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Abstract

Urban plants and the design and maintenance of urban landscapes play a critical role in pollinator conservation 
and the preservation of essential ecosystem services. Effective conservation decisions and planning require careful 
assessment of the consequences of land use change, and the effects of local and landscape scale factors on bees, 
butterflies, flies, and other pollinators. Understanding and not under-estimating the needs of the various pollinator 
functional guilds to inform conservation strategies are critical to success. Research indicates that diverse pollinator 
assemblages can be enhanced and conserved in urban areas through local and landscape scale efforts. Education 
and communication are key elements needed to engage policy makers to move conservation forward at the 
accelerated pace required to address current (rapid urbanization) and impending (climate change and invasive 
species) challenges. Conservation and protection of urban pollinators and the ecosystem services that they provide 
require that we move from reactive to proactive activities that tie together regional efforts. Citizen science initiatives 
can be effective ways to communicate essential information, garner public support, and acquire valuable data 
concerning pollinators in a cost-effective manner. Improving our knowledge of bee life history, phenology, and 
nesting sites is essential. Understanding the role and lifecycles of lesser-known pollinators like flies (Diptera) and 
wasps (Hymenoptera) is vital while there is a critical need to expand our available taxonomic expertise. In this 
review, we discuss case studies integrating elements of pest and pollinator management through plant selection, 
landscape and recreational area design, and community engagement with the goal of pollinator conservation. 
Decision-making resources are included.
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Insect pollinators, including bees, wasps, flies, beetles, moths and 
butterflies, require proactive stewardship from diverse stakeholders to 
protect the large, healthy, and diverse pollinator workforce that bene-
fits all. Humans depend on services provided by pollinators, and the 
economic value of these services has recently begun to be increasingly 
well quantified (e.g., Barfield et al. 2015, Dunn et al. 2020, Losey and 
Vaughan 2006). The economic value of ecological services, including 
pollination by ‘wild’ insects in the United States, has been estimated 
to be at least $57 billion (Losey and Vaughan 2006). In the state of 
Georgia alone, the annual economic value of biotic pollinators was 
determined to be at least $367 million (Barfield et  al. 2015). This 
sum was equivalent to 13% of the total production value of crops 
studied and 3% of the total production value of Georgia’s agricultural 
sector. Significant gaps exist in our understanding of specific roles of 
pollinator species, yet research has shown that maintenance of eco-
system services in nature requires many species, including relatively 
rare ones (Winfree et al. 2018). Landscape-mediated changes in pol-
linator phylogenetic structure (relationships that reflect evolutionary 

history) may lead to the disruption of ecosystem services and be asso-
ciated with loss of crop yield and quality (Grab et al. 2019). Noriega 
et al. (2018) examined general trends in published research on these 
ecosystem services over the past six decades and identified significant 
gaps in knowledge that prevent accurate assessment of synergies and 
opportunities in biodiversity conservation. Their advocacy of an am-
bitious research agenda to improve the empirical and experimental 
evidence of the contributions of insects was echoed by Dunn et  al. 
(2020). Their review of relevant literature demonstrated the potential 
of dual ecosystem services (pollination and biological pest control) 
that syrphid flies can provide, yet there are significant gaps in research 
that hinder the use of syrphids in this dual role. The extent to which 
urban gardens and urban areas can serve as a refuge for pollinators 
is an exciting area of expanding research. Langelotto et  al. (2018) 
estimated that 30–50% of the ‘garden bee community’ could con-
tribute pollination services to nearby crops and proposed a research 
agenda to clarify the potential for ecosystem service flow to urban and  
peri-urban agriculture.
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Reports of declines in insect abundance, biomass, species rich-
ness, and range sizes, e.g., Sánchez-Bayo and Wyckhus (2019), 
suggest dramatic rates of decline that could imperil a significant 
percentage of the world’s insect species over the next few decades. 
Several consistent drivers of these reported declines have been pro-
posed and include habitat loss largely associated with urbanization, 
deforestation, and agricultural intensification, in addition to pollu-
tion, disease, nitrification, introduced species, and climate change 
(Wagner et al. 2021). Urbanization is increasingly recognized as an 
important driver of insect decline (Fenoglio et al. 2020, Piano et al. 
2020). Although in agreement that human activities can threaten 
biodiversity, the ‘insect apocalypse’ concept remains contentious 
with recent reports noting examples where insects are relatively 
stable or even increasing (Crossley et al. 2020, Thomas et al. 2019). 
Wagner (2020) provides a recent review of insect declines and cases 
of increasing abundance, emphasizes the urgent need for monitoring 
efforts, and discusses the challenges in collecting and interpreting 
insect demographic data. The apparent robustness or resilience of 
certain U.S.  arthropod groups does not diminish the monitoring 
and conservation needs for insects providing pollination services. 
Barker and Sargent (2020) evaluating pollination services to a na-
tive plant, jewel weed (Impatiens capensis Meerb.), across an urban-
ization gradient found that pollen limitation did not increase with 
increasing site urbanization. Ushimaru et al. (2014) did find that ur-
banization could result in selective forces driving diversification in 
plant mating systems. Predicting how loss of plant species will affect 
plant-pollinator networks is a challenging field (Urban-Mead 2017). 
Predicting changes in pollinator composition following disturbances 
such as those introduced by urbanization may be best accomplished 
by evaluating trait groups such as matching bee tongue length and 
flower corolla depth. More research is needed on which traits are the 
best predictors for better understanding plant-pollinator networks.

Characteristics of Urban Settings Influencing 
Pollinators

Urbanization Trends
Humans play a key role in modifying resource availability that affect 
pollinator services. Urban land area in the United States quadrupled 
from 1945 to 2007 from roughly 6.1 million hectares in 1945 to 
an estimated 24.7 million hectares in 2007, whereas the population 
nearly doubled during this time period (Nickerson et al. 2011). The 
Census Bureau estimates that urban land area increased 36, 37, 18, 
and 13% during the 1960s, 1970s, 1980s, and 1990s, respectively 
(Nickerson et al. 2011). Land in urban areas increased by about 3.2 
million hectares from 1990 to 2000. National Resource Inventory 
(NRI) data indicated that most of the rural land converted to urban 
uses from 1982 to 2007 was previously cropland, pasture, and 
rangeland, representing 56% of the 16.2 million hectares developed 
during that period (Nickerson et al. 2011). An additional 41% of 
land developed was previously in forest uses. Anthropogenic land 
use change, and resultant habitat loss, is a leading driver in biodiver-
sity loss worldwide. Effective conservation decisions and planning 
require careful assessment of the consequences of land use change 
on multiple plant and animal taxa. Although determining impacts to 
native taxa is not always feasible, evidence suggests that bees can be 
effective and cost-efficient surrogates of impacts to native flora and 
fauna (Yong et al. 2018). Wenzel et al. (2020) reviewed 141 studies, 
74 of which directly studied effects of urbanization on pollinators. 
In those studies, 24% found urbanization to be negative, 37% posi-
tive, and 39% neutral for pollinators. Those authors concluded 
that the inconsistency corresponded to variation in densification of 

urbanization. Pollinator diversity generally increased with amount 
of greenspace in urban settings and decreased with amount of im-
pervious surface. Threats to pollinators that include reduced pollen 
and nectar resources through habitat loss, pesticide exposure, para-
sites, and pathogens have been met with research and actions to miti-
gate negative aspects, but we must predict and develop strategies for 
future threats such as climate change and invasive species (Brown 
et al. 2016). The increase in global change science (Decourtye et al. 
2019) and related funding offers opportunities for applied and basic 
research in climate change, landscape alteration, diversification of 
urban farming systems, and reconciling sustainable beekeeping with 
wild pollinator conservation. Hamblin et al. (2018) found that bee 
abundance decreased an alarming 41% per °C urban warming and 
temperature was the best predictor of not only abundance but also 
community composition. The authors emphasize that although high 
floral density benefits bees, simply adding flowers to hot, impervious 
sites will not sufficiently restore desired bee assemblages. Kammerer 
et  al. (2021) analyzed a long-term data set from Maryland, 
Washington DC, and Delaware and determined that climate factors 
were the main drivers of wild bee abundance and richness, not land 
use effects. Climate increasingly poses a severe threat to pollinators.

What drives changes in urban pollinator community compos-
ition; are landscape level or local characteristics equally important 
in understanding causal relationships that structure bee community 
dynamics? Bennett and Lovell (2019) found that bee abundance re-
sponse to local versus landscape scale variables depends on body 
size and nesting habit. They discovered that pollination services to 
sentinel cucumber plants decreased with increasing hardscape, a 
standard metric for urbanization. Abundance of small-bodied soil 
nesting bees increased with local floral density. When Williams and 
Winfree (2013) placed standardized native plant arrays along an ur-
banization gradient to assess changes in pollination in a woodland 
system, they found that landscape-scale habitat loss did not reduce 
pollinator abundance or diversity. Instead, local habitat characteris-
tics were more important, possibly reflecting the smaller spatial scale 
over which small-bodied pollinators forage. Winfree et  al. (2007) 
stress the importance of understanding how well individual species 
persist in human dominated areas as natural land cover dwindles. 
Specifically, they found that bee abundance and species richness de-
creased with increasing forest cover, whereas agricultural land use 
was positively associated with abundance and richness. Low density 
housing was positively associated with species richness, whereas 
high density development did not show any significant association. 
They did, however, identify 20 out of 130 species collected that were 
positively associated with extensive forest cover. These did not turn 
out to be wood-nesting or plant specialists and the authors expressed 
cautious optimism for the persistence of pollinators in their human-
dominated ecosystem of study. Small forest fragments may play an 
important role in conserving pollinator communities. Harrison et al. 
(2018) found that although season-long bee abundance and rich-
ness were not different, their phenologies, community composition, 
and phylogentic composition varied between forest, agricultural, 
and urban habitats. They report that forest species do not persist in 
man-altered habitats, being replaced by species of lineages already 
adapted to open habitat. Neumüller et al. (2020) found that flower 
plantings and remnant habitats such as field margins and woodland 
edges favored bee abundance and richness, whereas intensively man-
aged grassland had the opposite effect.

Cities as a Refuge for Pollinators
The ecology of urban bees is a rapidly advancing field. Although pub-
lished studies of bee communities in urban and suburban settings are 
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fewer than those in agricultural settings (Hernandez et al. 2009), the 
aforementioned rapid loss of land to urbanization stresses the urgency 
to understand urban bee community dynamics, associated pollin-
ation services, and conservation opportunities. Although studies have 
shown a negative correlation between bee species richness and urban 
development, an increasing body of literature provides evidence on the 
ecological importance of cities. Hall et al. (2016) emphasize the need 
for ecological conservation research in concert with public education, 
engagement, policy development, and city planning. They further em-
phasize that, for several reasons, urban habitats offer unique oppor-
tunities for pollinator conservation. Sirohi et al. (2015) demonstrated 
that urban settings can offer conservation opportunities, especially for 
solitary and primitively eusocial bees in Britain.

Urban greenspaces present a multitude of opportunities for pol-
linator enhancement (Gwak et al. 2017, Tonietto et al. 2011) from 
modifications to residential landscapes, golf courses, parks and 
other public spaces (Daniels et al. 2020; Davis et al. 2017; Egerer 
et  al. 2020a, b; Krahner and Greil 2020; Lowenstein et  al. 2015; 
Majewska and Altizer 2018; Wilson and Jamieson 2019), to ceme-
teries (Kowarik et al. 2016) and urban farms, community gardens 
and backyard gardens (Bennett and Lovell 2019, Griffin and Braman 
2018, Guzman, et al. 2019, Siegner et al. 2020, Zhao et al. 2019). 
Ayers and Rehan (2021) concluded that cities hold value as pol-
linator habitats and emphasized the need to better understand the 
interacting local and landscape features that exert effects on pollin-
ator species to better inform conservation efforts. Their review em-
phasized recommendations such as reducing management intensity, 
increasing native floral abundance and diversity, establishing areas 
for ground nesting bees, and seeking green infrastructure modifica-
tions that can improve connectedness of pollinator spaces as prac-
tical ways to implement pollinator conservation. Neither local nor 
landscape-scale land use affected wild bee visit frequency in a system 
already characterized by high landscape heterogeneity (Winfree et al. 
2008) and even weeds co-flowering with crops did not draw pollin-
ators away from crops but in fact enhanced visitation.

Native or remnant habitat removal and loss of native plants with 
increasing urbanization can result in a scarcity of floral specialists in 
urban habitats (Cane et al. 2006, Frankie et al. 2009). Gastreich and 
Presler (2020) reported 42 bee species from organic gardens and rem-
nant prairies in midwestern urban areas with half of the species found 
only in prairie remnants, one quarter only in organic gardens, and 11 
species common to both. Their work supported the growing body of 
literature recognizing the opportunities for urban parks, residential gar-
dens, and grasslands to serve as pollinator refuges. Frankie et al. (2005, 
2009) surveyed bees in seven, medium to large urban areas throughout 
the state of California, finding 60 to 80 species in each city. They re-
ported 27 bee species as common to > 70% of gardens and that the 
two most visited plant families were Asteraceae, providing pollen and 
nectar and Lamiaceae providing nectar. Forty-five sites in New York 
state were surveyed (Jago 2019) with 143 pollinator species (89 bee and 
wasp species and 54 fly species). The top five species were Augochlorella 
aurata Smith, Lasioglossum leucosonium (Schrank), Ceratina calcarata 
Robertson, Augochlora pura (Say), and Toxomerus geminatus (Say). 
Lerman and Milam (2016) reported 111 bee species from suburban 
yards in Springfield, MA, comprising 29% of the bee species reported 
for the state. Recent surveys in residential landscapes in Georgia have 
recovered 111 bee species to date in 28 genera representing 20% of the 
species reported in GA (S. K. Braman, unpublished data).

Integrated Pest and Pollinator Management

Integrating pollinator welfare and management into traditional inte-
grated pest management (IPM) programs has been termed integrated 

pest and pollinator management or IPPM (Biddinger and Rajotte 
2015). Concern in the 1950s over the development of resistance to 
insecticides and non-target effects of over use of pesticides led to the 
development of IPM. IPM utilizes a holistic approach to pest man-
agement, integrating biological, cultural, mechanical, and chemical 
strategies to suppress weeds, insects, and diseases on crops (Kogan 
1998) and also on amenity plants. An IPPM approach then further 
employs strategies that provide shared benefits for pest suppression 
and pollinator protection. Strategies can include changing pesticide 
types and incorporating less pest susceptible, pollinator supporting 
plant species into landscape and other greenspace design. The goal 
should be to ensure resource continuity for pollinators and natural 
enemies while limiting or removing resources for pests. Best man-
agement practices that can support pollinators while managing 
pests start with appropriate plant and site selection. Regionally ap-
propriate plant lists of trees, shrubs, and flowers that attract and 
support pollinators are good resources to consult for landscape de-
sign or renovation (e.g., Braman et al. 2017, Mach and Potter 2018, 
Smitley et al. 2019). In addition to improving habitat for pollinators 
through plant selection, the need for pesticide use can be avoided by 
choosing plants that are regionally adapted and are less pest-prone. 
Siting plants properly according to sun versus shade and moisture 
requirements is essential. When pesticides are needed, choosing 
low-impact pesticides and applying with consideration for pollin-
ators, i.e., not when plants are flowering and in the evening after 
pollinators are no longer active, are an important aspect of an IPPM 
program. Understanding phenological sequence of flowering, pest, 
and pollinator activity can help mitigate non-target effects. Regional 
resources that integrate useful information for plant selection that 
promotes better habitat for bees with pollinator-friendly pest man-
agement are greatly needed and exemplified by Smitley et al. (2019) 
who provide the most complete guide that we are aware of to pro-
tecting pollinators while gardening, growing flowers, or managing 
trees, shrubs, or turfgrass in urban areas.

https://www.canr.msu.edu/home_gardening/uploads/files/pol-
linators/protectpollinatorsinlandscapes2019-highres.pdf. Detailed 
information on low impact and reduced risk miticides and insecti-
cides can be found in this publication. A habitat assessment guide 
tailored for yards gardens and parks (Jordan et  al. 2019) is now 
available (https://xerces.org/publications/habitat-assessment-guides/
habitat-assessment-guide-for-pollinators-in-yards-gardens) that al-
lows pre- and post-improvement assessment of properties in four 
main areas: foraging habitat, nesting areas, pesticide practices, and 
community action. Carley and Spafford (2021) also present in detail 
actions gardeners can take to create sustainable habitat for pollin-
ators. Below we provide a few examples and case studies that high-
light various IPPM concepts and direct the reader to resources to 
assist in implementing these strategies.

Milkweeds and Monarchs Case Study
Public interest in charismatic Monarch butterfly (Danaus plexippus 
L.) conservation is extremely high. Monarchs both east and west 
of the Rocky Mountains have declined drastically in recent years 
and face significant threats in both their summer and winter ranges. 
Monarch habitat is threatened, and loss of milkweed hosts as a con-
sequence of pesticide use, logging, development, and climate change 
has created an urgency for conservation measures (https://www.
biologicaldiversity.org/species/invertebrates/pdfs/Monarch_ESA_
Petition.pdf). IPPM strategies are important in the growing conserva-
tion initiative as milkweeds support a community of insects, some of 
which require management in order to supply monarchs with needed 
resources. Although natural stands of milkweed (Asclepias spp.) 
are not common in residential areas, recent research has compared 
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eight species of milkweed for suitability in urban gardens and usage 
by Monarch butterflies and bees in replicated garden experiments 
(Baker and Potter 2018; Fig. 1). The eight species evaluated varied 
in how they were colonized by monarchs and utilized by bees. The 
taller milkweed species (A.  incarnata L., A. syriaca L., A. speciosa 
Torr., and A. fascicularis Decne.) recruited more monarchs than the 
shorter species [A. tuberosa L., A. latifolia (Torr.) Raf., A. verticillate 
L., and A.  viridis Walter]. Asclepias syriaca and A.  speciosa were 
the most heavily utilized by monarchs. Monarch larvae survived and 
developed on all species and with few exceptions growth and sur-
vival were similar. Asclepias tuberosa and A. fascicularis were noted 
as especially attractive to bees. Bee genus richness was higher for 
A. tuberosa, A. verticillata, and A. fascicularis than for A. syriaca. In 
this study, oleander aphids (Aphis nerii Boyer de Fonscolombe) were 
highest on A.  incarnata and A.  latifolia, whereas milkweed bugs 
[Oncopeltus fasciatus (Dallas)] were most abundant on A. tuberosa, 
A. syriaca, and A. fascicularis. These insects, especially A. nerii, can 
become serious pests of milkweed and significantly reduce their 
flowering and subsequent value for monarchs. The authors suggest 
that A. incarnata, A. tuberosa, and A. viridis will ‘stay put’ and inte-
grate well in managed gardens and that combining those species that 
were more attractive to monarchs with those that were more heavily 
visited by bees would be a good strategy to enhance the conservation 
value of the garden. In a previous assessment of 21 Asclepias species 
and cultivars, A. physocarpa (E. Mey.) Schltr. had the lowest aphids 
and milkweed bugs, highest number of monarch larvae, and highest 
plant quality ratings with A. tuberosa also ranking highly and able 
to survive and bloom well when infested with aphids (Braman and 
Latimer 2002).

Baker and Potter (2018) suggest some guidelines for garden 
design that can enhance garden contribution to monarch habitat 
restoration and provide an engaged public with a rewarding ex-
perience. They monitored 22 citizen planted gardens and found that 
more monarch eggs and larvae were found in gardens that had milk-
weeds spatially isolated rather than interspersed with other non-host 
garden plants and in gardens having 100 m of north/south access 
that was not impeded by any structures. The need for information 

on whether native cultivars have the same conservation value as wild 
species prompted a study by Baker et al. (2020), demonstrating that 
cultivars were colonized to the same extent as species and that sig-
nificantly more monarch eggs and larvae were found on A. incarnata 
than A.  tuberosa. The bee assemblages of A.  incarnata included 
more Apidae (Bombus, Xylocopa, and Apis mellifera), whereas 
A. tuberosa was more attractive to Halictidae and Megachilidae.

Unfortunately, Baker and Potter (2020) also point out the pos-
sibility for monarch conservation efforts to create ecological traps 
where predation by an invasive paper wasp Polistes dominula 
(Christ) poses a threat to second- to fourth-instar monarch larvae 
(Fig. 2). They also point out that butterfly hibernation boxes and 
even bird houses can make good nesting boxes for these invasive 
wasps and increase the likelihood of predation on monarch and 
other butterfly larvae. A  recent assessment of commercially avail-
able insect hotels (Harris et al. 2021) also demonstrated numerous 
wasp and ant inhabitants as well as bees and suggests limited utility 
of some structures intended to enhance conservation efforts. Nestle 
et al. (2020), however, compared milkweed monocultures to a mix-
ture of milkweed and other wildflower species to see what effect 
plant diversity has on monarchs and potential predators. Their re-
sults showed that swamp milkweed, Asclepias incarnata L., mixed 
with four additional wildflower species had 22% more monarch 
eggs deposited than swamp milkweed monocultures. In their study, 
although the more diverse plantings had higher natural enemy, wasp 
and bug richness, this did not translate into higher predation or 
parasitism of the monarchs. This recent research has demonstrated 
that plant choice and garden design can have significant effects on 
the value of monarch conservation habitat.

Plant Species Effects, Native Versus Non-Native 
Plants on Pollinator Visitation Case Study
A comprehensive study examined 72 species of flowering woody 
plants for bee visitation and quantified bee assemblages associated 
with the 45 most bee-attractive plant species in central Kentucky 
(Mach and Potter 2018). Seasonal variation in visitation was re-
ported, but no overall variation in bee diversity or visitation among 

Fig. 1. Milkweed trials and garden architecture evaluations identified milkweed species and garden design and structural aspects that promote monarch 
conservation (Baker and Potter 2018, Baker et al. 2020). Researchers collect data comparing different milkweed species for monarch conservation value (A–C). 
Photos provided by Dan Potter.
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native and non-native trees and shrubs was identified. In fact, some 
exotic species that flower late in the season are highly bee attractive 
and can support bees when native plant resources are scarce. An 
excellent resource resulting from that work ‘Woody ornamentals 
for bee-friendly landscapes in the Ohio Valley region’ was devel-
oped from that research http://ecoipm.org/wp-content/uploads/
potterhandout.pdf. In contrast, Morandin and Kremin (2013) found 
that wild bees, and managed bees in some cases, prefer to forage on 
native plants in hedgerows over co-occurring weedy, exotic plants. 
They suggested that hedgerow restoration with native plants may 
help enhance wild bee abundance and diversity, and maintain honey 
bee health, in agricultural areas.

White (2016) compared flower visitation by insect pollinators to 
12 native herbaceous plant species and 14 native cultivars in a repli-
cated field experiment at two sites in Vermont over 2 yr. Seven native 
plant species were visited significantly more frequently by all insect 
pollinators (combined) than their cultivars, four were visited equally, 
and one native cultivar was visited more frequently than the native 
species. Results suggested that the breeding and selection of culti-
vars and hybirds can decrease the attractiveness of Echinacea, for 
example, to bee pollinators. Bees, moths, and butterflies exhibited 

similar preferences, whereas flies showed no preference between the 
native species and the native cultivar. This study revealed that many 
insect pollinators prefer to forage on native species over cultivated 
varieties of the native species, but not always, and not exclusively. 
Some native cultivars may be comparable substitutions for native 
species in pollinator habitat restoration projects, but all cultivars 
should be evaluated on an individual basis. Assessment of access-
ible regionally appropriate plants can inform consumer choice and 
prompted a study (Harris et al. 2016b) of 74 plant taxa locally avail-
able in the nursery trade for pollinator and other beneficial insect 
attractiveness. Agastache ‘Black Adder’ and Celosia spicata were the 
most visited by pollinators. A resource providing more details about 
the ‘Eco-friendly garden’ was also developed (Harris et al. 2016a; 
https://extension.uga.edu/publications/detail.html?number=B1456).

Integrating Plant Health, Pest Management, and Bee 
Conservation: Crape Myrtle Case Study
Crape myrtle, Lagerstroemia, are ornamentals native to China and 
southeast Asia that are among the most commonly planted orna-
mentals in the southeast. They include trees and small shrubs with a 
variety of plant forms, flower, and fall foliage colors. Chappell et al. 

Fig. 2. Invasive wasp turns butterfly gardens into ecological traps-Predatory Polistes sp. Wasp feeds on a monarch larva (A). Butterfly boxes provide homes for 
predatory wasps instead of the intended butterflies (B–C) in an example of ‘good intentions gone bad’ (Baker and Potter 2020). Photos provided by Dan Potter.
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(2012) reviewed what was known about plant health and pest man-
agement at the time, providing an accessible resource consolidating 
cultivar characteristics, horticultural best management practices, as 
well as insects and disease susceptibility by cultivar and their man-
agement. Riddle and Mizell (2016) suggested the use of crape myr-
tles as a pollen source by bees, noting that many crape myrtles bloom 
when other pollen sources can be scarce and documenting variation 
in bee visitation to cultivars. Crape myrtles are also extensively 
planted and produce abundant pollen. Braman and Quick (2018) 
found variation in bee visitation among 40 crape myrtle cultivars 
with ‘Seminole’ and ‘Victor’ being the two most frequently visited by 
all bees and ‘Apalachee’ being most frequently visited by bumblebees 
(Fig. 3). Plant height and flower color also influenced frequency of 
bee visitation. Pollinator visitation can be a consideration in cultivar 
choice along with horticultural attributes and pest susceptibility to 

the key pests Japanese beetle (Popillia japonica Newman), Altica 
spp. flea beetles, crape myrtle aphid [Tinocallis kahawaluokalani 
(Kirkaldy)], crapemyrtle bark scale [Acanthococcus lagerstroemiae 
(Kuwana), and powdery mildew (Table 1).

Butterfly Preferences for Butterfly Bush and Zinnia 
Cultivars Case Study
Numerous species and cultivars of Buddleja exist and limited re-
search has examined whether taxa are equally attractive to butterflies. 
A study at Auburn (Bruner et al. 2008) compared B. davidii Franch. 
cultivars ‘White Profusion’, ‘Pink Delight’, ‘Black Knight’, Royal 
Red’, and ‘Honeycomb’ with B.  crispa Wallich and B.  lindleyana 
(Fortune) Small ‘Miss Vicie’. In general, ‘White Profusion’, ’Pink 
Delight’, and ‘Honeycomb’ were the most visited, whereas B. crispa 

Fig. 3. Variation in bee visitation (A and B) was observed among 40 crape myrtle cultivars in a 2-yr study in north Georgia. The cultivars ‘Seminole’ (C) and 
‘Victor’ (D) were the two most commonly visited by all bees, including honey bees, carpenter bees, and several small bee species. ‘Apalachee’ (E), however, was 
the cultivar most frequently visited by bumblebees. All cultivars in the trial at the Georgia Mountain Research and Education Center (F) were visited by bees 
(Braman and Quick 2018, Pennisi et al. 2020a). Photos provided by Kris Braman, Jim Quick, and Bodie Pennisi.
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and B. lindleyana ‘Miss Vicie’ were least visited during the 2-yr study. 
A  study of butterfly feeding on four widely available zinnia culti-
vars examined mixed color plantings of ‘Lilliput’, ‘Oklahoma’, ‘State 
Fair’, and ‘Pinwheel’. A total count of 2,355 butterflies representing 
30 species revealed that twice as many butterflies visited ‘Lilliput’ 
than were attracted to any of the other cultivars (Yeargan and 
Colvin 2009). Traits emphasized in plant breeding efforts include 
flower color, double flower form, disease resistance, and drought 
tolerance rather than nectar production. Nevertheless, the heirloom 
zinnia cultivar ‘Lilliput’ remains an excellent choice for inclusion in 
butterfly and pollinator gardens. As propagation methods facilitate 
breeding and production (Lewis et al. 2020) and our understanding 
of the influence of cultivars versus species increases (Poythress and 
Affolter 2018), more native plant species and cultivars will become 
available in the ornamental plant trade that have been bred specific-
ally to attract and support pollinators. In order to inform empirical 
based recommendations, a deeper understanding of how breeding 
and selection of ornamental cultivars impacts the quality and quan-
tity of floral and forage provisioning, and hence, pollinator value is 
greatly needed.

Turfgrass Management Practices to Conserve 
Pollinators Case Study
Larson et al. (2017) outlined results from a national workshop that 
addressed the current status of best management practices for miti-
gating risk to pollinators in turfgrasses which are an important com-
ponent of managed landscapes, recreational areas, etc. The authors 
identified the need for further research on urban foraging habits 
of pollinators to assist integration of managed turf with gardens, 
ornamentals, natural habitat, and floral conservation strips. Dale 
et al. (2020) found that converting out of play areas on golf courses 
from turf to wildflowers increased bees and natural enemies, with 
high wildflower diversity being an important aspect of success in 

increasing native bees and natural enemies (Fig. 4). This manage-
ment strategy also increased biological control of caterpillar pests in 
adjacent turf areas by up to 50%.

Nectar and pollen resources of urban flowers were quantified 
and varied widely across 65 species surveyed (Hicks et  al. 2016), 
demonstrating that perennial meadows provided up to 20× more 
nectar and 6× more pollen than annual flower meadows. A  culture 
shift toward greater acceptance of multispecies lawns is occurring and 
certainly typical flowering lawn ‘weeds’ are utilized by pollinators (at 
least 50 species of insect pollinators including 37 species of bees in 
assessment of pollinator assemblages on dandelions and white clover; 
Larson et al. 2014). Chlorantraniliprole, when applied to manage root-
feeding grubs was found non-hazardous to bumblebees, but other 
taxa, such as butterflies were not tested. Blooming lawn flowers pre-
sent potential hazards to pollinators through unintended insecticide ex-
posure. However, mowing, which removed flowers and their resources, 
prior to treatment was shown to mitigate those effects (Larson et al. 
2013). Lerman and Milam (2016) found that nearly 30% of the spon-
taneous lawn flowers in Springfield, MA lawns were native to North 
America and could be viewed as supplemental floral resources for the 
111 bee species identified in their study of suburban yards. Norton 
et  al. (2019) in collaboration with local authority partners replaced 
mown amenity grass with a variety of meadow-type vegetation in six 
urban greenspaces and found that increasing height and species diver-
sity altered soil microbial and aboveground invertebrate communities, 
increasing abundance, richness, and biomass. As the sociocultural cli-
mate changes and research identifies good candidates, greater oppor-
tunity for flowering lawn mixes will present itself. Lane et al. (2019), 
for example, recently tested the establishment potential of eight forbs 
within mowed lawns of hard fescue (Festuca brevipilla Tracey). Some 
turfgrasses themselves may support pollinators (Joseph et  al. 2020). 
In a study of a warm-season turfgrass, Centipedegrass (Eremochloa 
ophiuroides (Munro) Hack.), sweep samples captured Lasioglossum 
spp., Bombus spp., Apis spp., Melissodes spp., and Augochlorella spp. 

Table 1. Characteristics of the 17 most bee-attracting crape myrtle cultivars of 40 cultivars that were evaluated in a 2-yr study in north 
Georgia

Cultivar Color Height JB Altica CMA PM 

Seminole pink M MS MS MS ?
Victor red D MS MS MR MR

Apalachee lavender M MS MR S MR
Hope white D MS MS S MR
Hopi pink D MS S S R

Pink Velour pink M MS MS ? R
Miami pink T MS MS MS R
Pecos pink M MS S S R
Yuma lavender M MS MS ? R

Tuscarora pink M MR S S R
Acoma white SD MR S S R
Sioux pink M S S S R

Catawba purple M MR ? ? MS
Zuni purple M MS S S MS

Ozark Spring lavender D MS ? ? ?
Natchez white T MS R MR R
Lipan lavender M MR S S R

‘Seminole’, ‘Victor’ and ‘Apalachee’ were the most attractive to all bees sampled including honey bees and native bees (Braman and Quick 2018).
Height: Tall (T), Medium (M), Dwarf (D), Semi Dwarf (SD). Pest susceptibility: MS- Moderately Susceptible, MR-Moderately Resistant, S-Susceptible, 

R-Resistant, ?-unknown.
JB = Japanese beetle (Popillia japonica Newman), Altica spp. flea beetles, CMA = crape myrtle aphid (Tinocallis kahawaluokalani (Kirkaldy)), PM = powdery 

mildew (Chappell et al. 2012, Braman and Quick 2018). Although all 40 cultivars were visited by some bees, the 17 listed here were the most frequently visited. 
Flower color, plant height, and known resistance to key pests are listed in this table. Pollinator preference can be a consideration in cultivar choice in addition to 
horticultural characteristics and insect and disease resistance.
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as well as syrphids from centipedegrass inflorescences. Promoting man-
agement practices such as higher mowing height (Lerman et al. 2018) 
and allowing grasses to bloom could lead to significant enhancement 
of turf lawns as pollinator plantings. However, this would involve a 
conscious and dedicated effort by researchers and Extension profes-
sionals to convince the landscape industry and the public, and thereby 
bring about a permanent change in the perception of what consti-
tutes a ‘good’ and/or ‘acceptable’ lawn. Interplanting turf with spring 
flowering bulbs could also increase turf lawn functionality as pollin-
ator space (Pennisi et al. 2021; Fig. 5).

Non-Native Pollinator Species

Bee species have been both introduced accidentally and deliberately 
around the world.

Non-native bees are widely distributed with more than 80 spe-
cies known worldwide, but remain relatively understudied (Russo 
2016). The potential negative impacts of non-native bees include 
competition with native bees for nesting sites or floral resources, ef-
fects on pollination of native plant species, and changing the struc-
ture of native pollination networks. The potential positive impacts 
of non-native bees include plant pollination and providing some 
resilience to human-mediated disturbance and climate change. The 
most species introduced are in the families Megachilidae and Apidae, 
with the best studied genera being Apis and Bombus, which have 
been deliberately introduced for agricultural pollination. Megachile 
sculpturalis (Smith), the giant resin bee, accidentally introduced into 
the United States in the 1990s is now present in most states in the 
eastern United States. They are tunnel nesters, known to displace na-
tive carpenter bees from their cavities. They are known to pollinate 
up to 43 different plants, apparently showing preference for those of 
Asian origin and sometimes damaging flowers making them unsuit-
able for other pollinators (Stevens et al. 2019).

Honeybees, Apis mellifera, are native to Eurasia and Africa and 
have been introduced nearly worldwide for honey production and 
crop pollination. There is debate, however, on the role of honeybees 
in pollination with inconsistent reports on whether honeybees dis-
rupt plant-pollinator networks or improve pollinator services and 
crop production. Valido et al. (2019) report the results of a 3year ex-
periment that demonstrate that beekeeping reduced the diversity of 
wild pollinators, resulted in the loss of interactions of generalist wild 
pollinators, and reduced reproductive success of plants highly visited 
by honey bees. They concluded that high density beekeeping in nat-
ural areas could have long-lasting seriously negative consequences. 
McCune et al. (2020), in contrast, found no evidence of competition 
between honey bees and wild bees and concluded that at least at 
moderate hive density urban beekeeping was compatible with wild 
bee conservation. Morales et  al. (2017) advocate managing agro-
ecosystems for enhancing wild pollinator diversity and avoiding fur-
ther introductions of non-native pollinators to protect the stability 
of pollination services.

Key Role of Humans in Moderating Resource 
Availability

Science communication is imperative to foster collaborative efforts 
that motivate change. Integrating pollinator research with public 
interest can expand spatial and temporal ranges of pollinator moni-
toring programs as well as increase environmental literacy (Griffin 
et  al. 2021, 2022, Jago 2019) which can help drive public policy. 
Overcoming negativistic attitudes and the ‘fear factor’ connected 
with public perception of insects has been demonstrated (Harris and 
Braman 2016, Schöenfelder and Bogner 2017). In one set of sur-
veys, age and especially extent of insect specific education influenced 
survey participants attitudes towards insects and their relatives 
(spiders). Encouragingly, more than half the survey respondents were 

Fig. 4. Converting out of play areas into wildflower meadows on golf courses enhanced pollinators and biological control (Dale et al. 2020). Before (A) and after 
(B) comparison from the same perspective on the UF golf course, Gainesville, FL illustrate the concept. A golfer teeing off (C) illustrates the close connection 
between conservation efforts and people on golf courses. Photos provided by Adam Dale, Tyler Jones UF IFAS Communications photographer.
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willing to change a negative attitude when provided with information 
about an insect’s benefits or services. In another set of surveys, the 
individual experience of bee stings was the most common reason for 
fearful attitudes. Educational programs can remove misinformation, 
diminish perceived danger, and support conservation interests. As re-
ports of pollinator declines proliferate in the media, many opportun-
ities to educate and support novice gardeners on pollinator health 
and the role of all beneficial insects abound (Griffin and Braman 
2018). For example, a statewide program, the Pollinator Spaces pro-
ject, in partnership with county extension resulted in 22 workshops 
with 621 attendees and the installation of 60 pollinator gardens in 
20 counties with over 9,000 face to face contacts just in the first 
year it was implemented (Griffin and Braman 2018). This low-cost, 
county agent friendly project relied on gathering and distributing no 
to low-cost standardized resources for agent use that provided them 
visibility in the accelerating movement for pollinator health. Other 
important elements were individual recognition of gardener efforts 
with signature artwork personalized certificates.

A better understanding of public perception of pollinator spaces 
and their management are key to promote their acceptance and suc-
cess in public spaces. Huber (2020) employed a sample frame of 

Master Gardener Extension Volunteers and green-industry prac-
titioners in Georgia, USA who responded to an online survey re-
garding pollinator sites. Preferences for pollinator landscapes were 
ascertained through conjoint analysis of image-based discrete choice 
experiments and revealed significant differences in site preferences. 
The findings suggest that certain design treatments with a modest 
balance of human elements and nature may appeal to a larger audi-
ence while achieving year-round appeal. Turo and Gardiner (2020) 
also discuss the importance of merging ecological and society values/
goals when creating pollinator habitats in urban areas. Key con-
cepts emphasize the importance of partnership, community engage-
ment, and detailed planning. As we approach urban conservation, 
co-creating strategies with stakeholders is essential.

Role of Citizen Science and Outreach 
Education in Advancing Pollinator 
Conservation

‘Citizen science uses the collective strength of communities and the 
public to identify research questions, collect and analyze data, in-
terpret results, make new discoveries, and develop technologies 

Fig. 5. Pollinators and beneficial insects visiting spring bulbs blooms in tall fescue lawn or hybrid bermudagrass lawn: honeybee (Apis mellifera) on Scilla 
sybirica (A) and Crocus vernus ‘Remembrance’ (B), small bee on Narcissus ‘Tete-a-Tete’ (C), and syrphid fly on Muscari (D). Photos provided by Bodie Pennisi.
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and applications—all to understand and solve environmental 
problems’ (EPA definition https://www.epa.gov/citizen-science/
basic-information-about-citizen-science-0).

A study in Fort Collins, CO evaluated whether citizen scientist 
volunteers can collect accurate data on morphospecies diversity and 
abundance of native bees in urban areas (Mason and Arathi 2019) 
and found that with intensive training and engagement accurate data 
collection and volunteer retention is possible. In 2016, 28 volun-
teers attended training and 22 participated in monitoring, whereas 
in 2017, 29 volunteers attended the training and 25 participated in 
monitoring. During 2016 and 2017, 3,722 and 6,499 bees were ob-
served, respectively. A variety of communication methods (bi-weekly 
newsletters in the summer and monthly in the off season, a project 
website and a volunteer appreciation event) were deemed as contrib-
uting to volunteer retention.

Two years of citizen science pilot projects (Griffin and Braman 
2021) in Georgia with 50 interested school and community garden 
participants allowed us to refine protocols and better understand the 
needs and interests of citizen science participants prior to launching 
the first fully statewide Great Georgia Pollinator Census (Griffin 
et al. 2021). Project goals were to increase pollinator habitat across 
the state, improve entomological literacy of citizen scientists enabling 
pollinator conservation, and to generate data on pollinator popula-
tion numbers across the state. Important elements leading to project 
success included engaging numerous project partners to promote 
and conduct events, signature project branding (Fig. 6), a dedicated 
project website allowing uploading of pollinator counts and infor-
mation delivery, and extensive use of multimedia platforms. During 
2019, 115 project events were held related to the census. During 
the two-day event over 4,600 entries recording more than 131,000 
insect visits from 134/ a total 159 counties in Georgia. Numerous 
participants (2,257) indicated that they had created or added to ex-
isting pollinator habitat. More than 1,100 participants noted that 
they were participating as part of a STEM project and 135 schools 
participated in the Census. We did not ask for species identification, 
but instead used broad pollinator categories that participants felt 
confident in identifying after training. Griffin et al. (2021) presented 
the census data by county making this baseline data more useful 
for county planners, parks managers, and local municipalities for 
greenspace planning. Future plans include expanding the Pollinator 
Census to include more businesses that want to participate in the 
project by providing counting experiences for their employees and/or 
clients. Landscape plans for small, but impactful, pollinator gardens 
will be made available. The dedicated website for the census (https://
ggapc.org) provides information for those who want to participate 
or learn more about the outcomes. For example, 14,394 individual 
counters participated in the 3 yr of the census to date and 1,861 
new pollinator gardens were created as a result of this initiative in 
Georgia. Details of how these extension efforts were conducted can 
also be found in Griffin et al. (2021, 2022).

Multiple demographics can be involved in such efforts. In this ef-
fort and others (Castagneyrol et al. 2020), school children can be valu-
able participants in ecological research. The capacity and willingness of 
farmers and citizen scientists to monitor pollinators in crops (Garratt 
et al. 2019) were assessed as well with all groups found to be engaged 
and able to implement a variety of sampling and pollination assess-
ment methods. Appenfeller et al. (2020) employed citizen scientists to 
improve our understanding of soil management on wild bees finding 
that squash bees have a wide geographic distribution in Michigan, and 
are more abundant on farms with reduced soil disturbance. College 
students can also be engaged in pollinator protection; via novel 
formal interdisciplinary courses with a service-learning component, 

undergraduate and graduate cohorts can study and actively dissem-
inate learned concepts and knowledge (Pennisi and Braman 2020).

Braman et al. (2017) provided a trees for bees resource https://
secure.caes.uga.edu/extension/publications/files/pdf/B%201483_2.
PDF as part of an interdisciplinary effort to develop pollinator pro-
tection resources for the southeastern region of the United States. 
A  diverse team from the Warnell School of Forestry and Natural 
Resources and the College of Agriculture and Environmental Science 
at the University of Georgia partnered to produce a suite of extension 
materials designed for educational events and for every age group. 
The Trees for Bees project (Fig. 7) provided scientific information for 
protecting pollinators found in landscapes, gardens, and urban trees. 
The team created four peer-reviewed extension bulletins, four press 
releases, a public service announcement, three annotated PowerPoint 
presentations, memes for social media, banners, signs, coloring 
sheets, and a hands-on bee nesting box project. The materials provide 
information on appropriate pollinator trees and shrubs for Georgia, 
non-plant habitat requirements, how to make nesting habitats, ap-
propriate lawn insect pest management, and the types of pollinators 
that will visit these improved habitats. Agents were equipped with 
a diverse toolbox of research-based, region-specific information and 
practical solutions to promote pollinator health. Each agent received 
a kit with a large stand-up banner, a tabletop banner, signs, color 
sheets, pollinator seed mixes, and pollinator nesting box kits. The 
Trees for Bees tools were designed to be used for a diverse audience, 
from children to senior citizens. Thus, they will fit many different 
agent programming needs, e.g., school gardens, senior centers, urban 
gardens, and rural pollinator easements (Fig. 7).

Resources are available here: https://extension.uga.edu/topic-
areas/timely-topics/pollinators.html

The team then used a train-the-trainer approach to present these 
educational materials to Extension agents. Thirty county agents re-
ceived the training and were presented with these educational tools 
at Extension Winter Conference (2018). Faculty and agents associ-
ated with this project reached out to 212,436 people with the mater-
ials produced in this project or expertise they developed as a result 
of this project. This project was very effective with a cost of just 
$0.0376 per outreach contact (Fig. 7).

Another example of impactful work at University of Georgia was 
the Extension workshop ‘Putting the P’s in IPPM: Integrated Pest 
and Pollinator Management Hands-on’ which provided agents with 
in-depth, hands-on training (Pennisi et al. 2020b). Extension has ex-
perienced significant external pressure to provide consultation and 
assistance, whether it is a community garden wishing to install a 
pollinator space, a golf course installing a wildflower meadow, or a 
municipality seeking help with beautification. Clearly, a need exists 
for in-depth agent training to give them the tools they need to field 
these requests. Also, many agents themselves have expressed interest 
in starting pollinator gardens in their counties, and such a hands-on 
platform offers an excellent starting point with immediate impact. 
An interdisciplinary team including horticulturists, entomologists, 
and a landscape architect trained 20 county agents on best ways to 
consult with stakeholders on establishing and maintaining a native 
plant habitat/pollinator garden/wildflower planting at municipal-
ities, golf courses, etc. including species selection, soil prep, planting, 
irrigation, weed control, and pest management; guiding citizen sci-
ence initiatives for pollinator conservation; and generating quantita-
tive assessments of pollinator numbers and abundance. Both ‘Trees 
for Bees’ and ‘Putting the P’s in IPPM: Integrated Pest and Pollinator 
Management Hands-on’ were funded through Extension Innovation 
Grants, an internally competitive program offered through the 
College of Agriculture and Environmental Sciences. They exemplify 
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the large impact such programs could have on promulgating pollin-
ator protection knowledge through the public.

Knowledge Gaps and Policy Development

Lack of knowledge on bee life history, phenology, and nesting sites 
indicates fruitful areas of bee ecology for research. A dearth of infor-
mation on health, distribution, and population dynamics of North 
America’s 4,000 bee species prompted a call for a national bee moni-
toring program (Woodard et  al. 2020). Understanding individual 
species impacts and their potential losses on plant populations is 
critical (Brosi and Briggs 2013) as individual functional contribu-
tions of species are dynamic, complex, and influenced by interspecific 
competitors. Even life cycles of common pollinators remain poorly 
understood (Lanterman et al. 2019). Impediments include the lack of 
researchers with the advanced training and taxonomic knowledge to 
facilitate identification and the fact that a large portion of the world’s 
bees are yet to be discovered and described. Transdisciplinary coord-
inated worldwide research is called for (Bartomeus and Dicks 2019). 
A better connection between biological sciences and social sciences 
could further conservation purposes (Maderson and Wynne-Jones 
2016). Partnership requires trust which is vital to the success of par-
ticipatory programs. Bringing multiple actors together with equal 
voice is challenging and revolves around better communication and 
education (Berry et al. 2016, Drossart and Gerard 2020).

Bennett and Lovell (2019) provided data supporting recom-
mendations that urban planning strategies should minimize im-
pervious surfaces at large spatial scales while land managers 
should focus on incorporating the floral resources that provide 
food and nesting resources especially for small bee species. Urban 
food sites can be excellent spaces for civic engagement resulting  
in food and environmental literacy (Siegner et al. 2020). Reforming 
local food production systems along ecological principles in order 
to protect bee populations can provide the necessary framework 
to facilitate these goals. Improving pollinator literacy and com-
munication with all parties, including lawmakers, is an essential 
step. Hall and Steiner (2019) report 110 pollinator-relevant pol-
icies passed by U.S.  state-level legislatures from 2000 to 2017 
that are far from sufficient to address the need. Educational and 
participatory actions underway in cities and on campuses that 
can bring partners together and facilitate conservation efforts in-
clude Xerces society recognitions and promotion of Bee Cities 
and Bee Campuses https://beecityusa.org (Penn et  al. 2020). 
Advocate groups (e.g., ASLA-NY 2015, Siebert et al. 2018) can, 
as part of their mission, share knowledge and encourage commu-
nication between researchers, public officials, community leaders, 
and the public to improve policies and practices. Frameworks 
for targeting urban planning for pollinator conservation are 
complex with many moving parts and partners required but 
such frameworks have been proposed and piloted demonstrating 

Fig. 6. Students from Georgia Tech and Colham Ferry Elementary School participating in the 2019 Great Georgia Pollinator Census. Census promotional materials 
were made available to all groups participating and here they are displayed to generate excitement among elementary school students for Census counting. 
Photos provided by Becky Griffin.
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proof of concept (Bellamy et al. 2017, Lovell and Taylor 2013). 
Sustainability of urban pollinators and the ecosystem services 
that they provide requires that we move from reactive to pro-
active activities that tie together regional efforts. Improving our 
knowledge of bee life history, phenology, and nesting sites is es-
sential. There is a critical need to expand our available taxonomic 
expertise. Urban environments are highly modified by human 
activities and present challenges for pollinator conservation dis-
cussed above; habitat loss and disturbance, exotic and invasive 
species, and altered environmental conditions including increased 
air temperatures and impervious surfaces. At the same time, we 
have ample evidence showing unprecedented opportunities and 
interest in utilizing our cities as a refuge for pollinators through 
partnerships that develop and promote a greenspace infrastruc-
ture that supports conservation initiatives. In closing, Kawahara 
et al. (2021) recommend the following actions that we feel reflect 
how to take information presented here and implement measures 
to protect pollinators. We can create insect friendly habitats by 
converting lawns into more diverse habitats, growing more na-
tive plants, reducing pesticide and herbicide use, and reducing 
run off pollutants. We can increase awareness and appreciation 
of insects by countering negative perceptions of insects, becoming 
an ambassador and advocate for insect conservation and getting 
involved in local politics and supporting science.
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