Insights from HoneyDNA™
on Pollinator Diet,
Foraging Behavior,
& Habitat Health
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Introduction

Pollinators In Perll

WHAT IS THE STATE OF
POLLINATORS TODAY?

Around the world, including here in the US, pollinators are in
decline. This has been attributed to habitat loss, compounded
by climate change, pesticides, and pests and diseases. Studies
as recent as May 2024 reveal declining species richness in

bee and butter y populations across North America due to
ongoing environmental change (Souther et al., 2024).

Habitat loss means a reduction in the availability of both
nesting sites and food, ie. foraging resources. Pollinators get
their nutrients from the pollen and nectar of owering plants,
but not all plants are created equal, nor are the nutritional
requirements of all pollinators the same.

THE BEST BEES COMPANY
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POLLINATOR SPECIES
ARE LISTED AS
SPECIES OF CONCERN

(Souther et al., 2024)

80%

DECLINE OF VARIOUS
BEE POPULATIONS
SINCE 2007

(Ulyshen and Horn, 2023)

45%

OF FLOWERING PLANTS
ARE THREATENED WITH
EXTINCTION

(Antonelli et al., 2023)
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“Nutrition is widely
recognized as a key factor

in addressing pollinator
declines, and plants vary in
the protein and lipid content
of the pollens they o er to
bees.” — Dr. Anthony Vaudo,
bee ecologist and lead author
of study “ Pollen nutrition
structures bee and plant
community interactions ”
(Bryant, 2024, para. 3).

There are two types of
pollinators: generalist

and specialist. Generalist
pollinators are those that
forage from and visit many
di erent plant species,
whereas specialist pollinators
have evolved a mutualistic
relationship with a few or
even just one plant species.

Therefore, generalist
pollinators may have an
advantage over specialist
pollinators in regards to
accessing resources.

Increasing urbanization
and agricultural land
development has led to
biodiversity loss and
habitat degradation. This
necessitates competition
amongst pollinators for
foraging resources. As
competition grows ercer,
specialist pollinators,
including many small-sized
native bees, are vulnerable
to being outcompeted.

THE SOUTHEASTERN
BLUEBERRY BEEs a
specialist pollinator that
relies on blueberry owers
for pollen and nectar

Habitat is a key
factor in addressing
pollinator declines

THE BEST BEES COMPANY
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Obstacles to Overcoming
Biodiversity Loss

It has become
overwhelmingly apparent
that we need to take action
to not only slow, but reverse
the negative e ects of
human activities on the
environment. We need

e ective and comprehensive
ways to monitor the health
of our environment in

order to inform and track
our e orts to mitigate
habitat degradation and
biodiversity loss.

However, long-lasting
biodiversity monitoring
projects are more the
exception rather than the
norm (Blanchet, 2024).
Tracking environmental
changes via ground
vegetation surveys,
conducted via long-term
visual observation, is costly
and time-consuming.

Ground surveys can be
supplemented by remote
sensing methods that inspect
vast areas and collect large
amounts of data using
resolution satellite imagery.
However, a larger area of
coverage results in less
speci city, so these methods
are limited to mapping broad
vegetation types or detecting
a few target species (Milla et
al., 2022).

Combined, ground surveys
and remote sensing methods
still present an overly
generalized view into the
biodiversity levels, as they are
low-throughput methods —
ones that take longer to carry
out, can only be applied to

a few samples, or need to be
repeated in order to obtain a
full set of measurements.

Above: Students
at National Taiwan
University conduct
a ground survey
at Taoyuan Gu
grasslands

(photo courtesy

of David Zeleny).

Right: An example
of satellite imagery
analyzed for

vegetation density.

THE BEST BEES COMPANY
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A sample taken
directly from a
honey frame,
ready to send to
the lab for DNA
analysis.

What is HoneyDNA™
and how does it help?

In recent years, environmental
DNA (eDNA) metabarcoding
has shown great potential

as a novel approach to
biomonitoring, presenting

a high-throughput method
that provides advantages in

e ciency, cost, and ecosystem
composition identi cation
compared to traditional
methods (Tsuji et al., 2022).

This is where The Best Bees
Company’s HoneyDNA™
comes in as a powerful tool

for assessing and monitoring
biodiversity and ecosystem
health. Best Bees installs and
maintains honey bee hives on
commercial and residential
properties in urban and
suburban areas across the US.

These hives serve as data
collection points in a national
network utilized to fuel
research into pollinator

and environmental health.

In 2016, Best Bees developed
a way to test for the

identi cation, abundance,

and diversity of the plant
species honey bees foraged
from to produce an individual
sample of honey. We called it
HoneyDNA™, and o cially
trademarked it in 2020.

HoneyDNA™ provides
a snapshot of what the
bees were foraging on
within their foraging
range prior to the date
of sample collection.

Compared to microscopic
pollen identi cation and
visual observation of plant-
pollinator interactions,
HoneyDNA™ is more e cient,
accurate, and speci c to

the individual, localized
environment from which the
sample was collected.

This method of eDNA
metabarcoding also reveals
the presence of rare, toxic,
or invasive plant species,
the quality of native plant
populations, changes in
plant life-cycle events, and
biodiversity levels in the
bees’ environment. This
information is critical to
the conversation around
supporting and protecting
pollinator health (native
and non-native alike), and
it comes from honey bees.

HOW IT WORKS

Collect Honey Sample
Extract Pollen DNA
PCR Ampli cation

A WD PE

Sequence DNA to
Identify Plant Species

THE BEST BEES COMPANY

11



NEW YORK

BOSTON

We collected 153 honey
samples from our clients
beehives at urban and
suburban sites near
Boston and New York.

The Study
Scope and Methods

12
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OUR ANALYSIS Back in 2022, we embarked on a multi-year study of

OF HONEYDNAM HoneyDNA™ samples from beehives in our Boston and New
York regions. Over the course of the 2022 and 2023 beekeeping
seasons, our beekeepers collected 153 honey samples from
urban and suburban beehives.

Honey samples were taken from hives around the same time
of the season for both years, towards the middle and end of
summer. Each honey sample is then processed; the amounts
of pollen from the owers the bees foraged from to produce
that sample contain the proteins that provide the basis for
eDNA metabarcoding.

THE BEST BEES COMPANY
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Evaluating
True Diversity

A key piece of our research was nding out the
True Diversity of our honey samples.

True Diversity is the best indicator we have of how
supportive an environment is to pollinators, resource-
wise. It incorporates both species richness and species
evenness by taking into account the relative population
of each species detected within a sample.

SPECIESRICHNESS
VS EVENNESS

Sample 1 has 6 total species
detected, but 75% of the
sample’s composition is
made up of just one plant.

Sample 2 has only 4
species detected, but 3 of
them are found in equal
proportion to each other.

While Sample 1 has a higher
species richness, Sample 2
has a higher species evenness,
and a higher True Diversity.

SPECIES RICHNESS

Species richness of a sample is the number of di erent
plant species detected. The higher this number, the more
types of plants the bees foraged from.

SPECIES EVENNESS

Species evenness is the relative abundance of each species,
as in how much of each species there is in the sample.

14

True Diversity Is a measurement
of the number of plant species
that are both abundant and
proportionate to each other.

THE BEST BEES COMPANY

SAMPLE 1

Species Richness: 6
True Diversity: 2.6

SAMPLE 2

Species Richness: 4
True Diversity: 3.1
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Additional
Analyses

To analyze multiple aspects of species
evenness, we used three biodiversity indices.

These biodiversity indices are statistical
representations of the di erent aspects of species
evenness, including proportionality and the
presence of rare and/or dominant species.

We employed all these calculations so we could
compare these various components of biodiversity,
resulting in deeper levels of analysis.

HOW A HABITAT

DOMINATED BY A FEW

SPECIES AFFECTS
POLLINATORS

When an environment’s

plant species’ populations
are not evenly proportionate,
it is much harder for bees to
forage on all of the resources
available, resulting in a less
diverse diet.

These graphs to the right show
two HoneyDNA™ samples from
our study; one shows a colony
foraging from a habitat with
species evenness, the other
from one with a high level of
species dominance.

Future studies will compare
this with beehive data to reveal
the impact of evenness and
dominance on colony health.

MEASURING DOMINANCE USING SIMPSON INDEX

In this report, we talk a lot about the dominance of a sample.

This is determined by the Simpson Index.

The Simpson Index is a measure of probability — the more
diversity, the lower the probability that two randomly selected
individuals within a sample will be the same species.

When there’s a high Simpson Index, that indicates that one
or two plant species are either dominating the environment,
or are heavily favored by the bees’ foraging behaviors.

When an environment’s plant species’ populations are not
evenly proportionate, it is much harder for bees to forage on
all of the resources available, resulting in a less diverse diet.

16
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SAMPLE WITH HIGH
SPECIES DOMINANCE
Species Richness: 18 Species
Simpson Index: 0. 81(0 to 1 scale)
True Diversity: 1.6

Sample S046228 taken from a

suburban beehive in Smith eld,
Rhode Island in July 2022

SAMPLE WITH HIGH
SPECIES EVENNESS
Species Richness: 16 Species
Simpson Index: 0.1 (0 to 1 scale)
True Diversity: 11.3

Sample S057409 taken from an

urban beehive in Cambridge,
Massachusetts in August 2023

THE BEST BEES COMPANY
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More Species
Doesn’t Always Mean
More Diversity

Our calculations revealed something surprising,
even counterintuitive: we cannot assume a honey
sample with a wide variety of plant species will also
score highly in True Diversity.

This suggests that species richness only goes so
far in telling us how supportive the land is for
pollinators.

What we did nd strongly correlated with True
Diversity across the board was the level of species
dominance — the degree to which a sample was
dominated by one or two individual plant species.

MEASURING DIVERSITY
WITH RICHNESS & DOMINANCE

Figure A: Species Richness

There is no statistically signi cant correlation between
True Diversity and Species Richness; observe the
di erence in density between these two scatterplots.

Figure B: Simpson Index

The relationship between True Diversity and Simpson
Index is clear. The presence of dominating plants in
an environment, or the lack of species evenness, has
a powerful impact on True Diversity.

18
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TRUE DIVERSITY
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COMMENTS BY CHIEF
SCIENTIFIC OFFICER
NOAH WILSON-RICH, PHD

One of our key values at Best

: - ] " - ‘ Bees is inclusive innovation,
KEY FINDINGS ' . / Y A ™ N which means we build

o / x - community around our new

discoveries. It's exciting to
share new data and reveal
underlying truths to readers
like we're doing here in this

Comments by Noah Wilson-Rich, PhD .. 21

Habitat fragmentation changes b report! Staying curious,
urban bees’ foraging behavior & A i N - feeling awe and wonder in
it A S ' nature, and asking questions
Urban & suburban environments ' B T ; s B to one another is what we're
are now equally biodiverse a0 Sy {1 _ g+ all about; this is why we exist.

Next, you'll read about our
key ndings from our latest
research results coming
from our network of data-
yielding beehives, and the
secrets from within. You'll
gain insight into what we
mean when we say bees are
little, ying data points, and
honey is edible science, each
containing knowledge just
waiting to be discovered.

Honey bees prove themselves
as an indicator species

These insights empower each

of us to aid our planet in new
ways, at a critical time when

our ecosystem needs our actions
now more than ever. We need

to take collective action now,
with no time to waste.

THE BEST BEES COMPANY 21
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As you observed in the
previous scatterplots, during
our calculations we saw

that species evenness, more
so than species richness,

in uenced a sample’s nal
True Diversity score.

This nding helps give us
insight into the impact of a
unique challenge urban bees
face: resource accessibility.
Because urban areas do

not have room for miles of
unbroken natural habitat,
they struggle with habitat
fragmentation — when

large areas of habitat are
divided into smaller pieces by
development, such as roads,
buildings, railroads, and
other barriers which impede
wildlife movement.

~—
Habitat fragmentation
necessitates a greater

expenditure of energy
while foraging.

THE BEST BEES COMPANY

While the bees technically
can forage up to a 5 mile
radius around their hive,
bouncing around from one
fragmented area to another
requires a lot more energy
than smooth sailing to a wide
variety of abundant oral
sources all in one place.

To illustrate, let's say you're
making a smoothie.

You want spinach for iron,
Greek yogurt for protein,
peanut butter for healthy fats,
and strawberry and banana
for vitamins and taste. Your
market right next door has
the fruits, but the spinach,
Greek yogurt, and peanut
butter are all located at three
di erent markets — one to
the north, one to the west,
and one to the south.

Tra c is bad, gas prices are
up, and public transportation
is delayed.

You might decide to forgo

the spinach, or the yogurt

and peanut butter, and just
make do with a less nutritious
smoothie for the sake of
convenience, time, and money.

Habitat fragmentation presents
the same dilemma to the bees.
It signi cantly decreases the
number of owers visited per
day, as the bees have to spend
more time traveling from
resource to resource (Delnevo
et al., 2020).

(/

(KEY FINDING #ZD

Honey bee diets
reveal signs of habitat

fragmentation

THE BEST BEES COMPANY
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Seasonality,
Accessiblility, and
Foraging Behavior
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BLOOM PERIODS OF PLANTS
FOUND IN HONEY SAMPLE

The season that a sample is taken
in will in uence the HoneyDNA™
results, as plants have varying
peak bloom times.

Sample S050577 taken
from a beehive in Boston
in August 2023

Sample S050577 was taken
in August, and all but one
of the plants found in the
honey were in bloom at
that time. The outlier had
just nished its blooming
period in late July.

THE BEST BEES COMPANY

Rather than traveling ve
miles in search of nectar
and pollen, honey bees may
choose to preserve their
energy and go all in on a
favorite oral resource when
it becomes available and
abundant — ease of access
over diversi cation.

We can see evidence of this
behavior when we observe
the seasonal trends of what
plant species the bees are
disproportionately foraging
from. During the year’s
various nectar ows, for
example, past HoneyDNA™
samples reveal the bees
frequently foraging from
species that are in their
peak blooming periods.

Common hits include clover,
oak trees, and plants in the
legume family (alfalfa, acacia,
lupine, and sweet pea, to
name a few). These plant
species are high in nutritional
value, but the bees aren'’t
disproportionately foraging
from them because of that —
rather, it's because they

are so abundant at various
times of year.

A HoneyDNA™ sample

might look like Greater
Celandine are taking over
Boston, for example, but
really what we're seeing is the
bees selectively foraging to
maximize their e ciency.

MARCH APRIL

Habitat fragmentation
has a direct impact on
resource accessibility; we
see this clearly in our urban
environments. However,
instead of a deterrent, we
need to look at habitat
fragmentation as an
opportunity to transform
overlooked spaces, such
as sidewalks, medians,
rooftops, and windows
into pollinator habitat.

Our pollinator gardens are
less e ective if there are
barriers to access caused by
gardening decisions, urban
planning, dominance by one
plant species, and more.

MAY JUNE JULY

As we put in the work

to improve pollinator
habitat, we’ll need a way

to measure the impact of
rewilding operations, habitat
restoration initiatives, green
roo ng projects, and other

e orts. Honey bees and
HoneyDNA™ serve as both
a guiding force, telling us
where we need to focus our
e orts, and as an ongoing
monitoring tool, allowing us
to track the results.

AUGUST SEPTEMBER

1. Greater Celandine

2. Hypericums

3. Sumac

4. Roses

5. Honeysuckles

6. Milkvetches

7. Creepers

8. Catch ies

9. Soybean

THE BEST BEES COMPANY



Habitat fragmentation
reinforces our knowledge that
clusters of plants are easier for
pollinators to spot and forage
from than single individual
plantings (Wise, 2023).

Additionally, the color of
owers matters. Bees can't
see the color red; they

don’t have a photoreceptor
for it (Riddle, 2016). They
can, however, see reddish
wavelengths, such as yellow
and orange.

They can also see blue-
green, blue, violet, and
“bee’s purple,” which is a
combination of yellow and
ultraviolet light. Therefore,
the most likely colors to
attract bees are purple,
violet, and blue.

This information has been
shared from botanists and
entomologists, to planners
and policy makers. It's
helped to guide the planting
strategies in our cities, giving
rise to the popular “plant for
pollinators” movement.

Innovative Strategies Addressing the
Need for Species Evenness in Cities

26
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Another informed movement
is the Pollinator Pathway
project. Inspired by a Seattle
conservation project,
environmentalist Donna
Merrill founded the non-

pro t Pollinator Pathway

with the mission of
“de-fragmenting” habitat.

Right: Volunteer
gardeners tend to a
pollinator pathway
in Brookline, MA.
(photo by Matthew
Eadie)

Below: The High Line
project in New York
City transformed a
historic rail line into
nearly 1.5 miles of
urban green space.

‘ v‘t\ : il & !“\
Ll’\ i“?‘fl vlt' Jli |

-.q-]

L 1T
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The rst pollinator pathway
began in 2017 in Wilton, CT. It
was organized by volunteers
working together to establish
habitat and food sources for
pollinators along a series

of continuous corridors.
Since then, pathways have
been established in over
300 towns, including

Boston and New York.

With HoneyDNA™, we
now have the data-backed
knowledge that species
evenness as a blueprint
for urban landscaping is
making a real di erence
for our pollinators.

THE BEST BEES COMPANY 27



N
CKEY FINDING #2 ) QUANTITY VS DIVERSITY 8 CITIES & SUBURBS HAVE

OF RESOURCES THE SAME TRUE DIVERSITY
Urban and suburban areas Honey harves
y harvesting data Score per sample
. i from our Boston beehives
are now equally biodiverse show hat suburban bees 7
produce signi cantly more 6.55
honey than their urban .
counterparts, implying '
that they bring in more
resources to the hive. 6
Past research of ours We found that many However, despite the
suggested urban areas are popular urban ornamental di erence in resource
better for bee health than landscaping choices — such accessibility, suburban and
rural or suburban areas; this as roses, holly trees, and urban honey samples from =
study has expanded on these daisies — were accidental the Boston region still display
learnings. Our understanding wins for pollinators. similar levels of True Diversity.
of the connection between
land use, biodiversity, and These plants were some
bee health is evolving as of the most prevalent 4
our research advances with species foraged from by our
more data and advanced urban bees, and have been
) : : CITY BEES PRODUCED
technological processes. determined to be either LESS HONEY IN 2023
excellent providers of pollen
Despite habitat fragmentation and nectar or important Median number of pounds e
. .- . . . of honey harvested per site
in cities, our current research pollinator nesting sites
showed no signi cant (Klapwijk et al., 2012).
di erences in the True 30 27 LBS
Diversity of urban vs suburban Landscaping in urban areas is
environments; we actually maintained over the course of 25 -
found that urban areas are the growing season; property
just as diverse as their managers will plant early- 20 19 LBS
suburban counterparts. blooming spring owers,
then replace them once they 15
This may have to do with stop blooming with ones 1
urban landscaping choices. that bloom through the 10
As city planners, urban summer and fall. So, there
landscape architects, and are more resources available 2
property managers worked for pollinators consistently 0
to maintain green spaces for throughout the year. 0
humans to enjoy, they also Suburban Urban Suburban Urban

were supporting pollinators.
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Setting the stage for future research
Into urban & suburban bee health

Suburban areas have less habitat fragmentation, but
remember, all three of our biodiversity indices showed

no signi cant di erences between the True Diversity of
suburban versus urban samples. Further research is needed
to understand why this is, and if this is the case for other
cities and suburbs across the country.

30 THE BEST BEES COMPANY
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Honey bees prove
themselves as an
Indicator species

Out of the top 15 most
popular and prevalent
plants detected in our
samples, 11 of them are
con rmed to be supportive
of thriving native pollinator
populations. To determine
this, we cross-referenced
our results with the Lady
Bird Johnson Wild ower
Database, The Pollinator
Partnership Ecoregional
Planting Guides, and the
USDA Plant Database.

Knowing that honey bees
are also seeking out plants
that native pollinators need
a rms our use of honey
bees as an indicator species
— honey bee health and
behaviors are indicative of
the health and behaviors of
other species of pollinators.

Therefore, what HoneyDNA™
tells us about honey bees’
foraging behaviors correlates
to the resource availability for
other pollinators as well.

TOP TAXA FOUND IN HONEYDNASAMPLES

Genus Trifolium

Clover*

Family Rosaceae

Rose Family*

Genus Quercus

Oak Trees*

Family Fabaceae

Legume Family*

Family Asteraceae

Daisy Family*

Genus Acer

Maple Trees*

Genus Prunus

Stone Fruits*

Genus Toxicodendron Poison Oak
Family Cucurbitaceae Gourd Family
Genus llex Hollies*

Genus Magnolia

Magnolia Trees*

Genus Pinus Pine Trees
Genus Cucumis Melons*
Family Poaceae Grasses
Family Lonicera Honeysuckles*

The data can be used like a
map, allowing us to see the
land from the pollinators’
point of view. We're able to
see the full spectrum, from

lush oases to barren deserts.

With our changing climate,
this map becomes even
more important for pointing
out areas undergoing
negative change.

*Contains native
pollinator favored
plant species

THE BEST BEES COMPANY
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In our New York samples,
we singled out the invasive
species tree-of-heaven,
Ailanthus altissima , to serve
as an example of how honey
bees can serve as an early-
warning system for negative
environmental change, such
as invasive plant species
replacing others in the
ecosystem.

The tree-of-heaven is one

of the most invasive plant
species in the eastern US.

Its ease of establishment,
rapid growth, and absence

of insect or disease problems
made it popular when planning
urban landscaping (Jackson
et al., 2020).

If multiple HoneyDNA™
samples from a given area
reveal a dominating presence
of invasive plant species, that
area is likely being overtaken
by invasives and, consequently,
its level of True Diversity

may be su ering.

This harms more than just the
bees; from owers to trees,

insects to birds, snakes to foxes,

the food web on every level is
a ected. The entire ecosystem
reverberates with the impact of
dwindling biodiversity.

34 THE BEST BEES COMPANY

HONEY REVEALS INVASIVE
PLANT POPULATIONS

Tree-of-heaven was
introduced to New York

in 1820; our HoneyDNA™
samples taken over 200 years
later show its pervasiveness
(Sladonja et al., 2015).

1In3

HONEYDNAY SAMPLES
FROM NEW YORK CITY
CONTAIN TREE-OF-HEAVEN

SAMPLE S057361

65.46% tree-of-heaven
7 total species found

Honey sample taken
at rooftop hive in
Manhattan, New York,
NY in June 2022

THE BEST BEES COMPANY
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COLONY SURVIVAL %

COLONY SURVIVAL %

36

NATIVE PLANTS AND POLLINATOR HEALTH

Recent published research from our a liated nonpro t,
Urban Bee Lab, found strong positive correlation between
honey bee colony health and the amount of native plants
the bees foraged from. The same study found a strong
negative correlation between colony health and forage on
invasive plant species (Culbert and Wilson-Rich, 2024).
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1 2
NUMBER OF INVASIVE PLANTS IN HONEY SAMPLE

UNHEALTHY ZONES
SAMPLE COMPOSITE

Hives in the
unhealthiest zones
(regions with 45.5%
overwinter survival
rates) foraged on
higher levels of
invasive plants

MODERATELY
HEALTHY ZONES
SAMPLE COMPOSITE

Hives in moderately
healthy zones (regions
with >45.5% and >80%
overwinter survival rates)
foraged on higher levels
of non-native plants

HEALTHY ZONES
SAMPLE COMPOSITE

Hives in healthy
zones (regions with
80.5% overwinter
survival rates) foraged
on higher levels of
native plants

NATIVE
24.4%
INVASIVE
42.9%
NON NATIVE
32.7%
INVASIVE
19.7% NATIVE
28.4%
NON NATIVE
51.9%
INVASIVE 4.4%
NATIVE
48.2%
NON NATIVE

47.4%

Honey bees also bene t
from native plants.

In areas where HoneyDNA™
samples revealed that the bees
had been primarily foraging
from native plants, the
overwintering success rate
was above average (greater
than or equal to 80%). In
areas where HoneyDNA™
samples revealed that the bees
had been primarily foraging
from invasive plants, the
overwintering success rate
was below average (less than
or equal to 45%).

We know that invasive species
tend to outcompete native
species, which eventually
diminishes an area’s plant
species richness and evenness
as the invasive plants
dominate and take over
(Sladonja et al., 2015).

The HoneyDNA™ from

areas that had the highest
overwintering success rates
(greater than or equal to 80%)
showed that the bees were
primarily foraging from native
plant species. In the absence of
dominating invasive species,
native plants thrived; this
suggests that areas with high
populations of native plants
are likely to have higher levels
of True Diversity.
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Not all plants are created
equal when it comes to
pollinator nutrition.

MASON BEES

MINER BEES

SWEAT BEES

BUMBLE BEES

HONEY BEES

38 THE BEST BEES COMPANY

Some owers provide easier
access to pollen than others,
and the nectar of di erent
owers varies in sugar
concentration. Diversity

in diet makes up for the
imbalance of nutrition and
resources present in any given
environment (Jeannerod

et al., 2022). Overall,
pollinators prefer owers

that provide them with the
greatest amounts of protein
and carbohydrates (pollen
and nectar, respectively) in
exchange for as little energy
expended on their part as
possible (Vaudo et al., 2024).

Honey bees can forage over
long distances, but many
smaller native bees are unable
to extend their foraging range
because they lack the same
stamina and reserves of
energy (Kendall et al., 2022).

1600 feet

1 mile

We have to keep this in Luckily, HoneyDNA™ can

mind when planning provide the blueprints. It can
pollinator habitats in suburbs serve as an individualized
and cities alike, especially assessment tool for guring
with recent data suggesting out each area’s unique

that there are not enough conditions, as well as a
resources in the built guide to planting resources
environment to go around bees will love. From there,
(Maclnnis et al., 2023). we can get started building

a greener world.
The ndings from this
report, paired with the
research conducted by the
Urban Bee Lab, truly illustrate
the importance of our urban
planning and landscaping
practices. Decisions, like
that to plant tree-of-heaven,
have rami cations that
span decades. Each area is
di erent; there is no ‘one
size ts all’ approach to
improving our environments
for pollinators.

FORAGING RANGE
OF DIFFERENT
TYPES OF BEES

Foraging range (the maximum
distance bees can y from their
hive in search of resources) varies
depending on the bee species.

Smaller, solitary bees can't travel
as far as honey bees, making them
more susceptible to the impacts of
habitat fragmentation (Greenleaf
et al., (2007).

5 miles
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Conclusion

Implications for the Future

THE POTENTIAL As we come to the end of this report, it's important to

OF HONEYDNAM remember that the learnings we have uncovered have led to
almost as many questions as they have answers. This is the
nature of scienti c research: the more we understand, the
more we realize what we have left to explore.

But what we did nd reveals important insights into how our

urban environments both support and challenge pollinators.
The overall study itself reinforces our use of honey bees as

an indicator species and illustrates the immense potential of
HoneyDNA™ as a method of biodiversity monitoring.

We know now that the accessibility of resources matters
just as much, if not more, than the sheer variety. Habitat
fragmentation, which is much more prevalent in cities than
in the suburbs, makes it more di cult for pollinators to
forage from a diverse range of abundant plant species. In
spite of this, the True Diversity of our urban and suburban
samples was the same — the urban areas were just as
biodiverse as the suburbs.

These revelations hold major implications for how we need to
reshape our built environment to better support pollinators,
particularly native pollinators. Of course, we wouldn’t be able
to draw our conclusions about native pollinators’ status if
honey bees were not an indicator species — honey bee health
and behaviors are indicative of the health and behaviors of
other species of pollinators.

This is why we need to continue to leverage honey bees in our

research; they can guide our e orts to protect and conserve
the health of not only our pollinators, but entire ecosystems.
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Honey bees can guide
our e orts to conserve
& protect biodiversity

One of the biggest takeaways
from this study is how much

potential HoneyDNA™ has as
a powerful biomonitoring tool.

The rst step to solving any
problem is identifying its
scope, and the eDNA
sampling we do is much more
accessible, a ordable, and
scalable than anything else
available. The consistency
and frequency could be
leveraged to signi cantly
advance our understanding
behind plant-pollinator
communities’ interactions,
shifts, and declines.

Data from HoneyDNA™

can be leveraged to

inform landscaping and
planting strategies, helping
individuals, property
managers, and corporations
protect and improve

the health of their local
environment — and thus,
improve pollinator health.

It can point out pollinator
food deserts, highlight
havens of biodiversity,
and reveal patterns and
trends season to season,
year over year, providing
key insight into pollinator
habitat at large.

Biodiversity is in peril; we
see more and more species
becoming endangered or
extinct every year. When we
are armed with knowledge,
we can make necessary and
targeted changes to stop
nature’s decline.

As we move forward, we hope
to expand our data collection
by increasing the accessibility
of HoneyDNA™ so more Best
Bees clients and community

scientists can contribute

to a living, growing map of
HoneyDNA™ results from

all over the world. It would

be a repository of knowledge
being passed onto us by
nature’s inhabitants, and we
have a responsibility to listen,
learn, and act on what they
are telling us.

Imagine a constantly growing
database, re ecting not just
what plants pollinators love
to forage from throughout
the seasons, but also the
status of their environment.
The bees can tell us where
invasive plant species are
taking hold, when there’s a
gap in bloom times resulting
in sparse resources, and how
environments are changing
in response to weather
patterns, natural disasters,
and land development. We
can create a system that
measures and monitors
pollinator habitat across the
country, helping us be better
stewards of the land we are
lucky enough to inhabit.

And as we cultivate a
more biodiverse, balanced,
and vivacious landscape,
we’re not only supporting
pollinators.

We’re protecting the Earth
and all her resources —
securing healthy cities, a
steady global food supply,
a reliable supply chain, and
conserving the planet for
generations to come.
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