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A mind-bogglingly enormous 
international bee conference, 
Apimondia in Montreal, 

packed auditoriums with three full 
days of lectures and hallways with 
row upon row of research posters 
renewed each morning. Talks were 
given in brisk succession by experts 
from around the globe, most of them 
lucidly illustrated and well delivered. 
The atmosphere was charged with the 
energy of discovery about all things 
bee, although, truth to tell, there were 
moments when the avalanche of data 
left some of us blinking. Breeding 
was a subject touched on by about 40 
presentations, and a sampling is re-
viewed here from three main threads: 
survivor stocks and their characteris-
tics, beekeeper selection, and techno-
logical advancements in identifying 
adaptive traits down to the molecule.

Agreement among speakers on this 
subject abounded on two points: The 
bees are in big trouble and existing 
pesticide-based varroa controls are 

not sustainable. Despite a product 
presentation by the producing chemi-
cal company (“admission 100% free”), 
word circulated that amitraz, a last 
chemical treatment standing up to 
the varroa mite, is showing resistance 
— as reported from Argentina. The 
ongoing, predicted decline of chemi-
cal controls has stimulated increased 
attention to the alternative possibili-
ties of breeding. If Apimondia is a 
measure, the Congress 12 years ago in 
Australia had comparatively few such 
research reports.

In the 1940s, the breeding of the 
“super bee” was an announced goal 
of the USDA. About that time, agro-
chemicals were introduced; it was 
also the decade at the top of the sober-
ingly familiar graph of colony decline 
that drops in a 45˚ slide down to the 
current unsustainable base line that 
limps along the bottom. No one talk-
ed “super bee” at Apimondia. If one 
were to summarize the goal among 
researchers reporting on breeding, it 

would be more the “coping bee.” 

GettinG to the Very Bottom of it All

The opening keynote talk, by Gene 
Robinson of the University of Illi-
nois, set the tone: No cell would go 
unexamined. His lab’s deep bottom-
up approach showed the commonal-
ity between the bee, mouse and fish 
— animals whose last shared ances-
tor was 600 million years ago. Their 
similar molecular responses to social 
challenges reveal genetic building 
blocks.

Such blocks have been built into 
strategies that social insects have in 
common, according to Marla Spivak 
of the University of Minnesota, who 
opened an afternoon of reports on 
bee breeding. She cited work by Aus-
trian ant researcher Sylvia Cremer, 
who coined the term social immu-
nity. Cremer broke it down to three 
components that make sense for un-
derstanding bees: hygienic behaviors 
(e.g. grooming); joint physiological 

Attendees came from around the world and gathered throughout the three-day event to select from multiple presentations on all 
things bee. In the foreground on the far right, the man in a suit is Jeff Pettis, the American who will now head Apimondia. Seated in 
front, second from left, is Gene Brandi, president of the American Beekeeping Federation.

Breeding Bees: Old Sense Meets New Science

“We are moving breeding into the realm of the 21st century.”
Steve Pernal, Head of the Canada Department of Agriculture Bee Research Farm 

A Report from Apimondia 2019, Montreal, Canada

by M.E.A. McNEIL



American Bee Journal2

defenses (e.g. use of antimicrobial 
substances); and physiological re-
sponses to pathogens. These Cremer 
further consolidated into two strate-
gies: care and kill. Care is preventa-
tive acts such as antimicrobial use, 
nest sanitation, grooming. Kill is the 
last resort — the sacrifice of pathogen-
infected individuals, but the caveat is 
timing. An AFB cell opened too late, 
after the time it becomes infectious, 
spreads its spores, and the behavior 
benefits the pathogen, not the bees. 
Those categories have inspired Spiv-

ak’s ruminations about resistant char-
acteristics, which we’ll return to. 

Considering coping, the mite is, 
of course, of prime concern. Ralph 
Büchler of the Kirchhain Bee Institute 
in Germany reported that The Euro-
pean Commission requested a study 
on the status of breeding for varroa 
resistance. Interviews with some 50 
breeding experts around the world 
summed up three characteristics “that 
negatively affect mite population de-
velopment and can thus be recom-
mended as parameters for the selec-
tion on varroa resistance”: hygienic 
behavior, brood uncapping and recap-
ping, and suppressed mite reproduc-
tion (SMR). 

This phenomenon of uncapping 
and recapping of infected brood dur-
ing pupation was reported by several 
speakers. Although it is not well un-
derstood, the behavior has been ob-
served as high in untreated survivor 
stocks in Avignon, France; Sarthe, 
France; Norway; Gotland, Sweden 
and the Arnot Forest in New York.

SMR requires a short digression. 
When Abdullah Ibrahim was at the 
University of Minnesota at the Spivak 
Lab, he found that the SMR line of 
bees, developed by John Harbo at the 
USDA, was not only hygienic but it 
also, somehow, reduced varroa repro-
ductive success. So Harbo renamed 
the SMR line the VSH line, for Varroa 
Sensitive Hygiene. 

 Not yet confused? There’s more, 
returning to Spivak’s musings. Some 
reports, like the German one above, 
consider hygienic behavior and mite 

removal to be two separate behav-
iors. What, she posited, if they are 
both part of the same characteristic? 
It makes sense, considering that they 
were discovered by using different 
assays. The Minnesota Hygienic line 
was selected with a 24/48-hour freeze 
kill brood assay, with the line further 
challenged with disease. In contrast, 
the VSH line was developed by selec-
tion from repeated exposure to mites.

the russiAn resistAnce

“A dozen factors are involved,” said 
Lilia De Guzman of the USDA Honey 
Bee Breeding, Genetics & Physiology 
Lab in Baton Rouge. She was report-
ing on continued resistance to both 
pests and pathogens in bees main-
tained by the Russian Honey Bee As-
sociation. These are the bees brought 
to the U.S. in 1997 by the USDA from 
the Primorsky region of Russia. They 
had developed resistance to varroa 
after some 75 years of exposure, and 
are, if not the super bee, at least a cop-
ing bee. In 2008, the USDA released 
17 lines, with strict breeding protocol, 
to beekeepers that formed the Asso-
ciation. De Guzman’s data showed 
that members have held up their end 
of the bargain; the USDA returned to 
test the bees, finding them more re-
sponsive to varroa and viruses than 
Italian bees or even Russian bees bred 
outside the Association.

Primorsky is one dot on a map 
shown by several speakers that lo-
cates untreated survivor popula-
tions of bees around the world. The 
map marks only a few more: A. m. 
scutellata on an island off the coast 
of Brazil as well as in Kenya, Tanza-
nia, Uganda, and South Africa; Costa 
Rica; Mexico; Tunisia; and the places 
named above in France, Norway, 
Sweden and New York.

What characteristics can be found in 
these pockets of untreated bee popula-
tions was a question posed by several 
speakers. Tom Seeley of Cornell Uni-
versity was introduced as the rock star 
of the conference, and his presentation 
was enthusiastically greeted. He spoke 
of strategies used by the feral bees in 
the Arnot Forest in New York that he 
has monitored since 1978. The charac-
teristics transferrable to beekeepers, 
in what he calls “Darwinian beekeep-
ing,” are: keeping local stock in small, 
untreated colonies in hives with small 
entrances that are widely spaced and 
lined with propolis. 

Seeley’s PhD student David Peck 
further investigated how the feral 
bees in the Arnot Forest have sur-

Marla Spivak of the University of Minnesota (left) has bred the now famous Minnesota 
Hygienic line of bees, and reported at Apimondia on her continued inquiries toward 
understanding resistant behaviors. She met up between talks with Olaf Rueppel with 
whom she has collaborated. He is now at the University of North Carolina and is work-
ing on creating a pheromone assay for beekeepers to use in selection for breeding 
such behaviors. Photo credit: Jerry Draper

RalphBüchler of the Kirchhain Bee Insti-
tute in Germany reported at Apimondia 
on a study for the European Commission 
that interviewed world experts on breed-
ing to sum up desirable characteristics. 
Photo credit: Jerry Draper
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vived varroa. He hung catcher hives 
high in the trees and lamented that 
on more than one occasion “a bear 
ate my homework.” He tested the 
bees he caught for several traits. Their 
hygienic behavior was measured 
with freeze-killed brood, where they 
cleaned out 75% at 24 hours and 96% 
at 48 hours. He found the bees “not 
as hygienic as bees from California 
queen breeders that have been using 
that assay. They are pretty hygienic 
but not at maximum.”

As groomers, the bees were 35% 
effective, versus commercial hives at 
20%. Interestingly, when Greg Hunt 
began to breed his super-grooming 
“ankle biter” bees at Purdue, they 
were 5% efficient; his lab increased 
the trait through selection to 50% in 
2015. So, again, the Arnot Forest bees 
were expressing a high level but not 
the maximum. Also, as mentioned, 
the French, Norwegian and Swed-
ish survivor stocks have high rates of 
uncapping and recapping behavior; 
about half of the infested cells tested 
by Peck had been recapped. 

In sum, the Arnot forest bees ex-
press multiple resistance traits, and at 
higher levels than their hypothesized 
ancestors. But, said Peck, “they are 
expressing them at a lower level than 
can be expressed if they are being 
bred specifically for these traits.” He 
suggests that an investment in mul-
tiple traits, rather than maximizing 
one trait is evolutionarily advanta-
geous. He gives the example of exces-
sively hygienic bees that remove both 
diseased and healthy brood. But also, 
“Just like with miticide resistance,” he 
said, “mites that evolve to counter a 
single resistance trait will knock the 
bees back to square one.” Breeders 
“should be cautious about seeking a 
single ‘silver bullet’ resistance trait.”

locAtion, locAtion, locAtion

Spivak agreed: “We want our bees 
to be generalists.” But, there appears 
to be another element: localization. 
“There are many pockets of untreated 
successful apiaries, but they don’t 
have genetic resistance. As soon as 
they are moved they collapse, so they 
have established a truce with the 
place that they are. The problem in the 
U.S. is that we move bees around. Not 
only migratory beekeepers but hobby 
beekeepers are migratory beekeepers 
as well, it’s only that they have the 
bees trucked to them.”

Resistance is a grail that breeders 
and scientists are pursuing. Several 
presenters are using natural selection, 

like the Saskatraz breeding program 
in Saskatchewan, Canada. Survivor 
stock from a large local gene pool has 
been outcrossed with Russian, Buck-
fast and VSH bees into 17 lines.

Vermont beekeeper Kirk Webster is 
also selecting by performance. “Pests 
and pathogens should be seen as al-
lies,” he said. When miticides were no 
longer effective in his apiaries, Web-
ster gradually removed treatment 
over five years from his four stocks. 
Most died out except the Russians 
that he got from the USDA, and which 
he has, over the subsequent 20 years, 
bred with other stocks to maintain 
his apiaries without chemical treat-
ment. He has advantages: colonies 
not moved for pollination, an isolated 
mating area, and overwintering colo-
nies in a northern clime, which creates 
a broodless period with the accompa-
nying loss of mites.

American researcher John Kefuss 
was one of the first advocates for 
breeding untreated mite-resistant 
stock. He works in France, overseeing 
an aggressive selection program. At 
the early incursion of varroa, he tested 
the first acaricides and concluded that 
they were a poor short-term solution. 
His plan to breed resistant bees was 
met with incredulity, with the idea 
compared to breeding sheep against 
wolves. Kefuss was the breeder of 
the Starline program in France, so he 
began with that material, crossing in 
tested bees from his apiaries in Chile 
and other lines. Since then he has pro-
moted the treatment-withdrawing 
protocol he calls the “007 Bond test, 
Live and Let Die,” together with a 
more gradual approach. He offers 
€0.01 for every mite a visitor finds in 
his apiary, cents he rarely pays out. 

“In 1993 I told beekeepers to stop 
horsing around and get moving in the 
correct direction of genetic control. 
That was 26 years ago,” Kefus said 
in his talk. The goal is lauded, and 
programs such as the American Bee 
Informed Partnership have regular 
testing programs. But in general, few 
beekeepers are testing bees for hy-
gienic behavior on their own because 
they find it difficult. That is why new 
technologies able to identify gene ac-
tivity tied to specific behaviors may 
be an answer.

the rAce is on

Returning to Spivak’s thoughts 
about the care and kill strategies for 
disease and mite resistance, she said, 
“We can use that information to guide 
our breeding: Honey bee hygienic be-

havior is a kill strategy in those terms.” 
It involves the detection and removal 
of infested or infected brood and has 
a critical timing component to it, with 
disease removed before it becomes 
infectious. “My working hypothesis 
has always been that honey bees have 
a chemical recognition, a template of 
what healthy brood is,” she said, ex-
plaining that they can sense a cell that 
is abnormal, whether it is diseased or 

American researcher and bee breeder 
John Kefuss completed his PhD in Ger-
many and keeps apiaries in France. He 
was an early advocate of breeding treat-
ment-free survivor stock. This photo was 
taken at Kefuss’ apiary, Rucher d’Oc, af-
ter Kefuss spoke at Apimondia 2009 in 
Montpellier, France. In his presentation 
at Montreal, ten years later, he said he is 
finding considerable increase in interest 
in his approach.  
Photo credit: Jerry Draper

Leonard Foster has brought his expertise 
in proteomics to contribute to the Cana-
dian national project directed toward 
creating a lab assay for beekeepers to 
identify bees that have the olfactory abil-
ity to identify parasitized and diseased 
brood and remove it. It is a unique ap-
proach that has already been tested.
Photo credit: Jerry Draper
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mite-infested, as they walk around 
the comb, touching larvae and sealed 
brood with their antennae. She com-
pares it to the immune system identi-
fying self versus nonself.

In creating the Minnesota Hygienic 
Line, she said, “we came up with a 
conclusion that hygienic behavior is 
moderated by olfactory clues coming 
from the diseased brood. And bees 
that are highly hygienic have a lower 
response threshold, in other words 
they detect and discriminate between 
healthy and diseased brood at a very 
low stimulus level.”

Now, French, American and Cana-
dian labs each reported at the confer-
ence that they are working to create 
assays that can identify such bees. If 
any or all of them can, it will mean 
that beekeepers will have ready 
means to select breeding stock. 

Fanny Mondet presented work 
from the French national bee lab, 
l’Institut National de la Recherche 
Agronomique, INRA. The lab was 
long headed by Yves LeConte, whose 
apiaries in Avignon and Sarthe are 
on the short list of survivor stocks 
in the world. As a young researcher, 

LeConte worked with Gene Robinson 
at the University of Illinois examin-
ing the olfactory messaging system 
of bees, and subsequently making the 
significant discovery of BEP, brood 
ester pheromone or E-β-Ocimene, a 
pheromone that ensures equilibrium 
among some roles in the colony. He 
has passed the passion for interpret-
ing the messages of bee scents to Mon-
det, and beamed as a proud mentor 
from the audience as she spoke. Her 
research focused on how VSH bees 
know the difference between parasit-
ized and non-parasitized brood.

“We didn’t know what we were 
looking for,” she said. “The hypothe-
sis was that it would be the brood that 
would trigger the VSH behavior.” To 
find differences between infested and 
mite-free brood, they performed as-
says with gas chromatography and 
mass spectrometry. 

“We showed that infested brood has 
a specific chemical signature in com-
parison with uninfested brood,” she 
said. These are compounds that she 
calls VPS — varroa parasitized spe-
cific. “When we apply the compounds 
inside capped cells, we trigger a sig-
nificant removal of the treated cells, 
suggesting the mechanisms of VSH 
involve olfaction.” She added that it 
is possible that taste could be a factor.

“We know that the bees don’t re-
move all of the parasitized cells,” she 
said. But the targeted cells had more 
VPS compound than the non-targeted 
but still-infested cells. Her lab used a 
proboscis-extending learning assay to 
test bees for the ability to sense VPS. 
“VSH bees seem to be able to perceive 
the odor of these chemicals and re-
spond, whereas non-VSH bees seem 
not to be able to. VSH bees have an 
increased odor sensing ability; they 
seem to have a distinct physiology.” 

“We don’t know if these [VPS] mol-
ecules belong to bees or to mites. It’s 
really hard to tell at this stage.” But 
the sensitive bees target brood cells 
with reproducing mites, so it appears 
that the presence of mite offspring is 
a trigger. 

Now they plan to develop this re-
search into a tool that beekeepers can 
use in the field to test their colonies. 
“The idea is to apply the VPS com-
pounds to the brood to evaluate [the 
responsive behavior],” she said. 

Another lab is zeroing in on a simi-
lar beekeeper-friendly product. Olaf 
Rueppell and Kaira Wagoner at the 
University of North Carolina have 
been working on pheromones. “We 
have identified several chemicals 

Yves LeConte (right), long the head of the French national bee lab, made significant 
early discoveries about bee pheromones. He is pictured with Fanny Mondet, who 
completed her PhD with him and who has subsequently taken the research in the di-
rection of finding pheromones involved with mite-resistant behavior that can be used 
as a selection tool by beekeepers. Photo credit: Jerry Draper

An example of slides from presentations on breeding at Apimondia was this one from 
the Saskatraz program in Saskatchewan, Canada. Survivor stock from a large local 
gene pool has been outcrossed. Photo credit: Jerry Draper
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that occur naturally on the surface of 
honey bee brood,” said Rueppell. “In 
parasitized brood, these chemicals 
occur more. The most prominent of 
these chemicals is tritriacontene. We 
are trying to develop a spray of these 
chemicals [to be applied to] capped 
brood to induce hygienic behavior 
for beekeepers to assess how hygienic 
their bees are.” He suggests that such 
a spray will be more readily used than 
the freeze-killed brood assay that uses 
liquid nitrogen.

The Canadians highlighted global 
research in hosting this Apimondia 
and capped their accomplishment 
by announcing their own remark-
able project ― the largest effort in the 
world to provide beekeepers with an 
assay for colonies with resistant be-
havior. “We are moving breeding into 
the realm of the 21st century,” said 
Steve Pernal, who heads the Canada 
Department of Agriculture Bee Re-
search Farm in Alberta. The phased 
project, BeeOMICS, coordinates gov-
ernment and university labs as well as 
beekeepers across the country.

It all began in 2008 when Pernal 
partnered with a scientist at the Uni-
versity of British Colombia, Leonard 
Foster, to look for proteins related to 
hygienic and varroa-resistant behav-
iors such as grooming. Foster spe-
cializes in proteomics (a joining of 
the words protein and genome, the 
proteome being the set of proteins 
produced by an organism). The initial 
motivation for turning to proteomics 
was that many attempts to decode the 
genes for hygienic behavior in bees 
had not come up with a clear answer. 
Many genes had been found to work 
in concert for those behaviors, so 
since genes encode proteins, the idea 
was to analyze the proteins involved. 
“No one had looked at protein expres-
sion before,” said Pernal.

Although genome sequencing and 
proteomics are widely used in human 
medicine, they are yet to be widely 
applied in mainstream biology. Fos-
ter was trained in proteomics in Den-
mark and says that “the technology 
is finicky, not easily learned, complex 
and expensive.” His lab, using LC/
ESI-MS/MS (Liquid Chromatography 
Electrospray Ionization Tandem Mass 
Spectrometry) can routinely and reli-
ably identify proteins in exceedingly 
complex mixtures.

They chose to analyze bee antennae, 
Foster said, because “We expected 
that that was where workers would 
better be able to detect dead or dying 
brood. The antennae are the most in-

volved in that process, and easier to 
dissect, surely easier than the brain.”

“Leonard looked through tens of 
thousands of proteins to summarize 
the relationship between proteins and 
behavior,” said Pernal. “There was a 
big deliverable. We could look at how 
proteins were expressed and see how 
they relate to hygienic behavior of the 
nurses. We came up with a panel of 
12 predictive markers, found in nurse 
bee antennae.”

Foster said, “We speak of a signa-
ture found in the antenna of hygienic 
bees, but it could be better described 
as a molecular fingerprint of proteins 
on the bee antenna. We don’t under-
stand just how it works.”

Once they had identified the mark-
ers, their question was whether they 
could select with them for breeding. 
“Proof of concept,” said Pernal. “Are 
they useful?” In the second phase of 
the project they challenged stocks 
from Western Canada and New Zea-
land with American foulbrood and 
varroa through three years of breed-
ing. They tested them with protein-
marker-assisted or freeze-killed as-
says. They found bees selected by the 
two different assays to be very similar 
in their resistance to AFB and varroa 
and improved survival rates.

“We have broadened the ques-
tions,” said Pernal. The genomics lab 
of Amro Zayed at York University 
has become involved to test for SNPs 
(single nucleotide polymorphisms, 
pronounced “snips”), which are small 
genetic mutations linked with charac-
teristics. Proteomics and genomics 
have been combined to come up with 
breeding markers for traits including 
hygienic behavior, grooming, defen-
siveness, overwintering, population, 
colony size, gut biome, pathogen 
load, and immune expression.

A lot of colonies are involved, most 
of the major bee groups in Canada. It’s 
been no small task; Renata Borba took 
on the standardization of mite loads 
in test colonies, requiring removing or 
seeding mites to establish an assay for 
colony phenotype. 

Pernal points out that the project 
has been discovery-based, which has 
been “so very expensive to test so 
many more things than necessary.” 
They are moving next into a lab-
based testing program, BeeCSI. With 
the markers narrowed down, the aim 
is for for the cost to be practical, about 
$30 per sample. 

“We are a long way from a home-
pregnancy type test,” said Foster. “At 
this point our goal is for beekeepers 

to be able to send in bees to a lab to 
get a report that would recommend 
which colonies to breed from. We 
have done this with some breeders in 
British Columbia.” The goal is not to 
create a single hygienic stock but to 
provide markers that could be used 

Amro Zayed at York University in Toronto 
has become involved in the nationwide 
Canadian project to create an assay for 
honey bees with desirable characteris-
tics. He is a geneticist, and his findings 
have been pared with proteomic studies 
to come up with a test for multiple attri-
butes. Photo courtesy of the Faculty of 
Science, York University

Steve Parnel is a Canadian bee research-
er who both coordinated the 340 scien-
tific presentations at Apimondia in Mon-
treal and is at the center of a Canadian 
national project to define resistant traits 
in bees and turn that knowledge into an 
assay that beekeepers can use for breed-
ing. Photo courtesy of Steve Pernal
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to examine many traits for more than 
one round of selection per year. 

Pernal said, “It’s a gold mine of in-
formation.”

“This is where we are going in the 
future,” said Spivak of these projects, 
“Where you just collect antennae to 
see if the bees have the proteins or the 
genes that signify.” 

Until those future assays are avail-
able, many beekeepers will continue 
to test and select toward more robust 
stock. But the questions go on, and 
she is asking them: Is uncapping and 
recapping a care strategy, actually re-
ducing mite reproductive success? Is 
there a combination of grooming and 
venom (which is highly antimicrobial 
and known to be present on the bee 
cuticle) that is totally unexplored? 
What about the interplay between 

the gut microbiome and pathogen 
control? What about the kinship of 
VSH with hygienic behavior? And 
so it continues: At such conferences 
scientists pool expertise, challenge 
received wisdom and show the way 
forward.

Kefuss pointed out in his talk that 
the latest Bee Informed Partnership 
survey showed the mortality of un-
treated hives was about 8.5% more 
than treated hives. “That is not a big 
difference,” he said. “What is impor-
tant is that the 309,898 untreated hives 
represent a huge potential to select 
colonies for varroa resistance.” He sat 
down at Apimondia with some data 
bank developers to discuss data min-
ing tools for selection.

“I think that more people are inter-
ested in resistance selection because 

more hard data exists to show what is 
possible and what they can expect,” 
he said. “Knowledge eliminates the 
fear of the unknown.”

M.E.A. McNeil, called 
Mea, is a writer, organic 
farmer, and Master Bee-
keeper, whose work fo-
cuses on beekeeping, 
pollination, and other 
aspects of sustainability. 
She recently completed 
an MFA in narrative non-
fiction writing at Mills 
College, where she won the Teppola Nonfic-
tion Writing Prize. She lives in Marin with her 
husband and youngest son in a strawbale 
house on an organic farm. She has contrib-
uted articles to The American Bee Journal for 
a decade.

In addition to talks at Apimondia, a number of posters explained bee breeding proj-
ects, such as this one by California beekeeper Aden Wing, pictured explaining his pro-
tocol. It is an example of the cooperation among those working toward more resilient 
stock, with the names of his experienced collaborators listed on the poster.
Photo credit: Jerry Draper


