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Introduction

In recent years, ‘citizen science’ has emerged as
an area of growing interest. Recognition of bene-
fits for society and environmental research has en-
hanced interest in this approach to engaging the
public and obtaining ‘crowd-sourced’ data. Sci-
ence funding bodies, wishing to raise the profile
of their activities or to justify publicly-funded sci-
ence, also regard these benefits favourably. Power-
ful technology has democratised tools like smart-
phones for data collection, transmission and stor-
age, to an extent that would have been unimagin-
able two decades ago. Citizen science has become
an established part of the research landscape
which is here to stay. A Google Scholar search
for related terms [“citizen science”+ecology] re-
veals that publication rates in this area are rising
exponentially, with the number of publications
doubling in less than 4 years (Fig. 4.1). The be-
nefits of citizen science for researchers and the
public, combined with its growing acceptance as
a method for acquiring data, means researchers
able to use citizen science effectively will have
clear advantages in enhancing the impact of their
work.

Who is a citizen scientist?

From the large and conspicuous citizen science
projects arising over the last decade, often suppor-
ted by national publicity campaigns and involving
thousands of people, it might appear these are
the only citizen science approaches available. In
reality, citizen science projects can operate at a
range of scales and be directed at a diversity of
questions. The history of volunteer-lead science
demonstrates the instrumental role of ‘citizen sci-
entists’ over the last few centuries, which has of-
ten taken place in low-key ways. Amateur botan-
ists in Britain have collected plant phenology data
since the 1730s, this is now used to support our
understanding of climatic impacts to plant com-
munities (Sparks and Carey 1995), and similarly
bird migration data have been collected in Finland
since the 1740s (Greenwood 2007). By way of ex-

ample, these contributions demonstrate how cit-
izen scientists can supply longitudinal data across
potentially immense ranges of space, time and
even taxa, and that such initiatives are open to
anyone.

Until recently, only experienced groups of spe-
cialist volunteers were utilised for large biological
recording efforts, but the public are now becom-
ing part of this space, as the quality of data from
citizen science has been repeatedly validated by
studies on its accuracy (e.g. Butt et al. 2013; Crall
et al. 2010, 2011). Growing confidence exists in
citizen science data, such that greater numbers
of people than ever before can now contribute to
valid datasets of high scientific value. Potentially
all layers of society, in particular, disadvantaged
groups, children or senior citizens, can participate
and gain useful environmental experience (Bonney
et al. 2009).

Opportunities for citizen science
within UV-B research

A Google Scholar search for the combined terms
“citizen science”+ecology+UV-B demon-
strates that UV-B ecologists have been slow to ex-
ploit this scientific momentum. Since 1994 there
have been only 28 articles published using this
combination of terms and no studies feature cit-
izen science methods to collect ecosystem data on
UV-B impacts. There are clear opportunities avail-
able for UV-B scientists to embrace new innovative
citizen science methods to collect data. Develop-
ing research ideas suitable for citizen science pro-
jects will be the first step in this (e.g. Box 1). As a
phenomenon, UV-B has close links to natural pro-
cesses which interest many members of the pub-
lic. The ‘ozone hole’ which was well publicised in
media throughout the 1980s is likely to be a good
lead in point formany UV-B research projects look-
ing to connect with the public, particularly that co-
hort who grew up in the 1990’s and may now have
families themselves. UV-B also directly influences
food quality, skin cancer risks, plant-insect com-
munication and other more hidden aspects of pho-
tobiology, and it also involves numerous import-

©2015 by the authors 7

http://www.uv4plants.org
http://orcid.org/0000-0003-3047-3338
http://doi.org/10.19232/uv4pb.2015.1.11
http://creativecommons.org/licenses/by-sa/4.0/


4 A. G. Jones: Citizen Science: a new tool for UV-B research?

Figure 4.1: Number of publications per year with search string [“citizen science”+ecology] from a Google Scholar
search.

ant interactions with global change. These topics
each have strong links with the school curriculum
(Gaberščik et al. 2015) and, therefore, may become
engaging areas for citizen science projects to be
developed that will be suitable for children, famil-
ies and young adults.

Why be a citizen scientist?

The motivations of participants are the key to en-
gagement in particular research topic. Numer-
ous projects often featuring charismatic topics
close to the hearts of the public were reviewed
by(Roy et al. 2012) (e.g. garden birds (Big Garden
Birdwatch (Protection of Birds 2015); horse chest-
nut trees (Conker Tree Science (Pocock and Evans
2015)); bats (National Bat Monitoring Programme
nbmp.bats.org.uk); ladybirds (UK Ladybird Survey
(Roy et al. 2015)); butterflies (United Kingdom
Butterfly Monitoring Scheme (CEH 2015))). Al-
though less charismatic topics, including earth-
worms and soil (OPAL soil and Earthworm Survey
(OPAL 2015)), or soil properties (mySoil (Survey
2015)) also feature. Motivations for potential cit-
izen scientists are not necessarily defined by a cha-
rismatic topic, but from an opportunity to contrib-
ute meaningfully to the body of scientific know-
ledge. Such motivations need to be exploited and
reinforced during the project. From personal ex-
perience, I find the citizen scientists I work with
value an opportunity to contribute to science that
might make the world a better place, and an initial
goal is to develop a narrative that supports this.

To connect effectively with the data collection
process, participants need to be suitably trained,
so that they are sure of what they are doing and

Box 4.1: UV-B Decomposition Bag Citizen Science
Experiment.
An example of how the influence of UV-B on litter
quality and litter breakdown across a large latit-
udinal gradients could be examined using mass
participation citizen science.
Approach A common plant species grown under
two UV environments will produce litter that de-
composes at different rates. Citizen scientists
grow their plants, harvest and weigh leaf mater-
ial to make decompositions bags with two mesh
sizes to exclude different decomposers. Bags are
provided with three different materials on the up-
per size that (1) exclude UV-A and UV-B, (2) ex-
clude UV-B but transmit UV-A, and (3) transmit UV-
A and UV-B. The upper UV screening material will
be perforated and held away from the litter bag
so that it doesn’t get marked nor cause condens-
ation to accumulate inside the bag. Decomposi-
tion bags are sent out with a dosimeter or ther-
mopile that quantifies the UV treatment that the
bags receive over the course of the experiment.
Dosimeters and thermopiles are a cheap way to
quantifying received UV doses – see Beyond the
Visible: Chapter 3 Quantifying Radiation p78-79.
Participants harvest and weigh half the bags after
time period 1 (e.g. 4 months) and the other half
after time period 2 (e.g. 12 months).
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why they are doing it (Bonney et al. 2009). Citizen
scientist retention on the OPen Air Laboratories
network (OPAL) was found to be as low as 10 %
after initial online recruitment (Butt et al. 2013),
so drop-off rates in some projects may need to be
factored into project planning. Effective training
can, however, enhance retention and ensure par-
ticipants are well-motivated during their data col-
lection, ensuring greater validity in the data col-
lected (Dickinson et al. 2010). Citizen scientists
can be trained in tasks with a range of complex-
ities. The most simple citizen science data gath-
ering exercise (e.g. counts of organism presence)
may only need simple instructions from an online
training page (www.bigbutterflycount.org). Such
more-limited approaches are likely to be unsuit-
able for the complex ecological questions asso-
ciated with UV-B research. Face-to-face training
sessions enhance the complexity of potential data
gathering techniques and are suitable for smaller
groups of volunteers This personal approach has
hidden benefits in ensuring participants have both
a stronger commitment to the project and a better
understanding of the science.

Participants are also incentivised to contribute
by positive feedback. When working alongside
participants, the lead scientist is amentor who can
constantly update on their progress and demon-
strate what has been achieved. Social media plat-
forms can provide additional feedback for mass-
participation projects, delivering instant progress
reports via the internet, or smartphones.

What can citizen scientists do?

Mass-participation citizen science projects using
very simple data gathering methods give an ap-
pearance that simple studies are all that can be
achieved. In practice, however, complex fieldwork
tasks can also be undertaken with appropriate
training. The citizen-science-led UK charity, Earth-
watch, for whom I work, oversees a global range
of environmental projects with different levels of
scientific scope (Brightsmith et al. 2008). Our long-
term monitoring project at Wytham Woods, Ox-
fordshire, uses teams of citizen scientist execut-
ives from a large multi-national company, who
collect measurements from a network of forest-
carbon-dynamics monitoring plots. These nine 1-
ha plots, containing 12,000 trees were also origin-
ally set up by the volunteers. I am consistently im-
pressed in how our volunteers can learn technical
field skills rapidly and complete complex data col-
lection methods. Field work tasks in ecology are
often very repetitive, so the limiting step is often
simply a case of person-hours – and teams of cit-
izen scientists are ideal to provide this. Our cit-
izen scientists have completed tree canopy leaf
area index (LAI) assessments with hemispherical

cameras, near-surface imaging of vegetation, and
used infra-red gas analysers (IRGA) for measuring
soil CO2 fluxes. In spring 2015, they helped con-
struct a 48-plot drought experiment in the wood-
land, installing rainout shelters, soil respiration
collars and rainwater collection bottles through-
out 2 ha of woodland. Adaptable and creative field
work and methods can enable inexperienced field-
workers to be trained in complex tasks with min-
imal supervision. This project has now success-
fully engaged over 1000 citizen scientists since
2006, with 8 papers delivered through interna-
tional peer-reviewed journals.

What are the limitations of citizen
science?

Citizen science can deliver both data and high
quality public engagement for researchers, but
the limitations of working with the public and
managing teams of inexperienced citizen scient-
ists can place constraints. Temporal or spatial
biases can develop in datasets as a result of ad
hoc data collection (Bonney et al. 2009; Roy et
al. 2012), with such imbalances being minimised,
either by changes in the experimental design or
by statistical analysis adjustments. Mass public
participation projects are more prone to this, in
contrast to smaller projects where lead scientist
mentoring minimises such problems. The validity
of citizen science data has been repeatedly demon-
strated in studies examining their quality (e.g. Butt
et al. 2013; Crall et al. 2010, 2011). A critical
part of the citizen science process, however, lies
in error checking of datasets to improve their qual-
ity. Error checking will identify problems with
individual data points (statistical outliers), or de-
termine whether systemic biases exist in the data.
Measurements taken by inexperienced citizen sci-
entists will have lower levels of precision than
those collected by expert scientists. This can in-
troduce random errors are into the data, creating
‘noise’ through which a small environmental sig-
nal might be lost (Bonney et al. 2009). Using thou-
sands of data points collected in Wytham Woods,
Butt et al. (2013) compared volunteer citizen sci-
entist measurements with those of expert scient-
ists. Although volunteer measurements had signi-
ficantly lower levels of precision, these were ran-
dom errors attributable to a difference in means
of less than 1 %.

Budgeting for citizen science projects needs to
consider costs and losses of citizen scientist re-
cruitment. Some materials may go to waste if par-
ticipants fail to submit data. Citizen science pro-
grammes may require an unexpectedly large in-
vestment of the lead scientist’s time spent training
volunteers, or completing numerous administrat-
ive tasks. An important aspect to be addressed at
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every development stage is risk management and
the need for participant safety. Experimental pro-
tocols may firstly need to be carefully assessed,
not only to ensure scientific efficacy, but also to
examine where any risk to participants lies. Pro-
tocols may need to be reviewed throughout the
programme to manage risks as they develop. Pilot
studies at the outset of a project are useful, where
participants can be observed in action so that any
unforeseen risks are identified and necessary ad-
justments made.

Moving forward with citizen science

In terms of UV-B research, citizen science has
great potential value as a tool for collecting
data along spatially-extensive natural UV-B gradi-
ents. Latitudinal transect studies, as used by the
UV4Growth consortium (Hauser pers. comm.); Co-
mont et al. (2012) and Ruhland et al. (2013), could
be adapted for citizen scientists using simplified
protocols. Regions, such as Europe, with large
latitudinal ranges and high population densities,
provide a clear opportunity for citizen science in-
vestigations on how large UV-B gradients influ-
ence plant ecology. Such studies could take the
form of surveys, or common-garden mesocosms,
to determine growth responses in key plant spe-
cies. Photodegradation of plant litter by UV-B is
another key area where latitudinal UV-B gradients
be could utilised by citizen science experiments.
A citizen science method developed by research-
ers at Utrecht University using the simple techno-
logy of tea bags as decomposition assays, is being
used to provide a global assessment of decompos-
ition rates in soil (Keuskamp et al. 2015). A similar
decomposition assay method could be adapted to
investigate UV-B impacts on above-ground decom-
position rates via a UV-B latitudinal gradient and
mass participation from citizen scientists (Box 1).

Citizen science is now an established and adapt-
able tool for researchers. It has growing scientific
momentum and increasing validity as an accepted
form of data collection. Effective use of citizen sci-
entists comes from identifying opportunities for
specific research that will engage the public. An
array of citizen science models can be used to
support diverse projects operating at a range of
spatial and temporal scales, but practical limita-
tions of the citizen science approach need to be re-
cognised. Methodologies should be adaptive and
subject to constant review based on participant
performance. Citizen science is now embedded
within many areas of ecology, but ecological UV-
B research has so far been slow to take up this
initiative. UV-B researchers now have an oppor-
tunity to develop new ways of working that will
exploit the power of citizen science engagement
and increase knowledge of the importance of UV-

Figure 4.2: Earthwatch citizen scientists measuring
tree growth rates from one of 12,000 trees in Wytham
Woods, UK

Figure 4.3: Face-to-face contact with citizen scientists
enables highly technical data-gathering methods to be
used: here training in infra-red gas analyser (IRGA) use
for carbon dynamics assessments in Wytham Woods,
UK.

B in plant biology.
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