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1 ABSTRACT 

Bee habitat infrastructure should be an essential priority for humankind facing climate change 
today. Pollination resiliency is necessary to conserve our current standards of life by reducing 
environmental and physiological stressors for bees. Designing conservation landscapes within 
human dominated systems for a diversity of native bees is complicated. Native bees fill a huge 
ecological purpose yet suffer from habitat fragmentation. Landscape designers need clear 
instructions to effectively plan and design bee habitat scientifically proven design for pollination 
ecological function. This research aims to add clarity and specific solutions to help combat the 
many layers of complexity concerning bee habitats and identify best management practices to help 
landscape designers make sound, ecologically based bee habitat. This paper presents a collection 
of bee design ideas and concepts tested by undergraduate students. Design strategies were 
assigned to aim to: 1) improve habitat for native bees, 2) improve understanding of urban bee 
habitats and needed habitat network augmentations, and 3) design to educate and convey 
information/increase landscape literacy for focal bee genera. Bees are keystone species, important 
to the conservation of many other plants, animals, and ecosystems. Human-dominated habitats, 
especially those with close proximity to agricultural areas, serve as potential source habitats for 
bees. This research utilized landscape architecture students to explore scientifically accurate 
designs for and about bees. With precise instruction about bee needs, students designed well for 
bees and either strove to provide best possible habitat or used art for conservation. Through precise 
bee ecological training, landscape architecture undergraduate students did very well designing for 
bee conservation. Bolstering urban plantings can help to mitigate the climate change effects on 
bee populations via effective garden and pollinator network designs. 
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2 INTRODUCTION 
 
Urban spaces have the potential to provide bee habitat (Bonthoux et al., 2014; Frankie et al., 2003, 

2009; 2014; 2019, Lowenstein, 2015), however, the quality of design work can have varied effects. The 
plant palette and spatial characteristics of a site have a large impact on the ecological quality of bee habitat 
(Chacon and Greco 2022a;b). Strategies for improving bee habitat can help make design decisions for 
habitat landscapes facing climate change. To protect ecosystem services (i.e., pollination from insects and 
some vertebrates) we must focus on bolstering and building resilience among bee populations (Pollinator 
Partnership 2021; USDA 2021; Xerces 2011). The main goal for designers of bee landscapes should be to 
create highly functional (high connectivity and high circuitry) pollinator landscapes. In other words, 
designers should build landscapes which are appealing for bees to feed, reproduce, and live in. There is 
quite a bit of information on bees which is contradictory or not based on science and this is confusing and 
detrimental to designers. This research investigates the degree to which specific scientifically based 
instruction affected design outcomes for landscape architecture students. 

Good habitat design must be local area specific and consider the site’s context. For example, plants 
should be suitable for predicted California’s future climactic conditions, in many cases, be less dependent 
on water and more resilient to drought stress (Reid and Oki 2008; Hartin 2018). Designers should aim to 
compensate for land cover which is not conducive to making suitable habitat. Thus, designers need to look 
at ways to reduce the footprint of impervious surfaces, such as roads, roofs, building sides, among many 
others. There is a need to convert wasted landscape space into habitat for bee habitat resiliency (Xerces 
2011; Bonthoux et al., 2014; Sirois-Delisle and Kerr, 2018) in the face of climate change in human-
dominated landscapes. The Earth is undergoing a new epoch, influenced mainly by human activity, coined 
the Anthropocene (Lewis and Maslin 2015). Similarly, the vast majority of Earth’s landscapes have been 
shaped by humans, coined the Anthroscape (Eswaran et al., 2010). Furthermore, creating good habitat is 
only one part of the solution for creating effective native bee designs. Showcasing bee educational 
information, such as scientific findings is necessary to increase public awareness, interest and 
conservation. 

This work investigates the degree to which urban human dominated bee habitats represent 
ecological bee refugia in California. Then, we demonstrate how student landscape designers can be helped 
to conceptualize on various improvements of human landscape types. Planning for native bee conservation 
under the ecological threat of climate change requires examining ecosystems from a target bee’s 
perspective. Solving novel ecosystem issues requires holistic study, based on scientific data to meet the 
needs of native bees.  

Moreover, bees represent a large number of different organisms, therefore, it is impossible to 
design for all bees at once. Instead, focal bee genera will be selected based on the data and results from 
Chacon and Greco, 2022a; b. Student ecological designers are tasked with maximizing site design. Designs 
for bees will focus around the biological needs of focal bee genera, with an emphasis on those having 
potential for maintaining ecosystem services in urban ecosystems. Ideally, focal bee genera conservation 
will act as an umbrella, also helping to support bees which have narrower habitat requirements. Selection 
of plants for bees was an important element of bee habitat design, seen in (Chacon and Greco 2022a;b), 
but this research goes further, aiming to teach site visitors about bees. Design is utilized to captivate, inspire 
and educate humans about the fantastic pollinators that we depend on. Ecologically functional faunal bee 
urban landscapes, built upon the principles of resiliency, will help to guarantee pollination ecosystem 
services in the future.  

This research concentrates on presenting strategic bee design concepts which are explored by 
landscape architecture students. Bee designs focus on providing the best possible plant selection for 
temporal continuity, spatial habitat continuity, creativity, public education and artistic themes. Examples of 
design intervention will be made to demonstrate how different degrees of designing for bees could be 
achieved with varying results in the real world. Design holds a key role not just in providing habitat, but also 
in promoting education and communication in memorable ways. Designers have the power to alter the 
transparency of their landscapes’ functions (Thayer, 1994), and bee landscapes must be thought of in this 
way to help protect against the uncertainties of climate change. Through striving to create high quality 
habitat and increase landscape literacy (Spirn 2000; 2021) this research aims to educate landscape 
architects in promoting pollination ecosystem services into general practice and the future.  
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3 MAIN RESEARCH QUESTIONS 
 

• Which target bee genera should designers concentrate conservation efforts as focal and/or 
umbrella species to promote future ecosystem services? 

• How can designers foster greater bee habitat “landscape literacy” with their designs? 
• Which aspects of mutualism between humans and bees benefit from each other through design? 
• What best management practices (BMPs) or design practices can landscape architects use to 

implement or enhance bee foraging habitat in cities? 
 
4 MATERIALS AND METHODS 
 
4.1 STUDY AREA DESCRIPTION 
The University of California Davis Arboretum and Public Garden (hereafter ‘Arboretum’) was the study site 
for all fieldwork and analysis completed in Chacon and Greco 2022a;b. This research deals with the 
Arboretum site too, but also examines case studies of the ecological role of bees over the greater landscape 
extent in the Californian cities including:  Mill Valley, Glendora, and San Luis Obispo (SLO). All study sites 
are considered to have a Mediterranean climate with cool wet winters and hot dry summers. In recent years 
it has become apparent that drought has affected all of these study sites. While the Arboretum study was 
in the order of a couple miles, the subsequent urban studies were in the order of tens of miles.  
 
4.2 PICKING FOCAL BEE GENERA 
4.2.1 Focal Bee Opportunities and Constraints 

Target bee species were identified for conservation based on genera which were found capable of 
utilizing urban ecosystem landscapes have been emphasized in conservation efforts for this research, 
including:  Andrena, Apis mellifera, Bombus, Megachile, Osmia, and Xylocopa. All of these bees are listed 
as common bee genera found throughout the state of California (Xerces 2011; Frankie et al., 2014). These 
bees provide pollination ecosystem services despite the unique qualities of urban bee habitat. We believe 
that prioritizing pollination is most important when facing the extreme influences and danger of climate 
change today. While it would be more ideal to plan for conservation of all bees, that is likely not possible or 
conducive to conserving pollinator landscape functionality. Since so many ecosystems and portions of them 
are dependent on pollination occurring, it is absolutely essential to conserve the pollination functionality 
above all other goals.  

Bees which are exceedingly prone to habitat fragmentation and exhibit highly specialized feeding 
behaviors are likely not good candidates for human-dominated ecosystem services conservation efforts. 
For example, obligate vernal pool bees, consisting of Andrena species:  A. (Diandrena) blennospermatis, 
A. (D.) submoesta, and A. (D.) puthua; A. (Hesperandrena) limnanthis, A. (H.) duboisi, A. (H.) lativentris 
(Thorp and Leong n.d.). While the most specialized bees may seem be good focal bee candidates because 
of their extreme geographic limitations (very small foraging radii of only up to 10 meters) and obligate 
feeding nature (only feeding off one or two plant species) we argue that this would not be a good strategy. 
Designing for specialist bees, such as vernal pool bees would be inappropriate for most other bees and not 
focus on the goal of functional pollination in urban areas. Instead, extreme specialists, such as vernal pool 
bees should have their own conservation areas and strategies, aside from the urban bee communities and 
habitats.  

A balanced approach, therefore, would employ a coarse and fine filter conservation strategy (Noss 
et al., 1997) for preserving pollination ecosystem services. In other words, ecological design strategies 
should be employed that conserves a variety of bees, both generalists and specialists. Conservation 
planning exclusively for specialists such as obligate Andrena vernal pool bees should be detrimental for 
most other bee types, as they have a high degree of specialization. Instead, the focal bee must be chosen 
with landscapes in mind. Special conservation areas, such as vernal pools, would have their own 
conservation plans, while anthro-centric, human-dominated, landscapes would focus on focal bees capable 
of providing pollination to provide resiliency against the harsh environmental conditions facing us in the 
Anthropocene (Lewis and Maslin 2015). Human dominated landscapes, also known as the anthroscape 
(Eswaran et al., 2010), will require pollination conservation plans which would encompass bees capable of 
pollination across the greater landscape. Functional pollination would help to ensure that ecological 
biodiversity remains stable, along with all the other plants and animals that depend on pollination. 



March 16-19, 2022 

226 
 

Therefore, by choosing strategically which bees to focus on, designers can help to build resilient bee 
pollinated landscapes now, and for the future. 
 
4.2.2 Focal Bees For Landscape Designers, Focus and Limitations 

Target bee species were identified for conservation based on bee genera which were found 
capable of utilizing urban ecosystem landscapes. The bees which have been emphasized in conservation 
effort. for this research, include:  Andrena, Apis mellifera, Bombus, Megachile, Osmia, and Xylocopa. All of 
these bees are listed as common bee genera found throughout the state of California (Xerces 2011; Frankie 
et al., 2014; Chacon and Greco 2022a; 2022b). Furthermore, author KC studied the interest level with which 
student designers were attracted to work with. There were obvious trends among landscape architecture 
undergraduate college students for particular bee physical and lifestyle traits. The abovementioned 
commonly found native bee genera were also quite popular with students as subjects for design projects. 
Thus, while some bees, such as Halictus, were excellent foragers in Chacon and Greco 2022a they were 
not popular with student designers, most likely due to their relatively hairless bodies and subterranean 
nesting style. Other less popular bee genera included:  very small Lasioglossum, especially the tiny 
Dialictus subgenus types and/or small and hairless Hylaeus (though one project was attempted with an 
endangered Hylaeus in Hawaii, discussed below, but not pictured), Cuckoo bees were vastly unpopular, 
and never utilized for a project at all. Overall, students were instead, drawn to bees with special attributes, 
such as:  hairy, colorful, robustly bodied bee types (rather than ordinary looking specimens). 

Notably students were commonly drawn to working with European honey bees, Apis mellifera, 
instead of with native bees. This is likely because most people think that European honey bees are 
quintessentially conventional. We all know the patterns of honeycomb and images of hives, and bee 
keeping. So, even students who were educated about the importance of bees native to California, still clung 
to knowledge about these naturalized bees at times, despite their biology and ecology differing from the 
local abundance of bee varieties. This could also be due in part to the media attention given to Apis 
mellifera, to “save the bees”. There are countless social media trends on this theme, many, possibly most, 
of which present mis-information. It is clear that people are not aware of the diversity of native bees in our 
own landscapes in California. Even designers are not aware of biological and ecological differences and 
needing education and scientific themed projects. We must work hard to work beyond the “seductive” 
honeycomb patterns, black and yellow bee cartoon images, social hives, and posts about dandelions 
“saving the bees”. Afterall, which bees are we trying to save? How can we do it? Landscape researchers 
are calling for action on better landscape architecture education for college students (Kiers, et al., 2020). 
Part of that climate education should be about how bee pollination network resiliency is necessary. It’s time 
for designers to take a stronger scientific stance on essential bee conservation issue today.  
 
4.2.3 Habitat Mapping for Bees 

Habitat mapping for any animals often begins with mapping landscape vegetation and then 
assessing how the landscape’s vegetative form and properties meet the needs of the animal species as 
Wildlife Habitat Relationship [WHR] models (Chacon and Greco 2022a;b). Bee mapping models aimed for 
scientifically made, high resolution maps in the order of miles (Chacon and Greco 2022b).  However, this 
research explores these abovementioned mapping techniques and testing more spatially extensive areas, 
but in doing so, with lower floristic resolution. Additionally, this paper focuses on recommending design 
solutions to existing urban bee habitat shortcomings. This research analyzes the patterns of urban 
vegetation in relation to native bee habitat area. It is accepted that urban areas have different bee 
community compositions than wild land areas (Frankie et al., 2014; Leong et al., 2015; Nicholson et al., 
2020; Prendergast and Ollerton 2021; Xerces 2011). Next an extrapolation of the ecological function of 
gardens found Chacon and Greco 2022a;b to the larger landscape scale can be made to help gain 
understanding about how the bee metapopulation functions. Students were advised to assign the following 
habitat quality characteristics for landscape cover types:  wild, agricultural, and urban. Each are described 
below.  

Wild land:  Excellent habitat for native bees, probably honey bees as well. Most plants peak 
blooming earlier in the season (see Mary Wattis Brown California Native Garden in (Chacon and Greco 
2022a). Wild habitat patches are often located very far from other wild patches. Often made of hilly areas 
unsuitable for agricultural crop growing and/or grazing. Native plants, but interspersed commonly with non-
native invasive plants as well. Fire in these areas encourages native pollinator population boosts (Mola and 
Williams 2018; Ponisio et al., 2016). 
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Agricultural land:  Infrequent use for most native bees. Vast, monotonous plantings, hostile 
management (i.e., pesticide spraying) and habitat matrix quickly changing (i.e., crops grown/harvested), no 
place to overwinter for bees, may provide foraging habitat with juxtaposition to bee source habitat. Scale 
often represents a major obstacle for bees to travel through at the landscape scale, i.e., mono-cropping 
acts as a sink, too vast to traverse. Irrigation could allow for blooms and therefore foraging habitat while 
wildlands would be desiccated. Management of crops and the surrounding areas can drastically sway the 
quality of bee habitat (Chaplin-Kramer et al., 2011; Greenleaf, S. and Kremen, C. 2006; Kremen et al., 
(2002); Wilson et al., 2017; Shackelford et al., 2019). Further spatial bee habitat studies should shed light 
onto how urban areas function as native bee genera habitat. A focus on urban areas which are adjacent to 
agricultural lands seem to hold promise, as that land presents potential for urban bees to subsidize 
pollination ecosystem services within agricultural lands, with benefits such that hedgerows provide. 

Urban land:  Urban land is an ecological refugia for many native bees and naturalized honey bees. 
The landscape matrix is highly dissected and plant palettes vary greatly, some of which provide excellent 
habitat for particular bee genera. It also provides a longer foraging season than wildlands, partly due to 
plant choices, but also use of irrigation. These planting combinations are often unique combinations and 
function as novel ecosystems. This land cover acts as source habitat for many bee species, helping them 
maintain their populations despite the juxtaposition to less hospitable landscape types. There is much 
variability within land types, even from parcel to parcel or land use categories such as single-family home, 
residential, high density residential, commercial and industrial. In areas which are highly hostile to bees, 
pollination is decreased, even among European honey bees, (Garibalidi et al., 2011) 

Urban landscape types:  Classifications of different landscape cover types were done in somewhat 
coarse aggregates. For example, park vegetation, road edges, lawns, etc. This was a common choice 
among students who could quickly select green on maps via Photoshop (Adobe 2021a). Alternatively, some 
students took the time to trace vegetation with Illustrator (Adobe 2021b) or InDesign (Adobe 2021c) with 
similar results. Finally, some students also utilized ArcGIS (ESRI 2021) land cover categorizations in GIS 
data using ArcGIS (ESRI 2021b). Future studies could be done to compare each technique. 
 
4.2.4 Designing for Bees 

Landscape design for bees is explored with help of student designers from California Polytechnic’s 
Landscape Architecture program (Cal Poly 2021). Students in both studios and specialty interest courses 
were given design tasks by author KC over three quarters. Students were challenged to create landscapes 
based on scientific bee research provided by author KC. The project prompts were very focused to help 
students. For example, author KC provided consolidated data on bee foraging radii, bee foraging 
preferences, bee nesting type, and special bee anatomical features and/or life histories. This degree of 
specificity was very helpful for getting past the research portion of their designs quickly and allowed for 
more concentration on creative implementation.  

The student illustrations and work help to exemplify KC’s vision of designing bee habitat in a 
thorough ecological, but also provocative and engaging ways. KC’s design ideas for bees are rooted in 
scientific knowledge and aim to tackle bee pollinator conservation as a multiprong approach. Students were 
provided with the ecological information needed for each assignment. Assignments were designed to focus 
on particular aspects of bee ecology and biology. This case study highlights how designers can do very 
well if working from accurate scientific foundations. Designs focus around the biological and ecological 
aspects of bees (see section 6.3 for specific bee design ideas and descriptions). Author KC evaluated 
student submissions for their ability to implement design ideas from the project prompts for focal bees. The 
best designs look to celebrate what is unique or interesting about each focal bee. In addition to habitat 
creation, maximization, and conservation, landscape designers can help to show how bees’ stories can be 
shared.  
 
4.2.5 Seed Library 

A single prototype was made to gauge neighborhood interest in improving residential bee habitats. 
A seed library network has potential to provide opportunities for improved neighborhood pollinator habitat. 
Moreover, seed library patrons would be empowered to make positive changes within their vicinities with 
minimal physical labor and intrusion into private land spaces which are otherwise often inaccessible. 
Participation in seed library usage would be entirely voluntary for users. A network of seed libraries will act 
as a system of structural resiliency for urban pollinators. By using geographic analysis, mapping techniques 
could help to shed light into where seeds are being planted and also where important pollinator plants exist. 
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With the help of citizen science data, areas of low pollinator plantings can be targeted for future landscape 
design for pollinators. 
 
4.3 FIGURES 

 
Figure 1. Show site visitors about special bees. Image: Alrawi (2021). Reproduced with Permission 

of Alrawi. 
 

 
 

Figure 2. “See like a Xylocopa bee”. Image: Pasurishvili (2021); (Adobe 2021a,c). Reproduced with 
Permission of Pasurishvili. 
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Figure 3. “See like a Megachile bee”. Image: Hensen (2021); (Adobe 2021b,c). 3D Image (Rhino 

2021). Reproduced with Permission of Hensen. 
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Figure 4. Designing urban bee networks. Image: Voong (2021); Adobe (2021a). Map: ESRI (2021). 
Reproduced with Permission of Voong. 
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Figure 5. Desired landscape architecture plan for San Luis Obispo. Image: Roa (2021); (Adobe 

2021a,c).  Maps: ESRI (2021). Reproduced with Permission of Roa. 
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5 DESIGNING FOR BEES RESULTS  
 
Student work was impressive due to receiving specific instructions to aid their designs despite being 

novices in the subject matter. These design studio classes were a great place to test how design quality 
and values can vary depending on the foundation designers are given. The full list of design prompts is 
listed in section 6.3. In current practice there are no parameters for what constitutes a “good” or “bad” bee 
habitat. Designers are sometimes limited for time and research, however, if sources of good design ideas 
were compiled it is clear the resulting designs would be much improved. For example, if landscape 
architecture groups would compile teachings such as below it seems there would be a very positive impact 
on bee habitat today. 
 
5.1 SHOW SITE VISITORS ABOUT SPECIAL BEES 

Students were asked to show site visitors about special bees. Figure 1 shows how one student 
envisioned providing nesting habitat for Megachile bees in a sculptural way, conveying meaning to site 
visitors (Alrawi 2021). This clever solution helps people to gain landscape literacy about these fascinating 
cavity nesting bees. Mutualism exists here, presenting opportunity for both bees and humans. Design 
mutualism is an opportunity for multiple species to benefit from a landscape change (Orff 2016; Orff 2021). 
In this case, bees benefit from habitat design for nesting and foraging, while people benefit from gaining 
landscape literacy (Spirn 2000) about the pollination world around them. 

Another wonderful design (Figure included in presentation only) focused on endangered Hylaeus 
bees in Hawaii. As it turns out the student lives on Oahu, the same island where the endangered Hylaeus 
species are found. By researching the foraging preferences and last sighting locations of these rare bees, 
a plan was made to help both conserve and celebrate these now rare bees. Interestingly, the possible 
conservation area overlapped with an already existing botanical arboretum. Adding an installation to 
highlight the special traits of endangered Hylaeus appears to be an opportunity for public education. The 
student was able to research the face patterns of the local Hylaeus bees and designed an interactive 
walking tour which would appeal to a large age range of visitors. This project was serendipitous, and holds 
potential for implementation. 
 
5.2 SEE LIKE A BEE 

Students were challenged to envision and demonstrate what a vegetated landscape looks like from 
a bee’s point of view, focusing on the valued elements. This project forces students to look at the landscape 
from their organism’s value system, which is an essential part of good ecological design. Figure 2 shows 
how Xylocopa favors some forage plants over others in this residential landscape. This student shows 
clearly which plants have ecological value to Xylocopa with the use of color, in contrast to the colorless 
(ecologically valueless) portions of the image. This image is particularly good at transmitting meaning to 
human viewers, helping people to understand this organism’s preferences and landscape opportunities or 
limitations. 

Another intelligent “see like a bee” design solution (Figure 3) shaped the ear pieces of glasses to 
look like tubular Megachile nests. The work was completed with an annotated design plan with callouts to 
highlight favorite foraging plants. The idea of ecologically based ‘bee glasses’ seems like an opportunity for 
helping capture the imagination of children and with educational presentations. There are many aspects of 
the bee’s biology, ecology and foraging preferences which could be highlighted and made possibly more 
memorable with the help of glasses props, for example.   
 
5.3 DESIGNING BEE “BOXES” 

An aspect of bee biology which has potential for design is for bees which cavity nest above ground. 
It is possible for designers to create cavity nesting areas on any vertical surface. The form of these sorts of 
projects is limitless. One of the best student work’s shows a concept for spelling the desired nesting bee’s 
genus name (Osmia, for example). A design like this is fairly simple, yet demonstrates much more 
knowledge and information than a standard bee box from a standard retailer. Other students looked to 
maximize wall design space. One student created a huge silhouette of Megachile and planned drilled holes 
of the correct diameter all over the entire surface. It is conceivable to imagine that design as both striking 
and memorable. Other students strove for more abstract geometric patterns, which though artistic in nature, 
were not effective at communicating as much information about the bees.  



March 16-19, 2022 
 

233 
 

5.4 FREE POLLINATOR SEED LIBRARIES 
Author KC has envisioned a new way to help achieve higher quality pollinator habitat in 

neighborhoods via the installation of free seed libraries. A prototype pollinator seed library was made from 
a repurposed windowed cabinet and painted to advertise its contents. Since pollinators are suffering from 
habitat fragmentation and degradation due to human land use activities. Habitat design (plant selection and 
placement) is critical to solving these connectivity issues today. Improvements to habitat networks are on 
the forefront of research and design by urban and landscape ecologists.  

Seed libraries, a grass roots phenomenon, aid in accessibility for people to start their own seeds. 
These cabinets originated in effort to provide free resource availability and seem like an opportunity for 
growing pollinator habitat. Seed libraries are small outdoor cabinets which can be curated to a palette of 
the provider’s choice. The seeds contained within are available free to whoever accesses them. Seed library 
users are also encouraged to leave seeds for others as well. Seed libraries are a “spin-off” of the popular 
“Free Little Libraries” program for exchanging books. Cabinet-style libraries are hyper local in design scale, 
often with one every few blocks in a neighborhood. Designs are often creative, attractive and fun to elicit 
usage. Specializing seed libraries to help meet the needs of local pollinators has great mutual potential, 
both for humans, and also pollinators.   

So far, author KC’s “Free Pollinator Seed Library” has been extremely popular. Well over 800 
hundred seed packets have already been exchanged in the months of its existence thus far. The reception 
of the Grover Beach, California surrounding neighbors and users has been extremely positive. Efforts have 
been made to create a ‘buzz’ online. Basic information about the project can be found at author KC’s 
personal website, (beelandscapes.com) and it even has its own Facebook (free pollinator seed library, 
2021) page, titled, “Free Pollinator Seed Libraries where author KC can post updates. However, the highest 
interest occurred by posting on the Nextdoor (social media website to connect geographic neighbors, 
allowing online communication and posts) (Nextdoor, 2021). Seventy-four people within the immediate 
neighborhood liked the post and twenty took the time to post comments, all with positive words about the 
project. Of the commenters, all were within a maximum 12.5 km (km) (7.8 mi) radius from the seed library. 
The average distance of a commenter to the seed library was 6.3 km (3.9 mi) and the median was 3.4 km 
and 2.1 mi. Commenters show which neighborhood area they are posting from, which are defined by local’s 
sense of geographic area, in this containing the following regions:  Corbett Canyon, Edge of San Luis 
Obispo (SLO), Fair Oaks-Grand, Grover Heights, Horned Toad Trail, Huasna Valley and Huasna Corridor, 
Just Off The Pike, Lopez Drive, Oak Park Streets, Oceano, Ocean South, Old Oak Park, S. Oak Park and 
Trilogy. Most recently a Google Business  listing was also made (Google Business 2021), which has further 
increased page views and visits. For example, in mid-January 2022 there have been over 1,100 visits to 
the Google page, which has increased exposure significantly.  

Therefore, the seed library captured the attention of people in the general geographic area as well 
as in the local neighborhood. There is a lot of enthusiasm among the neighborhood to help bees. Designing 
pollinator seed libraries seems to hold a great potential for making the largest positive changes in short 
amounts of time with limited budgets. 
 
5.5 PLAYING WITH CONTRASTING BEES THROUGH DESIGN 

One of the most engaging potential design themes explores the contrasting nature of various bee 
genera. One student came up with a particularly interesting sculpture idea to celebrate two very different 
native bees. The student was keen enough to focus on the materials for each bee, wood for Xylocopa, and 
soil/ceramics for Andrena. The project (not pictured) shows two large (about 4 meters tall) bees of 
contrasting colors diving into the ground with their paths dynamically crossing. This work helps to 
demonstrate the various nesting substrates each bee would use. Furthermore, the student carefully 
imagined the body size and shape of each bee. (Note:  the Xylocopa design could be improved by showing 
the nesting hole above the bee or on its side. Xylocopa does not ordinarily enter their nest holes from the 
top). It would be an impressive sight to see this design implemented. Different bees could be chosen at 
geographically different places to highlight locally special bees.  

Other well thought out contrasting bee designs included, showcasing different bee nesting styles 
or foraging preferences. Some students juxtaposed different style nesters along a human walkway. Others 
used a human path to separate two very different foraging habitats on each side, for bees with extremely 
different foraging preferences. Overall, these themes have a lot of potential and should be explored more. 
Particularly, displaying uniqueness of bees and/or local adaptations seems like an excellent way to support 
local bee populations. 
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5.6 RETROFITS OF YARDS (AND OTHER COMMON LANDSCAPE TYPES)   
Designing for bees over large areas of human dominated landscapes will require renovation of 

landscaping with little to no ecological value. Learning to maximize bee habitat with small planting areas is 
very important. When added together, these small snippets of micro-habitats contribute to pollinator habitat 
networks, which are essential for resilient landscapes. One of the best submitted images shows one 
student’s attempt to maximize bee habitat foraging area in their family home. This student wisely 
recommends more pollinator plantings on the ground level, but also imagines creating more foraging area 
by utilizing vertical wall space for habitat.  

Some students were bolder with their designs. They thought through how to maximize the area of 
foraging plants for bees, whether that was on the roof, walls, driveway, getting rid of grass or paving. 
Students were urged to think about a design they would like to look at every day, thus, in this way, it was 
easier for them to imagine if it was their own home or property. Since much of the human-built environment 
is already in existence, it is very important that we strive to update and augment the ecological functionality 
of such places for bees and other pollinators.  
 
5.7 CONNECT THE COGNITIVE DISCONNECT, INCREASE LANDSCAPE LITERACY 

A particular area for improvement among bee habitat designs is the level of literacy they allow the 
public to understand. Designs such as shown in Figures 1-3 show how large-scale demonstrations, 
featuring sculpture(s) and murals can have a strong impact on the designed landscapes and are an 
opportunity to transmit information (Spirn 2000); to educate whomever can view them. In this way, the entire 
landscape is a canvas, just waiting to share its meaning. Designers can help “interpret” what the landscape 
is doing; how it is functioning ecologically.  
 
5.8 HABITAT MAPPING, INTERMEDIATE 

Students tackled the bee habitat map categorization in a variety of ways, each producing effective 
graphics to demonstrate habitat patchiness of bees in human-dominated environments. Figure 4 shows an 
attempt at classifying landscape in Oakland, California from Bombus’ perspective. This is a somewhat 
typical classification of open space, park land, street and sidewalk vegetation. Looking at the landscape 
with spatial distances between habitat is essential to better understand how bee habitat fragmentation 
patterns play out for bees at a city-wide scale. Figure 4 was made quickly by using an extension of ArcMap 
(ESRI 2021) within Illustrator (Adobe 2021a), a more illustrative software. This method was quite quick and 
accurate, creating quite effective results. Other students tried to streamline the tracing task by utilizing 
Photoshop’s (Adobe 2021a) select by color tool which was perhaps the fastest method, but also lacking in 
accuracy. More mapping technique results are described below. 

Other mappers strove to add more detailed information, with varied categories for example, 
including:  natural landscapes, parks, redwood tree dominated areas. This categorization scheme made 
more sense for the student working out of Mill Valley, California. Some students missed the opportunity to 
demonstrate human residential areas as possible habitat for native bees. The best projects, also show well 
the possible geographic connections between denoted patches. The main correction for this type of 
mapping project would showing suburban and residential areas do have some ecological habitat value for 
bees. However, showing how much habitat value a residential parcel has is not simple, but subsequent 
student designers tried with other techniques shown in section 5.9, below. 
 
5.9 HABITAT MAPPING, ADVANCED 

The goal for the studio students was to create an extensive poster emphasizing designing for bees 
in a city of their choice. The final project had them concentrate at the scale of up to a few kilometers or 
miles maximum. One of the best projects include Figure 5, which shows a regional bee habitat design for 
the SLO area. This student was careful to use both GIS (ESRI 2021) land cover data for more precise 
habitat mapping as well as mapping information (Google 2021b). In their map titled, “The Network Map”, 
they were able to precisely prescribe where to place new habitat for “pollinator usability” which in ecological 
terms relates to ensuring foraging habitats are close enough together for continuity between pollinator 
patches. This student also does a wonderful job demonstrating three simple design techniques in their 
category “Pollinator Pockets” (or best management practices) which could be implemented at various 
landscape types. So, for example, with major streets, slim narrow planters could be installed; with 
residential areas, seed packet programs could be implemented; and finally with parks, suitable foraging 
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flowers could be planted in groups. All three of these design techniques add together for the desired result 
of increased pollinator habitat circuity and connectivity. This design solution is akin to adding sunflowers 
throughout a town to bolster bee network connectivity, as seen in The Great Sunflower Project (LeBuhn 
2021) in Sonoma, California, which was very well received. Overall, Roa’s (2021) project is an outstanding 
example of assessing a city’s pollinator habitat and offering design solutions. This is the sort of spatial 
resolution landscape designers should be striving for to create bee habitat network plans. This project is a 
shining example of how bee or pollinator habitat analysis and design could be accomplished. 

Another final project worth discussing is a pollinator habitat project for densely urban, Glendora, 
California. This student opted to trace every portion of vegetation from an aerial imagery (Google 2021c) 
map using Illustrator (Adobe 2021b). This process, at this scale was painstaking and took several days, but 
the results are fascinating. They were able to capture the distribution of vegetation through this highly 
urbanized area. We realized that even the proportion of green spaces were visible between neighborhoods 
at this scale (further studies should be done to inspect the degree to which this could affect pollinator 
availability between different density greenspace neighborhoods). Moreover, this project helps to show the 
proportion of vegetated space versus hardscape in very urbanized areas. This is an important factor for 
how much area could even be potentially converted to pollinator habitat. This project could have been 
stronger by identifying how far their focal bee could travel and/or possibly occupy habitat patches within 
this map. Additionally, this project lacks a vision that the previous one, Figure 5, showed for implementation 
in typical design situations. However, the attention to detail in mapping green space was outstanding and 
should not be overshadowed by these constructive criticisms. Finally, this sort of mapping technique, if 
used in GIS could be very helpful for improving the urban pollinator network and quantifying existing 
conditions as well as potential habitat modifications. 

By applying landscape categorizations to real landscapes, it was possible to graphically 
demonstrate how bees perceive the greater landscape. Only then, once habitat deficiencies are identified 
can designers go about fixing habitat short-falls. How different bee genera experience the same landscape 
will also be important to understand and see spatially, as dynamic landscapes create geographic isolation 
or continuity depending on bee genera. Future studies should work to untangle how urban habitat performs; 
provides habitat for various focal bees. 
 
6 DISCUSSION 

 
This research focuses on developing the field of landscape architecture to better aid in bee 

conservation design at multiple scales. My goal is to build resilient pollination landscapes for the future. 
Every time a landscape is designed there is potential for bee habitat. However, designers need help making 
adequate bee designs. As a profession we must invest in helping stabilize landscapes and their functionality 
or the effects climate change could be much worse. Climate change is causing ecological stress for bees, 
both in terms of environmental, including phenological, mismatches (Barthomeus et al., 2011; Beard et al., 
2019), but also in terms of increased physiological issues, including bee body temperature. Bees are 
keystone species and conserving them, saves so much more than just bees. Pollination functionality 
underlines the very basis for nearly all terrestrial ecosystems on Earth. Every day, landscape architects and 
designers create plans to change Earth’s lands and with every plant they choose, they either provide 
foraging habitat for a bee… or not. These landscape changes are replicated across the broader landscape 
with scaled results. Planting designs need to serve functional pollination purpose, to feed the local 
(micro)fauna. Landscape designers, should put an emphasis on bee conservation now to hopefully 
preserve and prioritize pollination ecosystem services. Strategic solutions to habitat deficiencies, education 
and also raising public awareness are all important for resilient landscapes. Now is the time to act. Its time 
to make great strides in educating not only the new generations of designers, but also, with the greater 
public. Through implementing designs that celebrate local pollinator diversity, biology, and ecology, we can 
help to support nature’s and our own, human, future as well.  
 
6.1 POLLINATOR PLANT PALETTES 

For the last decade or so, horticultural and landscape researchers have been developing 
sustainable California plant varieties and palettes. Most research on sustainable themes has been 
completed on low water use landscape plants, but more recently, wildlife friendly too. Field trials for future 
suitable plants have been completed to help identify, promote and produce climate suitable plantings (Reid 
and Oki 2008; UC Davis Arboretum 2018; Hartin et al., 2018). For over a decade the UC Davis Arboretum 
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and Public Garden has placed a strong emphasis on using drought tolerant plants, regardless of their 
geographic origin, the published list being called “The Arboretum All-Stars.” Notably, many of these plants, 
of non-California origin exhibit traits which this research project has found are also attractive to and 
functional for foraging native bees. Importantly, this plant palette (i.e., the All-Stars) has been carefully 
crafted to first prioritize low water use, which is an essential quality facing California’s Central Valley future 
facing climate change (Houlton and Lund 2018).  

Consider that in similar urban butterfly studies, it is estimated that around 40% of native host plants 
which once existed in the California Central Valley habitat areas no longer exist where they once grew and 
exotic species now provide essential host plant habitat (Shapiro 2002). Thus, it is inappropriate to attempt 
to eradicate all non-native plants, as many are currently native bee foraging resources. The non-invasive 
exotic plants that native bees currently use may provide important habitat resources in the future if native 
plants cannot survive extreme climate change, while the exotic species may be more resilient. 
 
6.2 CONSERVING POLLINATION FOR RESILIENT LANDSCAPES 

Preserving and enhancing pollination ecosystem services are extremely important in landscapes 
facing great uncertainties with climate change such as California’s drought-stricken landscapes. Ecosystem 
services are a tool which can be used to help buffer the negative effects of drought, extreme storms, 
increased or decreased precipitation.  

Pollination ecosystem services are infrastructure and essential not only for conservation, nature 
and biodiversity, but also for much of the food humans depend on (MEA 2003). Between one-third (USDA 
2021) and two-thirds (Xerces Society 2011) of the food we eat is the result of insect pollination. Aside from 
that, the next top priority in California should be water conservation. While pollinator plant lists exist, it is 
important to explore their success in a real-world setting and examine which ecological aspects could still 
be improved upon. Ecologically, landscape design can be used to provide and promote bee habitat and 
connectivity of habitat.  
 
6.3 LANDSCAPE DESIGN IDEAS FOR BEES 

The main goals are to create and enhance bee habitat in anthro-centric landscapes. These are 
summaries of project prompts students were given. It was important to isolate very specific design ideas to 
attain adequate design results. In this way, students were pushed to think very carefully and creatively 
about the design problems they were trying to solve.  

 
6.3.1 SHOW AND EDUCATE SITE VISITORS ABOUT SPECIAL BEES (Figures 1).  

Showcase an interesting aspect of their life cycle or physical structure (i.e., biological, ecological, 
morphological). Make learning accessible to a variety of humans across a ‘mixed life’ gradient. This 
is a potential opportunity for botanic garden display application. 

6.3.2  “SEE LIKE A BEE” MICRO-SITE DESIGNS (Figures 3 and 4).  
Graphically showing examples of how various be genera would value aspects of a site and its 
plantings is another way to increase landscape literacy. For example, perhaps a bee has preferred 
plantings, but paved areas, skyscrapers and water bodies offer little to no habitat value from a bee’s 
perspective. Help educate project viewers on how bees look at the landscape. 

6.3.3 DESIGNING BEE “BOXES” FOR CAVITY NESTING BEES.  
Explore educational, exciting designs in for a botanic garden setting (some something similar, for 
example a school or community garden sites). Showcase the unique, fascinating, and/or amazing 
nesting habits. 

6.3.4  DESIGN A SEED LIBRARY.  
Alone, each seed library has the potential to affect the surrounding habitat value for bees. 
Extrapolating the network of seed libraries has the potential for improving pollinator habitat in 
otherwise difficult (or impossible) land cover. In this way, healthy pollinator metapopulations can 
overlap with human populations for resilient landscapes. With the aid of iNaturalist (iNaturalist 
2021) identifications, neighborhood level projects could be completed with nearly all citizen science 
footwork. This process has already begun by author KC with bee identifications made to the species 
level by top bee researchers in the field (see beelandscapes 2021; Free Pollinator Seed Library 
2021 for updates and current information).  
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6.3.5  PLAYING WITH CONTRASTING BEES THROUGH DESIGN.  
Landscape designs which feature two contrasting bee genera have the potential to demonstrate 
the variety of local bees. Comparisons could be made between biological (feeding/nesting/travel 
distance), ecological (only found in certain areas? Very fine of broad niche?), or morphological 
(unique body feature). The experiential effect on site visitors could be fascinating and memorable.  

6.3.6  RETROFITS OF YARDS AND OTHER COMMON LANDSCAPE TYPES.  
Many residential and commercial land areas are dated and lacking ecological value. Updating the 
designs of yester-year represent a smorgasbord of opportunity for retro-fitted design integration. 
While design “elements” (bee ‘box’, watering area, signage, etc.) show promise for aiding in 
pollinator design we can do better, be more wholistic. Design to maximize bee habitat in any site 
would be the best, resilient plan for the future. Building roofs, walls, and land could all be tailored 
for bees. 

6.3.7  CONNECT THE COGNITIVE DISCONNECT, INCREASE LANDSCAPE LITERACY (Figures 1 
through 3). Better bee habitat designs don’t necessarily speak for themselves. To the average 
person, even with the best bee plants possible, the design of, say an empty lot, may look “messy” 
and be overlooked or even disliked. The best designs help to “tell” about themselves, to help site 
visitors gain landscape literacy. Sites which are experiential, share information, are memorable 
and/or interactive are the most desirable designs. When people understand ecology, they will value 
it. The contrary is also true. Recently, in East Vancouver, Canada, there was a news article titled, 
“Overgrown grass in an East Vancouver park meant to attract bees is attracting complaints too” 
(CBC 2021).  Projects were marked with signs, but this was not enough. Residents do not 
understand or value prairie lands and are “…concerned there’s more hidden in the tall, dry grass 
than just butterflies and bees”. This is what we are facing as designers. This is how little ordinary 
citizens understand about their local environments. We need to show site visitors about their local 
environments. We need help the public to become stewards of nature instead of turf grass 
obsessed visitors, illiterate to the landscape surrounding them.  

6.3.8 TACKLING POLLINATOR HABITAT FRAGMENTATION HEAD-ON, DESIGNING BEE 
LANDSCAPE NETWORKS (Figures 4 and 5). Designing for one garden for pollinators is good, but 
designing more green space is even better. How does the habitat look at the neighborhood scale? 
How do the patches of vegetation contribute to the area’s habitat as a whole? How does this vary 
between bee types? 

 
6.4 STUDY LIMITATIONS 

A portion of the student projects in this paper were completed during the Coronavirus pandemic in 
2021. Unfortunately, some classes could not be held in-person due to pandemic restrictions. Thus, some 
lectures and coursework were done online. Students missed out on building their design ideas in-person, 
which would normally be a component of this type of class. All of these designs could be evaluated further 
to help augment a design process with iterations of improvement. 

This research suggests further urban bee ecology studies could be done to examine the degree to 
which urban and suburban areas act as habitat for native bees, in all ecological aspects. For example, the 
levels to which bee predation, parasitism and other ecological and biological processes vary with urban 
versus wild bees. Another potential future area of study should try to determine which bee population’s 
genetics are affected by habitat fragmentation. Bee genera should be studied genetically over a landscape 
scale to help quantify how isolated habitat patches are, but that is beyond the scope of this research project. 
 
7 CONCLUSIONS 

 
This research project emphasizes how bees offer much in ecosystem services (Wojcik et al., 2008; 

Pawelek et al., 2009; Frankie et al., 2009), no matter if ‘novel’ or ‘wild.’ In the end, conservation of bee’s 
pollination ecosystem services is key to our own (human) quality of life and should not be an issue taken 
lightly. Bee habitat design solutions will help to address the importance of focal bee target specificity, gap 
analysis results and what to do with that knowledge. Once spatial and temporal habitat gaps are 
determined, strategic plant solutions can be determined. Design alternatives should focus on selecting the 
best possible plants to maximize floral resource improvement. Stand-alone singular garden designs are 
well meaning, but not enough on their own, they need to be linked together into a functional network. 
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Furthermore, protecting bees and their ecosystem services means conserving an entire suite of 
insects and considering their habitat requirements in the process. This is not an easy feat for landscape 
designers. Thus, the need for selecting promising focal species that can achieve the ecosystem services 
which we prefer. Selection of an umbrella species, for conservation of a suite of bees may be a viable option 
for conservation, as has been done with larger animals (Lambeck 1997). This research discussed this 
concept, however it should be studied and explored more. Landscape designers have the potential to 
improve bee habitat in landscapes. However, designers would benefit greatly from using good bee 
research, which at the time is not easy to learn about and implement quickly. The students in this study did 
very well when working with accurate and precise instruction. It is exciting to consider how advanced 
designers could positively amplify the results even further.  

The amazing suite of bees found in our local landscapes each have their own perspective on what 
habitat is suitable or not, close enough, or too far away. This research has shown that some gardens provide 
bees with excellent source habitat and improvement of the greater urban habitat is necessary to improve 
resilient bee habitats. Current bee-plant lists have been understudied and hold an important role in regard 
to how bee conservation should be handled moving into the future. Humans depend greatly on the 
ecosystem services provided by bees. Pollination is an ecosystem service that is vital to humankind and 
must be protected. Informed habitat design presents an opportunity to create resilient bee landscapes for 
bees, humans, ecosystems, and the future of our Earth. 
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