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by M.E.A. McNEIL

Third is the number most known 
about bees: While the world 
contentedly munches on every 

third pollinated bite, a third of U.S. 
colonies perish every winter. The peo-
ple who first calculated that loss are 
paying keen attention to every miss-
ing third — a team of field diagnosti-
cians, data analysts and coordinators 
that staff the Bee Informed Partnership 
(BIP). “This is a group I couldn’t pick 
to put together better,” said Director 
Net Meredith, who joined just before 
the national shutdown. She summed 
up their mission, “to improve honey 
bee health with data-driven science.” 
  Each of us who keeps bees has 
closed a hive with the feeling of hav-
ing found a piece of a puzzle. BIP is 
about gathering those puzzle pieces, 
fitting them together and showing us 
the pictures. They have multiple proj-
ects to that end, with several to be ex-
plored in this article: the Annual Loss 
and Management Survey, the Sentinel 
Project serving citizen science, a diag-
nostic lab at the University of Mary-
land plus research projects and infor-
mational webinars. In addition, the 
BIP Tech Teams that gather data for 
large-scale beekeepers were the sub-
ject of an April 2021 ABJ article. The 
common goal for all of these projects 
is to bring focus not only to numbers 
but to solutions.

Many beekeepers have been mak-
ing up their deficits by splitting, split-
ting, splitting, and they are the first to 

say it is not sustainable. The operative 
question is: What can be done bet-
ter? The five Tech Teams, which are 
diagnostic consultants coordinated 
by Anne Marie Fauvel, have made a 
measurable impact. Their efforts have 
improved survival rates by 17 percent 
among commercial clients as well as 
measured higher hygienic behavior 
among breeders’ queens. 

As for the survey, that’s where the 
30 percent figure comes from; that is 
the yearly winter loss rate. It began 
with the Apiary Inspectors of Ameri-
ca (AIA) in 2006. Work by researcher 
Dennis vanEngelsdorp to compile 
bee-related data from hither and yon 
revealed a lack of baseline informa-
tion on colony mortality. The often-
seen graph that shows a precipitous 
decline in honey bee colonies since 
World War II is misleading because 
it does not reflect mortality. What ap-
pears to be a big drop corresponds 
to a shift from family farms, which 
often kept bees, to mainly consoli-
dated agriculture. Statistically, there 
had not been a way to separate the 
sociological from the biological — 
for example, to suss out mortality 
before and after the introduction of 
agricultural chemicals or arrival of 
varroa. In order to focus on the bio-
logical aspects, a coalition, with AIA 
and multiple others, coalesced into 
BIP’s Annual Loss and Management 
Survey. It has documented those loss 
rates for 14 years, now the longest 
such national effort. In it, up to 5,000 
yearly responses from large scale to 
backyard beekeepers have offered in-
triguing possibilities of relationships 
between management practices and 
outcomes. Nathalie Steinhauer, BIP 
Science Coordinator since 2018, man-
ages the survey. 

“Nathalie, she’s the brains behind 
it, by the way,” said Fauvel. “She is 
our epidemiologist and she’s a fabu-
lous statistician. If I’m going to put 
a protocol together, she’s my wing 
woman. She’s brilliant.”

“That’s not how I see myself,” said 
Steinhauer, an effusive, curly-haired 
young Belgian. “We are a team, so it 
is very rare that I do something on my 
own. I’m always interacting with other 
people, really great people in BIP and 
that I am collaborating with outside of 
BIP.” Steinhauer followed her interest 
in the behavior of social insects from 
Brussels via Imperial College London 
to a Ph.D. under vanEngelsdorp at the 
University of Maryland. Her resume 
describes her as an “R-enthusiast.” R 
turns out to be a programming lan-
guage and open-source community of 
analysts that have helped her navigate 
the complex challenges of deciphering 
the numbers.

“The kind of data that we gather 
is typically longitudinal,” she said, 

The Bee Informed 
Partnership:

 Exploding the Mite 
Bomb Myth and 

Further Adventures 
in Data Mining

At top: To investigate the theory that 
badly mite-infested bees infect other 
colonies with robbers or migrating 
“bombs,” Kelly Kulhanek, who headed 
the BIP Sentinel program, marked the 
bees from mite-laden and mite-free col-
onies with distinguishing colors.
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Nathalie Steinhauer is the epidemiolo-
gist who makes sense out of the data 
gathered by the BIP Tech Teams, the na-
tional Loss and Management Survey and 
the citizen-science Sentinel project.
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“which means from the same colony 
over time to see how it evolves. But 
the same sample time after time goes 
against the rules of statistics; it’s 
called a fake replication.” She tapped 
the R brain bank to help her sort the 
evolving information from thousands 
of apiaries. For the reader into statis-
tics, she uses the mixed effects model.

“It’s a responsibility to make data 
meaningful,” she said, referring to 
reports gathered by the Tech Teams 
as well as responses to the Loss and 
Management Survey and the Sentinel 
project. “With a lot of dedicated and 
competent people in the field and in 
the lab collecting the data, I see my job 
as giving their work the light that they 
deserve, translating their work into 
something that the beekeepers can 
easily interpret. It is all about trying 
to take a bunch of columns and rows 
and transforming that into something 
that is going to be more intuitive. We 
are translating research into manage-
ment recommendations, where bee-
keepers can see the results in their 
own colonies.” 

The survey is conducted every 
year in April to document the level of 
colony mortality and, although par-
ticipation is voluntary, it is estimated 
that it represents one in every ten 
colonies in the U.S. The yearly history 
of colonies is queried: What are you 
treating with? What strategies are you 
using? Answers are sifted by criteria 
and available on the BIP website: bee 
informed.org/citizen-science/loss-
and-management-survey. 

The data have dispelled several 
assumptions — for example, that 
colonies succumb only in winter. Al-
though winter remains the predomi-

nant die-off period, summer losses are 
substantial and can sometimes even 
exceed winter losses, as they did last 
year. It has also shown that commer-
cial beekeepers have had fewer losses 
proportionately than small-scale bee-
keepers, who are often thought to put 
less stress on their bees. And, although 
mortality remains at higher than ac-
ceptable levels, it is not increasing but 
fluctuating. “We’ve actually come to 
expect a bad year to be followed by a 
better year and reciprocally,” she said.

The new survey for 2020-21 is now 
complete. “I have heard, for people 
working in other areas of agriculture, 
that researchers are struggling be-
cause people are less and less likely 
to take surveys,” said Steinhauer. 
The new survey was considerably 
shortened, and to do that, topics in 
the Management Practices section are 
now rotated annually. Because in past 
surveys, respondents have cited prob-
lems with queens both in winter and 
summer, the current version focuses 
on new colonies and queens. The goal 
is to discover what the issues are and 
how they may be linked to various 
circumstances, such as sourcing from 
package, nuc or swarm, and the rela-
tionship to longevity.    

Despite the shorter format, the lat-
est survey brought lower participa-
tion in comparison to some previous 
years. “We knew this year would be 
different,” said Steinhauer, referring 
to the pandemic shut-down. “Still, 
thanks to the help of our collaborators 
who relentlessly shared and pushed 
our survey, we had over 4,000 entries 
– about the same as last year.”

ABJ was given early access to the 
new results, which by press time can 

be found on the BIP website. Stein-
hauer offered an overview: “Winter 
loss is typically higher than summer, 
but the 2019-2020 survey was unusual 
because summer losses were higher 
than winter. In the new, 2020-21 sur-
vey, summer and winter losses were 
relatively equivalent.

“Small and large-scale beekeepers 
typically don’t manage their colonies 
the same way; backyard beekeepers 
typically have relatively low summer 
loss, and high winter loss, but in this 
year, both were higher than usual. 
Commercial beekeepers typically lose 
colonies more evenly; summer and 
winter about the same. This last year 
was a little higher than usual also. We 
can say that this last year, 2020-21, 
was a bad year in terms of loss rates 
compared to all the previous years 
combined, as a running average.”

That being said, the numbers in the 
USDA NASS (National Agricultural 
Statistics Service) annual Honey Bee 
Colonies report is about 2.8 million 
colonies. “When you talk about loss 
rates, it’s important to put that in con-
text,” she said. “This is a mortality 
rate, not a population decline. There 
is some fluctuation there, but it’s 
pretty stable. Annually we are at over 
40 percent mortality, so 40 percent of 
colonies need to be replaced every 
year. The reason that the population is 
stable is that beekeepers replace their 
losses, they make new colonies, they 
install new queens. That’s why look-
ing at queen practices is important.”

Some results seem explainable. For 
example, spring 2019 was particularly 
late and wet, retarding colony devel-
opment and contributing to high sum-
mer losses. But, Steinhauer cautions, 
“This is where we need to differentiate 
the data and the hypotheses. We’re not 
really able to get to the causes of those 
losses with this data. It’s not like we 
have autopsy reports,” but only bee-
keeper assessments of the risk factors. 
“Not knowing — it’s hard to keep that 
stance because we know the beekeep-
ers want an answer. The caricature of 
the scientist says ‘it depends.’” She 
cites a saying among statisticians, 
“‘All models are incorrect, but some of 
them are useful.’ So, it’s about trying 
to find the usefulness in the data. Even 
if you are never pretending that you’re 
going to answer all the questions.”

Some results are puzzling. “We 
don’t see in the data that beekeepers 
that feed their bees lose fewer colo-
nies than beekeepers who don’t. This 
is one of those that is counterintui-
tive,” she said. “It might be because 

The Bee Informed Partnership loss survey had, last year, a surprisingly higher summer 
loss than winter loss. The 2020-21 data, newly available on the BIP website, shows 
more even seasonal losses that are higher than the averages calculated from 2007. For 
both seasons, summer losses rose. Credit: Bee Informed Partnership
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the story is more complicated.” An-
other in that category is that beekeep-
ers who reused equipment had fewer 
losses. “That contradicts what we 
know about transmission of disease 
and reusing equipment. I’ve always 
been very uncomfortable with these 
results from the survey. So those ex-
amples are to tell you that you have 
to always be critical with your own 
data. It may be what we call an arti-
fact; [perhaps] beekeepers who are 
proactive inspect their colonies very 
regularly, and can catch a dwindling 
colony very fast and use the equip-
ment straightaway and not let those 
colonies fester. This might be a way 
of identifying beekeepers who inspect 
their colonies more regularly. The cor-
relation was made, but that does not 
mean that it’s causation. Is one caus-
ing the other or are they both caused 
by something else, which is what my 
interpretation was. But that is the ob-
jective of the survey, to raise interest-
ing questions that can give you ideas 
on what experiments to do next.”

So, those loss rates, 30 percent over-
wintering and 40 percent overall, 
“they fluctuate. Some years are higher, 
some are lower. It’s not like we have a 
hot result every year,” she said. “I feel 
as though I repeat the same thing, one 
year was a little low, one year was a 
little better. It’s painstaking work that 
has to be repeated every year because 
we have to have a history. We have 
done this work since 2007 so now we 
have years of data that we can com-
pare and go back to, to see where we 
observe the peaks and where we ob-
served the lows.”

As a statistician, her ideal would 
be for the survey to represent all 
managed U.S. honey bee colonies, 
but that would require a complete 
listing from which to pick a random 
sample. The NASS colony loss survey 
samples randomly from beekeepers 
listed as farmers in the Census of 
Agriculture. Because the BIP survey 
is limited to a volunteer base, “that 
is why we put more emphasis on the 
trends in our data, and comparisons 
between groups than in the actual 
number itself,” said Steinhauer. “We 
have our baseline: approximately 30 
percent winter mortality over the 
years, and we can see regions and 
groups that exceed this. We can see 
groups of beekeepers more at risk 
than others. In the end, it is all about 
relative risk, who is most at risk com-
pared to a baseline. We say it’s keep-
ing the pulse of the honey bee health 
in the country.” Steinhauer will pro-

vide a comparison between the two 
surveys in BIP’s next peer-reviewed 
publication.

A source of critical information is 
the BIP diagnostic lab at the Univer-
sity of Maryland, where samples from 
commercial and backyard beekeepers 
are tested. Data flows two ways — to 
individual beekeepers and to the data 
banks to add to a big picture. Both 
are available for beekeepers to inform 
management decisions.

Samples for the lab can be collect-
ed by the Tech Teams for commer-
cial subscribers, by members of the 
citizen-science Sentinel program, or 
by any beekeeper using a variety of 
complete kits packed with everything 
needed, from bottles and directions 
down to salt water solution and fun-
nels. The Diagnostic Test Kit allows 
for the sampling of colonies while, for 
example, trying a new management 
practice, a new feed or treatment, or 
a need to compare groups of colonies. 

Subscribing members of the BIP Sentinel project get lab test results monthly. This cu-
mulative report compares results from several colonies to data from the APHIS survey. 
Credit: Bee Informed Partnership

Sentinel participants and Kelly Kulhanek expected a drop in mite loads after treat-
ment. She was surprised to find that the infestations instead went up, and she set 
about investigating. Credit: Kelly Kulhanek
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The lab performs varroa, nosema, and 
molecular diagnostics. Live bees are 
tested for molecular target loads from 
a horrifying list of viruses: Acute Bee 
Paralysis, Black Queen Cell, Chronic 
Bee Paralysis, Deformed Wing, Israeli 
Acute Paralysis, Kashmir Bee, Lake 
Sinai-2, Sacbrood. Also available, in 
addition, is pesticide analysis by the 
Cornell lab or the USDA AMS lab at 
Gastonia, North Carolina. Alterna-
tively, the Bag of Bottles provides for 
20 samples to be taken simultaneous-
ly or over time for varroa and nosema.

The data informs the individual 
beekeeper about the status of the test-
ed hives and puts it into a regional 
and national context. The retrospec-
tive information helps inform ongo-
ing decisions. It’s directly applicable, 
something not available from the re-
search world reporting on, say, a cage 
experiment, no matter how ultimately 
valuable.

The Tech Teams’ work over the 
years with thousands of managed 
colonies has given them a depth of ex-
perience. They’ve come up with some 

conclusions applicable to all beekeep-
ers — their five best and worst bee-
keeping practices, listed on the BIP 
website webinar. The worst come 
down to lack of attention: old comb or 
deteriorating equipment that can leak 
or harbor disease; missed queen, mite 
and health checks; starvation; rob-
bing; reliance on unproven methods. 

Their best practices begin with reg-
ular mite testing, not reliance on vi-
sual observation, with mite samples 
taken before and after treatment and 
records kept. They recommend pull-
ing honey early to treat, citing an ad-
vantage more valuable than the last 
few pounds of honey. To help allay 
chemical resistance, they advocate for 
rotating mite treatments. They have 
not found nonchemical interventions 
to be enough on their own, but they 
cite the benefits of splitting, which 
they find commercial beekeepers do 
more than those with few hives. In 
addition to a break in brood rearing, 
which pauses mite reproduction and 
lowers fall varroa loads, the advan-
tages are swarm prevention, making 
up for losses, and requeening.

All of that experience has morphed 
into an inspection protocol used by 
the Tech Teams and tailored for the 
Sentinel Project, a bee care commu-
nity now headed by Rachel Kuipers. 
Paid subscribers chose to monitor 
four, eight or twelve colonies per 
season. Each April, they receive six 
months of kits to test for varroa and 
nosema from May through October. 
Each month they follow a prescribed 
inspection and upload their notes into 
a new app adapted from the one used 
by the Tech Teams for field notes — al-
though paper still remains an option. 
At the same time, subscribers gather 
test samples and mail them to the 
UM lab. The information is accessible 
from one place, the dashboard on the 
BIP website. There, participants log in 
to view their monthly reports, follow 
their cumulative data as the year goes 
on, and compare by area. “Because it 
is a citizen science program, there’s a 
lot of interaction, a lot of involvement. 
Our participants are passionate and 
engaged,” said Kuipers. 

Over the previous three years, 
Kelly Kulhanek managed the Senti-
nel program as a UM Ph.D. student. 
She started with some 20 participants 
in Maryland. “Beekeepers were like-
minded and wanted to do this in-
tensive level of beekeeping manage-
ment,” she said. “They wanted to 
keep good records and stay on top of 

A participant in the BIP Sentinel program receives a kit with detailed instructions for 
inspection, hive tags, testing materials and shipping labels. Over the shut-down, the 
kits were assembled by the new administrator, Rachel Kuipers, in her living room, and 
taken to her local post office. The Sentinel community thrived nonetheless, reporting 
with a new app and sharing in webinars.
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Kelly Kulhanek grew the Sentinel program from 20 to over 100 monthly participants 
that continue to take part in reporting, sampling and webinars.
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things. It is a lot of work, more work 
than the average hobbyist beekeeper 
would do.” She got some crowd-
source funding to build the program 
and eventually brought the member-
ship to over 100 in 30 states. “The 
value comes in paying close attention 
for a whole year, and then having an 
archive, a record of how things went 
for you over the year.”

Sentinel data, which is kept sepa-
rate from the survey data, is longitudi-
nal — from the same colonies month 
after month. It is valuable because it 
is combined with inspection notes 
to create a cumulative record. Those 
numbers are illustrated in individual 
graphs with comparisons to national 
levels and, when available, the bee-
keeper’s previous years. Fauvel calls 
Mikayla Wilson “the wizard behind 
the database.” Wilson is the entomol-
ogist and IT engineer responsible for, 
among many projects, designing the 
graphs that illustrate the data.

That data can create more questions 
for the Sentinel members, Kulhanek 
found. “Sometimes they would be 
frustrated because all year they had 
really low mite counts, six months of 
samples, and then in the last month 
the mite load would skyrocket. They 
wanted to know what’s this about? 
It was such a bummer to have done 
such a great job all season long and 
now to end like this.”

Kulhanek oversaw a couple of re-
velatory studies. She and the Sentinel 
members expected that mite counts 
should drop precipitously after treat-
ment, but she found not only that they 
did not drop but they typically in-
creased. The larger truth, she discov-
ered, is that although the mite counts 

increased, they increased at a slower 
rate compared to untreated hives.

Those mite loads spiking in fall, 
seemingly suddenly, were recorded 
both in Sentinel data and in other BIP 
programs. She said, “One popular 
idea was horizontal transmission, the 
mite bomb idea — a colony crashes 
from mites, leaves and explodes into 
receiver colonies. Another is transmis-
sion from robbing.” She tested those 
theories, and it is worth reviewing 
how she did both.

She set up an experiment with 36 
colonies at the Clarksville Agricul-
tural Research Station in Maryland. A 
central, four-colony apiary, which she 
called the donor apiary, was surround-
ed by eight like-sized receiver apiaries 
at radii of half a mile and one mile. The 
central donor apiary had two high-
mite colonies (5 per100 and 15 per100) 
and two low-mite colonies (1 per 100). 
She marked as many bees as possible 
by color from the donor apiary, anaes-
thetizing a frame of bees at a time and 
laboriously marking them — blue for 
low-mite and red for high. “As they 
wake up they hold still long enough 
for you to mark them,” she said. 

Each receiver colony was fitted with 
a camera at the entrance. She attached 
each to a Raspberry Pi motherboard, 
which cost about $30. She learned to 
program them from YouTube videos. 
“I taught them to recognize our paint 
colors,” she said. “They can tell the 
camera, whenever you see the color 
red or blue take a picture. So we can 
identify the bees from the donor api-
ary, track their movement when they 
enter other apiaries.” Also, she placed 
robber screens on half the hives.

What she found was that drifting 
bees were found in the closer, half-
mile radius and 80 percent of them 
were from the low-mite colonies. 
Also, the mite load was not increased 
comparatively more in colonies visit-
ed by high-mite bees. “This debunked 
the mite bomb hypothesis,” she said.

That said, she found that the mite 
load in colonies visited by any do-
nor bee was comparatively higher 
than those not visited. “So it seems 
as though there is something about 
the colony’s ability to receive visita-
tion, whether it is from a high mite 
colony or low mite colony,” she said. 
“Increase in mite load is lower in the 
screened colonies. There is something 
about screening, reducing the visita-
tion from foreign bees, that is helping. 
That disproves the robbing theory, be-
cause if your bees were robbing out 
high mite colonies, the robbing screen 
would not keep its own bees from re-
turning from a robbing foray.”

Kulhanek said of her time with the 
Sentinel project, “It ended up being 
the best experience ever to watch it 
grow and evolve over the last five 
years. They have made a lot more 
changes, and Sentinel has become a 
very cool thing.”

One program that has forked off 
bears mentioning: Although Sentinel 
has now suspended the requirement 

Rachel Kuipers heads the BIP Sentinel 
program, keeping track of members’ 
monthly hive inspections and lab tests. 
She was trained at the University of 
Maryland lab and does some of the anal-
ysis for program members.
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Receiver Apiaries: Kelly Kulhanek fitted apiaries with cameras and small computers 
to record the movement of color-coded bees to determine if mite-laden bees were 
entering. Note that half of the hives have robber screens, which proved to be valuable.
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Mikayla Wilson is the entomologist and 
IT engineer responsible for, among many 
BIP projects, designing the graphs that 
illustrate the data. 
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M.E.A. McNeil is a jour-
nalist, Master Beekeeper 
and Northern California 
organic farmer. She can 
be reached at: mea@
meamcneil.com. 

to have a hive scale, computer sci-
ence professor Jonathan Engelsma at 
Grand Valley State University contin-
ues to maintain BIP’s hive scale por-
tal for those continuing to report hive 
weights.

Such connections are so many that 
it is not always easy to tell where BIP 
ends and the rest of the bee world 
begins. For example, Mikayla Wil-
son maintains the APHIS National 
Honey Bee Survey data at UM, AIA 
collects the samples for it in all but 
four states, and BIP Tech Team mem-
bers contribute the others. Software 
engineer Nicholas Arias works from 
Colombia, where, says Fauvel, “it’s 
like he’s in the next room.” He de-
veloped an app for the Tech Teams 
that he has adapted for Sentinel; he is 
working on applying it to APHIS and 
offering it to the Apiary Inspectors of 
America. The mite check app is some-
thing else again, a project of several 
universities as a way to record data by 
the public and used by The Pollinator 
Partnership for its Mite-A-Thon; BIP 
maintains the code for the app. Kelly 
Kulhanek has gone on to do a post-
doc at Washington State, and she is 
working on the brood-break potential 
of warehousing and chilling colonies, 
a research project also supported by 
the work of the Tech Team. The list 
could go on.

In addition to the hybrid projects, 
BIP is described by Fauvel as “a one-
stop-shop for research projects.” They 

have the advantage of having infra-
structure that includes data expertise 
and teams in the field to design and 
execute entire studies, such as a pro-
biotics study for the California State 
Beekeepers. 

Still, the question that Steinhauer 
gets, the one that hovers over all the 
BIP projects is, “Why are we at 40 per-
cent loss, what are the causes?” She 
said, “We have asked that question 
for years now. The survey doesn’t di-
rectly answer that; all we see is that 
there are a lot of health issues” — for 
commercial beekeepers, problems 
with queens and varroa, and for small 
scale beekeepers a growing percep-
tion of varroa.

Kulhanek said, “People like black 
and white, yes or no answers. I do a 
lot of extension work with beekeep-
ers, and it is frustrating for them 
because they want to know, does 
this work? It’s ‘it works sometimes, 
and nothing is ever one-size-fits-all.’ 
Nothing is ever 100 percent black and 
white.”

The tangible that comes from the 
feedback loops in BIP is data-in-
formed information. But there is an 
intangible that grows from that re-
peated exposure — intuition. “Take 
the samples,” said Kulhanek, “see the 
reports, look at the graphs. And also 
know you are providing that impor-
tant longitudinal data.”

Nicholas Arias is a software engineer who 
developed an app for the Tech Teams to 
make field reports electronically from the 
field. This year, he has adapted the app 
to be used by the Sentinel participants. 
He is now working to apply it for others. 
Although he is an active member of the 
BIP team, he works from Colombia.
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