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Mary Gardiner

Pollination Investigators is a citizen science program designed to quantify the pollination service provided
within home gardens. The goal of our initial study year was to develop and evaluate an experimental pro-
tocol using a survey to gather participant feedback. At three workshops held in the spring of 2014 we
distributed sampling protocols along with eight (two of each species) sweet pepper, cucumber, tomato,
and sunflower seedlings to 64 volunteers. Volunteers established the seedlings in their home garden and
compared fruit weight and seed set among open pollinated flowers with flowers bagged to exclude insect
visitors. At the end of the season only 14.1% of volunteers submitted any pollination services data. Using
a follow-up survey, we identified the steps within our protocol that prevented volunteers from continuing
with the project, and prescribe protocol revisions to improve volunteer retention when measuring garden
pollination services.
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Introduction

Worldwide, 35% of the global food supply is highly reliant
on animal-mediated pollination (Klein et al. 2007; Nicholls
and Altieri 2013). Global estimates of the value of this eco-
system service range from $ 112 to $200 billion USD annu-
ally (Costanza et al. 1997; Kremen et al. 2007; Winfree
et al. 2007). Unfortunately, across the United States and
Europe, severe declines in the supply of European honey
bees (Apis mellifera L.) and wild pollinators have been
detected (Aizen and Harder 2009; Gordon et al. 1998;
Goulson et al. 2008; Potts et al. 2010). Understanding how
changes in pollinator abundance, diversity, and commu-
nity composition influence the resilience and reliability of
pollination services in both natural and managed habitats
is a key conservation goal (Dicks et al. 2013). Citizen sci-
ence is one approach that researchers can take to increase
the sampling intensity needed to address these questions,
which often require studies over a large geographic area
and long time-scale (DEFRA 2014).

Within recent years, there has been tremendous growth
in the use of citizen science approaches to study pollina-
tors including managed and wild bees and butterflies.
Citizen science has proven useful in examinations of pol-
linator distributions and declines (Matteson et al. 2012;
Moskowitz and Haramaty 2013; Stafford et al. 2010),
responses to climate change (Breed et al. 2012), population
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genetics (Harpur et al. 2015), detection of exotic species
(Ashcroft et al. 2012; Wal et al. 2015), nesting and hive
properties (Graham et al. 2014; Lye et al. 2012; Sponsler
and Johnson 2015), pesticide impacts (Muratet and
Fontaine 2015), responses to habitat and landscape fea-
tures (Bates et al. 2014; Everaars et al. 2011; Kremen et al.
2011), migrations (Davis et al. 2012; Howard and Davis
2015; 2009), overwintering (Howard et al. 2010), disease
dynamics (Satterfield et al. 2015), and larval survivorship
(Nail et al. 2015).

Researchers also have become engaged in designing and
testing citizen science protocols to measure pollination ser-
vices (Birkin and Goulson 2015, Potter and Lebuhn 2015).
Measuring the function of the pollinator community can
be done without documenting its taxonomic composition
(Birkin and Goulson 2015), which removes the potential
for identification errors that can be common in inver-
tebrate citizen science programs (Gardiner et al. 2012).
Comparison of variables such as fruit weight and seed
set among pollinator-accessible, pollinator-excluded, and
hand-pollinated (self-pollinated and/or cross-pollinated)
plants is a common method used by researchers to quan-
tify pollination services (Garibaldi et al. 2011, Blaauw and
Isaacs 2014). However, engaging citizen scientists in such
a study, which necessitates following a relatively complex
protocol across multiple months, can present challenges to
volunteer retention and data accuracy.

In 2014, we established the citizen science program
Pollination Investigators to examine the potential of citi-
zen scientists to collect pollination services data within
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their home gardens. In the initial year of the program our
goals were to 1) Evaluate the suitability of four commonly
grown crops as sentinel indicators of pollination services,
2) Determine what step(s) in the experimental process
proved the most challenging for citizen scientists using a
follow-up survey, and (3) Use our study and survey results
to improve upon our citizen science protocol.

Methods

Citizen scientist recruitment and training

To initiate the Pollination Investigators program, we held
three 6 hour workshops in Cincinnati, Cleveland, and
Wooster, OH, in May 2014. A total of 84 people from across
Ohio attended the workshops, which focused on recruit-
ing volunteers for Pollination Investigators and The Buck-
eye Lady Beetle Blitz (Gardiner et al. 2012) citizen science
programs. Two hours of each workshop were devoted to
Pollination Investigators program training. Attendees were
members of The Ohio State University Master Gardener
Program, whose active community volunteers complete
an intensive horticultural training program. The mission of
the program is to empower trained volunteers to educate
others with research-based gardening information. The
program focuses on several initiatives including integrated
pest management, invasive species detection and eradica-
tion/management, backyard and local foods, and environ-
mental horticulture (http://mastergardener.osu.edu).

At our workshop, we explained why we established the
Pollination Investigators program, outlined all protocols,
and included a hands-on demonstration that showcased
how to execute the pollination services experiment. After
listening to the program, interested volunteers were
given a toolkit that included data collection protocols,
data sheets, a plant care handout and pest identification
guide, mesh pollinator exclusion bags, and eight vegeta-
ble starts. Volunteers were given two seedlings each of
cucumber (Cucumis sativus, var Marketmore 76), tomato
(Solanum lycopersicum, var Celebrity F1), sweet pepper
(Capsicum annuum, var Sweet Bananarama), and sunflower
(Helianthus annuus, var Dwarf Sunspot). We selected these
crops because they are commonly grown in home gardens
and vary in their dependence on insect-mediated pollina-
tion services. Tomato, sweet pepper, and sunflower will
produce fruit in the absence of insect visitation, but fruit
size and seed set increase with exposure to insect polli-
nators (Greenleaf and Kremen 2006; Hogendoorn et al.
2006; Shipp et al. 1994). Both sweet pepper and tomato
are “buzz pollinated” crops and are visited by wild soli-
tary and social pollinators more frequently than managed
honey bees (Raw 2000; Winfree et al. 2008). Sunflower is
pollinated by both honeybees and wild bees, although wild
bees are more effective pollinators (Greenleaf and Kremen
2006; Parker 1981). Cucumber is highly dependent on
both honeybees and wild bee pollinators to produce fruit;
it has separate male and female flowers and large sticky
pollen grains that travel poorly by wind (Ghazoul 2005;
Lowenstein et al. 2012; Stanghellini et al.1997).

Volunteer participants followed a multi-step proto-
col to measure pollination services. First, each volunteer
planted the eight seedlings within their garden. When
buds appeared, volunteers selected six flowers to monitor

Kleinke et al: Identifying Barriers to Citizen Scientist Retention When Measuring Pollination Services

for sweet pepper, tomato, and cucumber plants (female
flowers only; photos of male and female flowers were
provided in the protocol), and two flowers to monitor for
sunflower plants. The flowers could all be on one plant
or located on both of the test plants. Three flowers per
crop were assigned to an “Open” treatment and the other
three to an “Exclusion” treatment, except in the case of
the sunflowers, in which the volunteers selected one
flower head per treatment. We asked volunteers to set
up three sets of the treatments for species that produced
multiple flowers per plant because we expected some
flowers or developing fruits to be lost due to arthropod
feeding, disease infection, or other causes prior to har-
vest. Pollinators were allowed to visit the Open treat-
ment flowers, which volunteers identified by marking
with yellow plastic coated wire ties secured around the
plant stem at the base of each flower. Volunteers secured
the mesh pollinator exclusion bags over each Exclusion
treatment flower bud and marked the plant stem at the
base of these flowers with a red plastic coated wire tie.
Following flowering, the exclusion bags were removed.
For the sunflower plants, the Exclusion treatment
remained bagged after flowering until harvest, and a sec-
ond exclusion bag was secured over the Open treatment
following flowering to prevent animals from consuming
developing seeds.

Although cucumber flowers are dependent on insect
pollination we instructed our volunteers to bag female
flowers in this initial investigation to 1) Demonstrate
the importance of pollinators in the production of this
crop and 2) Determine if any volunteers reported seed
set from bagged flowers (an indication that tracking
flowers to harvest proved difficult). A plant care handout
provided to volunteers indicted a target harvest date of
70-80 days post-transplant for the four crops. Volunteers
were asked to harvest their fruit within this timeframe.
At harvest volunteers were asked to weigh each Open
and Exclusion treatment fruit (seed head in the case of
sunflower) and dissect and count all seeds present. They
could then enter their data into a fillable online form or
mail completed data sheets included in their toolkit to a
provided address.

During the experiment, volunteers were also asked to
measure sunlight, pest, and disease incidence, and sur-
rounding bloom abundance and bloom area. The pro-
portion of the volunteer’s garden receiving full sunlight
was measured on one clear day at 800 h, 1200 h, and
1600 h. Volunteers were asked to identify and count
any insect pests present on their test plants at the day
of harvest using a provided identification guide. Disease
symptoms were categorized using an online photo guide
as most closely resembling a mosaic virus, bacterial wilt,
bacterial leaf spot, anthracnose fungus, mildew fungus,
or rust fungus. Volunteers were asked to report the per-
centage of the plant exhibiting the symptoms. Finally,
to measure nectar plant availability, volunteers divided
all garden area in their yard into three relatively equally
sized plots. Within each plot they selected a sampling
location by tossing a pen from the corner of the plot.
Using the pen’s location as the center, they created a
three foot by three foot (0.91 m?) quadrat within which
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Figure 1: A) The number of individuals who attended Pollination Investigators training workshops, elected to partici-
pate, and submitted data. B) Workshop attendees were asked if any protocol steps remained unclear following our
training as part of a follow-up survey. Respondents could check all tasks that remained confusing. The answer choices
were: Collecting harvested fruit seed counts from test plants, collecting harvested fruit weight from test plants, meas-
uring bloom abundance and area in your garden, measuring percentage sunlight in your garden, and attaching pol-
linator exclusion bags on test plants. Measuring sunlight and collecting seed counts remained points of confusion to

the greatest percentage of respondents.

all flowers were counted, identified, and measured (length
and width).

Survey evaluation of Pollination Investigators

In the fall of 2015, we constructed a 15-question survey using
the program SurveyMonkey® (www.surveymonkey.com)
to evaluate Pollination Investigators. The aims of this
evaluation were to determine the 1) Effectiveness of our
workshop training in explaining the sampling procedures;
2) Ability of the citizen scientists to establish their experi-
ment and complete sampling procedures, and 3) Factors
that limited or prevented participation in the program.
Before distribution of the survey a research protocol was
submitted to the Institutional Review Board (IRB) through
the Office of Responsible Research Practices (ORRP) at
The Ohio State University, which was determined exempt
(Study ID: 2015E0521).

Following ORRP approval we convened a focus group to
review the survey. To form this group, we emailed all indi-
viduals who received a Pollination Investigators toolkit at
one of our three 2014 workshops and asked for volunteers.

Five individuals responded who were willing to participate.
The goal of the focus group was to uncover any points of
confusion within the survey tool, such as unclear ques-
tions or incomplete or unclear answer choices for a given
question. Edits suggested by focus group participants
were noted and changes applied to the survey prior to its
release. The final draft of the 15-question survey was dis-
tributed to everyone who attended our training workshops
approximately one year after completing the program, on
September 21, 2015 via email (see Supplementary materi-
als). Recipients were given 14 days to respond to the online
survey, with a reminder email sent after 7 days. Survey data
were evaluated using Chi-Square Goodness of Fit tests (X?)
using XLSTAT version 19.02 software (XLSTAT, 2017).

Results

Data submission and survey response

Following our training workshop, 64 (76.2%) attend-
ees elected to participate in Pollination Investigators and
14.1% (n = 9) of these volunteers submitted at least partial
data at the end of the project (Figure 1A). The number of
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Figure 2: We asked volunteers who had plants that survived to the flowering stage, yet failed to establish their pollina-
tion treatments what went wrong. Volunteers cited wildlife damage to the flowers and damage caused to the flowers
during exclusion bag attachment most frequently. Those who selected “other” reported that a lack of time prevented
continued participation. No volunteers reported that unclear instructions regarding how to attach exclusion bags or
missing the flowering period were obstacles to their continued participation.

volunteers submitting at least one fruit weight and seed
count for an Open and Exclusion treatment ranged from a
low of six submissions for sunflower to nine submissions
for tomato.

Of the 84 volunteers who attended one of the three
Pollination Investigator programs, 29 (35%) responded
to the survey, which began by asking participants if, after
listening to our training, they decided to pick up the sam-
pling toolkit for the Pollination Investigators program.
Twenty (69.0%) of the respondents selected “yes” and 9
(31.0%) answered “no.” The participants who answered no
did not proceed further in the survey and instead were
asked “Please explain why you decided against taking a
pollination toolkit.” Reasons for opting out were time con-
straints (3 individuals), protocol complexity /amount of
labor involved (2 individuals), previous issues with wildlife
consuming vegetable plants (1 individual), a lack of space
(1 individual), and not interested/not sure (2 individuals).

Protocol comprehension

For the 20 survey respondents who participated in
Pollination Investigators, we next addressed their
understanding of the data-collection protocol. This
included a survey question that listed five major tasks
and asked respondents to check all that they found
confusing following our training. We found a signifi-
cant difference in the number of volunteers selecting
each task (X?= 9.49, df = 4, p = 0.05); collecting sun-
light data (50.0%) and counting seeds (38.8%) were
confusing to the largest percentages of respondents
(Figure 1B).

Sampling effort

The majority of respondents established each vegetable
crop; 17 (94.4%) respondents indicated that they planted
tomato, sunflower, and sweet pepper, and 16 established
cucumber seedlings (88.9%). However, from 23.5t041.2%
of respondents reported that their seedlings did not sur-

vive to the flowering stage. Survivorship did not vary
significantly among test plant species (X* = 1.51, df = 3,
p = 0.68), but ranged from a low of 52.9% survivorship
for cucumber and sunflower seedlings to a high of 70.6%
for sweet pepper. The majority of participants who had
at least one seedling survive to flowering did initiate the
experiment by selecting flowers to monitor, and attach-
ing pollinator exclusion bags to the Exclusion treatment.
The percentage of respondents who attached the exclu-
sion bags did not differ among crops (X*= 1.03, df = 3,
p =0.79). When asked why respondents with plants that
survived to flowering were unable to establish their exper-
iment, we found a significant difference in the number
of individuals selecting five answer choices (X?= 20.36,
df = 4, p < 0.001). Wildlife damage to flowers (40.0%) and
damage to flowers during bag attachment (25.0%) were
chosen most frequently (Figure 2).

Harvest data

We received fruit weight data for cucumber (7 submis-
sions), tomato (9 submissions), and sweet pepper (7 sub-
missions), but no volunteers submitted sunflower head
weights. We found a significant difference in the num-
ber of times that survey respondents selected among six
potential reasons for a lack of fruit weight submission
(X2=21.22, df = 5, p < 0.001); no fruit set was the most
frequently selected answer choice (Figure 3A).

The final step in the experiment protocol was to dis-
sect any fruit produced in the Open and Exclusion treat-
ments and count the seeds present. The number of seed
counts submitted ranged from five for sunflower to eight
for tomato. There was a significant difference in the num-
ber of times that volunteers selected among five potential
explanations for not submitting seed counts (X*= 12.38,
df = 4, p=0.02). A lack of fruit set, plants dying prior to
harvest, and the task being too difficult were the most
frequently cited reasons for not submitting these data
(Figure 3B).
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Figure 3: A) We asked volunteers what prevented them from submitting fruit weight data. The answer choices were:
The task was too difficult, did not have an adequate scale, no fruit set, didn't have time, lost track of what fruit I was
monitoring, and plants died. Volunteers could check all answers that applied. No fruit set was the most commonly
selected answer choice. B) Volunteers were also asked what prevented their successful collection and submission of
seed counts. A lack of fruit set followed by plants dying were the most frequently selected answer choices.

Protocol changes

Our final survey question asked volunteers if they would
be more likely to participate in Pollination Investigators in
the future if we removed one or more of the tasks included
in the 2014 protocol. We found a significant difference in
the number of people electing to remove five potential
tasks (X?= 15.68, df = 4, p = 0.03). The most frequently
selected task was counting seeds, which represented 75%
of the responses (Figure 4).

Discussion

Public interest and concern for pollinator conserva-
tion has grown dramatically in the last decade given
documented declines in managed and wild bee fauna
(Domroese and Johnson 2017). Collection of long-term
monitoring data is a major contribution that citizen sci-
entists can make toward effective conservation programs
(Dickinson et al. 2010). With any invertebrate sampling
there is concern that using a citizen science approach can
lead to errors (Gardiner et al. 2012; Roy et al. 2016). For
example, Gardiner et al. (2012) found that relying on citi-
zen-submitted lady beetle data without expert verification

would have resulted in researchers overestimating rare,
declining species and underestimating common exotic
fauna. However, with training, citizen scientists can col-
lect useful and accurate pollinator information (Kremen
etal. 2011; Deguines et al. 2012). Methods such as expert
verification of volunteer-collected arthropod specimens
(Gardiner et al. 2012), hands-on training (Kremen et al.
2011; Ratnieks et al. 2016), and/or assigning target spe-
cies to groups based on color or pattern (Roy et al. 2016)
all reduce, although do not always eliminate, volunteer
errors.

Citizen scientists can also contribute to our scientific
knowledge of pollinator ecology by measuring their eco-
logical function (Oberhauser and LeBuhn 2012; Birkin
and Goulson 2015). This type of investigation can be
done without actually identifying the contributors to
pollination service, thus removing the potential for
taxonomic errors. However, pollination services stud-
ies typically require that citizen scientists commit to an
experiment extending across several weeks of the grow-
ing season. For example, the Bees n Beans citizen science
program quantifies bee activity based on the number
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Figure 4: The final question in our online survey asked if volunteers would be more likely to participate in Pollination
Investigators again if we removed one or more tasks. Respondents could check all tasks that they would like to see
removed from the protocol. The answer choices were: Counting seeds, weighing fruit, taking bloom count and area
measurements, recording pest and disease incidence, and measuring sunlight. Counting seeds received 75% of the

total responses.

and weight of broad bean (Vica faba) pods and seeds pro-
duced in pollinator excluded, open-pollinated, and hand
cross-pollinated treatments (Birkin and Goulson 2015).
Similarly, Pollination Investigators was designed to col-
lect pollination services data using a multi-step experi-
ment that culminates in citizen scientists reporting fruit
weights and seed counts from insect-accessible and caged
vegetable plant flowers.

In the first year of the Pollination Investigators program,
we distributed 63 toolkits to volunteers who attended
training workshops and had a data return rate of 14.1%
(n =9). Given this low rate of data submission, we initi-
ated a survey to identify the steps in our protocol that
resulted in citizen scientists dropping out of the project.
Our survey results highlight plant survivorship rates and
protocol complexity as two factors that must be addressed
to increase citizen scientist retention throughout the
measurement of pollination services.

The majority of citizen scientists who responded to our
survey established the seedlings that they were given at
our training workshops, however, we lost a substantial
number of these volunteers due to plant mortality. Our
four sentinel plant species (cucumber, sunflower, sweet
pepper, and tomato) exhibited similar mortality rates prior
to flowering, ranging from 29.4% for sweet pepper up to
47.1% for cucumber and sunflower. This demonstrates the
need for a substantial programmatic focus on tools and
training aimed at supporting plant survivorship, growth,
and reproduction. Several factors likely contributed to test
plant mortality; survey respondents frequently cited dam-
age from wildlife. Options to protect plants from wildlife
injury, such as using fencing or deterrent sprays, should
be provided to volunteers along with basic plant produc-
tion protocols and arthropod and disease management
guidelines. Importantly, the majority of volunteers with
live plants began their experiment by selecting open and
exclusion flowers to monitor and attaching pollination
exclusion bags (72.7-100% across plant species). Thus,
citizen scientists were willing to track plant development

for several weeks and establish the necessary experimen-
tal treatments to measure pollination. However, a lack of
fruit set on surviving plants was the most common reason
given for a lack of fruit weight and seed count data sub-
missions by these volunteers. This suggests that plant sur-
vivorship and fruit production, rather than the complexity
of establishing the experimental treatments, were bottle-
necks that prevented willing volunteers from continuing
with the study.

Even with increased investment in training and tools,
plant mortality and/or a lack of fruit set will likely con-
tinue to limit data submission rates. These biological
issues will probably necessitate a larger initial sample size
than was accomplished in our initial program year (n = 64
participants in 2014). We thought that providing volun-
teers with seedlings rather than seeds would increase plant
survivorship and increase data submission rates, offset-
ting the higher investment cost per toolkit and reduced
enrollment due to volunteers having to attend in-person
workshops to obtain program materials. Data from the
Bees ‘n Beans program demonstrates that this is not neces-
sarily the case, as a similar data submission rate of 14.5%
(versus 14.1% for Pollination Investigators) was obtained
from volunteers who were provided with seeds (Birkin and
Goulson 2015). Distributing toolkits with seeds allows a
larger number of citizen scientists to be recruited, elimi-
nates the need to require in-person training, and allows
researcher investment to be redirected from plant produc-
tion to other program aspects.

Another key goal of our survey was to identify ways to
simplify pollination services protocols to increase vol-
unteer participation and retention. Our results illustrate
two protocol changes that are likely to aid in this goal.
First, when volunteers attempted to establish their pol-
lination experiment by attaching pollinator exclusion
bags to flowers, 31.3% said they damaged the flowers and
thus stopped participating in the study. Bees 1 Beans pro-
gram volunteers placed entire potted plants in a mesh bag
instead of bagging individual flowers (Birkin and Goulson
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2015), thus 1) reducing likelihood of plant damage when
establishing the treatment, 2) eliminating the need to
monitor plants frequently for bud formation, 3) allow-
ing fruit weight and seed counts to be generated from a
number of fruit per plant without having to keep track
of individual flowers/fruit, and 4) reducing the likelihood
that the mesh comes in direct contact with floral struc-
tures and possibly promoting mechanical pollen trans-
fer. Second, 75% of our participants felt that counting
seeds was too onerous a task. Seed data are important in
quantifying pollination services; however, this task could
be transferred to researchers by providing envelopes for
citizen scientists to collect and submit seeds, or by ask-
ing participants to submit a photograph of the seeds.
Thus, when selecting a sentinel plant, researchers should
consider how difficult the seeds will be for volunteers to
extract, and the amount of time needed in the laboratory
to process seeds or photographs.

Conclusions

Developing a citizen science program often involves
a compromise between an ideal statistical design and
ensuring sufficient levels of participation to meet the
program goals (Pocock et al. 2015). We conclude that citi-
zen scientists are willing and able to follow a relatively
complex protocol to establish and collect data from
multiple pollination services treatments. However, plant
mortality hindered the majority of those unable to com-
plete the study. Importantly, we found that our invest-
ment in the production of seedlings versus seeds did not
necessarily result in greater rates of plant survivorship
or volunteer retention. Therefore, regardless of the plant
material distributed, providing as much information as
possible regarding proper plant care, pest and disease
management, and wildlife deterrence is critical to the
success of any citizen science program studying pollina-
tion services.

Further, scientists must be mindful that a season-long
study involves a greater time commitment than some
biomonitoring activities with which volunteers might
be familiar. In our initial program year, we included
four commonly grown indicator plants that vary in their
dependence on insect-mediated pollination. Although we
felt that including multiple indicators to quantify pollina-
tion within a site was ideal, selecting one plant species will
reduce the time commitment placed on willing volunteers
and perhaps encourage greater participation. Further,
shifting the task of seed counting from citizen scientists
to program staff and providing volunteers with a simpli-
fied method to exclude pollinators from no-pollinator
control treatments would simplify the tasks assigned to
citizen scientists.
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