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Marla Spivak is something more than a bee researcher and professor at the University of Minnesota, but
there is no good word that sums her up. If there were, it would apply to people who can pick up a stereogram and
see its hidden 3-D picture in the field of abstract images -- those who can look at the big picture and pick out ideas
that make sense of it, like an athlete who sees a path to the goal through a maze of moving bodies.
Case in point: a dirty Jeep windshield.
Spivak was riding along a Northern California
back road, on her rounds to visit queen
breeders. She was deciphering the glass
covered with Pollock-like patterns of bright
yellow bee droppings – dots, stripes and plops.
The driver, Dennis vanEnglesdorp, the astute
Pennsylvania State Apiarist, joined the game:
The little ones, they decided, were from new
foragers taking orientation flights, the long
ones, cleansing flights from bees that have been
cooped up, and the splats were Nosema, a
fungal pathogen that causes diarrhea – a
problem that they had come to test for. Spivak
had brought along VanEnglesdorp for his
practical advice in solving the big puzzle
beyond the windshield: how to turn back the
decline of the honey bee.
Most experts have come to agree that
the cause is what Jeff Pettis of the USDA
Beltsville bee lab calls “a cumulative effect.”
The story of Zac Browning, an Idaho
commercial beekeeper is typical: Over the last
five years, he has increased medications and
feed for his bees and still lost a third of his
colonies at almond pollination this year. He
calls it “a perpetual cycle of diminishing
returns.” His loss is around the national
average, which Pettis calls “unsustainable.”
With some researchers charged with
the task of finding out what is wrong, Spivak
has devoted her career to promoting what’s
right. She calls her task “getting bees back on Marla Spivak is as at home in the bee yard as she is in the lab. She
is developing the connection between research and beekeepers.
their own six feet”.
Why bees? In the “stuck places in
life,” Spivak said, “bees and beekeepers have somehow been there for me. I owe them.” For one, when she’d fallen
gravely ill while traveling in Peru, the doctor who cured her was a beekeeper, and she took care of his bees while
recuperating.
Her fascination with bees had begun in college in Arizona, when she was so deeply drawn into a book
about bees she never came out. She interned with New Mexico beekeeper Jerry Cole and, after finishing her BA in
biology at California State University at Humbolt, she volunteered at the Tucson USDA bee lab, supporting herself
by driving an ice cream truck. “That was an enlightened lab. There was so much good research energy there, it was
great – Steve Taber and Martha Gillian; (H. D.) Spangler was there, too.
“Taber taught people how to think. He was my mentor that way. Every step of the way he would
challenge your thinking. How long does it take eggs to hatch? You’d say three days, and he’d say, how do you
know that? And he made you go back and question everything you knew, test it on your own. He was a really
creative thinker.”

Photo: courtesy of Marla Spivak

She’d eschewed graduate school as “so far removed from reality,” but during six months in Venezuela as
the beekeeper setting up grad students’ experiments for Chip Taylor’s African bee research, she was drawn to
study AHB. The reputed “killer bee”, she could see, “had a lot of good characteristics. They were a smart bee.
There was a lot of behavioral variation among Africanized colonies, and therefore probably a lot of room for
selection.” She spent two years in Costa Rica studying AHB and received her PhD from the University of Kansas
under Taylor in 1989.
During her post-doctoral research at the Center for Insect Science at the University of Arizona, she saw a
pattern in the decline of the bee that would guide her work until the present: “Despite our tendency to try to control
nature, it is not healthy for the bees to be fully domesticated, for them to be totally reliant on us. Since the
introduction of Varroa mites, we have made our European-derived bees chemically dependent on our medications
for their survival, and this is not a wise strategy. Bees really need to develop their own defenses against diseases
and parasites.” What she calls a co-evolutionary arms race with pathogens serves as a selective process, allowing
for the emergence of traits to combat infection.
Taber and Gilliam, at the USDA lab in Tucson, had picked up on old work on hygienic behavior of bees:
Park and Pendell saw the trait in the 30’s. In 1942, Woodrow and Holst reported observing bees uncapping and
ridding the hive of larvae with American foulbrood in the latent, non-infections state – with the spore-carrying
adult bees not infected. Rothenbuhler picked up the research in the 50’s, coining the term “hygienic behavior”. He
knew that it did not sort out cleanly as a Mandelian trait, but not how it is controlled by a number of genes in a
complex way. It was not until the 80’s that Taber reexamined the behavior, and he and Martha Gilliam found that it
produced resistance to chalkbrood as well as foulbrood.
“I decided to ask, said Spivak, “Is hygienic behavior a mechanism against Varroa and why hasn’t
anybody selected lines for it? Is there a problem with this trait? We’ve known about it since 1930; what’s going on
here? Is it because it’s just easier to treat with antibiotics or does this trait compromise honey production or make
the bees neurotic or what? So I decided to breed these lines just to look at the behavior.”

Age-painted bees removing freeze-killed brood from an observation hive for experiments
on hygienic behavior done around 2004.
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She took her quest to the University of Minnesota, where she became an assistant professor in 1993. In a
group of honey producers interviewing her for the job, American Beekeeping Federation president David Ellingson
recalled that “She looked at the whole picture and she had this vision of something that would work.” Asked about
mites, “Marla said the resistance would build up. Boom! Just like that, it happened.”
She came at the problem with scientists – chemists and ecologists as well as a neurobiologist exploring
the neuromechanisms that modulate bee behavior. She and Gary Reuter, her inventive technician, developed what
is known as the Minnesota Hygienic line of bees – gentle, productive bees that detect and rid the nest of infected
brood before pathogens can spread.
Presenting the work, “I noticed everyone’s glazed eyes when I was done,” Spivak said. “Finally one
gentleman stood up and very politely asked, ‘How does a little thing like you lift those honey supers anyway?’ I
realized they didn’t hear -- and didn’t understand -- my words because they couldn’t make the connection between
me on the podium and me in the bee yard. I found it to be a genuine question, and funny, and I learned from it.”

Marla Spivak with her right hand man, Gary Reuter, and graduate student Katie Lee with mating
nucs for the Minnesota Hygienic bees. The stock was developed at the University of Minnesota
as a prototype for beekeepers, who can now select for the behavior from their own lines.

Working with the beekeepers, Spivak and Reuter set up field trials in Minnesota and North Dakota to test
the bees under commercial pressures. Ellingson, among the first to try the new line, found that he was able to
reduce the miticides he used. In addition to support from the The National Science Foundation, USDA Sustainable
Agriculture Research and Education, and the National Honey Board, backing for the work came from the beeke
epers themselves – honey producers from Minnesota and Wisconsin, beekeepers’ associations of North Dakota,
South Dakota, Iowa and California.
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Gary Reuter working with Minnesota beekeeper Jeff Hull on selection for hygienic behavior on his hives
in Louisiana. The trait is now strong in Hull’s bees.
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The stock had an olfactory ability to identify American foulbrood, chalkbrood and Varroa, which it
removed. In 2001, a cross was made with the VSH (Varroa Sensitive Hygiene) line created by John Harbo and
Jeffrey Harris at the USDA Baton Rouge lab. That further reduced mite loads and increased the degree of hygienic
behavior.
Spivak’s goal was never to produce the über-bee: “I didn’t want to promote a monoculture.” The idea was
to demonstrate the trait with the goal that “beekeepers can select from their tried and true lines.” She was asking
others to take the pattern, not the product.

Liquid nitrogen testing for hygienic behavior in Darrel Rufer's colonies in 2005 at one of his apiaries in
Minnesota, where he brings his colonies for the summer. Abdullah Ibrahim, left, and Kathy Jez are former
grad students. The N2 freeze-kills the circle of brood, which is checked in 24 hours to see what proportion
are removed by hygienic behavior. Rufer’s open mated colonies now test as well as the original
instrumentally inseminated Minnesota Hygienic line.

Photo: courtesy of Marla Spivak

Handing over this project was the next step in the vision. Its one thing to create an instrumentally
inseminated line and quite another to put it out to the vagaries of open mating. But three Minnesota queen
producers now breed naturally mated colonies that, Spivak is delighted to tell, test as well for the hygienic trait as
the II queens from the University breeding project. It is a notable accomplishment, given that half the genetics of
any given beekeepers’ open mated colonies come from the bees of other apiaries. Because the hygienic trait is
recessive, it takes an environment of drones bred for the behavior to create such a phenomenon. Sweet success.

Harvesting mated Minnesota Hygienic queens from
Minnesota beekeeper Darrel Rufer's nucs in Texas in 2004.
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Spivak teaches several courses at the University, including basic beekeeping, which has been taught there
since 1922. She took over from the respected Basil Furgala and still follows his practices, which she has found to
be “so sound; a great way to keep bees.” Disease management in the
course, though, has changed; preventative practices trump prophylactic
treatment. Some of her classes are open to the public, including bee
management, queen rearing, and a web class, “Healthy Bees”.
Attention from the University for her work has benefited her
goals. Although she wears the honorific title Distinguished McKnight
Professor lightly, she relished the invitation to teach a credit course of
her choosing. She created Entomology 4021: Honey Bees and Insect
Societies, which focuses on cooperative behaviors of social insects. It
was a prescient choice to delve into the evolution of individual and
social behaviors, given her larger goal of keeping honey bees healthy.
At a scientific meeting, she attended a talk on European ants that
reduce bacteria in the ant mound by bringing in resin globules. “I
thought, oh, of course. I was sure that was what the bees were doing
with propolis,” she said – an example of social immunity.
Many species of bees have long been observed collecting and
using resins as propolis. The few honey bee resin foragers pack resin
on their corbiculae like pollen. It is unloaded by other bees with effort,
mixed with wax and used by “cement bees” for sealing cracks,
Spivak’s lab investigated the beneficial
creating smooth surfaces to attach comb, entombing predators. Feral
use of propolis by bees. In feral colonies,
colonies line their nest interior with a “propolis envelope”. A large
bees secure comb to the hive wall with
body of research for human medicine has established that propolis has propolis. As seen here, the attached cells
antimicrobial properties. But how it affects the microbes in the hive or
will sometimes also have a thin coating
the immune systems of the bees had not been explored.
of propolis.
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“My graduate student, Mike Simone-Finstrom
and I had to gear up to understand how to study that kind
of thing in honey bees. I asked for help from Jay Evans in
the Beltsville bee lab, the expert in the U.S. on the bee
immune system,” said Spivak.
What they found is that in the presence of
propolis, the bees’ immune system is quieter – because, it
appears, the propolis takes over the job of killing general
microbes in the nest. To determine this, Simone-Finstrom
was able to measure the amount of gene transcript
producing antimicrobial proteins in the bees. He found a
significantly lowered expression of two honey bee
immune-related genes and lowered bacterial loads in the
propolis treated colonies. They cite this as the first direct
evidence that the bees’ nest environment affects
immune-gene expression.
An intriguing phone call from a technician at a
med school HIV lab inspired a new exploration of
propolis. Spivak’s caller had treated a cold with propolis,
A resin forager returns to the nest to a “cementing
as she had learned to do growing up in Russia. She
site”, where workers will laboriously unload it and
reported that she’d then experimented with it in a Petri
mix it with wax to be used as propolis. Spivak and
dish against HIV, which it successfully killed. “I wondered
her colleagues have shown that the antimicrobial
how to pursue it,” said Spivak. “I don’t do human
properties of propolis quiet the immune systems
research. And then it dawned on me -- it was one of those
of the bees. Here, propolis can be seen
moments -- that we shouldn’t do the work on humans, we
at the tops of two frames.
should test propolis on bee diseases.”
Her idea was to fractionate (break up into smaller chemical components) the propolis, identify and then
test the components against various bee diseases. Once the active ingredients were known, they could be tested for
humans. She enlisted two of her colleagues from the first propolis study, Jerry Cohen and Gary Gardner, chemists
and plant biologists, and they came up with the methods to do the analysis using propolis from a variety of sources.
They can, for example, culture American foulbrood, put a component of propolis in the solution and measure the
optical density: It is dense when it is full of bacteria and clears as they are killed. They are able to run these
samples rapidly.
But viruses can’t be cultured, Spivak explained; they have to be studied in the bees. So the team reared
infected larvae in an incubator and fed them royal jelly with different concentrations of propolis.
Cohen thinks the fractions contained in propolis may number ten times the 300-500 in the current data.
Graduate student Mike Wilson hopes to isolate antimicrobial properties, keeping in mind that in humans there is
growing resistance to antibiotics, most of which come from fungal sources.
“Within several years we’ll have identified fractions that are active against bee pathogens for sure,” said
Spivak. “Of course, a long-term hope is that after testing propolis components on bee diseases and viruses, we can
find components that would be helpful to treat human viruses, particularly an inexpensive treatment for HIV for
developing nations”. And “beekeepers may be able to diversify their income by harvesting and selling propolis.”
To get to that point, Spivak wanted to better understand this tiny minority of resin gatherers who bring
such benefit to the colony. Graduate students Simone-Finstrom and Joel Gardner have determined that these
specialists are more sensitive to tactile stimuli such as gaps and rough surfaces. They sense sucrose at greater
dilutions than pollen foragers. How the researchers discovered these characteristics, described in their paper, is as
interesting as the facts they gleaned.
Each new understanding prompts more questions. Experiments are underway to find out: if propolis has
an effect on Varroa; if propolis changes the bees’ immune systems when disease is present; what prompts resin
foraging (do bees self-medicate?).
At the same time, Spivak is pondering a larger question: How can these ways that the bees help
themselves benefit a wider population? She surprised herself with the simplicity of her answer. In Northern
California, where most of the queen bees are bred in the continental U.S., a technical team could be established –
like farm advisors for beekeepers, a liaison between producers and researchers. As she rolled through the
countryside that afternoon contemplating the evidence on the windshield, Spivak was on her way to making the
idea a reality.

#
Part 2 of this article describes the establishment of this new advisory team as well as Spivak’s projects to
place bees in land reclamation areas and establish a new bee lab at the University of Minnesota.
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