Steve Sheppard: Genealogy Toward a Better Bee
Getting Back to Where They Once Belonged1
Part II
Along the way he has discovered a new subspecies of Aphis mellifera, expanding the known range by over
a thousand miles. A simple glass of water has brought him closer to his goal of creating a germplasm bank
through cryopreservation. “Before I make this sound too rosy…” said Sheppard.

by M.E.A. McNeil
Facing apiary hoodlums, racing the clock through bureaucratic mazes, convincing obfuscating
officials in multiple languages of the scientific importance of a vial of bee semen, tolerating the same old
bawdy jokes – Steve Sheppard reckoned on none of this when he started his quest to broaden the genetic
base of American honey bees.
Sheppard, a professor of entomology at Washington State University, is an expert in the
biogeography and genetic analysis of New World honey bees and their Old World relatives. What began as
scientific curiosity about subspecies became an investigation into the decline in biodiversity in the US.
Historically, Sheppard found, the honey bees in this country were bred from a comparatively few
imported European queens, limiting genetic diversity from the start. A further limitation was a 1922 law
restricting additional imports, an attempt to keep out the tracheal mite that was sweeping through European
apiaries. An even further genetic squeeze has been a decades-long practice of using relatively few breeder
queens in American commercial queen production. After years of testing both feral and managed bees
across the US, Sheppard concluded that US stock had experienced what he called “multiple genetic
bottlenecks.” He decided to do something about it.
It could be alleviated in two ways, he said: “One is to alter breeding practices to reduce the
severity of the annual bottleneck from queen production methods. The obvious thing is for commercial
producers to increase the number of queen mother producers. The other idea is to import additional
germplasm from the original sources of our honey bee stocks.” So he embarked on an apinine genealogical
quest.
Washington is an apple-growing state, and apples are endemic to the Tien Shan Mountains in
Central Asia. Could bees that pollinate those ancestral fruits have characteristics beneficial to the
Northwest? Sheppard traveled with USDA apple pest researcher Tom Unrah in 1999 on a trip to the central
Asian republics of Kazakhstan, Uzbeckistan and Kyrgyzatan. For weeks, he found only bees that had been
brought in by the Russians; then he heard elder tales of some bees that had always been up in the
mountains. There he found apple-pollinating bees that were indeed unique -- a subspecies not previously
known to science, Apis mellifera pomonella. His discovery extended the known range of A. mellifera more
than 2000 km eastward.2 He made two more trips into the mountainous region, traveling further into
Kyrgyzstan. Each time he applied to bring samples back. But because the subspecies had not previously
been imported into the US, he could not get a permit to bring in germplasm in any form. His curiosity is
still piqued by the question of how far east into China the subspecies can be found.
The intractability of the 1922 law was only the first of the impediments to the mission. Breeding
bees is light years more complicated than, say, livestock. Queen bees have the highest level of mating
among social insects, and the tens of subsiblings within a colony have genetic differences. As luck would
have it – since science eschews luck, we’ll call it convergence -- the mission of an ideal partner would
merge with his own.
Back when Sheppard was exploring the genetics of American bees as a doctoral student, an
experiment began in California: using domestic bees to rebreed one of the original European stocks –
Carniolans. In 1982, Sue Cobey and her husband Tim Lawrence had learned the principles of closed
population breeding at UC Davis under Harry Laidlaw, and Cobey learned instrumental insemination from
John Harbo at the USDA in Baton Rouge. The goal was to bring Carniolans back from what Cobey called
"a muddy, mongrelized mix." The selection apiary moved with Cobey’s work to Ohio State and eventually
back to UC Davis. The stock, named New World Carniolan, has been created through repeated selective
backcrossings to reinvigorate the subspecies, including its characteristic dark color.

Carniolans are gentle, cold-weather bees that respond to spring bloom by expanding in a burst and
closing down quickly when forage is no longer available. They are more likely to fly in marginal
conditions, and accept some forage, like artichokes, that other bees avoid. In experiments at Ohio State,
Cobey found them to be longer lived than Italians. The Yugo bee imported by the USDA was a
Yugoslavian Carniolan reported to have Varroa tolerance. On the down side, the subspecies is known to be
swarmy, which Cobey addresses with selection and management.
Because the genetics of open mating are so difficult to control in honey bees, Cobey used
instrumental insemination with careful attention to the drone contribution. The project attracted the
attention of Freidrick Ruttner, the German researcher whose chapter, "The Races of Bees” in the 1974 The
Hive and the Honey Bee had inspired Sheppard’s studies. Ruttner visited the New World Carniolan apiary
to sample for morphometrics, the measure of subspecies at that time, before genetic testing was available.
Surprisingly, he found that the recreated subspecies closely fit the A.m carnica criteria. Rob Page and Harry
Laidlaw called the New World Carniolan "perhaps the most successful" such breeding endeavor. 3
Even so, Cobey was aware that the Page-Laidlaw closed breeding program, which she followed,
predicted that by 20 generations there would be signs of inbreeding. What she wanted to do is import pure
A.m.carnica from Europe for genetic diversity. The stock there had minutely detailed pedigrees going back
half a century.
From Sheppard’s work describing a genetic bottleneck in the United States, she saw a wider
importance to her pursuit, beyond reinvigoration of her own stock: "My mission is to try to increase genetic
diversity in the US," she said.4
In 1990, Cobey applied for an import permit, but was turned down because of the 1922 law.
Whether it was her persistence, the decline of the bees or the absurd juxtaposition to the willy-nilly
importation of thousands of colonies of untested stock from Australia, Cobey finally secured a permit in
2006. She received her first shipment of Carniolan semen from the German-Austrian Carnica Association,
which was shipped to her at Ohio State. With 48-hour-old semen she inseminated queens and found the
resultant offspring "elegant, gentle and productive." The start was promising, but when Colony Collapse
Disorder was first reported, import restrictions tightened, and there were no more permits.
As Sheppard continued his own labyrinthine process of securing an import permit for Washington
State University, Cobey arrived at UC Davis with her Carniolan stock. She quickly learned that USDAAPHIS would not approve a quarantine site in California because of the preponderance of commercial
apiaries. But Sheppard, at last, got approval for an isolated quarantine location outside Washington State
University in Pullman. His and Cobey’s goals segued, and they joined forces. Their strengths are
complimentary, and each has stepped into the shoes of mentors: For the newly revised forthcoming edition
of The Hive and the Honey Bee, Sheppard has contributed the chapter to take the place of Ruttner’s on the
subspecies of bees, the original impetus for his work. Cobey contributed the chapter, last written by
Laidlaw, on queen rearing and insemination.
Their mutual quest was to find stocks of A. mellifera in Europe and Eurasia and bring back new
alleles to invigorate the US gene pool. But they found themselves in the same boat going nowhere. Time
and again their efforts to secure permits were turned down.
At last, in 2008, Sheppard secured an importation permit for WSU, which was renewed in 2011. It
was highly restricted: They could bring in semen only, which would be easier to test for pathogens than
queens, although semen can carry viruses. They could bring in samples from just three sub species that
were known to have been previously introduced: Apis mellifera ligustica, Apis mellifera caucasia, and Apis
mellifera carnica – Italians, Caucasians and Carniolans. The semen would need to be tested at the USDA
lab, and the inseminated queens had to be kept in quarantine in the isolated apiary in Eastern Washington.
“We follow the letter of the law. We see this as a long-term thing,” said Sheppard.
Cobey flew up to meet the first shipment, A.m. carnica semen from Germany, but it was caught up
in customs for so long that they nearly missed the window of viability. She chased down a Fed Ex truck
that had missed delivering to the lab in Pullman and met the driver in a bar half way to Lewiston, Idaho.
She let the jokes bounce off as she rushed to make the best of the sample’s waning life.
Sheppard’s project from the permitted trio was Italian bees, the most widespread in the US.
“Before I make this seem too rosy,” said Sheppard, “Populations in Europe have gone through a genetic
bottleneck as well, with losses caused by the Varroa mite. We have what's left.”
His bottleneck theory had been tested at home on Italians by Lanie Bourgeois, a molecular
biologist at the USDA. She found “no impending (genetic) doom…” but genetic diversity was not high,

and the bees “would benefit from having more diversity." She concurred with Sheppard that the potential
for inbreeding is great because the population has been closed for so long.
Sheppard had already done morphological and mitochondrial assessments of Italian bees from
several regions in Italy. He chose to travel to Bari, where A.m. ligustica has been distinct for thousands of
years. He selected stock from a professor from the University of Bari, Rafaelle Monaco, who successfully
maintains bees without chemical controls. His stock is based on feral survival colonies collected over a tenyear period. Sheppard raced back against the overnight sample package to meet its arrival at WSU.
There, virgin queens selected from their best Italian breeders by members of the California Bee
Breeders Association had arrived to be crossed with the imported European semen. Cobey instrumentally
inseminated them, as she did with each successive import, and they were established in colonies at the
quarantine site. Semen samples were sent to the USDA lab in Beltsville to be tested for viruses, but delays
stretched into the winter. The bees from Southern Italy were not acclimated to the snow of Eastern
Washington, and losses were heavy. The few surviving colonies were released in spring to beekeepers.
But from very gentle Italian and American parents came an F1 generation that was less than nice
and far from the golden color so cherished by Americans. Bees tend to become more defensive when
outcrossed, a characteristic that can be mitigated in the next generation. Sheppard points out also that the
American-Italian progeny were adapted neither to Northern California nor to Bari. These bees were
introduced as genetic material to be integrated into breeding programs, not as an end in themselves.
Environmental selective pressures will sort out the fittest, and the intent is to add more genetic options to
the sort.
In 2009, Sheppard sought to diminish delivery drama by getting permission to hand carry the
semen vials from Europe. Still, though, it had to be a quick trip home, with the clock ticking on the
viability of the sperm. He gathered Italian samples and picked up samples of A.m. carnica semen from
Germany, but this time he flew them back with him. The next year, Cobey’s apiary assistant Elizabeth
Frost, shipped back more samples from Italy. The quarantine apiary was humming with two of the three
permitted subspecies, Carniolans and Italians, with the Caucasians yet to join them.
Although four of Turkey’s five indigenous subspecies were off limits for the permit, A.m.
caucasica could be found there. Even though Caucasians had disappeared as a commercially available
strain in the US in recent years, bees by that name were available even into the 1970s from the Sears
catalog. A doctoral student of Sheppard’s, Irfan Kandemir, had become a professor in Turkey, and
Sheppard made an exploratory trip to work out a plan for the collection of semen. Cobey made the trek the
next year into the Caucasus Mountains in Northern Turkey. There, she taught instrumental insemination
and was welcomed by a project teaching sustainable management of A.m. caucasia to 25 remote
beekeepers. Permits had been secured to collect the specimens and to import them into the US, but when
Cobey prepared to leave, officials would not let her take them.
The following year, Sheppard got a grant to return to Turkey to again collect samples, but the
government committee deciding whether the semen could leave would not meet until November – long
after the drone window and the viability of the sperm. “The Turks were overly protective of their bees in
the sense that they seemed truly worried we might take them out of the country and somehow use them to
sell worldwide and make money from their natural resource. It comes partly from a lack of understanding
(at least on the part of the bureaucrats) that the center of diversity of the subspecies A.m. caucasica is the
Caucasus Mountains, the vast majority of which lies outside the territorial boundaries of Turkey. It would
be nice to sample those bees, and I think beneficial to them.” But as far as the goal to bring back Caucasian
germplasm, apart from regret for “the time lost jumping through hoops to nowhere…We just said to heck
with it, we will go to Georgia.”
In an overdue piece of good fortune, Sheppard was able to make plans through the American
embassy in Tiblisi, Republic of Georgia, through a staff member, the daughter of Washington beekeeper
Eric Olson. A retired Georgian physics professor, who knew beekeepers from his work on sunspots and
bees, became a guide. In 2010, Sheppard and Olson made the first trip to collect Caucasian germplasm. The
timing was tricky: “The semen loses about 50% viability every week,” said Sheppard. “So all these trips
were a maximum of about one week. At that time, Sue was at UC Davis and so she would fly up. We
would have commercial collaborators who would have sent virgin queens up to us.”
What relieved the strain of these logistics was a breakthrough in cryopreservation by a PhD
student of Sheppard, Brandon Hopkins. “I'd like to tell you that we used a super computer and came up
with a really cool formula,” said Sheppard, “But this student did a lot of work with a reproductive biologist
who worked with cattle and human reproduction. It had to do with how you cool the semen from room

temperature down to 4°. If you put it directly in the refrigerator it cools too quickly and gets what is called
cold shock, which causes it not to work. But if you put it in a glass of water at room temperature and put it
in the refrigerator for a few hours, Bob's your uncle,5 Robert’s your father's brother and it works fine. After
that you can use a special machine to lower it down to -40° at 3° per minute floating in a bath of liquid
nitrogen and using a computer. But the real secret is: put it in a glass of water.”
Hopkins was able to raise three generations of queens from semen that had been frozen in liquid
nitrogen, demonstrating the viability of this method of cryopreservation. “The proof is whether they can
fertilize, not just if the sperm appears viable,” said Sheppard. “It is the acid test.”
On the gathering trips in 2008, 2009 and 2010, the semen had to be used right away. Now, with a
proven method of storage, Cobey and Hopkins went to Slovenia in 2011 and collected A.m. carnica
samples, Sheppard went to France, and they all met in Georgia. There, they traveled back into the Caucasus
Mountains, into a poorly accessed border area of conflict with Russia.
Along the way, Hopkins somehow managed to find an unrefrigerated chicken egg each day,
needing a small bit of the yoke for the diluent used to preserve the semen. “This is something that is known
among reproductive biologists for cryopreservation of other semen,” said Sheppard. “We have worked on
synthetic versions, but they don’t work as well as a chicken egg.”
The group’s eventual hasty retreat had more to do with their own viability than that of their
samples, after they were confronted by a carload of Georgian hooligans at the apiary of a drunken
beekeeper -- all of whom were beyond comprehending the mission.
To hedge their bets, they brought some fresh semen back from that trip along with the
cryopreserved. To prevent major loss, the bee yards are separated by hundreds of miles -- an arrangement
that cleaves Cobey between staff assignments at UC Davis half the year and WSU the other half. In
Washington she tends stock from her home on Whidbey Island, where she lives on Carnica Way, as well as
at Mount Vernon and Pullman.
As for the breeding program, said Cobey, “We are taking it slow. We have no idea how these
stocks will fare. It’s anecdotal observation at this point. We are relying on breeders for feedback. It takes
five years to release a breeding program. This is a hard message to give since it will take so long and it is so
complex. You can see something that looks awesome when you bring it here, but new stock is a wildcard.”
After screening and testing at WSU, they are making stock available to producers who have been supplying
queens; the Bee Informed Partnership Tech Team has done some testing of the bees in the field. Cobey
plans to organize a cooperative membership among queen breeders this year to maintain and evaluate the
stock.
“The thing I am most excited about for the future is establishing a germplasm repository for honey
bees,” said Sheppard. “Part of the mission of the USDA is to have genetic reserves but it has never been
done for bees. They have genetic reserves for all kinds of crop plants and animals. The closest they came is
in the 60s in Baton Rouge where they maintained distinct lines of bees, some from Europe. But it is too
expensive to keep them separate, so they gave that up. They never really had the technology to do
cryopreservation, and now that we have it, they might see it as part of their mission.
“We now have sperm in liquid nitrogen from Caucasians from Georgia and Carniolans from
Slovenia that was saved from last year, 2011. Now we can build up a gene bank. Some subspecies are
highly endangered: the Sicilian bee is mainly being kept by researchers on a few little islands. It would be
nice to put some of that in liquid nitrogen and preserve it for the future. And there seems to be some
interest from beekeepers to preserve what they currently have. Someone like, say, Frank Pendell might
freeze some semen and then he could say, ‘Remember those bees I had 10 years ago? I want them back.’”
Sheppard is primed for the future. He has a new PhD student who will continue quantifying the
genetic variation in the New and Old World population. He and Cobey have a productive partnership –
each contributing a different expertise to an ongoing and fruitful debate about performance and lineages.
This summer, they will go to Italy, and they hope to bring a Northern California commercial queen breeder
along to look at the stock. With cryopreservation, they are now free to expand the trip to different areas in
the Austrian Alps to collect.
“This is,” he said of Apis mellifera, “A great, wonderful organism.” We know so much about it
from the work of Steve Sheppard, which promises to teach us more.
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Sue Cobey traced a FedEx truck driver to a bar in Pullman, Washington, to retrieve a shipment of
Carniolan semen from Germany. She has partnered with Steve Sheppard in a project to enhance the
genetics of domestic bees with germplasm from Europe. Photo courtesy of Sue Cobey

Steve Sheppard with colleague Sue Cobey gathering Caucasian drones in The Republic of Georgia.
Caucasians have disappeared into a mongrelized gene pool in the US; Sheppard and Cobey plan to
reinvigorate it with extracted semen. Photo courtesy of Steve Sheppard

The germplasm collection team in the Caucasian Mountains of Georgia: from left, the beekeeper,
nicknamed Gia, WSU doctoral student Brandon Hopkins, who came up with a method to cryopreserve bee
semen, Sheppard, two Georgian apiary assistants, Sue Cobey of UC Davis and WSU, and Ivane Nikoladze,
host and translator. Photo courtesy of Steve Sheppard

Steve Sheppard and Sue Cobey, with Georgian beekeepers. The two researchers joined forces toward a
mutual goal of finding Old World stocks in Europe and Eurasia in the hope that new alleles would
invigorate the US gene pool. Photo courtesy of Steve Sheppard

Steve Sheppard and a woman beekeeper in Georgia, where he traveled through mountainous areas near
the Russian border to collect bee genetics. Photo courtesy of Steve Sheppard

Steve Sheppard gathering drones with beekeepers in a Georgian apiary. A new cryogenic technique will
allow better preservation of the sperm and even banking. Photo courtesy of Steve Sheppard

Steve Sheppard, right, on his Idaho ranch with WSU doctoral students Judy Wu and Matthew Sweet. Wu
has determined that contaminated comb influences the well being of larvae, and Sweet found that Nosema
in the Northwest was now Nosema ceranae. Photo courtesy of Steve Sheppard

In 2010, Steve Sheppard, left, traveled to Italy to gather semen from Old World ligustica. His plan is to
broaden the genetic makeup of the US population. Here he gathers drones with Dr. Raffaele Monaco.
Photo courtesy of Steve Sheppard

Steve Sheppard with Italian beekeepers, the drone collection box is on the right. Although feral bees
declined precipitously in Italy, as they did in the US, thereby losing some genetic diversity, he feels that
they can make a significant contribution to broadening the genetics of US bees. Photo courtesy of Steve
Sheppard

