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They have just begun to bring 
forth their super-bee,” an-
nounced a press clipping 

marked 1939-40 from the USDA-ARS 
bee lab at Baton Rouge, Louisiana. 
Now, with eighty years of experience, 
that lab is still at it, albeit with less 
hubris. An overview of breeding proj-
ects there, as well as elsewhere, com-
prises the first part of this article. That 
survey will provide context to best 
understand a new project from the 
USDA as well as some others, the sub-
jects of the second part next month.

Nature has been at bee selection 
for some 250 million years. Surely 
man has added to evolutionary pres-

sure by knocking off colonies for bad 
behavior, the bees’ and his own, but 
humans have gotten into the game in 
earnest quite recently. Nature breeds 
for survival, which results in consid-
erable variation within her subspe-
cies, like the Caucasians or Italians. 
Man has tended to breed for spe-
cific characteristics, as evidenced by 
nearly ten thousand years of animal 
breeding, from Siberian dogs to an 
eventual barnyard of animals serv-
ing specifically for transport or fat 
chops and udders. But humans have 
not, until the last century, successfully 
bred bees.

Why not bees? Honey bee repro-
duction was a mystery wrapped in 
incredulity: A worker egg becomes a 
queen? Impossible. Once the observa-
tion was made, it took centuries for 
it to be accepted. Although Gregor 
Mendel began to reveal the rules 
of heredity in his work with sweet 
peas, he failed at breeding honey bees 
because he did not know that the 
queen flies from the hive and mates 
with drones from another colony. 
About when basic bee reproduction 
was becoming known, Langstroth’s 
movable frame hive in 1852 gave 
beekeepers the means to manipu-
late the colony and access the queen. 
 “Nasty” was the adjective forever 
linked to the original European bee in 
this country, A.m. mellifera. A chance 
to replace it with the gentle Italian 
bee, A.m. ligustica, fueled an interest 
in queen rearing, and multiple other 
subspecies were imported from Eu-
rope and North Africa. Ingenious egg 
grafting systems, such as that of G.M. 
Doolittle, promoted queen replica-
tion. Controlling the drone side was 
quite another matter. Dozens of at-
tempts were recorded between 1860 
and 1940 to induce queens and drones 

to mate in all manner of confined ar-
eas, from jars to greenhouses. What-
ever successes there may have been, 
none were verified or repeated.

Selection

Nonetheless, beekeepers have long 
selected stock by behavior and color. 
Eric Mussen, UC Davis emeritus api-
arist, described a queen auction near 
Chico, California in 1976. Sellers each 
placed a frame in an observation hive 
with a queen and a representative 
brood pattern. “One beekeeper af-
ter another looked at them and said, 
‘That’s a Park, that’s a Koehnen’ and 
so on; they knew just by looking at 
the color, size, brood. Although these 
were not breeding programs as such, 
they were definitely hard-core selec-
tion programs.”

And prized golden queens, he re-
members, were “a yellow colored 
stock used in scientific studies so that 
you could follow matings and see the 
color of the offspring. They were kind 
of a lab rat used to follow the move-
ment of genes.”

the BuckfaSt Bee 
A young Benedictine monk, Broth-

er Adam, took over what was left 
of the apiary at Buckfast Abbey in 
Devon, England, in 1916. His mis-
sion, grounded in the order’s ethos 
of self-sufficiency, was to foster reli-
able honey-producing bees, but tra-
cheal mites had ravaged the apiary. 
The few surviving colonies were 
hybrids of the small English black 
bee, A.m. mellifera, with Ligurian 
Italians, A.m. ligustica from the Alps.  
 To stabilize his stock against the 
mite, he started a program modeled 
on mammal breeding pedigree pro-
grams. He established an isolated sta-
tion, an innovation at the time, where 
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“

Questing for the Wonder Bee

“To judge and select, essentially it’s a gift.”
Brother Adam

Brother Adam, the legendary Benedic-
tine breeder of the Buckfast bee, was 
also known for dry still and sparkling 
meads, by those fortunate enough to 
drink with him. His recipe was good hon-
ey, rain water, a French wine yeast and a 
used oak cask.
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he mated multiple queen lines to a 
single drone line in a three-year cycle. 
He introduced subspecies from trav-
els throughout the mellifera world 
— Europe to Iran and North Africa. 
Each new strain, over two dozen of 
them, was first crossed with the ex-
isting Buckfast bees. He worked with 
each addition for as long as a decade 
to fix the desired genes into the breed. 
Brother Adam’s project spanned 70 
years, and he succeeded in develop-
ing a vigorous, gentle, honey-produc-
ing bee. Because of its resistance to 
tracheal mites, it was brought to the 
U.S. in the 1970s by the USDA and 
Weaver Apiaries, and it continues to 
be bred, among others, by the Federa-
tion of European Buckfast Beekeep-

ers. Breeder Sue Cobey said, “You 
could mate those bees with almost 
anything, and you’d come up with 
something pretty good.”

laidlaw’S diScovery

Queen production in the U.S. was 
initially concentrated in the South 
because of the weather. When the De-
partment of Agriculture established 
the honey bee lab in Baton Rouge, 
this magazine wrote in 1928, “Scien-
tific breeding probably will constitute 
one of the major problems to be taken 
up by the laboratory.” But controlled 
breeding was handicapped until a 
discovery by Harry Laidlaw, Jr., who 
had grown up keeping bees with his 
grandfather. By 1929, working on his 

master’s degree, he figured out why 
instrumental insemination of queen 
bees was so ineffective. A tongue-like 
structure in the median oviduct of the 
queen, the valve fold, prevented the 
placement of the semen. He and oth-
ers redesigned equipment to allow 
the discovery to become practical, and 
controlled bee breeding began.

the chemical Solution

In the meantime, American foul-
brood, the destructive spore-forming 
bacterial bee disease, had been ram-
pant in the United States. Among 
the researchers committed to devel-
oping resistant bees was O.W. Park, 
who started a cooperative breeding 
program in 1934. Continuing the re-
search, in 1942 Woodrow and Holst 
reported bees uncapping and remov-
ing larvae in the latent, non-infectious 
state, a trait named hygienic behavior 
in the 50s by Walter Rothenbuhler. 
But sulfa drugs had become available, 
and treatment was easier than breed-
ing. Support for the development of 
disease-resistant bees ended.

Natural selection, however, carried 
on. A series of pesticides was used to 
treat tracheal mites, and the varroa 
mite subsequently spurred the use of 
a progression of miticides beginning 
in the 1980s — each of which fostered 
resistance. In hindsight, and there is 
plenty of it, it’s been found that chem-
ical treatments can harm honey bees 
and leave residues in hive products as 
well. They also remove natural selec-
tive pressure toward stabilizing the 
host-parasite relationship. All of that 
became recognized, but there seemed 
to be no going back. It took a sequence 
of misfortunes to stimulate interest in 
taking up where Rothenbuhler left 
off: The American bee market col-
lapsed in 1986 when the Canadian 
border was closed in an unsuccessful 
attempt to keep the mite out. To add 
injury to insult, the bee population 
was declining unsustainably from 
multiple causes, notably varroa. But 
these timelines overlap, and the story 
gets ahead of itself.

the Starline and midnite BeeS

The phenomenon of heterosis, the 
uptick of vigor with hybridization, 
was discovered in plant breeding and 
adapted to bee breeding in the 1940s 
by W.C. Roberts. Dadant and Sons 
acquired his instrumentally insemi-
nated lines. From them, beginning 
in the 1960s, two strains of bees were 
started by Chuck Dadant and Bud 
Cale, Jr., whose father C.H. Cale was 

A 1969 ad for two lines of bees, the Starline and the Midnite, bred by Chuck Dadant 
and Bud Cale Jr. From the Library of Peter Borst
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editor of American Bee Journal. They 
named them Starline and Midnite. 
Their goal was to raise stock for mid-
American producers based on Illinois 
conditions.

The partners worked with the 
USDA lab and with Laidlaw, whose 
queen rearing book had been pub-
lished by Dadant and Sons. They de-
veloped a strict protocol using inbred 
hybrid breeding to create genetically 
uniform lines. These lines were sys-
tematically crossed, with the purpose 
of producing hybrid vigor. It’s a tricky 
proposition, as the instrumentally in-
seminated lines are very difficult to 
maintain, and inbreeding depression 
can cascade into other harmful condi-
tions. But they pulled it off. “Those 
were perhaps the most successful 
commercial breeding program ever,” 
said Bob Danka of the USDA.

The Starline was a yellow bee, one 
quarter Carniolan outcrossed back 
to Italian for color. The Midnite was 
darker, from Caucasian and Carnio-
lan stock and known to gather more 
propolis — at a time when the value 
of that trait was not known. When 
queens were selling for a dollar, bee-
keepers who bred from the unique 
lines paid a royalty of 25 cents for 
each queen they produced. 

In 1976, Cale’s health was failing, 
and he asked Larry Connor, then an 
entomologist at Ohio State, to move 
the project to Florida and maintain it. 
A new company, set up by the Dada-
nts and Harvey York, was called Ge-
netic Systems, Inc. Connor started 
with one experienced beekeeper and 
the rest to be trained. “It was an excit-
ing time,” he said. “We were trying to 
do something that no one had done. 
We produced hundreds of queens a 
day. It was a challenge. And a hell of 
an education.”

More lines were started, not all of 
them as successful, particularly an at-
tempt at an alfalfa pollen gathering 
bee. The cost was daunting, $5000 per 
year to maintain a single line, times 13 
inbred lines. “We didn’t have the biol-
ogy worked out with the drone age, 
and they would have been better five 
days older,” said Connor. “The con-
cept of stock improvement was very 
young.” 

Connor ran the project for four 
years, later becoming publisher of 
Wicwas Press. Eventually the breed-
ing company was sold to Richard 
Adee. “The tracheal mites arrived in 
the 80s,” said Connor, “and the in-
bred lines had no natural resistance 
to it. The program succumbed. Some 

people were still advertising Starline 
queens 20 years later, but I’m pretty 
sure there was no instrumental insem-
ination or lines maintained.”

the carniolanS 
In 1980, Sue Cobey started a queen 

breeding business and observed the 
varied behavior of different subspe-
cies, eventually developing an in-
strumental insemination program 
for disease-resistant bees. “I had two 
of the major bee geneticists of the 
time filling my ear,” she said, “Harry 
Laidlaw and John Harbo.” She uses 
a closed system, which she contrasts 
to the “round robin” system used by 
Cale. “My system follows [Rob] Page 
and Laidlaw pretty tightly, which is 
just working with the population — 
closed in the sense that there is no 
open mating and introductions are 
controlled.” To strengthen traits such 
as hygienic tendencies and overwin-
tering, she chose to revive a then-
mongrelized subspecies that showed 
some resistance to varroa, the Car-
niolans. She has successfully brought 
them back — resistant but not entirely 
treatment-free. She finds them exqui-
sitely attuned to the environment. 
“It’s wintertime and you think oh, 
these bees are just a fistful, they’re not 
going to do anything. They will shut 
down brood production while the 
Italians will just starve. And then they 
just explode.” Her project has been 
involved with bee research centers at 
Ohio State, UC Davis and Washington 
State, where she is currently. 

the yugoS

The first time the USDA purposeful-
ly imported a new honey bee breed-

ing population was in 1989. Thomas 
Rinderer, director of the Baton Rouge 
honey bee lab, had worked for some 
years to improve a strain of bees 
found in Yugoslavia with a researcher 
there, Jovan Kulencevic. His hope was 
that the bees, which he called the Yu-
gos (officially ARS Y-C-1) would have 
resistance to varroa mites. 

The bees were quarantined in colo-
nies for several months at the USDA-
ARS Honey Bee Quarantine Station 
located on Grand Terre Island, Loui-
siana, a barrier island separated from 
mainland honey bee populations by 
about 25 miles of coastal estuaries. 
Further trials were conducted before 
the department proposed leasing the 
exclusive right to propagate and sell 
Yugo queens to three breeders with 

Subspecies of 
Apis mellifera 
were imported 

from Europe and 
North Africa and 

bred for sale 
in response to 

burgeoning bee-
keeper fascina-
tion in the 19th 

century. 
From the Library 

of Peter Borst

Larry Connor took over breeding the 
Starline and Midnite bees, which in-
volved an intricate system of inbred lines 
to create hybrid vigor. 
Photo Courtesy of Larry Connor
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the best proposals. From hundreds of 
applicants those chosen were in Flori-
da, California and Maryland. 

A graduate student from Louisiana 
State University, Lillia de Guzman, 
now with the USDA, did field evalu-
ations of the bees over long hours for 
three years under adverse weather 
conditions. “It really was an act of sci-
entific creation,” said Rinderer, “the 
kind of energy and care it took.” The 
intent was to test the Yugo resistance 
to varroa, but de Guzman also looked 

at tracheal mites, which were a seri-
ous threat at the time. She found that 
resistance to tracheal mites was the 
strong suit of the bees.

“They weren’t really as varroa resis-
tant as he had hoped,” said Bob Dan-
ka, who was there at the time the bees 
were imported. Bringing the Yugos to 
market was a decade-long process. 
“It was a good overwintering bee, al-
though they weren’t all that popular 
in the industry. Bees got over tracheal 
mite in a couple of years essentially.” 

the Bond BeeS

John Kefuss, an American re-
searcher and beekeeper working 
near Toulouse, France, was a first to 
breed varroa-resistant bees. In Tuni-
sia, he’d observed untreated hives 
that survived infestation. He’d been 
told by his PhD advisor Friedrich 
Ruttner that resistance was impos-
sible, but he was curious. In 1993 he 
crossed black Tunisian bees with yel-
low Starline progeny, and it appeared 
that the resistance was genetic. He 
found that aggressive hybrids could 
be selected for gentleness as well. 
“By 1996 we knew we could select 
for varroa resistance,” said Kefuss, 
who stopped all treatment of his 
bees. Kefuss’ bees were the most ro-
bust in a test of 13 lines of bees from 
different areas in Europe for resis-
tance to varroa from 1999 to 2005. 
“I don’t know if it is very relevant to 
list the different races we have worked 
with — Carniolans, Caucasians, Ital-
ians, K-Stars from our old Starline 
lines, intermissa. What is important is 
that all races can be selected for bet-
ter tolerance to varroa. What we are 
trying to do is develop bees with as 
many different types of alleles as pos-
sible because there are many types of 
resistance.”

He has developed the Bond Test 
— a live-and-let-die approach to se-
lection for varroa resistance. His Soft 
Bond Test is more gradual. He invites 
all comers to search for mites in his 
apiaries, offering a Euro cent for each, 
although they find few. His success 
has been criticized for the isolation of 
his apiaries, although he gladly sup-
plies his queens to beekeepers within 
flight range.

Other resistant bee projects have 
succeeded, among them one by Inge-
mar Fries in Sweden. Yves LeConte 
found resistant feral colonies after 
varroa swept through France. Thomas 
Seeley studies the surviving feral bees 
in the Arnot Forest in New York. The 
largest population that survives natu-
rally with the mite is A.m. scutellata in 
the Americas. In addition, it’s worth 
noting that the Washington State api-
ary has not used chemical treatments 
for 14 years, the USDA has not treated 
for 25 years, and a number of Ameri-
can beekeepers maintain treatment-
free apiaries. 

The question in the commercial 
world is whether varroa-resistant bees 
can be suitable for honey production 
or the rugged requirements of pollina-
tion. At the very least, they are valu-
able for studying the mechanisms of 

Tom Rinderer, head of the USDA Russian bee project, works at a microscope in a 
barnyard on one of several trips to Russia in the mid-1990s to select stock for ex-
port. The progeny are now maintained by selected commercial breeders in the U.S. 
USDA Photo

John Kefuss, an American working in France, is a researcher and breeder of 
mite-resistant stock. He invites any comers to his apiary to find mites, and re-
wards one Euro cent for each one. Here Kefuss, left, has paid Finnish visitor J. 
Lunden a cent for the mite was able to locate after searching through the hives. 
Photo Credit: Gabriele Steinig Foto
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a stable host-parasite relationship, for 
small-scale beekeepers, for genetic di-
versity and pollination in wild areas.

the minneSota hygienic Bee

“Minnesota Hygienic was really 
groundbreaking work, really for-
ward-looking,” said Bob Danka of the 
USDA. Marla Spivak, a professor at 
the University of Minnesota, revived 
abandoned research into hygienic 
behavior in bees by W.C. Rothen-
buhler. Although he was looking for 
resistance against the bacterial disease 
American foulbrood and the fungal 
pathogen chalkbrood, when Spivak 
started in the 1990s the prime adver-
sary was the parasitic mite varroa, and 
she was looking for proof of concept.

“My purpose was not to create a line 
of honey bees,” she said. “My primary 
goal was to wean bees and beekeep-
ers off chemicals.” Bees with this trait 
are more likely to remove diseased or 
parasitized brood from cells. It was 
known that the timing of adult bees’ 
removal of the infected brood was key. 
They safely removed the non-infec-
tious rod form of AFB before it reached 
the highly infectious spore stage. 

Spivak said, “I wondered, why 
aren’t beekeepers using this trait? Is 
there a problem with it?” As a proxy 
for diseased or parasitized brood, 
she used a freeze-killed brood test, 
evaluating the time it takes a colony 
to clean out the dead brood. In breed-
ing bees for this behavior, she found, 
as she has observed many times since, 
the first generation was not promis-
ing. “And then the second year, the 
F2, the F3, it pulls itself together. I 
don’t have an explanation for that.”

Over several years, she and Gary 
Reuter bred highly hygienic colonies 
that removed experimentally mite-in-
fested brood better than non-hygienic 
colonies. She eschewed the expecta-
tion that the line would become pat-
ented and commercially available. 
Spivak said, “My whole goal was to 
make sure the beekeepers did this.” 
To that end, she started the first Tech 
Team to offer testing to California 
queen breeders for what became the 
Bee Informed Project.

“One thing I would say about the 
process of the Minnesota hygienic line 
that people don’t understand,” she 
said, “is that it wasn’t just hygienical-
ly bred bees.” Overwintering, gentle-
ness and productivity were criteria. 
“There was a lot of subjective selec-
tion going on.”

In looking at the mechanisms un-
derlying hygienic behavior, Spivak 

found that bees from hygienic colo-
nies were able to detect and discrimi-
nate between odors of diseased and 
healthy brood at a lower stimulus 
level compared to bees from non-hy-
gienic colonies.

Spivak has not finished her quest 
for the resistant bee. Selection for 
hygienic behavior has not resulted 
in populations that do not require 
treatment against mites to survive. 
She said, “The freeze killed brood 
test just selects for one thing. What 
if varroa resistance is due to many 
other things? It probably is multiple 
mechanisms.” Her quest continues. 

the ruSSian Bee

The third USDA bee import, after 
the Buckfast and Yugo bees, was the 
Russians in 1997. The strain originates 
in the Primorsky region of Russia, in 
the original native range of the varroa 
mite. The original host of the mite, 
A.m. capensis, has a balanced host-
parasite relationship but the mites 
reproduce primarily on drone brood. 
In the Russian bees, mites also target 
worker cells as they do in other mel-
lifera strains, but the Russians have 
undergone long selective pressure to 
deal with them.

“It’s not easy to import bees,” said 
Bob Danka. “It’s a huge bureaucratic 
hurdle. I went to Russia three times. 
We imported 362 queens to a quaran-
tine station on the coast on Barrier Is-
land. Then Dr. Rinderer went to work 
here selecting those bees for resis-
tance.” The process, beginning with 
work in Russia, took twelve years, 
including multi-state field trials. The 
level of resistance was sufficiently 
high to reduce mite treatments signifi-

cantly. The strain has also been found 
to attack small hive beetle. 

Of the Russians, Sue Cobey said, 
“You see fewer mites in them. And 
they are even more conservative in 
their brood production then Carnio-
lans.” After winter, however, their 
rapid buildup can lead to swarming 
unless they are carefully managed.

“There’s something in those bees 
that’s unique,” said Danka. “To me, the 
biggest problem has been to stabilize 
the stock. We know, for example, from 
the Starline program and the Buckfast 
bees in Europe that there are bees that 
are very uniform. It can be done.”

In 2008, the USDA transferred all of 
the lines of the stock to the 18 com-
mercial honey bee breeders of the 
Russian Honeybee Breeders Associa-
tion. They sell the bees commercially 
as they continue to follow USDA 
guidelines for maintaining them. Lil-
ia de Guzman recently confirmed that 
their bees have substantial markers 
that relate them to the original Rus-
sian population. 

vSh
Varroa Sensitive Hygiene (VSH) is a 

term used for the expression of a par-
ticular bee trait as well as for the lines 
of bees originally bred for that trait 
by the USDA at Baton Rouge. In VSH 
activity, infested brood is uncapped 
and removed in the same way as in 
hygienic behavior. The difference is 
in degree: Although both behaviors 
focus on mite and diseased or dead 
brood removal, VSH removes more 
mite-infested brood. The removal ac-
tivity is the same, whether the brood 
is diseased, mite-infested, or dead. 
Interpreting the behavior led to initial 

Marla Spivak, second from left, is the entomologist at the University of Minnesota 
who developed the Minnesota Hygienic Line of bees with Gary Reuter, standing 
behind her. Here they are demonstrating the CO2 method of testing bees for hy-
gienic behavior in which a colony’s ability to remove dead brood is measured. 
Photo Courtesy of Marla Spivak
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misunderstanding and an eventual 
name change.

USDA researchers John Harbo and 
Roger Hoopingarner began in 1997 
to search for traits involved in varroa 
resistance. They observed that in colo-
nies showing resistance there was low 
reproductive success of the mites on 
worker brood. They named the result-
ing line SMR, Suppression of Mite Re-
production, supposing that the brood 
had an ability to somehow reduce mite 
reproductive success. In 2007, Jeffrey 
Harris renamed the line VSH to reflect 
the understanding that the main mech-
anism leading to non-reproductive 
mites is hygienic behavior.

The presence of non-reproducing 
mites continues to be used as a crite-
rion for selection, but there is no field 
assay for beekeepers to determine 
how much their bees retain. 

It’s worthy of note that hygienic be-
havior may not be the main mechanism 
for survivor stocks that thrive without 
treatment such as African populations 
in Africa and the Americas as well as 
populations in Sweden, France and 
the New York Arnot Forest. Various 
traits, such as frequent swarming and 
grooming, appear to contribute.

“I think we are in the infancy stages 
of what is possible,” said Sue Cobey.

What’s known thus far informs the 
current USDA project, the Hilo bee. 
That is the subject of Part II of this 
article, which includes other new 
projects including the use of genetic 
markers. Until next month.

M.E.A. McNeil is a jour-
nalist and Master Bee-
keeper. She lives with her 
husband and son on a 
small Northern California 
organic farm. She can be 
reached at 
mea@meamcneil.com.

A visit by Bob Danka of the USDA, second from right, to beekeepers of the Rus-
sian bees in the Primorsky Provence in 1995. Among the beekeepers and their 
family members is Dr. Victor Kuznetsov, fourth from the left, in the green jack-
et, the main scientific contact for the development of stock for import to the U.S. 
USDA Photo


