assurance of high-quality, trustworthy
data. Adequately describing measures taken to assure
quality, such as thorough data verification or volunteer
training, is therefore critical for addressing the credibility
challenge (Freitag et al. 2016) that citizen science studies face. However, of the papers producing novel data
from 2014 to 2018, 40% included no mention of any
such measures being implemented. When contrasted
with the 45% of studies that included no quality control
measures reported in Thiel et al. (2014), it becomes evident that recent MCS research has seen a slight increase
in the utilization of quality control methods. Still, neglecting to use quality control methods in 40% of MCS studies
is substantial. It is unlikely that so many studies offered
absolutely no training or data verification opportunities
to their volunteers, and thus it may be that many studies have simply missed the opportunity to describe such
details in their methods. To prevent such omissions from
affecting the perceived reliability of a project’s results,
studies should not only implement data quality assurance
measures (Schläppy et al. 2017), but also explicitly note
such measures in their methods. In addition to volunteer
training and data verification by an expert, iterative project development, replication across volunteers, and statistical modeling of systematic error may aid in assuring
high-quality, trustworthy data (Kosmala et al. 2016).
Finally, it is important to discuss the participation models used throughout the 185 surveyed studies. Of these
studies, 90% employed a contributory participation
model (see Ceccaroni et al. 2017). Clearly, the contributory model of participation is highly utilized in the field of
citizen science. This may be to the benefit of volunteers,
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as studies have shown some MCS participants are primarily interested in data collection opportunities and prefer
simple sampling protocols (Hermoso et al. 2019; Martin et
al. 2016c). Still, non-scientist volunteers harbor a variety
of unique perspectives that can provide “fertile ground for
discoveries” (Lukyanenko et al. 2016, p. 447) beyond data
collection, as evidenced by the 14 discovery-based studies
surveyed. The 4 non-discovery-based collaborative projects
identified herein (e.g., Ceccaroni et al. 2017) provide further evidence of the benefits conferred from volunteers’
unique perspectives. For example, the adventurous spirit
seen in two data-collecting paddle boarders who initiated
a project that pulled lightweight trawls across the Baltic
Sea (Gewert et al. 2017) and the curiosity of volunteers
who helped define and design a genetic study on bacterioplankton (Borg et al. 2016) offer opportunities for MCS.
Indeed, examples such as these serve to emphasize the
claim made by Lukyanenko et al. (2016) that “data quality in citizen science is much more than data accuracy”
(p. 447). By designing research projects that allow for a
spectrum of volunteer participation, researchers might
take full advantage of the unique perspectives non-professional participants bring to science, while still respecting the majority of participants’ desire to focus solely on
data collection.
Conclusion and Recommendations
MCS, although underrepresented in the citizen science
literature (Roy et al. 2012), is a rapidly growing field of
great importance to scientists and the public alike. The
increased spatial and temporal sampling scales afforded
by citizen science have allowed for increased monitoring
in the highly unexplored marine environment, and the
increased social engagement that citizen science strives
for has fostered increased public support for marine conservation (Dean et al. 2018; Thiel et al. 2014). Still, many
challenges and opportunities exist for this field, which
future MCS projects may find fruitful to consider.
To begin, future projects might better address the credibility challenge by including both explicit hypotheses and
measures taken to assure data quality in their reports. This
is not to say that descriptive research is not valuable, as it
undoubtably is. However, despite attempting to meet the
same standards of credibility as traditional science, citizen
science operates within a different context, which can
make establishing credibility especially difficult (Freitag
et al. 2016). Indeed, many scientists are doubtful of the
public’s ability to contribute to science (Golumbic et al.
2017), considering citizen science as a mere complement
to hypothesis-driven research (Dickinson et al. 2010).
Explicitly stating hypotheses and data quality–assurance
measures could help to increase the academic credibility
of such studies and the field of citizen science generally.
Future projects may also wish to consider the role of
non-emblematic species and smartphone applications
when designing their studies. Researchers need not be
overly concerned with the charismatic appeal of their
study subject when designing MCS projects, as over two
thirds of studies surveyed focused on non-emblematic
subjects, many of which were in cold, temperate waters.
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Instead, researchers might strive to demonstrate the general importance of the study topic, because the allure of
the marine environment as a whole might be sufficient
motivation to attract volunteers. The greatly increased use
of smartphone applications in MCS projects in the past
two years underscores the ubiquity of such devices for citizen science projects, and thus such technology should be
at least considered when designing MCS projects.
Finally, future projects should consider taking measures
to maximize the benefits that their volunteers are able to
confer upon projects. Performing research in areas of high
observation potential is especially important for citizen
science projects, and many such areas of high biodiversity and high human populations are found in the tropics.
Additionally, designing research projects that allow for a
spectrum of volunteer participation, from contributory to
collaborative, may allow for researchers to take full advantage of volunteers’ unique perspectives, all while respecting their various motivations.
Marine citizen science shows no sign of slowing its
growth in the coming years. As such, it is critical that
future projects learn what they can from the short history
of this emerging field, improving their own projects’ success while laying an ever-stronger foundation upon which
MCS may continue to build.
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