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Abstract
Pollination services are a frequently overlooked component of urban ecosystems. As cities look to become more sustainable 
and incorporate more urban green spaces, these pollinator services are coming to the forefront, and educating the public 
about the habitat and foraging needs of urban pollinators is becoming more important. Increasingly popular features in urban 
gardens are “bug hotels”, which are artificial structures that humans can install to create habitat or shelter for urban insect 
pollinators. In a college-level Urban Ecology class, we use a structured classroom activity to teach students about pollina-
tor needs, but also place the activity in a larger context of a discussion about the value of urban landscapes, as well as the 
importance of evaluating sources of information. Here we describe the steps of a research activity that students undertake 
to design a “bug hotel”, as well as suggestions for how to extend the activity beyond the classroom.
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Introduction

When asked to imagine a pollinator, most people probably 
picture a honey bee buzzing from flower to flower. However, 
a wide variety of insects, birds, and mammals pollinate both 
natural and cultivated plants. Pollination, which falls into 
the “supporting” category of ecosystem services, provides 
essential functions for many plants that rely on animals for 
dispersal of their pollen (Elmqvist et al. 2015). Pollinators 
are also important drivers of the biodiversity of ecosystems, 
as their presence is essential for the genetic flow that estab-
lishes future generations of flowering plants. Habitats for 
pollinators may be degraded or non-existent in urban set-
tings, and may need to be augmented in order to support 
effective population sizes for pollinator services. As cities 
recognize the importance of sustainable and biodiverse 
green spaces within the urban landscape, these services 
become more important, particularly when planning urban 
parks and gardens (USEPA 2015). Additionally, urban agri-
culture is becoming increasingly popular in various forms 
(e.g. community gardens) (USEPA 2015; Bennett and Lovell 

2019), and a large proportion of plants grown in urban gar-
dens are dependent on bee pollinators to set fruit (Matteson 
and Langellotto 2009).

Declines in insect pollinator populations have been 
documented worldwide, including urban areas (Potts et al. 
2010; Burkle et al. 2013; Vanbergen et al. 2013; Soroye 
et  al. 2020). In North America, native bee populations 
are in decline due to introduced pathogens (e.g. Nosema 
bombi) and low genetic diversity due to habitat fragmenta-
tion and destruction (Cameron et al. 2011). Further cause 
for declines includes populations of non-native European 
honeybees (Apis mellifera), which are out-competing native 
bees, pushing them out of their native habitats (Thompson 
2016). Thus, finding ways to support native bees and other 
insect pollinators is important for preservation of biodi-
versity (Lowenstein et al. 2015) and to support pollination 
services, including habitat restoration and/or augmentation.

Urban areas often are thought of as ecological deserts 
with low biodiversity. However, people living in urban areas 
are dependent on local biodiversity due to its generation of 
ecosystem services, such as pollination, but are often una-
ware of the importance of these services or how they might 
be occurring in urban areas. Raising awareness about the 
importance of these services through education and restora-
tion efforts is an opportunity to both connect people to the 
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natural environment and also support the native pollinator 
populations (Matteson et al. 2008; Theodorou et al. 2020).

Urban gardens and other green spaces may provide food 
resources for native bees and other insect pollinators, particu-
larly as the popularity of urban agriculture and “pollinator 
gardens” are increasing (Paweleck et al. 2009; USEPA 2015; 
Bennett and Lovell 2019). However, while conservation efforts 
often focus on floral resource provisioning, bee communities 
are also dependent on availability of diverse nesting resources 
(Potts et al. 2003). Many pollinators also have specific shelter 
or nesting requirements that are more difficult to meet in an 
urban setting, particularly for species that require deadwood, 
leaf litter, or other natural materials (Fortel et al. 2016). For 
instance, fallen wood and leaves are often removed in urban 
landscapes for aesthetic reasons, eliminating potential habitat 
for insects of all kinds (Steffan-Dewenter and Leschke 2003; 
McFrederick and LeBuhn 2006). Urbanization also degrades 
habitat for ground-nesting species by altering vegetation and 
increasing both soil compaction and impervious cover (Cane 
et al. 2006; Geslin et al. 2016; Bennett and Lovell 2019). On 
a landscape scale, bee biodiversity has been found to be nega-
tively correlated with urban development (Dauber et al. 2003) 
and impervious surfaces (Arhné et al. 2009). An analysis of 
59 urban bee surveys found that urban areas tended to have 

lower diversity and abundance of bee species, particularly for 
ground nesters and floral specialists (Hernandez et al. 2009).

One increasingly popular way to counteract this pattern of 
habitat removal is to create “bug hotels” and install them in 
urban gardens or natural areas, where they can be used by native 
insects for shelter (or as the title suggests, as a “bee&bee” or 
pollinator penthouse) (Gaston and Smith 2005) (Figs. 1 and 2). 
Depending on the design and materials used, the bug hotels can 
be targeted to specific taxa of pollinators (Fortel et al. 2016). 
While they are often referred to by the public as “bug hotels,” 
the shelters often cater to native bee populations (Table 1), 
rather than true bugs (Order: hymenoptera). However, these bug 
hotels can also be designed to provide habitat for other types of 
insects, such as predatory ladybugs (there are over 500 species 
in North America) and green lacewings, thus enhancing bio-
diversity as well as promoting pollination and other ecosystem 
services. They may be thought of more generally as artificial 
habitats for desirable pollinators and bio-control insects.

The efficacy of bug hotels is still being evaluated (MacIvor 
and Packer 2015; Geslin et al. 2020), particularly for hotels that 
are designed more generally rather than for a targeted taxon. 
Recent research in Europe indicates that some urban bug hotels 
may draw in more exotic species (e.g. Megachile sculptura-
lis) than native bees (Geslin et al. 2020; Ruzzier et al. 2020), 

Fig. 1  Examples of bug hotels 
from public gardens around 
southern Sweden. The examples 
range from very complex (see 
A—which not only has a wide 
variety of materials, but also 
has a sedum green roof) to quite 
simple (see C—just bamboo 
in a frame). Examples C and E 
are mounted on walls or posts, 
while A, B and D are free stand-
ing. Photos by E. Hane and K. 
Korfmacher
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though this is thought to be potentially less of an issue in North 
America (Stevens et al. 2019). In a classroom setting, this can 
provide an important avenue for discussion about how one eval-
uates the success of habitat augmentation or restoration, and 
what the goals of such efforts should be. As part of a course on 
urban ecology (course details in Hane and Korfmacher 2020), 
we designed an activity, described below, that asks students to 
design their own bug hotel for an urban setting, including both 
the design as well as a written report that describes the design, 
materials, targeted taxa, and the rationale for why the student 

made those choices. The activity requires that students identify 
native pollinators in their area, learn about their habitat needs, 
and think creatively about solutions. It also involves them in the 
process of finding reliable sources and evaluating evidence that 
may support their proposed solutions.

Learning outcomes

After completing this activity, students should be able to:

• Identify both global and local threats to insect pollinators
• Describe the ecosystem services that insects provide in 

urban landscapes
• Discuss the ecological needs of insect pollinators and 

how those could be met within an urban area, with par-
ticular attention to local, native species

• Discuss how humans modify and impact the urban envi-
ronment in ways that impact insect pollinators

• Describe pros and cons of creating artificial habitat (“bug 
hotels”) for pollinators and other beneficial insects as a 
way to enhance urban biodiversity

• Identify a desirable pollinator insect taxonomic group 
and design habitat enhancement (“bug hotel”) for that 
group that can be used in an urban environment

• Evaluate sources of evidence for reliability

Course context

• Originally designed as an active learning exercise and 
homework assignment in an Urban Ecology course for 
10–16 students, with a mix of  2nd year undergraduates to 
graduate students from a variety of majors

• 50 min of instruction time in one class setting, with 
optional second class period if building the insect hotels 
is desirable/feasible

• Design by students is done as homework, or could be 
done in class if additional time is available

• Some background knowledge of ecosystem services is 
helpful (our class has a previous session and activity 
devoted to this topic. See Hane and Korfmacher (2021))

• Adaptable to classes of any size

Instructor preparation and materials

To carry out this activity, the instructor will need to provide a 
20–30 min overview on ecosystem services focused on pol-
linator services, to (A) describe what they are and why they 
are important, (B) describe the threats and challenges to insect 
pollinator populations, particularly in urban environments, and 
(C) lead a discussion of what might be done to improve habitat 

Fig. 2  An example of a bug hotel that was built by students in RIT’s 
Urban Ecology class in the spring of 2019. It has been permanently 
installed on the fence surrounding the RIT Community Garden. Photo 
by K. Korfmacher
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for various types of insect pollinators, including introducing 
the idea of bug hotels, with examples, if desired. We have pro-
vided an example set of slides (with notes) that introduces eco-
system services, pollinator services, threats to pollinators in 
urban areas, and bug hotel examples (Supplementary Material 
1). These slides can be edited to match the goals and level of 
an individual class. The instructor should decide, depending 
on the level of the students, how much to lead the students 
into particular bug hotel designs or materials by using specific 
examples. Beginning students may need more direction and 
examples, while more advanced students could be left to do this 
research and discovery on their own. This overview could be 
done in a classroom space or a suitable open space on campus 
(e.g. community garden, butterfly garden, or planting area). If 
desirable, the instructor should identify a nearby park, green 
space or natural area that could be a target for hotel installation. 
Resources for information about pollinators are listed in sup-
plementary material 2, but the instructor may wish to conduct 
their own search for and evaluation of internet sources about 
building bug hotels for their geographical region and incorpo-
rate them into a modified version of this handout for students. 
In the United States, an excellent place to start is with state and 
local agricultural extension offices, which often have publica-
tions about local bee ecology (see examples: NAPPC and Pol-
linator Partnership (2013); Brokaw and Isaacs 2017; Prajzner 
and Gardiner 2021).

The second step, building a bug hotel as a class, is optional 
for this activity. If time allows, the instructor could use part of 
a class period to discuss the pros and cons of various designs 
that were turned in, or alternatively, have students critique each 
other’s designs. As part of this process, students and the instruc-
tor could work together to choose a student submitted design for 
the class to build. A second class day should be set aside for this 
activity, preferably in a laboratory or space where tools can be 
accessed easily. Our recommendation is to choose something 
relatively simple and for which the materials can be gathered 
easily. For example, locally sourcing bamboo stakes that have 

not been treated with chemicals is surprisingly difficult to do, 
especially in winter or early spring when many garden centers 
have not yet opened (or received their gardening shipments). 
Materials may need to be ordered and shipped (such as paper 
mason bee tubes), so plan ahead. Depending on class size, 
bringing in additional help (perhaps from facilities staff) may be 
desirable at this stage. It should be noted that you can purchase 
various bug hotel kits, which may also be helpful for sourcing 
pre-cut or partially assembled hotels. While the hotels may be 
built at any time of the year, they are more likely to be used if 
they are deployed into the field in spring as the growing season 
is beginning. Though it requires more time and resources, in 
our experience, actually building a hotel is worthwhile because 
students enjoy seeing their work turned into a physical object 
which helps make the lesson more tangible and impactful.

Learning activities

The flow of activities is as follows:

• Introduce pollinators and lead discussion about habitat 
needs and what humans can do to support insect pollina-
tors in an urban environment (20 min)

• Introduce the concept of bug hotels (5 min)
• Describe and hand out homework assignment details 

(Box 1; 5 min)
• Discuss internet sources and how to find reliable informa-

tion (10 min)
• Identify locations on campus or in nearby urban area that 

should be targeted for hotel installation (10 min)

After the introduction, the instructor should explain the 
assignment (Box 1). This is a good time to discuss internet 
sources and their reliability. The instructor should explain that 
there are many examples of bug hotels available on the internet, 
but not all of them are equally effective at supporting insect popu-
lations. Students often have a difficult time distinguishing reliable 

Table 1  Examples of common bee taxa native to the northeastern 
United States that could be incorporated into designs for artificial 
insect habitats. This information was derived from the Ohio Bee Iden-
tification Guide (Prajzner and Gardiner 2021), produced by the Ohio 

State University Extension Service. The guide includes photographs, 
behavior cues and other information for identifying bees. Instructors 
may need to generate a table for their own geographical region

Nesting Type Associated Bee groups (Genera) Suggested materials

Ground Mining bees (Andrena)
Cellophane bees (Colletes)
Sweat bees (Lasioglossum, Halictus, Agapostemon)

Bare patches of dry soil, often south-facing

Wood Carpenter (Xylocopa) Natural, untreated wood
Cavity Bumble bees (Bombus) Existing cavities in ground (often old 

rodent holes) or large holes in other 
materials

Tunnel Carpenter (Ceratina)
Mason (Osmia)
Leaf-cutting (Megachile)

Twigs, untreated bamboo, hollow stems
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sources from unreliable ones. Discussion could focus on: 1) Who 
is an expert for this topic and how do you know? 2) What peer-
reviewed information is available and how do we find it? 3) How 
do we resolve conflicting information? 4) Should you trust kits 
sold at home improvement and garden centers or build your own?

If desired, the instructor could identify a specific area of 
campus or a local park/natural area that should be targeted 
for the installation of a bug hotel or the instructor could lead 
the students in a discussion about where they think the hotel 
should be located, focusing on: 1) what do specific pollina-
tors need and how does this location meet those needs, 2) if 
there are needs missing, would a bug hotel help meet those 
needs, and 3) are there threats (e.g. pesticide applications, 
mowing, etc.) to insects in this area that make it less suitable?

Box 1:

Example of homework assignment:

One method of increasing native diversity in urban 
areas is to create habitat for desirable species. A popu-
lar choice is to build a “bug hotel” (or “bee&bee” or 
pollinator penthouse) out of various materials and put 
it near a garden or park in order to increase desirable 
insect (typically native bee) populations.

Your task requires two steps. The first step is to design 
a bug hotel, including a rationale of why you designed it 
that way and what materials you picked and why. The sec-
ond step is to build an example or two of the submissions 
from the class at a later date (depending on the weather).

Your design (what you turn in!) should include 
the following components:

1) Information about what species you are trying to attract 
and why you chose them

2) List of materials needed to build your bug hotel
3) Descriptions, pictures, drawings, instructions, or other 

visuals of your design
4) Description of why you picked those materials and 

that design. What habitat needs does your design fill? 
Include citations to indicate where your information 
came from and a reference list.

You will find that there is a plethora of information out 
on the web (not all of it actually useful) about how to create 
a bug hotel. Here’s a few to get you started:

 < Insert instructor choices for good sources of informa-
tion. We have included what we use in Supplement 2 > 

 < end box > 

Extensions and additional connections

There are additional activities or topics that could be added 
or extended, depending on the emphasis and learning out-
comes of the course. One of our main goals was to have 
students evaluate information that they found on the internet, 
but these extensions could be adjusted to meet other goals, 
such as working in groups, advanced content, etc. Here are 
a few suggestions:

• Hold a second session on the bug hotels in a lab space 
and allow the students to build one or two of the designs 
during the class period. You could choose the designs 
based on simplicity, available materials, or popular vote.

• If hotels are installed, this assignment can be linked to 
other courses, such as ecology or environmental science/
studies courses, where students can monitor the instal-
lations and evaluate which designs and materials work 
best, inventory the diversity of the insect guests, etc. 
What insects use the habitat? Are they desirable? What 
modifications might need to be made to the habitat if the 
hotel is attracting undesirable inhabitants?

• Have students write a short reflective piece at the end 
of the lesson that ties it to the larger course objectives. 
Why are pollinators important in an urban environment? 
How do they contribute to the sustainability or ecosystem 
services of an urban area?

• Encourage students to explore the impacts of enhancing 
insect biodiversity on other taxonomic groups and eco-
system services. This can lead to a discussion of ecosys-
tem enhancements that have multiple benefits (see Hane 
and Korfmacher 2021).

• Have students think about a simple, inexpensive design 
that could be shared with and built by the public, espe-
cially children at a local festival, Earth Day celebration, 
or other public event.

• Have students explore the process of getting permission 
to have a bug hotel installed on campus. Who needs to be 
involved, and what issues may come up? This may be a 
good place to discuss the potential that people will object 
to having a bug hotel on campus based on fear surround-
ing stinging, potentially in people with serious allergies. 
The concept of ecosystem disservices (negative impacts 
of nature on humans or human health) could be explored 
more here in an advanced class (See Larson et al. 2019).

• Ask students to think about the public spaces in their 
hometown or in a nearby city. Are there opportunities for 
engaging the public to build insect hotels in that area? 
Which local groups might be interested in contributing 
(e.g., garden clubs, youth organizations, schools, science 
centers)?
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1 3

Reflections and conclusions

Student designs for bug hotels are often creative and fun, 
but may lack a more rigorous examination of why certain 
designs or materials were chosen. Students also often have 
a difficult time distinguishing good from bad advice about 
what materials to use and determining what a reliable source 
of information is. For example, one source may encourage 
the use of pinecones as a natural substance in the bug hotel 
(Royal Society for the Protection of Birds 2020), while 
another source discourages it due to the undesirability of 
the insect taxa that the pinecones attract (Teh-Weisenburger 
2017). We are now able to evaluate designs and materials 
after having student projects out in the environment for over 
a year to see what is working and what is not. Surveys of 
the bamboo tubes and drilled holes at the end of the season 
revealed that 30% had been utilized, with approximately 
20% used by mason bees (Osmia sp.) and 10% used by 
grass-carrying wasps (Isodontia sp.) (Fig. 3; E. Hane and 
K. Korfmacher, unpublished data). Isodontia are an impor-
tant native pollinator, particularly in grasslands and gardens 

(Holm 2016; Brown 2017). Such information can help future 
classes critically think about the challenges of mimicking 
nature.

Students from various backgrounds may approach the 
problem from their own perspectives and expertise. Envi-
ronmental science students tend to focus on the biology and 
habitat needs of specific species. Engineering students often 
approach the problem looking for technical solutions (e.g. 
materials or structural design). Art and design students tend 
to focus more on aesthetics (e.g. drawings, plans, textures, 
etc.). Integrating these perspectives is one of the learning 
outcomes of our Urban Ecology course, and thus having 
opportunities for the students to work together helps stu-
dents achieve that outcome (Hane and Korfmacher 2020, 
2021). A similar communication outcome can be achieved 
by engaging students in environmental outreach though the 
development of signage and participating in or hosting pub-
lic workshops. For example, we have successfully engaged 
our classes in outreach activities at the annual Imagine RIT 
festival (https:// www. rit. edu/ imagi ne/).

Our assessment of the students’ work shows that they 
enjoy the creativity involved in this assignment, but strug-
gle with documenting the reasons behind their decisions. 
Thinking about a particular taxonomic group and focusing 
on the habitat needs of that group help direct the students to 
questions of biology. Participation in a larger conversation 
about where and how to place the insect hotel helps place the 
biology in the larger context of ecosystem services and the 
urban environment. Further, the activity could be a catalyst 
for encouraging students to modify their own urban spaces 
(or to be a part of a group that does this) to restore habitats 
for increased pollinator abundance and diversity.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11252- 021- 01186-4.
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