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Abstract: Expanding involvement of the public in citizen science projects can benefit both volunteers
and professional scientists alike. Recently, citizen science has come into focus as an important data
source for reporting and monitoring United Nations Sustainable Development Goals (SDGs). Since
bees play an essential role in the pollination ecosystem service, citizen science projects involving them
have a high potential for attaining SDGs. By performing a systematic review of citizen science studies
on bees, we assessed how these studies could contribute towards SDG reporting and monitoring, and
also verified compliance with citizen science principles. Eighty eight studies published from 1992 to
2020 were collected. SDG 15 (Life on Land) and SDG 17 (Partnerships) were the most outstanding,
potentially contributing to targets related to biodiversity protection, restoration and sustainable use,
capacity building and establishing multi stakeholder partnerships. SDG 2 (Zero Hunger), SDG 4
(Quality Education), and SDG 11 (Sustainable Cities and Communities) were also addressed. Studies
were found to produce new knowledge, apply methods to improve data quality, and invest in open
access publishing. Notably, volunteer participation was mainly restricted to data collection. Further
challenges include extending these initiatives to developing countries, where only a few citizen
science projects are underway:.

Keywords: bee monitoring; beekeeping; citizen science principles; pollination; sustainable develop-
ment goals

1. Introduction

Citizen science (CS), which can be defined as the involvement of (usually unpaid)
volunteers in the scientific process (e.g., data collection, analysis, and interpretation) [1,2],
has been used for different purposes, including biodiversity and environmental monitoring
of both terrestrial and aquatic ecosystems. Data produced through citizen science initiatives
is speeding up, in an unprecedented way, understanding of patterns and functions in biodi-
versity [3-5], thereby contributing towards natural resource management, environmental
protection and policymaking, as well as fostering public input and engagement [6-8].
Increasingly, knowledge that is deeply integrated across disciplines and co-produced with
non-academic stakeholders [9] is needed to achieve the 17 United Nations Sustainable
Development Goals (SDGs), which aim for a better and more sustainable future for all by
2030, seeking the end of poverty, the improvement of health and education, the reduction of
inequalities, the stimulus to economic growth, while tackling climate change and working
to conserve our oceans and forests [10]. More recently, citizen science has been recognized
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as a source of data for SDG reporting and monitoring, thus potentially contributing to 76 of
the 244 SDG indicators [11]. Certain features of CS data are of extreme relevance, such as:
spatial reference, resolution and extent; duration and temporal resolution; thematic subject
areas, definitions and resolution; data purposes, use, collection, processing and manage-
ment (if data is findable, accessible, interoperable and reusable); and levels of participant
involvement [12]. If used in accordance with ethical and scientific principles [13,14], CS has
enormous potential to expand knowledge about global biodiversity, reducing taxonomic
and spatial biases in global biodiversity data sets, moving beyond data on the occurrence
of single species and providing further understanding of ecological interactions among
species or habitats [15].

Since they are generally small-sized and can easily fit into photographs, insects pose
significant opportunities for citizen science approaches, more so than with most other
biological groups. Nonetheless, apart from the possibility of sampling in many different
situations, there still remain several pertinent, and as yet, unanswered scientific queries [16].
Bees are excellent subjects for mutually integrating citizen science projects and SDGs, since
they comprise the most dominant pollinating taxon [17] and their ecological importance
is widely recognized by the public [18]. Although bees are not the most diverse group of
pollinators (as butterflies and moths, beetles, and flies show higher species richness, [17]
and other pollinating insects contribute significantly to flower visitation and fruit set in
crops globally [19]), bees are still the major pollinating group of wild and crop plants [20].
The global economic value of pollination has been estimated as between US$ 235 and
577 billion [20]. However, the diversity of wild and managed bees has crucial ecological,
economic and social importance beyond crop pollination [21]. Indeed, bees were recognized
as contributing to 15 of the 17 SDGs and at least 30 relevant SDG targets. They can easily be
linked to SDGs, such as SDG 15 (Life on land), SDG 11 (Sustainable cities and communities),
and SDG 12 (Responsible consumption and production) [11]. They can also be successfully
used in educational programs, especially those dealing with the environment, ecology and
conservation [22], directly linked to SDG 4 (Quality Education).

Here we performed a systematic review of studies combining citizen science and bees.
In each case, assessment focused on addressing each study to the appropriate SDG, besides
evaluating system traits, citizen participation, methods employed and research questions.
Our aim was to understand the potential contribution of these particular citizen science
studies to SDG reporting and monitoring, and how they conformed to ECSA principles, in
order to place in evidence opportunities for enhancing practices in this field.

2. Material and Methods

The review carried out in this study followed the guidelines proposed by PRISMA [23],
which defines a systematic review as a study employing appropriate and explicit meth-
ods to identify, select and critically evaluate relevant research through data collection
and analysis.

2.1. Search Process

The survey of the literature was carried out in two steps: a naive search with pre-
selected author terms, followed by a second step with less biased terms after using the
litsearchR package [24]. All analyses were performed using the R version 4.0.0 (R Core
Team 2020). 1itsearchR, besides automating several steps of systematic review, employs
the Rapid Automatic Keyword Extraction (RAKE) algorithm to identify potential keywords
initially omitted by researchers, thus improving reproducibility and reducing bias.

The searches in the literature were performed in Web of Science and Scopus databases,
which returned 102 and 114 articles, respectively, during ‘naive search’. The initial selec-
tion of the search terms was according to the PECO (Population, Exposure, Comparator,
Outcome) framework [25]. Population was represented by “bees”, Exposure by “citizen
science”, and Outcome by research aims and questions which were our interest in this
study. Citizen science terms included those described by Eitzel et al. [26], which provide a
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historical overview of terminology in CS. No Comparator terms were used. Sequentially,
the litsearchR algorithm package was applied to this initial list of articles, according
to the protocol and parameters suggested by the package authors [27]. After identifying
new synonyms and related words for bees and citizen science, research was resumed on
December 7 to include novel recently published articles. The final results were 122 articles
in Web of Science and 134 in Scopus (total n = 256). The queries searched the terms in
the title, abstract and keywords and considered all records available in the databases (the
terms in italics were suggested by the litsearchR package):

“bee” OR “bees” OR “Apoidea” OR “Antophila” OR “honey bee” OR “honeybee” OR
“apis mellifera” OR “beekeep *” OR “bee colon *” OR “coloss” OR

“queen problem *” OR “young queens” OR “bumble bee *” OR “bumblebee”

“brood cell*” OR “brood comb” OR “native stingless” OR “australian stingless” OR
“frieseomelitta ningra” OR “geotrigona acapulconis” OR “lestrimelitta chamelensis” OR
“melipona fasciata” OR “scaptotrigona hellwegeri” OR “pot-honey” OR

“african carder”)

AND

“citizen science” OR “participatory science” OR

“crowd * science” OR “volunteer * monitoring” OR “networked science” OR
“collaborative research” OR “collaborative monitoring” OR

“collaborative science” OR “participatory action research” OR “community action research”
OR “crowdsourcing” OR “community-based participatory research” OR “local knowledge” OR
“volunteered geographic information” OR “public participation in scientific research” OR
“community science” OR “citizen scientist”))

Of these, 101 were removed through duplicate analysis, six were introductions of
conference proceedings (and were also removed), and 149 remained as potentially relevant
study items. In addition, 13 others were selected through citation in the revised studies or
author personal knowledge, resulting in a total of 162 studies. Our search strategy was as
inclusive as possible, in an effort to include studies that fulfilled the established require-
ments, even when the term “citizen science” was not present. This is especially important,
since an assessment of ornithological studies showed that many studies employing CS data
did not explicitly mention volunteer participation in data collection [28], which may also
have interfered in our search results.

2.2. Collected Data

Titles and abstracts were read to identify studies that did not conform to the require-
ments for analysis, e.g., could not be characterized as CS, did not include bees (only other
pollinators), or which only mentioned or recommended CS, but did not include citizen
scientists in any step of procedures. Following Eitzel et al. [26] recommendations, we
only considered as citizen science those studies in which volunteers were actively involved
in some aspect of the project and were informed how their data was going to be used.
Thus, data gathered at online databases (without the owners” knowledge or consent) and,
thus not related to CS programs, were not considered. In addition, studies regarding local
knowledge assessments were only included if participants were knowledge-producers
(not study subjects, e.g., Smith et al. [29]). After screening, 74 articles were removed and
88 remained for review (Supplementary Material 1). A subset of 40 articles were read,
each by two researchers, to validate and standardize the terms and categories used for
each indicator up for analysis (Table 1). The remainder were distributed equally between
them. All articles were analyzed, and the most prominent UN SDG related to each one was
defined. SDG 2 (Zero Hunger) was related to studies of the influence of bees on agricultural
production, SDG 4 (Quality Education) to those in which bees were used to promote scien-
tific education (this process was the main focus of the study), SDG 11 (Sustainable Cities
and Communities) to studies of the biology of bees on urban landscapes, SDG 15 (Life on
Land) to those aimed at investigating biological or ecological aspects of bees in general,
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such as species identification, occurrence and distribution, and their interaction with plants,
among others, and SDG 17 (Partnerships) to studies in which establishing a partnership,
such as recruitment, engagement, retention strategies or co-creation of platforms, or val-
idating a citizen science project, the case of pilot-testing of protocols, and data quality
analysis, were central to research. SDGs are related to distinct targets, each measured by
distinct indicators. Hence, we also indicated which targets could be addressed and their
indicator tier classification [30]. Indicators are classified into three tiers, tiers I and Il having
established methods and standards. However, for tier II indicators data collection is not
regular countrywide. Currently, the global indicator framework does not include any tier
III indicators, which are those with no methods and standards available yet.

Table 1. Variables assessed in each study retrieved in the systematic review. Details are given for the variable name,

information source (A: article or P: project), definition and levels considered for each variable, and which ECSA principle

was being assessed (see also Table S2).

Group Variable Name Source Definition ECSA
rinciple
Proponents (adapted from [31]) A Affiliation of study authors -
Funding source (adapted from [31]) A Funding institution cited /acknowledged in the article -
Reach A Spatial scale (local, regional, or global) -
Country A Country or countries where the project was performed -
. . Project length and status (short or long-term, active or
Project duration P . -
finished)
.5 SDG A UN Sustainable Development Goal addressed by the R
s study (see explanation in the text)
£ . Research areas explored (when more than one aim was
5 Research subject A . . 9
£ declared, only the main results were considered)
z Hypothesis-led A Whether authors clea.rly state that there is a study 2
g question or hypothesis to test
& Data quality (modified from [32]) A St%‘ategles e_mployed to improve data quality in the citizen 3,6
science projects
Project name P Citizen science project name -
. Aim of volunteer participation in the project (biological
e Project purpose (modified from [2]) P recording, biological monitoring, crowd-sourcing, or -
3 g creating technology platforms)
) i i -
£ £ Degree of participation (modified from [33]) A Whether study was contributory, collaborative, co-created, 1,3,4
- or used crowd-sourced data.
Te Animal group A Which animal groups were studied -
'-g £ Taxon A Taxonomic name of the focused group -
F= Sociality A Sociality level of the bees studied -
Number of participants contributing to the project.
Number of participants A Descriptive statistics were based on exact numbers B
p P provided by the study (approximations were not
o considered)
S . - “ s :
£ Volunteer profile A Profile of participants. General.pubhc was inferred )
g when no other profile was mentioned
5 Recruitment A Methods employed for recruiting participants -
K= - Methods and tools used to train participants and deliver
-A Communication A . . . 3
= relevant information about the project
[ > e
i) Volunteer assessment (what?) (modified A Learning outcomes and perceptions of volunteers 3
g from [34])
% Volunteer assessment (how?) A Mechanisms for volunteer assessment 3
= Volunteer assessment (when?) A At which step volunteers were assessed (pre/post survey) 3
» Open access A Publication type regarding accessibility or whether study 7
g was a conference paper
8E - Whether authors mention if any feedback was given to
:EEE Feedback to participants A the volunteers 5
Lug Acknowledgements A ;/;/slg;her citizen scientists were acknowledged in the 3
S .

Additionally, the compliance with ECSA principles [13] was analysed for each article,
as follows: 1. CS projects actively involve citizens in scientific endeavour that generates
new knowledge and understanding; 2. CS projects should have a genuine scientific
outcome. 3. Both professional scientists and citizen scientists benefit from taking part;
4. Citizen scientists may, if they so wish, participate in multiple stages of the scientific
process; 5. Citizen scientists receive feedback from the project; 6. CS is considered a
research approach like any other, with limitations and biases that should be considered and
controlled; 7. CS project data and metadata are made publicly available and where possible,



Sustainability 2021, 13, 959

50f15

results are published in an open access format; 8. Citizen scientists are acknowledged in
project results and publications; 9. CS programs are evaluated for their scientific output,
data validity, participant experience, and wider societal and policy impact; and finally,
10. The leaders of CS projects should take into consideration the legal and ethical issues
surrounding copyright, intellectual property, data sharing agreements, confidentiality
and attribution, as well as the environmental impact of any activity (see Table 1 for the
correspondence of each variable and ECSA principle and Table S2 for detailed criteria
used for each principle). Even though distinct aspects are considered in each individual
principle, compliance with the principle was treated as a binary variable, which means that
when more than one indicator was proposed, we considered the principle as fulfilled if
at least one of them was contemplated in the study. Not all aspects covered by the ECSA
Principles could be assessed in our analysis because they were not explicitly mentioned
in the published results. We highlight here the difficulty to evaluate all aspects of the 9th
ECSA principle, because of the intrinsic complexity for the measure of project outputs and
impact [14]. The 10th principle was not evaluated because a deep analysis of each project
would be necessary since the information presented in the manuscripts does not always
include the legal and ethical aspects of the CS initiatives in detail. Despite these limitations,
we believe our analyses provide an interesting framework for systematically assessing CS
research, which may be further expanded in future studies.

3. Results

Of all the 88 scientific studies that were collected, 81 were peer-reviewed articles and
seven conference papers. From 1992 to the present, there has been a constant increase in the
number of studies published per year, reaching a maximum of 19 in 2019 (Figure S1). Most
studies were undertaken on a local scale (Figure 1) and comprised data from long-term
citizen science projects (73%, n = 60), including 47 ongoing projects.

Distribution of studies per country

.

| ' B —

1 35
Figure 1. Global distribution of citizen science studies of bees. All the reported countries were
gathered for each study. The study was not represented when individual countries were not reported
in the article (e.g., “Europe”). The map was constructed using the ‘rworldmap’ R package [35].

3.1. Sustainable Development Goals

The studies were mainly addressed to SDG 15 (Life on Land, 52.3%), followed by
SDG 17 (Partnerships, 29.5%), with the remainder to SDGs 2, 4, and 11 (Zero Hunger,
Quality Education, and Sustainable Cities and Communities, respectively—Figure 2a).
Even though the reviewed studies were not explicitly related to any SDG, data and findings
produced could be used to monitor and implement 12 tier  and 9 tier Il indicators (Table S3).
Main research subjects were beekeeping, distributional ecology (with 6 studies focusing
on invasive species), data quality, natural history, plant-pollinator interactions, volunteer
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Number of studies
N
o

e
o

Beekeeping
40 Distributional ecology
Data quality
Plant-pollinator interactions
Volunteer assessment
Natural history
Landscape ecology
Project presentation - 4)
Population ecology - (3)
- - Toxicology )
0 _ Agricultural practices .(2)

assessment, and landscape ecology (Figure 2b). Few studies focused on population ecology,
agricultural practices, toxicology, or were descriptions of new projects. Project purposes
were biological recording (63.9%), biological monitoring (30.7%), providing technology
platforms (2.3%), and crowd-sourcing (1.1%).

Research subject

SDG 4 SDG 2

SDG 11 SGD 17 SDG 15 0.00 0.05 0.10 0.15 0.20

Sustainable Development Goal Proportion of studies

(a) (b)

Figure 2. (a) Absolute number of studies related to each SDG identified in the review process and (b) Proportion of research

subjects expressed in the studies analysed (number of studies is represented after the bar).

Bees were the only study system in 76% of the studies, whereas 24% included other
animals, such as insects, invertebrates, or birds (complete dataset available in Supplemen-
tary Material 1). Among those, 65.9% focused on social bees, 21.6% on both social and
solitary species, and 12.5% only on solitary species. Most studies gathered data for Bombus
spp- (35.2% with focus on the genus level or the specific species), and honey bees (Apis
mellifera, 26.1%. Stingless bees were only investigated in three studies. While honey bee
studies were frequently related to beekeeping (83%), bumble bee studies showed a more
diverse pattern of research subjects. Solitary bee studies, on the other hand, were usually
related to distributional ecology. Several studies (18%) were based on data provided by
long-term citizen science projects on these bee groups, such as Bee Watch, Bumble Bee
Watch, and COLOSS (COLOSS survey of honey bee colony losses).

Funding was mainly provided by governments (68.2%), followed by non-governmental
organizations (NGOs, 28.4%), universities (22.7%), and the private sector (13.6%). While
two studies declared no funding to report or personal funding, ten made no mention
(Figure S2a). University members were authors in 93.2% of the studies, while governments
and NGOs were represented in 39.8% and 38.6%, respectively. Three studies also had
authors from the private sector and one from a school (Figure S2b). The number of partici-
pants in each project varied from 2 to 28,629 (Figure S3); however 32% of the studies do not
mention how many participants were involved. Although in several cases (36.4%) there
was no mention of how participants were recruited, the most frequent manner was through
digital media (38.6%), or related organizations (43.2%), such as beekeeper or gardener
associations. Participant communication and training was either online (51.8%), through
presencial meetings and workshops (22.9%), or through manuals (24.1%).

3.2. ECSA Principles

The reviewed papers scored points on a scale from 2 to 9 (Figure 3). All the reviewed
papers scored points for the principles 1 and 2. We considered these principles classificatory
to be included in the analysis. The average score of the 88 reviewed papers is 6.7, the
minimum 3 (1.1%) and the maximum 9 (7.9%). A total of 38 papers scored 7 points
(43.2%). Excluding the principles 1 and 2, the most frequent principles were Principle 4



Sustainability 2021, 13, 959

7 of 15

Number of studies

30

20

(97.7%) and Principle 6 (94.3%), while the less frequent ones were Principle 9 (35.2%) and
Principle 5 (23.9%).

Proportion of studies
o
3 o

[$)]

1.00
07
0-2 I
0.00
P1 P2  P3 P7 P8 P9

5

6 7 8 9 P4 P5 P6

Study total score ECSA Principles

(@) (b)

Figure 3. Compliance to ECSA principles (a) Number of studies according to total score (number of principles fulfilled) and
(b) Proportion of studies following each ECSA principle.

When considering the first and second ECSA principles, notably hypotheses or sci-
entific questions were explicitly stated in 50% of the studies. Although several (48.8%)
relied on volunteers from the general public, without targeting any specific group, bee-
keepers, bee enthusiasts, and students were target groups in some. Considering volunteer
participation (fourth ECSA principle), data collection was the main task performed by
citizen scientists, and 93.2% of the studies were classified as contributory. Two studies were
collaborative, three co-created, and one relied on crowd-sourcing. From all selected studies,
37.5% contained information on feedback to participants (fifth ECSA principle) and 53.4%
were published as open access (seventh ECSA principle). Volunteers were acknowledged
in 79.5% of the studies (eighth ECSA principle), and two article included participants as
authors [29,36].

Few studies (22%) included some kind of volunteer assessment (ninth ECSA principle)
and those that did, focused on interest, motivation, behavior, knowledge and perception.
Assessment, applied through questionnaires, was generally applied after volunteer partici-
pation (Table S1). As to data quality evaluation (ninth ECSA principle), different strategies
were employed, with a maximum of five per study (Figure 4). Digital vouchers (pho-
tographs submitted by citizen scientists), expert review of data, use of structured protocols,
and training of participants were the most frequent strategies to improve data quality.
Volunteer personal knowledge, usually related to beekeepers’ experience in analyzing hive
conditions, was also exploited to improve data quality.
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digital voucher
protocols (36)
expert knowledge (36)

training

personal knowledge

specimen voucher

E

calibrated equipments

Cl

not mentioned

Data quality control strategy

Gl

repeated samples

2

filtering of unusual reports

c

automatic recognition

°| .
8

o

0.1 0.2 0.3 04

Proportion of studies
Figure 4. Proportion of data quality control strategies employed in citizen science studies of bees.
Each study could apply more than one strategy. Number of studies is represented after the bar.

4. Discussion

Our results revealed that five of the 17 SDGs could be addressed by citizen science
studies of bees. In general, the aims were to expand basic bee knowledge, investigate
applied aspects of beekeeping and conservation, and explore the potential of CS as a
research and educational process. The recent increase noted in the number of published
works follows a more general trend in scientific publications in this field, and indicates
the acceptance of citizen science by the research community towards mainstreaming this
research avenue [37]. Publishing results from citizen science projects in peer-reviewed
journals and conferences also fulfills the first and second citizen science principles, as
citizen participation is generating new knowledge and understanding, while at the same
time producing genuine scientific outcomes [13]. In addition, the growing number of
studies is contributing to the generation of large scale data that can be employed as a
non-traditional data source for SDG monitoring and implementation [12]. In a previous
analysis, bees were related to 30 targets across SDGs 1 and 15, demonstrating a great
potential to contribute to SDGs achievement [21]. However, SDGs 16 and 17 were not
taken into consideration by Patel et al. [21], as these goals focus on governance and policy,
which nevertheless can be targeted through CS. Another positive factor is the increasing
recognition by the public that bees are important providers of pollination services [38], a
possible motivation for recruiting volunteers for participation in citizen science projects.
In fact, the main motivational factors declared in a survey with citizen scientists from a
bee monitoring program were contributing to scientific data collection and aiding in bee
conservation [39].

Since bees are the most dominant pollinators of flowering plants [17] and bee diversity
contributes to increasing crop production [40], studies combining agriculture and bees
were related to SDG 2 (Zero Hunger). Specifically, CS projects may contribute to ensuring
sustainable agriculture and increasing productivity (target 2.4). In this context, as bee
monitoring in crop fields is a potential tool for sustainable agriculture, this could be
implemented in collaboration with agriculture stakeholders [41]. For instance, the citizen
science studies reviewed here focused on assessing data quality of bee monitoring protocols
in crop fields [42], as well as management strategies for assuring adequate pollination
services for food production [43].

SDG 4 (Quality Education) is related to articles regarding CS projects for schools.
Studies thus addressed would contribute to relevant and effective learning outcomes,
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education for sustainable development, and teacher qualification (targets 4.1, 4.7, and 4.c,
respectively). Even though SDG targets and indicators focus on literacy and numeracy
in primary and secondary education, we highlight the importance of scientific literacy
for sustainability comprehension and implementation, which can be positively impacted
by participation in citizen science projects [44,45]. Regarding vocational and technical
skills, Patel et al. [21] also suggest that training for beekeeping may provide equitable
opportunities for men, women, and indigenous people possessing traditional knowledge,
which can be considered as an innovative opportunity for citizen science projects in SDG 4.

SDG 11 (Sustainable Cities and Communities) was explored when investigating bee
response to urbanization, a key conservation factor when considering the growing urban
sprawl. Reviewed studies regarding this SDG mainly focused on landscape ecology, hence
related to protecting and safeguarding the world’s natural heritage and providing access
to green and public spaces (targets 11.4 and 11.7). For instance, CS data revealed foraging
resource availability was related to solitary bee nesting [46], and how the proportion of
impervious surface affected bee communities [47]. Thus, there is a positive relationship
between bee presence and gardens, urban green spaces and the remaining natural ecosys-
tems within cities, which in turn, benefit from bee pollination. None of the studies focused
on employing bees for air quality monitoring in cities, another potential application for
citizen science and SDG 11 [21].

Expanding knowledge of basic bee biology and ecology contributes to SDG 15 (Life on
Land), potentially promoting conservation and the sustainable use of terrestrial ecosystems.
CS projects provide large-scale spatial and temporal data, allowing estimating species
distribution and assessing extinction risk [48-50]. These results may ultimately be useful for
identifying potential areas for biodiversity protection and informing national conservation
policies, hence attaining targets 15.1, 15.4, 15.5, and 15.9. Regarding alien species (target
15.8), the high sampling effort in citizen science projects could facilitate recording and
monitoring invasive processes [51,52]. Furthermore, as bees are important pollinators [17],
data obtained by citizen scientists on flower visitation and pollination outcome [53,54],
could ultimately contribute to conservation and restoration programs that rely on effective
pollination (targets 15.1-15.5). Despite the increasing number of CS studies on bees, there
is a bias for social species, especially honey bees and bumblebees. Solitary bees, which
comprise the majority in bee diversity [55], are largely unknown by the public [38], contrary
to what occurs with managed bees. Thus, gaps in bee diversity are still found in CS research,
with few projects focusing on native solitary and stingless bees, which exhibit high species
richness resulting in difficulties in species identification by non-experts. This is especially
important in tropical countries, where species diversity is high. All told, partnerships with
beekeepers [56] could provide an opportunity for the sustainable use of biodiversity, as
well as fair and equitable sharing of benefits from the use of genetic resources (targets 15.1
and 15.6).

Establishing partnerships (SDG 17) is essential for successful CS projects. Inducing
capacity building and multi stakeholder partnerships, and involving the various social
sectors that are central elements in citizen science projects, are in line with targets 17.9,
17.16, and 17.17. In this respect, our results corroborate the findings of Cunha et al. [31],
showing that governments and NGOs play major roles in building and funding partner-
ships, whereas in the private sector this is less so. Private sector participation (17.17) could
lead to inducing companies to support science and sustainability, hence rewarded with
innovations in technology and production (SDG 9 Industry Innovation and Infrastruc-
ture). On the other hand, as study proponents are mainly researchers, this could affect
the intended role of each stakeholder. Indeed, the level of participation in most of the
studies reviewed was contributory, thereby indicating that citizen scientist participation
is restricted to collecting or processing data [33]. According to the fourth principle of
citizen science, citizen scientists may, if they so wish, participate in several stages of the
research process [13]. Similar to previous assessments, contributory approaches were more
frequent [2]. Even though requiring more effort and engagement from both researchers
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and citizen scientists, involving higher levels of citizen participation in collaborative and
co-created projects is also relevant as they promote greater ownership and may bring contri-
butions driven by the needs of the community that may be related to key SDG targets [12].
The scarcity of co-created projects may be explained once one of the main disadvantages
in CS approaches is related to the amount of effort and difficulty to execute a protocol or
participate in the project. The co-created and collaborative projects usually need more effort
from the professional scientists to maintain the volunteers committed and manage the
research, because the data acquisition is not under the professional team direct control [57].

According to Martens [58], spatial scale is an essential factor in sustainable develop-
ment. Most of the reviewed studies concentrated on a local scale, which contributes to
monitoring volunteers, their activities and expectations [57]. In addition, citizen science
projects contributing to monitoring at the local scale have greater potential to implement
SDGs in specific contexts, and if successful, feasible for scaling up when attempting to reach
a global level [12]. Scaling CS initiatives to the global level may contribute to bee moni-
toring programs, which can provide essential information on how pollinators face global
change [59]. Indeed, participatory research has been increasingly indicated as a powerful
strategy for long-term pollinator monitoring, suggesting an avenue for mainstreaming CS
in bee and pollination research and advocating for funding those initiatives [60-62]. Since
the Global Biodiversity Information Facility (GBIF) already accepts CS data, including these
data on research will become more common and highlights the importance of data sharing
practices. Currently and according to previous studies, most projects were carried out in
developed countries, mostly in Europe and North America [5,63]. The United Kingdom
stands out as a leader in citizen science projects involving bees, which was to be expected,
due to the UK’s centenary tradition in biodiversity monitoring projects [64]. On the con-
trary, in developing countries, where access to research funding is more restricted and levels
of formal education lower, there are less citizen science projects and added difficulties in
volunteer engagement [63,65]. Investing in citizen science projects on developing countries
as a strategy to achieve SDGs is highly relevant because these countries concentrate the
greatest and most important biodiversity hotspots, are responsible for the maintenance of
numerous ecosystem services, and show high levels of poverty and inequality [66]. Citizen
science thus emerges as a promising way to engage local communities in conservation
projects, besides being a potentially cheaper way to monitor biodiversity, especially impor-
tant in developing countries. Furthermore, citizen science initiatives focused on beekeeping
should be supported in developing countries, because this activity can be a promoter of
sustainability in its social, economic, cultural and ecological domains [22], being valuable
to reduce social and gender inequalities [21].

Regarding best practices and the use of correct terminology, during our search several
studies using the term “citizen science” were found. However, they were not considered
as CS in our study, according to current definitions and so were excluded from our analy-
ses [26]. Even though the term “citizen science” was found in keywords of some studies,
authors only mentioned or suggested CS. Two allegedly CS studies used data collected
from people stored in social media platforms, not involving citizen scientists on the science
making process, and being in conflict with the ECSA principles. The distinction between
this kind of data mining and the crowdsourced level of participation in citizen science
must be highlighted, because consent is an ethical principle of this research field. The
term citizen science should be carefully used in scientific publications, once this field is a
valid scientific approach like any other with their own strengths and limitations and the
appropriate use of terminology contributes to its recognition as a field of study [26].

Volunteer assessment was rarely explored in the studies, thereby hampering an evalu-
ation of outcomes from the volunteer’s point of view (third principle, [13]). Knowledge of
the volunteer’s motivations is crucial for keeping them engaged, especially in the case of
long-term citizen science projects [57]. However, we highlight that the analyzed citizen
science projects may present volunteer assessment protocols, even though this feature
was not exploited in the publications. Results from citizen scientist outcomes are highly
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valuable when designing new or improving long-term projects [67]. Recruitment and
communication strategies employed in citizen science projects also exert great influence
when engaging citizen scientists [57]. Recruiting a particular profile volunteer with a close
relationship with the research subject, may be a simple manner of improving data quality,
since the volunteer can rely on personal knowledge to run the protocols [32]. This strategy
was used in several of the studies surveyed here, where beekeepers were recruited in large
numbers through already existing social organizations [54,56]. Volunteer participation
was also assessed as to the quality of data, always a major concern in citizen science stud-
ies [12,32]. In most of the cases, the focus was on reliability in species identification, still
a challenge in citizen science projects on biodiversity. Strategies to overcome taxonomic
uncertainty may involve data validation by experts, identification restricted to higher-level
groups or non-natural groups, and focusing on easily identifiable species [68,69].

Feedback to volunteers on the research is of utmost importance for maintaining citizen
scientist motivation and collaboration throughout the project [70]. More so, communicating
project outcomes represents an ethical principle for professional researchers (fifth and tenth
principles [13]). Furthermore, high quality science communication is essential not only for
spreading specific knowledge, but also building up trust between the population and scien-
tific community [71]. Although there was mention of the various communication strategies,
several did not mention feedback to participants, possibly since this feature was unrelated
to the research aim. Nonetheless, numerous studies were published as open access, and
most acknowledged volunteers, thus in accordance to the seventh and eighth principles of
citizen science [13]. Even though open access publishing in citizen science is still hampered
by elevated costs [72], citizen science articles on bees were more frequently published
in this format (56%), in comparison with statistics for general publication (20.4% [73]).
Notwithstanding, volunteer acknowledgement should be strongly recommended, seeing
that in 22% of the studies there was none.

5. Conclusions

Since sustainability can only be achieved through an intergenerational approach [58,74],
establishing firm partnerships is an essential step, whereby citizen science can act as a
powerful strategy for providing data and implementing SDGs [12]. Our findings revealed
that existing citizen science projects are already contributing to scientific research, and even
though none were directly aligned to SDGs, studies implicitly related to and data derived
from these projects are linked to 21 indicators from 18 SDG targets. Among these, nine are
tier II indicators without regular data production, and thus can be positively impacted by
citizen science projects contributing with data [12].

Nevertheless, citizen science research on bees still presents major gaps, such as the
lack of volunteer assessment, which would significantly contribute to building efficient
volunteer engagement strategies, improving learning outcomes, and promoting meaningful
experiences. To include citizen science in the SDG workflow and implementation in local
contexts, these issues should be dealt with. The inclusion of citizen scientists in all the steps
of the scientific process is still uncommon, and should be fostered in further studies. Major
challenges are citizen science in developing countries, where investments on research
are constrained and budget cuts frequent [75,76]. Few citizen science papers have been
produced in developing countries, especially in the southern hemisphere. Thus, these
represent priority areas for formulating participatory and co-created projects aiming at
achieving several SDGs related to bees, beekeeping, and biodiversity.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2071-105
0/13/2/959/5s1, Supplementary Material 1: Complete dataset on citizen science studies assessed in
this systematic review; Supplementary Material 2: Figure S1: Publication of citizen science studies on
bees from 1992 to 2020, Figure S2: Funding source and proponent affiliation of the citizen science
studies on bees, Figure S3: Number of participants engaged in the citizen science studies on bees,
Table S1: Variables assessed in the systematic review and summarized results, Table S2: Compliance
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criteria for the ECSA Principles, Table S3: SDG targets and indicators related to the citizen science
studies on bees.
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