Journal of Pollination Ecology, 23(10), 2018, pp 90-97

CITIZEN SCIENTISTS DOCUMENT GEOGRAPHIC PATTERNS IN

POLLINATOR COMMUNITIES
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Abstrace—It is widely recognized that plants are visited by a diverse community of pollinators that are highly

variable in space and time, but biologists are often unable to investigate the pollinator climate across species’ entire

ranges. To study the community of pollinators visiting the spring ephemerals Claytonia virginica and Clayronia

caroliniana, we assembled a team of citizen scientists to monitor pollinator visitation to plants throughout the species’

ranges. Citizen scientists documented some interesting differences in pollinator communities; specifically, that western

C virginica and C. caroliniana populations are visited more often by the pollen specialist bee Andrena erigeniae and

southern populations are visited more often by the bombyliid fly Bombylius major. Differences in pollinator

communities throughout the plants’ range will have implications for the ecology and evolution of a plant species,

including that differences may affect the male fitness of individual plants or the reproductive success of plant

populations, or both.
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INTRODUCTION

A rich history of research has explored the role of a
pollinator species in determining the reproductive success of a
plant, selecting for plant traits, and in some cases influencing
reproductive isolation (van der Niet et al. 2014). We know
that most plants are visited by a diverse community of
pollinators (Waser et al. 1996), and that the diverse
community of pollinators can be highly variable
geographically (Herrera et al. 2006). Yet the vast majority of
studies of plant-pollinator interactions are conducted in one
geographic location; Herrera et al. (2006) calculates that
88.4% of plant-pollinator studies look at only one site.

The diversity and abundance of pollinators visiting a plant
population in any given location and time form the
“pollinator climate” (Grant & Grant 1965). A number of
studies have documented variation in the pollinator climate in
different plant populations within the same plant species.
Most studies focus on a small number of sites (e,g. Miller
1981; Robertson & Wyatt 1990; Arroyo & Dafni 1995;
Johnson & Steiner 1997; Price et al. 2005), and many are
confined to a relatively small geographic area (e.g. Miller
1981; Robertson & Wyatt 1990; Arroyo & Dafni 1995;
Johnson & Steiner 1997; Price et al. 2005; Gomez et al.
2008). These studies have contributed to the understanding
that pollinator communities are variable. However, in the
majority of studies there is no obvious pattern or process that
explains the documented variation in pollinator communities,
so the conclusions to these studies are limited to the specific
populations studied.
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Looking for and documenting large-scale patterns in
pollinator communities requires a great deal of observational
data. Studies are often limited to just one or a few plant
populations (Herrera et al. 2006). Some limitations are
speciﬁc to plant—pollinator studies; often the ﬂowering season
of a study species will limit the time available for traveling
throughout the plant range, and pollinator identification can
be very difficult for novice research assistants (Lye et al. 2011;
Kremen et al. 2011). Recently, more and more biologists have
begun to employ the efforts of amateur naturalists and
volunteers in their research efforts (Dickinson et al. 2010;
Silvertown 2009). Citizen scientists can benefit research in
ecology and evolution in many ways, including expanding the
scope of data collected over space and time, filling gaps in
natural history knowledge, and increasing access to otherwise
inaccessible spaces, such as private land (e.g., Lye et al. 2011
recruited volunteers to document bumblebee nest sites in their
private gardens). Citizen science also provides an opportunity
for scientists to connect with the public, hear valuable
observations from residents of an area, and build public
support for science and conservation (Dickinson et al. 2010;
Cooper et al. 2007; Toomey & Domroese 2013;
Lewandowski & Oberhauser 2017; McKinley et al. 2017;
Ballard et al. 2017). In pollination research especially, there is
great potential for harnessing the enthusiasm of amateur
naturalists to support large-scale data collection and fill in
gaps in our understanding of the basic natural history and
biogeography of plants and pollinators. Citizen scientists are
a great resource for pollinator monitoring; often, amateur
naturalists have practice in plant and insect identification, are
eager to spend time outdoors to contribute to monitoring, and
are already located throughout the range of the plant and
pollinator species of interest (Kremen et al. 2011). Citizen
science for the biology and conservation of Danaus plexippus
(monarch) butterflies is a model for demonstrating the
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potential impact of citizen science (Ries & Oberhauser 2015)
and pollination citizen science projects such as the Great
Sunflower Project and Bumble Bee Watch have made strong
contributions to research in pollination and pollinator biology
(Acorn 2017, Lye et al. 2011, Birkin et al. 2015, Roy et al.
2016, Deguines et al. 2012). Except for these efforts, citizen
science is relatively underused in pollination research and has
potential to add greatly to our understanding of pollination
and pollinator biology. Kremen et al. (2011) compared data
sets of pollination observations collected by citizen scientists
to data sets collected by experts, and found that although the
citizen scientists missed some taxonomic diversity, the
qualitative results were comparable. Citizen science data can
help identify how the pollinator climate varies in space and
time, and help document large-scale geographic patterns in a
plant species’ pollinator climate (Dickinson et al. 2010).

To better understand patterns in pollinator climates, we
recruited citizen scientists to do pollinator observations across
the range of two plant species, Clayronia virginica and
Claytonia caroliniana. Specifically, we ask: 1) Do pollinator
climates vary along large-scale patterns like latitude, longitude,
and altitude? 2) By conducting observations over an entire
species’ range, can we uncover patterns in variation in
pollinator diversity and abundance? Previous observations
caused us to predict that the pollinator climate of C. vizginica
and C. caroliniana would vary latitudinally, with higher fly
visitation in Southern populations (Parker et al. 2017).

MATERIALS AND METHODS

Claytonia  virginica  and  Clayronia  caroliniana
(Portulacaceae), collectively known as “spring beauty”, are
spring ephemeral wildflowers native to North American
eastern woodlands, where they are visited by a variety of
insects, among them the oligolectic solitary bee Andrena
erigeniae, which collects pollen exclusively from these two
species (Fig, 1). Female bees may eat some pollen, but most
pollen is used to provision A. erigeniae larvae. These two
species of Clayronia and A. erigeniae have overlapping
geographic ranges and are phenologically matched (Davis &
LaBerge 1975). A number of generalist species also visit C,
virginica and C. caroliniana, collecting pollen or nectar from
these plants and other sources. The generalist bee species are
from many genera and include both pollen-foragers and social
parasites that do not amass pollen provisions. The other most
frequent visitor, the bee fly Bombylius major, is focused on
nectar-collecting and mostly ignores pollen. Bombylius major
is a parasite of solitary bee species, probably including
Clayronid's oligolege A. erigeniae. The distribution of these
Clayronia species ranges from Georgia to Ontario, and from
the East Coast west to Kansas and Nebraska. These species
are protandrous; pollen and nectar are offered on the first day,
in the male phase, while only nectar is produced in the

succeeding female phase (Fig. I).

To recruit volunteers, we advertised the project on
established email listservs, including Native Plant Societies
and Master Gardener lists. Hundreds of volunteers responded
with interest and ultimately, 27 people submitted usable data.
The instructions and learning materials for participating in the
project were compiled onto a website. Before participating, we

asked volunteers to visit the website, familiarize themselves
with the project protocol, and study the identification of the
bees and flies that they were likely to see in the field.
Volunteers were also responsible for locating a patch of C.
virginica or C. caroliniana in their local area; these patches
could be in any habitat type. Volunteers were able to ask
questions via email and also on the project website, where they
could view our responses to questions as well as respond to
one another.

Volunteers throughout the range of the plants located a
patch of C virginica or C. caroliniana in their area, recorded
general information about the site and patch, and conducted
observations a few times throughout March, April and May
of 2011, 2012, and 2013. We asked volunteers to conduct
observations three times throughout the season, but many
volunteers were only able to do two, and some conducted
many more than three. Each set of observation periods
included six five-minute observation petiods, each focusing on
a defined number of focal flowers. During observations,
volunteers recorded the identity of visiting insects and the
number of visits that each insect made to male- and female-
phase flowers. To facilitate identification, we organized the
floral visitors into groups according to taxon, morphology,
and behaviour. We provided volunteers with an information
sheet with photographs and distinguishing characteristics of
these pollinator groups, including size, colour, and body
shape; we asked that they refer to this sheet during
observations (Fig. 2). We encouraged volunteers to use these
groups but also allowed identifications at any level or
descriptions of the visitor (e.g., “unknown”, “unknown bee”,
“small black bee with yellow stripes”). After conducting
observations, volunteers submitted their data by mailing in
their original data sheets, by entering and emailing data on a
spreadsheet that we provided, or by entering and emailing data
on a fillable PDF of the data sheets. Foﬂowing submission of
data by volunteers, we reviewed the data submitted and
removed submissions that did not follow the data collection
protocol.

We encouraged volunteers to conduct observations on
three different days throughout the season, and as much as
possible on sunny days between 10 am and 12:30 pm. On
each day of observations, volunteers recorded information on
the date, site, and plants, including the location, the plant
species observed, and the phenology of the plant individuals.
Before each set of observation periods, volunteers recorded the
temperature and provided a general rating of the amount of
wind and cloud cover. Before each observation period,
volunteers defined an observation area that included a number
of flowers; volunteers chose the number of flowers that they
observed during each observation period. Volunteers observed
different flowers in each observation period, though in small
patches the flowers may have been very close to one another.
They defined their area of observation by using a hula hoop
or other square or circular perimeter. Volunteers identified
how many of their focal flowers were male-phase and how
many were female-phase, using an information sheet that
contained  detailed  photographs and  outlined  the
morphological differences between male- and female-phase
flowers. Before beginning their observation period, volunteers
set a stopwatch for five minutes.
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FIGURE 1. Photos of the Clayronsa virginica pollination system. (A) A C virginica female-phase flower. (B) A C. virginica male-phase flower.

(C) The bee-fly Bombylius major visiting C. virginica. (D) The oligolectic bee Andrena erigeniae visiting C. virginica. (Reprinted from Parker et al.

2016)

During each five-minute observation period, volunteers
observed their focal flowers. When an insect visited,
volunteers recorded the identity of that visitor to the best of
their ability and recorded the number of male- and female-
phase visits that visitor made. Volunteers counted the number
of total visits regardless of whether they were made by the
same pollinator individual or different individuals. When
identifying insects, we encouraged volunteers to use the
functional groups that we provided; however, if the volunteer
was not sure of the identification, the volunteer identified the
insect as “unknown”.

All statistical analyses were done using generalized linear
mixed models (GLMMs) in R 3.0.1 (R Core Team 2013).
The function glmmADMB in the R library glmmABMB
(Fournier et al. 2012) allowed us to account for highly
variable observation times, include random effects, and
account for overdispersion in the response variables. We
analysed the total number of visits from a visitor group in
thirty minutes, including re-visits. The response variable was
the number of visits by any individual in a particular floral
visitor group in 30 minutes; groups of floral visitors included
A. erigeniae, B, major, small dark bees, parasitic bees, other
bees, other flies, all bees, and all flies. At the start, we included
the following predictor variables in each model: latitude;
longitude; the interaction between latitude and longitude;
elevation; whether observations were conducted in a
designated natural area/ park or a residential area; in natural
areas, the approximate size of the park where observations

were conducted; the plant species observed ( C. virginica or C.
caroliniana); the temperature; the approximate level of wind
(windy, light breeze, or still); the approximate degree of cloud
cover (sunny, partly cloudy, or overcast); and the proportion
of flowers observed that were male-phase flowers. When one
of these factors did not improve the model fit, as indicated by
log likelihood ratios, we removed it from the final model. Of
these response variables, all final models included only
latitude, longitude, and whether observations were conducted
in a designated natural area/ park or a residential area, because
the remaining response variables did not improve model fit.
To account for the high variation in the number of flowers
observed and number of observation periods conducted, we
included the total number of flowers observed as an offset.
Because visits observed by a volunteer on a particular day are
not independent, we included this as a random effect; as such,
each day of observations for a particular volunteer represents
the level of replication in each model. To account for
overdispersed data, we used a negative binomial error
distribution. Because weather influences pollinator visitation,
we also ran each of the models with significant results on a
subset of the data that included only those observations that
occurred when the temperature was above 15°C. These
models produced qualitatively similar results to those
presented here.

RESULTS

We received usable data from 27 volunteers over three
years, who together conducted 655 observation periods (95
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Andrena erigeniae (fernale)
Abbreviation: fand
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Bee fly
Look for: hovering above flowers, furry
bady

Small dark bee
Look for: really small, less hairy than A.
ergeniae

Bumblebee (both Queens and
workers)
Look for: chunky body, large size

Creen bee
Look for: bright green
body

Pollinators of
Claytonia

RAA
Main ID groups

Occasional visitors

v

Cuckoo bee
Look for: red or yellow
markings; skinny body

Spring Beauty and the Bees Spring 2011 2

FIGURE 2. Volunteer information sheet with photographs and distinguishing characteristics of these pollinator groups, including size, colour,

and body shape; we asked that they refer to this sheet during observations

sets of six five-minute observation periods) and observed a
total of 14,159 flowers (Fig. 3). Observations were submitted
from 24 locations ranging from Vermont to Wisconsin to
Kansas, with high representation from Maryland and Virginia.
Within these data (1,328 insect visits), 46.46% of insect visits
were reported as A. erigeniae, 10.24% as Bomby]z'us major,
23.87% small dark bees, 3.6% parasitic bees, 3.92% other
bees, 9.49 other flies, and 2.41% unspecified. All categories
of visitors were included in analyses (as follows), with the
exception of unspeciﬁed insects, or entries marked as
“unknown”; these were excluded.

The number of visits by the pollen specialist bee A.
erigensae in 30 minutes (one set of observation periods) varied
significantly with longitude, with more visits in the western
part of the range than the eastern (Tab. I, Fig. 3C, Z= 2.62,
P =0.0088). The number of visits by the bombyliid fly 5.
major in 30 minutes varied significantly with latitude, with
more visits in the southern part of the range than the northern
(Tab. 1, Fig. 3B, Z = 3.25, P = 0.0011). There was no
significant effect of latitude on A. erigensae visitation (Tab. I,
Fig. 3D, Z = 0.40, P = 0.687, and no significant effect of
longitude on B. major visitation (Tab. I, Fig. 3A, Z=0.29,
P = 0.772). The type of land use in the local area of the
observations (whether the observations were done in a
residential area or in a natural area) had a significant effect on

the model fit, with higher A. erigeniae visitation in natural
areas than residential areas.

The number of visits by small dark bees, parasitic bees,
other bees, other flies, all bees, and all flies did not vary
significantly with latitude or longitude, and for the most part
none of the other predictor variables included in the model
had a significant effect on visitation by these insects. The
exception is that there were more visits by other flies when
there was a higher proportion of male-phase flowers observed

(Z=2.67, P=0.0076).

DISCUSSION

Data collected by citizen scientists revealed a significant
effect of large-scale geographic parameters on the number of
visits by two important pollinators of C. virginica and C
caroliniana in thirty minutes. In other words, the pollinator
climate — i.e., the diversity and abundance of A. erigeniae and
B. major specifically — changes fairly predictably along both a
latitudinal gradient and a longitudinal one. In lower latitudes,
Clayronia populations are visited by more bombyliid flies; in
western populations, Clayronia populations are visited by
more A. erigeniae bees. These patterns are consistent with the
high visitation rates of B. majorto C. virginica documented by
Motten et al. (1981) in North Carolina, as well as with our
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FIGURE 3.  Patterns in A. erigeniae and B. major visitation to C. virginica and C. caroliniana. (A) The relationship between longitude and the
number of visits by B, major per set of observation periods. Curves were fit using locally weighted least squares (LOWESS). (B) The relationship
between latitude and the number of visits by B. major per set of observation periods. Curves were fit using locally weighted least squares (LOWESS).

(C) The relationship between longitude and the number of visits by A. erigeniae per set of observation periods. Curves were fit using locally weighted

least squares (LOWESS). (D) The relationship between latitude and the number of visits by B. major per set of observation periods. Curves were fit
using locally weighted least squares (LOWESS). (E) Ratio of pollinator visits at each site of pollinator observations. Ratios are calculated as the
number of A. erigeniae visits over the number of A. erigeniae and B. major visits. The colour represents the ratio of pollinator visits, with more blue
circles representing higher ratios of A. erigensae visits, and more red circles representing lower ratios of A. erfgeniae visits, which corresponds with
higher ratios of B. major visits. The size of the circles represents the number of sets of observation periods conducted at each site. Axes in (A), (B),

(C), and (D) correspond with the direction of latitude and longitude in (E).

own observations of visitation rates in Pennsylvania,
Maryland, and North Carolina (Parker et al. 2017). We
cannot explain the more specific factors that may be impacting
these patterns. They may result from variation in the
abundance of insect populations. Despite its importance, we
do not understand the factors that underlie bee and fly
population dynamics very well (Bischoff 2003; Franzen &
Nilsson 2013) and we may under-estimate the value of flies
as pollinators (Kearns 2001). The results of this study may be
driven by biology; for example, flies are more common in cool,
moist habitat and have lower energy requirements (Kearns
2001). Another driving factor may be the relationship of these
species to one another. Bomb}/]ius major is a parasite of
solitary bees, including Andrena, and therefore may be

parasitizing A. erfgeniae populations. It is hard to say how this
relationship impacts the differences observed here, as one
would expect that their abundances would be correlated, but
we are not aware of 5. major visiting other plants in northern
regions and A. erigenrae does not appear to visit plants besides
C. virginica when B. major is abundant (pers. obs.)

Instead, the patterns in our data may result from changes
in relative numbers of visits due to variation in floral
attractiveness, the composition of plant communities, or some
other factor. In general, our results indicate that large-scale
geographic gradients — those patterns that change with
latitude and longitude — are likely to be important. Climate,
day Iength, and the range limits of interacting species are some



TABLE I.  Results of generalized linear mixed models. The response variable is the number of visits by any individual in a particular floral visitor

group in 30 minutes (N= 95). *P<0.05, *P < 0.01, ***P< 0.001.

Andrena erigeniae Estimate Standard Zvalue Pvalue
Latitude 0.0387 0.0960 0.40 0.687
Longitude -0.10438 0.04 2.62 0.0088**
Residential or Natural Area -1.529 0.449 3.40 0.00066%*
Bombylius major

Latitude -0.3310 0.1018 325 00011
Longitude 0.0158 0.0544 0.29 0.7715
Residential or Natural Area 0.0643 0.4415 0.IS 0.8842

intriguing possibilities that deserve attention in future
research.

Because we documented gradients in the number of visits
by two significant pollinators of Clayronia, we have a better
idea of the pollinator climate experienced by plant
populations in different parts of the species’ range; western
populations are visited more often by the oligolege A.
erigeniae, while southern populations see B, major more often.
We can now make predictions about how plant populations
may respond these differences. The pollinators A. erigeniae
and B major are very different; the pollen specialist A,
erfgeniaeis an adept and systematic forager that collects a great
deal of pollen, while the bombyliid fly B. majoris a haphazard
forager that collects and deposits pollen only passively
(Motten et al. 1981). Although the two pollinators deliver
similar numbers of grains, A erigeniae removes substantiaﬂy
more pollen during visitation than B, major (Parker et al.
2016). These results help identify traits that vary
geographically that otherwise would be overlooked; in fact,
Parker et al. (2017) describe ecotypic variation in pollen-
related plant traits in C. virgrnica that corresponds with the
pollinator climate.

Our approach was to recruit as many volunteers as
possible, train volunteers remotely to the best of our ability
using visual guides and specific protocols, gather as many data
as possible, and identify and remove those data that did not
follow protocol. We targeted recruitment efforts to
organizations already familiar with plant and insect species
identification (e.g. master naturalists) and targeted the more
rural areas of the plant species’ geographic range to promote
geographic coverage. Beyond those initial efforts, we did not
attempt to control participants’ qualifications or balance
geographic coverage in the resulting dataset. The purpose of
this project was to provide a sense of the pollinator climate
over a larger spatial and temporal scale and generate
hypotheses about spatial and temporal patterns for future
study. We supplemented these observations by examining
patterns in the pollinator climate and pollen-related plant
traits in more detail in specific locations (Parker et al. 2017).
In this way, the value of these data collected are “fit for
purpose”; other citizen science projects designed for other
purposes may employ additional data validation methods,
such as the validation of identification through photographs
(Kremen et al. 2011, Wiggins et al. 2011, Lye et al. 2011), or
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employ strategies for increasing or balancing geographic
coverage and potential bias.

The use of citizen science provided a landscape-level view
of variation in the pollinator climate, which otherwise would
not have been possible. Aspects of this project made it
especially conducive to citizen scientist participation. The two
pollinators of greatest interest in this study (A. erigeniae and
B. major) are very different morphologically and behaviourally
and are relatively easy to distinguish from one another.
Clayronia is abundant in many areas across its geographic
range, and many participants already had a connection to local
Clayronia populations from local parks or even their own
property. Although some volunteers sent in images with their
observations, we did not specifically test the accuracy of
citizen scientists” differentiation among the pollinator groups;
instead, we relied on the citizen scientists to follow protocols
for species identification or indicate that they were unable to
do so (e.g. by recording visitors as “unknown”). We reviewed
the data submitted and removed those data that were not
collected using the project protocol. This type of “expert
review” is employed by 77% of citizen science projects, often
accompanied by other data validation methods (Wiggins et al.
2011).

Citizen science is a novel approach for contributing to the
foundation of knowledge in the biogeography of pollination
systems. Without citizen science, we could not have obtained
these data — or this coverage of Clayronia's range — during
Clayronia's limited flowering period. Future studies that
employ citizen science methods for studies of plants and
pollinators will further demonstrate the value of citizen
science for a variety of uses in pollination biology. Perhaps
most importantly, future work should study the value of
citizen science for broader outcomes in pollination biology,
including providing an opportunity for pollination biologists
to connect with the public and enhancing public support for
pollination  biology and pollinator conservation (e.g.
Lewandowski & Oberhauser 2017), just as the value of citizen
science continues to be demonstrated for science generally
(Stepenuck & Green 2015, Newman et al. 2017; McKinley et
al. 2017; Ballard et al. 2017; Toomey & Domroese 2013).
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