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Einstein once famously said...

If bees disappeared from the face 
of the Earth, man would only have 

four years left to live. 

Well, not really… but, taking aside the first fatal flaw of there being no 
evidence that Einstein actually said this, the quote does ring true. Bees are 
an essential part of human existence, and no bees means no food. 

�Even given this widely accepted truth, are we really aware of the impact 
that bees have on their local environments? Furthermore, how many 
essential bees are there? Are honey bees really the most important, or are 
native bees also essential? Who makes the best pollinator? What about our 
relationship with bees; is it mutually beneficial, or could we perhaps be 
causing them more harm than good?
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Mind
the Bees

PART I



Apis mellifera
commonly referred to as the honey bee, is the most recognizable bee around the world, and is the bee to which 
other species of bee are generalized. As their name suggests, they produce honey as a byproduct of their 
foraging and colonial lifestyle. Honey is stored in the hive’s honeycombs to act as a food source for colder 
months, when fewer flowers are in bloom.

Because of its storage method, honey is harvested by humans to be used as a source of nutrition.1  Indigenous 
or native honey bee honey has been used for centuries as a superfood and preservative. In modern times, honey 
is still thoroughly enjoyed throughout the world, and honey bees have also been utilized to drive the commercial 
pollination industry. Though not native to North America, the United States alone is estimated to contain ~2.7 
million honey bee colonies.2 The prevailing opinion is that this is good for the environment and ecological 
diversity as a whole, but is it? 



In North America alone, there are 
4,000 verified species of bee. 
Worldwide, this number is 
multiplied to ~20,000 3,4

Bees are critical pollinators and keystone 
species to environments to which they are 
endemic, and their importance in human 
agriculture cannot be overstated.

have been intertwined for centuries. 
Research at archaeological dig sites has 
revealed that humans used beeswax as 
early as 5200 B.C.E. Bees, especially those 
that produce honey, were revered by the 
Egyptians, making frequent appearances in 
hieroglyphs. According to legend, the Sun 
God, Ra once shed tears that, on their way to 
Earth, became bees, who went forth to 
provide the people of Egypt with liquid gold. 
On the other side of the globe, the Mayan 
civilization also valued honey as much as 
gold, and even paid homage to Ah Muzen 
Cab, the Maya God of bees and honey.5,6

Today, we may have lost sight of this 
unequivocally powerful and ancient
relationship that we share with the bees. 

However, as food security and our impact on 
the planet have become a globally discussion,

we realize that our survival will depend in turn on 
the survival of powerful keystone species, such 
as the bee. Awareness is returning, and efforts to 
understand how we can promote diversity and 
preserve planetary health have become a 
leading priority.  

Paying mind to the accelerated 
decline of bee species worldwide 
should become a priority3,4,7,8 

It is time to reconsider whether or not our 
relationship with bees has become toxic. 
Though long considered as a benefit to bees at 
large, current methods of management may in 
fact be harming these fragile creatures. 
Furthermore, the expanded reproduction of one 
bee species at the hands of humans, may be 
contributing to the decline of many others. 
Solutions begin with new knowledge, and here, 
we begin with the realization that, bees that are 
the best pollinators, are not the ones that 
produce honey.9,10

20,000 The survival of bees and human survival 



The
European honeybee

is invasive to
North America

…with forty-four subspecies.12 Of 
these, one species has seen no 
bounds in terms of its population 
growth compared to others. This 
species, known as the European 
honey bee, or Apis mellifera, has 
achieved unnaturally high 
populations due to human 
domestication. 

Farming of domesticated honey bees 
is as ancient as the domestication of 
livestock, stretching back as far as 
9,000 years.6 As a result, the 
European  honey bee has impacted 
every continent except Antarctica 
through human influence.

Of note, and something that many do 
not realize, is that the European 
honey bee is invasive to North 
America, having been brought by 
Spanish galleons to the Americas in 
1620, and has been with us ever 
since. Being non-native seems odd 
given the ubiquity of honey bees, and 
leads us to easily forget the other 
3,999 species that are endemic to 
this continent.3,4,9 

Honey bees in the United States are 
considered domesticated 
agricultural animals, or livestock, by 
the US Department of Agriculture13, 
and are populating the world in 
numbers that would not have been 
seen naturally. However, unlike other 
agricultural animals, the honey bee 
can fly, making it much more difficult 
to contain within a given area. With 
human protection, a lack of natural 
predators, and a colonial lifestyle, 
honey bees have flourished  in areas 
around commercial beekeeping 
operations. 

A common misconception is that the 
more honey bees there are, the 
better. Driven by the narrative that 
honey bees are keystone species 
regardless of being native to that 
ecosystem. This is assuredly false 
advertising. As we shall discuss, a 
disproportionally larger honey bee 
population, amongst total bee 
species, may not only be worse for 
bees overall, but worse for our own 
survival in the long run.10,11 

There are only between seven and eleven 
recognized species of honey bee…



Native bees come in a wide variety of colors and sizes. Many do not sting, and 
several are even mistaken for flies. Some live in colonies, but others prefer a 
solitary lifestyle. They may reside in trees, hollow reeds, woodpiles, and even 

underground. Many are superior pollinators, such as the sweat bee, mason bee, 
miner bee, and bumble bee.3,4,7
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The vast majority of bees that 
are native to North America 
are not honey producers.

Native bees across the continent are 
considered keystone species, and 
have evolved in concert with native 
plant species. The most common of 
these bees is known as the sweat 
bee. Small, green, and incandescent, 
these bees are often mistaken for 
flies. Sweat bees are regarded as 
highly efficient native pollinator of 
a wide variety of plants.3,4,9

Other important native bees in 
North America include mason 
bees, bumblebees, carpenter 
bees, miner bees, blueberry bees, 
digger bees, metallic green bees, 
and many more.3,4,9 

Research shows us that plants native to a 
given locale have evolved over millennia 
to attract and be pollinated specifically 
by native species.15

Honey bees only pollinate a select 
variety of plants, and generally avoid 
plants such as tomatoes and eggplant. 
This selective foraging behavior 
negatively affects flowers in need of 
pollination. Honey bees have evolved to 
select flowers without landing on them. 
Therefore, flowers lower in nectar do not 
get approached by the honey bees.15, 16 

The result is that, in places where the 
endemic species are in decline, these 
low-nectar flowers remain unvisited, and 
the plant unpollinated. Lastly, honey 
bees have even developed ways to avoid 
plant pollination methods altogether, 
despite acquiring pollen from flowers.17

 

Bumble bees Honey bees

Most native bee species are more 
effecient pollinators that honey 
bees. In a direct comparison 
between domesticated honey bees 
and native bumblebees, 
bumblebees have a foraging style 
much more conducive to 
pollination, visiting nearly double 
the number of flowers, and switch 
rows twice as much in a crop 
setting.14

Due to their selective foraging 
habits, honey bees are not  as 

effective pollinators.

Plants themselves can also be 
negatively impacted by the 
presence of honey bees. 
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Efficient & Competitive
On average, in areas where the honey bee populations have 
expanded, local populations of pollinators have been reduced. 
When honey bee hives were newly introduced 
adjacent to fields of oil-seed rape, wild 
populations of other bees and pollinators were 
reduced almost immediately. Pollinating insect 
densities were monitored within 23 managed bee 
colony-adjacent fields, and 21 control fields. The insect 
densities around the fields were tracked for two years. Across 
the two year study, numbers of bumblebees, solitary bees, 
and even non-bee pollinators steadily decreased. This is 
attributed to several characteristics of the foraging style of the 
European honey bee.11

Similar stories have been documented throughout the 
literature from 1900-2016, showing that 53% of articles 
published on the subject show a net negative 
effect on native bee species due to the presence 
of managed bees.18 

             Honey bee foraging style…

Competitive: Honey bees forage much earlier than most bees, and often remain 
within flowers longer, preventing other bees from collecting pollen and nectar

Aggressive: Honey bees, and especially Africanized honey bees, retain the ability 
to sting, and are not afraid to do so to other bees and competitors.

Voracious: Honey bees, due to their job of creating honey for the hive, often 
remove most or all of the nectar and pollen from flowers that they select, leaving 
fewer resources for native bee species. This has been linked to lower rates of 
reproduction in native bee species. On average, a bee must tap ~200 flowers to 
make 1 drop of honey.

Lazy: Not only do honeybees visit less flowers on average, they spend less time 
throughout the day foraging – making them overall less effective pollinators

Selective: Honey bees are able to select flowers that contain high amounts of 
nectar without landing on them. Research also shows that honey bees visit, and 
therefore pollinate, non-native plant species more often than wild bees, negatively 
impacting native ecology.



European
Honey Bees

Africanized
Honey Bees

Double Trouble

In addition to European honey bees, 
an even more aggressive foe exists 
in the African honey bee. Known as 
“killer bees,” owing to their 
aggressive nature, and proneness to 
attacking other bees, African honey 
bees readily crossbreed with 
European honey bees to create 
Africanized bees.19,20 

These bees have populated most of 
the Western United States, and are 
encroaching on the Midwest and 
Northeast, with critical tension zones 
through the Rocky Mountains, Great 
Plains, and Southern States. 



Despite the aforementioned downsides of 
honey bees, they are merely doing what 
they can to survive. The value provided by 
the honey bee, one for honey, and two as 
the foundation of the commercial pollination 
industry, must be acknowledged. However, 
experts agree that the honey bee cannot 
make up for the loss of native pollinators.21

Furthermore, upon realizing the arrival of 
new solutions to pollination, paired with the 
continued onslaught of bee colonies by 
pathogens and climate change, the time has 
come to embrace change, and re-think our 
continued dependence on these 
magnificent creatures. 

Providing value

20



PART II

Bee
Battleground



…with forty-four subspecies.12 Of 
these, one species has seen no 
bounds in terms of its population 
growth compared to others. This 
species, known as the European 
honey bee, or Apis mellifera, has 
achieved unnaturally high 
populations due to human 
domestication. 

Farming of domesticated honey bees 
is as ancient as the domestication of 
livestock, stretching back as far as 
9,000 years.6 As a result, the 
European  honey bee has impacted 
every continent except Antarctica 
through human influence.

Of note, and something that many do 
not realize, is that the European 
honey bee is invasive to North 
America, having been brought by 
Spanish galleons to the Americas in 
1620, and has been with us ever 
since. Being non-native seems odd 
given the ubiquity of honey bees, and 
leads us to easily forget the other 
3,999 species that are endemic to 
this continent.3,4,9 

Honey bees in the United States are 
considered domesticated 
agricultural animals, or livestock, by 
the US Department of Agriculture13, 
and are populating the world in 
numbers that would not have been 
seen naturally. However, unlike other 
agricultural animals, the honey bee 
can fly, making it much more difficult 
to contain within a given area. With 
human protection, a lack of natural 
predators, and a colonial lifestyle, 
honey bees have flourished  in areas 
around commercial beekeeping 
operations. 

A common misconception is that the 
more honey bees there are, the 
better. Driven by the narrative that 
honey bees are keystone species 
regardless of being native to that 
ecosystem. This is assuredly false 
advertising. As we shall discuss, a 
disproportionally larger honey bee 
population, amongst total bee 
species, may not only be worse for 
bees overall, but worse for our own 
survival in the long run.10,11 

Managed honey bees endure extremes

Generally, managed honey bees are raised in a type of hive called the 
Langstroth hive, which is a box shaped, layered hive with removable sections 
for inspection or honey collection.  While this is a remarkably convenient 
structure for the beekeepers, taking apart the hive is extremely agitating for the 
bees. To avoid aggressive behavior, many beekeepers smoke the hive before 
inspecting it. While smoke is non-toxic and prevents widespread alarm in the 
hive, it can also be dangerous, as high temperatures of smoke can melt honey 
bee’s wings.22 Too much smoke can also induce panic within the hive.23

Additionally, most honey bee colonies are produced through artificial 
insemination.24 Queen bees mate in flight, so they need to leave the hive to 
mate. Many beekeepers do not want to risk losing the queen and choose to 
artificially inseminate her through injection instead. While this procedure is 
more predictable than a mating flight, it is a very delicate process and can 
often result in injury or death of the queen. To further prevent losing a queen, 
her wings are often clipped so she is confined to her hive.25

In the winter, when food is scarce, honey bees feed off the honey they created to 
last through the winter. However, many beekeepers are raising their bees to 
harvest all of their honey, and may choose to kill off entire colonies to save 
themselves the time and effort required to have a colony survive the colder 
months. Those who do keep their colonies often choose to replace the honey with 
sugar syrup in the winter instead. This syrup lacks essential immune boosting 
compounds normally found in honey, such as pinocembrin and p-coumaric acid, 
leaving colonies more susceptible to pathogens.26,27



Due to being manmade, hives do not have the 
humidity and temperature control of a natural 
honey bee hive. To manage this, these structures 
are often wrapped with plastic or placed in 
warehouses. These warehouses may hold many 
stacked hives in one building, in operations 
comparable to factory farming. 

Since they are so tightly packed, commercial bee 
facilities have a high density of pathogenic hosts.
 
�Since honey bees work in such close quarters 
and interact with each other constantly, there 
are high rates of both horizontal and vertical 
transmission of viruses.28 

This means that the viruses are not only spread 
from bee to bee, but can also be spread to 
offspring. Since the queen is the only reproducing 
female, this means that, if the queen becomes 
infected from one of the workers, all of the next 
generation will also be infected. 

Currently, the most common pathogens affecting 
honey bee colonies are Varroa mites and viruses 
such as Deformed Wing Virus (DWV). If these 
pathogens enter a warehouse, it is likely that the 
whole warehouse will become infected. If hives 
from an infected warehouse are transported 
and placed outside for pollination services, 
these pathogens can easily spread to 
communities of native pollinators.29,30 
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Common commercial 
pollination industry routes 
move trucks containing 
upwards of 10,000,000 
bees thousands of miles.31



The unnatural migration of commercial bees across 
the country allows entire colonies to travel distances 
much further than even a single honey bee could go 
in a given amount of time. A honey bee colony will 
usually move within a three mile radius of a fixed 
colony, but a truck can move hundreds of miles a day.

This movement severely compromises the health of 
these bees, leaving them more susceptible to 
pathogens.32,33

 

Not only are these managed bees more likely to 
become sick, but their movement also increases 
the risk of pathogen spread to native bees. If an 
infected commercial colony is transplanted into a 
new area, there is a high probability that the disease 
will spread into the surrounding environment 
exponentially. This gives the local populations of 
native bees no hope of reacting quickly enough to 
adapt to the pathogen, resulting in sharp population 
declines.34



Honey bees carry and transmit up to 20 
viruses, 6 parasites, and 4 bacterial 

and fungal pathogens28, 35-3920
64

VIRUSES
Parasites
Bacterial &

fungal pathogens



The global decline of native bumblebee 
species (Bombus) has been linked to diseases 
transmitted from managed bee species. 

Deformed wing virus (DWV) and the exotic 
parasite Nosema ceranae have both shown a 
linked increase in honey bees and bumblebees. 
Research has demonstrated that the prevalence 
of DWV not only increased simultaneously in 
both populations, but that the same strains were 
affecting both groups. Since these strains were 
unique to the commercial populations, they 
were able to conclude that the elevated levels 
of wild bee infection was due to the honey bee 
infection.30,41-43 

In a related study, when an imported 
commercial bumblebee hive had 60% and 35% 
infection rates for two different parasites, 
elevated levels of those same parasites were 
found in native bees up to 1.2 miles from the 
hive, an area of just over 4.5 miles. A model 
created to track disease spread in this 
circumstance predicts that, within a 1.2 mile 
radius from a commercial hive, 20% of wild 
bumblebees would be infected by pathogenic 
spillover within three months.  From there, a 
given disease will spread throughout the 
population rapidly, infecting 35-100% of the wild 
population in that 1.2 mile radius while 
simultaneously spreading in a “travelling wave 
of disease” at a rate of 1.2 mile a week.29



4.8%

Bees are struggling with the same environmental problems as other animal 
species across the planet. However, native bees are more affected by 
climate change than domesticated bees. A study looking at bumblebees 
in North America and Europe noted that wild bumblebee site occupation, 
or the amount of colonies in a given area, decreased by 46% in North 
America and 17% in Europe by combining multiple data sets between 
1901-2014. This is attributed largely to climate change, which causes a 
two-fold negative effect of changing the flowering patterns of native plants, 
as well as changing the circadian rhythms of bees themselves.44 

Habitat destruction or fragmentation is also a major cause of wild bee 
population decline. By looking at evolutionary clocks and phylogeny, it has 
been estimated for every 10% increase in agricultural land, pollinator 

communities such as native bees lose roughly 35 million years of 
evolutionary history, which indicates a large amount of nonrandom 
species decline or even extinction.45 

Finally, native bees are greatly affected by pesticides. Aside 
from making its way into honey created by honey bees, pesticides can 
also kill many native bees who are not resistant to the chemicals. Out of 
a survey of commonly used pesticides for small fruits, 37% were either 
toxic to bees, or needed special care to be applied when bees would 
not be visiting the plants.46 Sadly, when surveyed, the majority of 
2,684 beekeepers were willing to use whatever means 
necessary to control pests in their hives, including an array of 
synthetic chemicals and antibiotics.47 

All bees, but especially native bees, are negatively impacted by the compounding effects 
of climate change, habitat loss, and pesticide assault...

Compounding effects For every 10% increase in 
agricultural land… native 

bees lose roughly
35 million years of 

evolutionary history



Bees are under constant threat not only 
from pathogens, but also from climate 
change, and ever-present environmental 
toxins. With so much to consider, the 
honey and pollination industries 
experience more volatility each year, 
and have become unsustainable.

The time is upon us to rethink our 
dependence on bees, and our 
exploitation of them for their services. 
Protecting and promoting the health of 
all bee species is also to our benefit. 

Embracing innovations in technology 
and science will be the key to ensuring 
the survival of not only the bees, but of 
our species as well. 

?



Shifting
Industries

PART III



Billion$16
Honey bees are big business, 
especially as pollinators of monocrop fields and 
orchards, such as almonds. In the United States, this 
is an approximately 16 billion dollar industry.48-50 

In order to meet pollination demands, colonies are 
moved several times a year over thousands of miles. 
An average migratory pattern could cover ~3,000 miles 
in total. 51



Although commercial bees remain the number one solution for 
pollination, unpredictability of the viability of this industry is 
increased every year due to several compounding 
factors.50,52,53 Bees are encountering increases in pathogen challenge, 
and infected hives drive down levels of native bees, who are equally, if 
not more susceptible. Relatively mysterious phenomena, such as colony 
collapse disorder, now attributed to bee stress and a commercial diet 

lacking in essential nutrients, cause disbanding of thousands of colonies 
a year.27,54 The ever-present threat of climate change, affecting all bees 
and pollinators, is causing new weather patterns, and harsh winters, 
leading to colony loss worldwide.55 Recognizing these problems 
has prompted a surge of research and funding dedicated 
to the development of innovative pollination strategies 
that do not rely on the honey bee. 



Robotic pollinating bees, once no 
more than sci-fi fancy, have 

received massive investment in
the last few years56-58 

Japanese scientists recently 
developed a method of 

autonomous pollination, 
aided by bubbles blown by 

flying drones59



The global honey market is projected 
to reach $14 billion by 2025 60

While this is not as large as the US pollination industry, 
it is still a significant market. Furthermore, the  
consumption of honey per capita is on the rise as 
consumers grow increasingly fond of using healthier 
sweeteners. 

If alternative means of pollination negate the 
need for relying on bees, will they still be 
used for honey?

Hobbyist and artisan honey curators will 
undoubtedly continue tradition, but will 
commercial beekeepers incur enough 
revenue solely on honey without using their 
bees for pollination services?  

Billion$14



4.8%
The honey industry is also growing
at a compound rate of 4.8%

Currently, creating real honey without 
the use of bees is a technology that has 
yet to be developed.



Even when the pollination and 
honey industries find new 
solutions, the health of bees will 
still be paramount to the health of 
the planet, and humans.

Healthy bees, especially endemic 
species, will still pollinate native 
plants and trees. Without them 
ecological diversity will surely suffer. 

What then, can we do, to ensure 
not only that bees will survive, 

but thrive, for centuries to come?



Bee
Ambassadors

PART IV



Ensuring that the future state of the 
bees is favorable can begin with closer 
attention to proper management

Taking into consideration that 
beekeeping is an ancient tradition, it is 
unlikely to vanish completely. Knowing 
this, it will be important to do what we 
can to encourage practices that are 
healthier for the bees and environment. 
Wider adoption of more humane and 
sustainable practices will help 
mitigate pathogen acquisition and 
spread. In addition, regulating the 
practice of transporting bees vast 
distances for pollination will help slow 
the transmission of pathogens to native 
species. Reducing pesticide usage, bee 
stress, and allowing bees to feed 
properly, will make a collective 
difference. This implies using all 
natural management practices.

Unfortunately, natural beekeepers 
only accounted for ~2.3% of all 
beekeepers in the 2016-2017 
agricultural year.61



Education lies at the heart 
of a good solution strategy

Awareness and education are two 
keys to increasing the well-being 
of bees worldwide. Teaching others 
about the magnificent diversity of 
bees, and encouraging them to take 
care of native bees, through providing 
habitat and planting native plants, can 
go a long way. Additionally, sharing 
information pertaining to the state of 
the bees and staying up to date with 
their status will help us, as a 
community, promote pollinator 
diversity. Essentially, we should 
become Bee Ambassadors.



A bee hotel (pictured) can 
provide a home to many 

species of native bee

Bee sanctuaries are being developed 
around the world to help declining bee 
populations. These are small areas built to 
support the growth of bee populations in 
gardens, parks, and farmlands, while the 
bees serve to pollinate community plants 
and act as education resources.

A study surveying farmers, scientists, and 
other beekeeping citizens, shows us that 
many farmers are willing to engage in 
efforts to improve pollinator diversity and 
health, both for their own crops and gardens, 
but also for the sake of the ecosystem as a 
whole.62 Therefore, more widespread 
adoption is possible, and agriculturalists will 
likely be willing to take actions that are 
mutually beneficial for all parties involved: 
honey bees, native bees, crops, and humans.



Encouraging farmers and gardeners to plant 
more wild plants, or create areas for solitary 
ground living bees to nest around their crops, 
will support both the wild bee populations as 
well as their own plant or crop production. Many 
of these solitary and native wild bees are great  
pollinators, even for plants that are traditionally 
“unattractive” to honey bees. 

Increasing the diversity of pollinators for a crop 
also eliminates a dependence on a specific 
species, having many different pollinators that 
can fill gaps should one group be suffering.

Creating ‘buffer zones,’ and requirements 
regarding how far away commercial hives 
should remain from native areas can help 
reduce competition for resources.63 

Awareness centered around allowing bees to 
consume a healthy diet must also continue. After 
all, fit bees have a healthier immune system to 
defend them against pathogens. This in turn 
reduces volatility in both the pollination and 
honey markets. In the end it can only be stated: 

…that which is better for bees,
is better for humans!



The bee's life is like a magic 
well: the more you draw from 
it, the more it fills with water

- Karl von Frisch, Nobel Laureate 1973
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