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A B S T R A C T

Industrial hemp, (Cannabis sativa L.), one of the earliest crops spun for fiber, is now used for a variety of
commercial products including paper, textiles, clothing, biodegradable plastics, biofuel, food, animal feed etc.,
all of which are derived from hemp fiber or seeds. Being wind pollinated, dioecious and staminate hemp plants
produce large amounts of pollen that are attractive to bees. Hemp flowering in northern Colorado, where this
study was conducted, occurs between the end of July and the end of September. This time period coincides with
a dearth of pollinator-friendly crop plants in the region, making hemp flowers a potentially valuable source of
pollen for foraging bees. Here we present the diversity and abundance of bees collected in the fields of flowering
hemp. A total of 23 different genera of bees were collected of which the European honeybee, Apis mellifera at
38% of the total abundance was the most dominant followed by Melissodes bimaculata at 25% and Peponapis
pruinosa at 16%. These three genera made up nearly 80% of the total abundance. While hemp does not produce
any nectar, the pollen rich nature of the flowers can make hemp an ecologically valuable crop. As cultivation of
hemp continues to expand, we expect insect pests on hemp to also become prevalent. Our results documenting
bee diversity in flowering hemp provides the impetus for the development of integrated pest management plans
that protect pollinators while controlling pests.

1. Introduction

Industrial hemp (Cannabis sativa L.) is a recent addition to the
agricultural landscape in Colorado. The diverse utility of hemp makes it
an attractive cropping option for farmers. Hemp has a great potential as
a high yielding multi-purpose crop [1,2] bred for bast fiber content and
stem and seed yields [2,3]. Hemp seed is used for producing high
quality edible oils used in cooking products, lotions and animal feed.
Hemp stalks are valued for fiber used in textiles, composite plastics,
building materials, and paper [4]. Varieties certified by the European
Union (EU) that have low levels of tetrahydrocannabinol (THC) but
have a very high fiber content of 30–40% of the biomass [5]. Unlike
cannabis for medical or recreational consumption, hemp varieties
grown for fiber and seed have less than 0.2% THC and are not suitable
for producing hashish and marijuana [6].

Hemp is primarily dioecious, although sometimes has monoecious
forms. The pollen-bearing flowers (staminate flowers) consist of five
greenish yellow or purplish sepals opening wide at maturity. The five

stamens discharge abundant yellow pollen and the staminate plants are
often called the “flowering hemp” because the female flowers are in-
conspicuous. Hemp relies on wind for pollen dissemination, producing
large amounts of pollen but very little nectar [6]. This copious pollen
production in hemp is likely to have an ecological value to beneficial
insects in the ecosystem by being a source of pollen. However, being a
crop that has only recently gained popularity, the ecological value has
not been explicitly investigated.

In Colorado, hemp is generally planted between March and May and
varieties begin flowering towards the end of July and continue flower
production through September. The wind pollinated nature of hemp
suggests that flowers do not produce nectar but hemp fields produce
copious amounts of pollen [6]. Ongoing challenges to pollinator di-
versity and abundance has resulted in several measures targeting ha-
bitat restoration and management to support and sustain pollinators
[7–9]. Wind-pollinated plants offer resources that may become crucial
for pollinators [10] and references therein] during periods of dearth in
insect pollinated plants and crops. Pollinators provide an important
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ecosystem service and protecting and conserving these groups of or-
ganisms is necessary for a healthy functioning ecosystem. It is therefore,
important to consider different possibilities when developing agroeco-
system management strategies to sustain pollinators. Our observation of
bees foraging on hemp flowers prompted us to embark on the current
study to document the diversity and abundance of bees in hemp fields,
with the goal of providing information on the beneficial insects that
may be utilizing pollen resources from hemp.

2. Methods

Field plots and trap locations: Experimental fields of industrial
hemp varieties being evaluated for their performance in Colorado were
utilized for our study aimed at documenting bee diversity and abun-
dance. The fields were located north of Fort Collins, Colorado. A total of
10 blue vane traps were set up (Supplement S1). While different traps
differ in their trapping efficiencies [11,12], bees trapped in blue vane
traps have been suggested to be non-pollinating and are therefore
helpful for broader biodiversity studies [13]. In addition, recent studies
have demonstrated that blue vane traps are more effective at trapping a
larger diversity of bees than other passive capturing methods [11].
Thus, for our study aimed at documenting diversity and abundance of
bees on hemp, blue vane traps are the ideal traps.

Trap activation and sampling bees: The traps were fastened to
poles in order to elevate their height to that of hemp plants and improve
the efficiency of capture [14,15]. The activated traps were allowed to
collect bees over a 5-day collection period for a total of 5 weekly col-
lections from August 4th through September 9th. At the end of each
collection period, specimens from all the traps were pooled and trans-
ferred into Ziploc bags labelled to show the collection period. The traps
were deactivated by turning them upside down until the next collection
period. The specimens were then stored in a freezer, processed and
pinned. All bees were identified to genus level following the available
keys [16–18] and online keys at https://www.discoverlife.org/20q?
search=Apoidea. In Colorado where our study was conducted and in
much of the western United States, identifying all of the bees in a
sample to the species level is nearly impossible as we lack appropriate
taxonomic keys [19,20]. All diversity index calculations were therefore,
at the level of the genus. Specimens were sent to Boris Kondratieff at
Colorado State University and Virginia Scott at the University of Col-
orado for species identifications when possible. Voucher specimens
were placed in the Colorado State University Gillette Entomology Mu-
seum's collection.

Diversity and abundance measures: Diversity measures, in-
cluding Shannon-Weiner index (H p lnpi

R
i i1= = ), and Simpson's

index (D P1/ i
R

i1
2= = ), where, p is the proportion (n/N) of individuals

belonging to one genus (n) found in the collection, N is the total number
of individuals (N) found in the sample, ln is the natural log and R is the
total number of genera in the sample, were calculated for each collec-
tion period [21]. Shannon-Weiner index combines evenness and rich-
ness into a single measure and assumes that all genera are represented
in a sample while Simpson's index gives more weight to common genera
and assumes that the few rare ones with only a few representatives will
not affect the diversity values [21].

Genera richness, a measure of bee diversity in our study, and the
abundance data for each genus can be used together to integrate in-
formation on the potential for the crop to support ecosystem services
and functions [22,23]. Rarefaction in our analyses estimated the ex-
pected number of genera from an individual sample period-based rar-
efaction curve. Such rarefaction curves describe the dependence of the
number of genera on the accumulated number of individuals [22] and
Sest, the estimate of genera diversity was computed using EstimateS
(Version 9.1 [24]).

3. Results and discussion

We collected a total of 1937 individuals belonging to 23 different
bee genera. 308 additional samples were categorized into non-bee
Hymenoptera (16), Diptera (52), Lepidoptera (16), Coleoptera (44) and

Table 1
Bee diversity in hemp fields categorized by sociality and nesting traits.

Genus Species Sociality [25] Nesting characteristics
[25]

Agapostemon virescens/angelicus/
texanus

Solitary Ground

Andrena sp Solitary Ground
Anthophora sp Solitary Ground
Apis mellifera Eusocial Cavity/hive boxes
Bombus griseocollis, huntii,

pensylvanicus
Social Ground

Ceratina sp Solitary Stem
Colletes sp Solitary Ground
Diadasia sp Solitary Ground
Dufourea sp Solitary Ground
Epeolus sp Parasite Parasitic
Halictus sp Solitary, Social

forms
Ground

Hesperapis rodecki Solitary Ground
Lasioglossum sp Solitary, Social

forms
Ground, Cavity

Megachile rotundata Solitary Stem
Melissodes bimaculata Solitary Ground
Nomada sp Parasite Parasitic
Peponapis pruinosa Solitary Ground
Perdita sp Solitary Ground
Pseudopanurgus sp Solitary Ground
Sphecodes sp Parasite Parasitic
Svastra obliqua Solitary Ground
Triepeolus sp Parasite Parasitic
Xeromelecta sp Parasite Parasitic

Fig. 1. Diversity index values for the bee genera on hemp during the weekly
sampling periods as shown by the values of Shannon-Weiner index (closed
triangle ▲) and Simpson index (closed circle ●).
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others (180). It is likely that some of these non-hymenopteran speci-
mens could be potential pests on hemp but at the flowering stage, 86%
of our samples were bees. Table 1 shows the taxonomic diversity of bees
collected and their ecology including sociality and nesting preferences
have been included from the existing literature [25]. Diversity index
values, for bee genera and non-bees are as follows – Bee genera:
Shannon-Weiner Index, H = 1.81 and Simpson index, D = 4.22; Non-
bee insects: Shannon-Weiner Index, H = 1.2 and Simpson index,
D = 2.53. Diversity index values were also calculated separately for
each of the weekly collection periods. Peak bee genera diversity values
were recorded during the 3rd week of the sampling period which oc-
curred during mid-August (Fig. 1), coinciding with the peak flowering
intensity. Sest, an estimate of diversity taking into account the genera
richness, abundance and sampling efforts, calculated by rarefaction
analyses [24] indicate the sufficiency of our sampling efforts. We re-
covered a total of 1937 individuals in our samples across the season and
the simulations were set to run for 2000 individuals. Genera recovered
in hemp fields (Fig. 2), indicate a plateauing at a little below the 23
genera recovered in our sampling for all weeks except Week 5.

Apis mellifera represented up to 38% of the bees in our collection
followed by Melissodes (25%) and Peponapis (16%). About 5% of the
bees collected belong to Bombus spp. (Fig. 3a and b). There were over
20 other bee genera, some native and some non-native found in hemp
fields. Melissodes spp. are ground nesters emerging in late July and
August [16,25] overlapping with the blooming of hemp. These values
for the diversity in bee genera is higher than another report in the same
region where the authors reported bee genera pollinating genetically
modified canola flowers and flowers in pollinator habitats [12]. While
the current study is designed to determine diversity and abundance of
bees in flowering hemp fields, the previous study reported pollinating
bees captured on flowers. Studies in other regions have found higher
diversity index values in fruit orchards and agricultural fields [26–31]
and these studies were conducted in regions where extensive taxonomic
keys facilitate identifying bees down to the species level. In Colorado
where our study was conducted and in much of the western United
States, identifying bees to the species level is not currently possible as
we lack appropriate taxonomic keys [19,20]. Until species level taxo-
nomic keys become available for these regions, identifications to the

level of genera will have to suffice.
While it is not surprising that Apis mellifera, the honey bee was the

largest in abundance proportions as there are active beekeeping op-
erations nearby, it is interesting to note that specialist genera such as
Peponapis [32] and Melissodes [33] were also found in high proportions
in our traps. We hypothesize that the presence of plants that shed large
amounts of pollen could be the attractant, in addition to the possibility
that the study was conducted in a region where agriculture is intensive,
and there may have been fields with sunflowers and cucurbits nearby.
Although hemp flowering did not completely coincide with the flow-
ering times of these crops, there may have been small overlap in
flowering times. A closer look (Table 1) at the biology of the different
genera indicated that some of them were parasitic on the other genera
[16,25] in our samples suggesting that the agriculture intensive ecor-
egion where the study was conducted contains a variety of organisms
covering the range of functional traits within an ecosystem.

Hemp begins flowering when other mass flowering crops have
completed blooming, making it an excellent pollen resource for bees
[34]. Bees are crucial for sustainable productivity in natural and agri-
cultural ecosystems [8] but they continue to face debilitating challenges
due to a number of different stressors and a common factor that med-
iates the effect of all stressors is the nutritional status of the habitat
[35]. Providing season-long access to floral resources is necessary to
maintain healthy bee populations [8]. Hemp can thus be an ecologically
valuable crop whose flowers are attractive to managed honey bees and
a wide range of wild bees. In addition, access to crucial phytochemicals
through pollen and nectar from diverse plant sources is important for
improved survival and pathogen tolerance in honey bees [36]. Further
studies analyzing the nutritive value of hemp pollen, would provide
strong evidence in support of the ecological benefits. Hemp is gradually
gaining popularity among farmers for its economic benefits and can
occupy a central role for pollinators as well. As a novel crop, currently
there are few insect pests reported in hemp fields. However, this can
change as the cultivation expands. We strongly urge that the informa-
tion generated in this study on the diversity and abundance of bees on
hemp be used to develop an integrated pest management plan designed
to protect pollinators while controlling pests.

Fig. 2. Sampling curves showing rarefied richness (Sest generated using EstimateS) of bee genera in hemp fields through the different weeks of the flowering season.
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