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Toxic House/Clean House

Maryann Frazier and a gang at Penn State disc@esticides in our hives

and give African beekeepers another option thamight learn from.
by M.E.A. McNeill

Impossible. A fire-side tall tale, thought youngiann Frazier, who was then a level-headed higbdcesenior. The con-
servation camp counselor went on in rapt fascinagioout how her brother had captured a bee swaan oid phonograph case,
how the queen would lay more than a thousand eday ahow the bees could make a new queen witH jelja how they danced
to communicate. “There was no way that the be@secis for heaven’s sake — could actually do &|"tkaid Frazier. But she
wondered what made a swarm, and why anyone would togut one in a phonograph case. “I remembésHing that conversa-
tion thinking some day | am going to have an opjuty to learn about bees.”

Never mind that the opportunity would come witbuamudgeon of a beekeeping teacher at Penn Stags she was a
junior studying agriculture. As it turned out, sbend Al Benton to be “an incredibly interestingygwho developed the pure ven-
om extract to treat people who are allergic togstig insects.” She and her siblings spent the sunawikecting hornets and wasps
to sell to his private lab. Frazier became his ¢matiuate student in entomology.

“I can remember Al Benton saying to me, “It's fiiog you to get your master’s degree, but you wawitk in this field,
they definitely aren't hiring women.” At that tim®ot so long ago, a basso profundo chorus sangltli@tacross the land, on the
premise, perhaps, that the weaker sex could nat bee.

Nonetheless, Frazier was hired as Maryland assistate apiary inspector under Bart Smith for wdte calls “a very edu-
cational two years.” She became a bee-
keeping specialist in Sudan, planning to
return to that work, which she found
fulfilling. Back at Penn State, a job
quickly evolved into the role of bee-
keeping extension specialist.

§ Frazier started as the lone person work-
ing with bees at Penn State. She did
research on mites and diseases, devel-
8 oped extension materials, talked to
groups, organized an insect fair, taught
. camps, and worked with educators to
&L use insects for teaching science. “Here it
| is, 21 years later,” she said, “And I'm

still there — teaching the course that
turned me on to beekeeping.”

And then came CCD. “| distinctly re-
member when Dave Hackenberg
brought a bunch of hives to Penn State
asking for help about what's going on

Maryann Frazier of Penn State University with hemter Dave Hackenberg, who dis- With these bees.” BY then Penn Ento-
covered the first CCD colonies in his apiaries. mology Professor Diana Cox-Foster, an




insect pathologist, had turned her expertise tovireses. Cox-Foster and Dennis vanEngelsdorp, @aheennsylvania state apiary
inspector, together with Jeff Pettis of the USDése to the problem of the disappearing bees.

“I ran into our toxicologist Chris Mullin in the Hevay, and | asked him if he thought pesticidesldde playing a role in
this,” said Frazier. Mullin, who is also an entoogikt, has a rare combination of skills to addthas question. Yes, it was possible,
he surmised. He had been reading literature fraand& about disoriented bees and systemic pesticidestar and pollen. He and
Frazier formed a team and got funding to look atghtential impact of pesticides. Some observers wertain they were on a
shipe hunt.

To analyze pollen, nectar and wax they needed s@phisticated equipment, all of which could be fbah Penn State:
mass spectrometry to identify compounds by vapagithem in a precisely measured column and vatypes of chromatography
to quantify them to parts per billion. But reseamshworking with these devices on campus were dDiNg work using human
blood, and they were not about ready to have pdstaun through the delicate apparatus. FraziéMulin reached a dead end
before they even started.

CCD samples arrived and piled up with no way to ttesm for a myriad of possibilities. When DianaxcFoster testified
before Congress on the state of the bee, shehaldsorry story to the nation. One person listambd could do something for the
insecticide study — Roger Simonds, who runs théigiée database program for the USDA lab in Gastdtorth Carolina. His lab is
equipped to monitor pesticides in agricultural @apd commaodities. “Talk about our stars aligniregit Frazier, “He is also a
beekeeper. So he knew what | meant by pollen, bevkmhat | meant by bee bread, and he would gooohistown beehive to get
wax. He and Chris (Mullin) have really jelled, twhemists, designing the protocol to extract theigidss from very difficult ma-
trices — wax and pollen.”

Simonds’ lab can detect pesticides in levels asdsw ppb. (Frazier likens this amount to a sqabteilet paper in a roll
that reaches from New York to London.) He and Mufarrowed the investigation to a manageable sdmelv1 pesticides and
metabolites, which are breakdown products.

“I was obsessed with this stuff,” said Frazier. @hd her husband, insect physiologist Jim Fradieve for an hour from
their Pennsylvania farm to campus every day, aed‘sttked about it just nonstop.” Jim Frazier lise with fascination, but he was
close to retirement and dreaming of trout fishiddew hour-long narratives later, he hung up hikego become part of the s
he understood well how pesticides work on the piggiy of insects and could contribute a cruciakpective.

The team has now analyzed over 1000
samples. It has long been known that bees are
good at picking up pesticides from the environ-
ment, but what they discovered surprised them
all. Of the 171 pesticides in the screen, they
came up with samples with 121 of them. “What
we have found out is that bees are being faced
with incredible pressures from pesticides. In
some cases the bees are being exposed to not
only high diversity of chemicals but also high
levels of chemicals,” said Frazier.

Most discomforting to beekeepers is
that those most ubiquitous and in highest levels
are those used in the hives to control mites --
coumaphos, fluvalinate and amitraz metabolites
— chemicals they have been putting in colonies
for 20 years. The team also found more than IDke Penn State lab group working on impacts ofigdst on polli-
other pesticides, often from agricultural systems
but from urban areas as well — golf courses, |
home gardens, nurseries. Out of over 1000 sam- ’
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ples, 1% had no detectable residues. The averdlga gpample had 6.5 pesticides, with as many gze8fcides in a single sample
from one hive. One wax sample had 31.

“So the hive has become a really toxic environnfiesatid Frazier. “The wax is contaminated with jdes. Pollen, the
food that feeds the larvae, is also contaminateéd pésticides. What they are eating and what theyiwing in is contaminated.
They live in a toxic house.”

Indeed, it is a haunted house: Pesticides weredfthat have not been registered for many yearsih&held stores were
used or the chemicals have persisted in the enviean for this long, it is not known. But it is ctehat the bees are accumulating
pesticides — the old together with the new — aratse; combinations of them. Synergistic brews wiseovered — powerful cock-

pically or
in feed to pesticides. These studies have showsythergistic effect of many combinations, not st of which is coumaphos
combined with fluvalinate.

“We have answered the first question,” said FrraZigre pesticides potentially a problem for be&&3, we feel quite con-
fident that they are. The next question is: how iisipacting them?” That is a complex inquiry.

“We can demonstrate a lot in the lab on indivichees,” she said. “When you move to the field,lthe has a capability
to overcome challenges that the individual does Apthe hive level it's a lot harder to see thieetk of a pesticide exposure.” The
group took colonies in new equipment to apple athiand monitored high levels of pesticides andjitides. Emerging brood

This year, they will expand the experiments. “Wek what the level of pesticide is in the pollent tvhat does that mean
for the brood food? asked Frazier. They will nendlsize the larvae as well as sample royal jellycdionies with pesticide-laden
pollen, they will measure the egg-laying of queand colony success in replacing queens. “We aigttyard to keep narrowing
this down and narrowing this down to see how thesecticides are affecting the physiology and theetbpment of the bees.”

Central to that goal is the question: How are theesicides singly or in combination impacting ez immune system?
The group is working with Diana Cox-Foster, who Baewn that bees exposed to pesticides and subrgggcleallenged with dis-
ease have higher virus titers. With some chemitalas found that genes that turn on detoxifyingyenes were inhibited.

“The hope when we first started looking at CCD wes we would find one thing,” said Frazier. “Buits not consistent.
We have found that the CCD colonies are very, ga¥.” The larger CCD group has shown that thoderges have high levels of
various viruses and Nosema. The bees appear touseially susceptible to disease. "We think thesmige trigger that interferes
with the immune system,” said Frazier. Their mdsly candidates are pesticides, Varroa mites,@oat nutrition. Herbicides,
which reduce forage for bees, play a role in lafctieerse nutrition for pollen feeders.

3
They are being used during bloom and we know tiat tan synergize with insecticides.” What aboblethal effects of pesti-
cides? Proboscis extension response (PER) teststiabsmall doses of pesticides can interfere lgidnning and memory. “It
takes them a long time to learn and a very shme to forget, which is very un-beelike,” said Feazi

How toxic are the breakdown products, the metadsffitWhat about chronic exposure — beekeepers foimgcrop to
crop: “How much is too much?” she asks.

Are these chemicals adequately regulated? Adjutabtded “inert”, found to be toxic to insects, a required to be
registered by the EPA. “We have to ferret out whay are because they are proprietary informatisaid Frazier. Although bees
widely gather corn pollen, corn is considered t@lend- en
chemical treatments are registered for such plants.

What about the larvae? The LD-50, the dose thkt kdlf the bees, is measured by topical applicatio foragers, not cu-
mulative sublethal doses to larvae in pollen —ipaldrly from newer systemic pesticides.

The EPA requires a toxic analysis over a 48 hodogdeThe Penn State team began experiments wikday tests and
ty dur-
ing the additional days.

Funding for the pesticide project has made it inds$or beekeepers to have a hive sampled thraugibsidy program that
pays half of the actual cost of $284. A large dasabhas been amassed: wax, pollen, bees and smeesfland royal jelly have



been analyzed from samples sent by migratory tdl stale beekeepers.
The Penn State Center for Pollination Research j@RIRsite publishes
information on the projects.

The airplane to Kenya was like a time capsuledisgnthe group of
Penn State researchers back from 2009 to a platsd¢kmed to predate the
toxic age they had come from. They were to worlhiéekeepers, in coop-
eration with icipe, the International Centre ofdosPhysiology and Ecology.
To the surprise of the researchers — and the Kenyahey found Varroa
mites widespread there.

“The fact that we found the mites and no one ktieat they had
them was incredible to us,” said Frazier. How cablkel experienced bee-
keepers they encountered not have seen them? Act itisit looks very
much like Varroa is common to Kenyan colonies. bhe louseBraula
coeca,is a wingless fly that feeds at the bees’ moutispas they exchange
food. It is not a parasite and seems to cause litkm. As soon as the Penn
team opened drone brood, the difference becameaband the Kenyans
became concerned. What should they do?

The researchers quickly organized an expeditionttwk them around the
country to see how widespread the Varroa was. Tdaked at Kenyon top
bar hives, Langstroth hives and log hives — abdutd@onies. The mites
were in every one. “We did not meet one person hdwseen an issue with
Varroa,” said Frazier. Some decline was reportaetinbwhere near the col-
lapse that followed the mite across the U.S. twaades ago.

Maryann Frazoer working with Khartoum Universitys
dents and beekeepers in 1987, showing a baskeiveeeh
She has now part of a co-operative project in Kenya

It was not surprising that the Varroa was so wideag. Although they do
not have migratory beekeepers, package producepsemn breeders, the bees migrate long distantleshgi seasons. The bees
simply leave, and when they return the beekeepgreyt hives. They often bait the hives with leafresn a plant in the basil fami-
ly, Ocimum, that has a volatile, ocimene, recedibcovered in brood pheromone.

When Varroa first arrived in South Africa in 19%8Blot of colonies were lost and honey productiampheted. It was
speculated that the demise of the honey bee waulbhtinent-wide. The pro-
spect was direApis melliferais native to Africa and is the crucial pollinatar f
agriculture and natural plant systems. Frazieruety) “In a matter of seven to
eight years they had resistance. Now Varroa i<hHgian incidental pest like
wax moth. The reason, they will tell you, is tHa¢y have hygienic behavior, and
they don't use pesticides.

“So our work in Kenya is to try to convince beekeepnot to use pesti-
cides. And to monitor how long it takes for thesed®to become truly resistant.
And how they are doing it, what are their mechasisifiresistance? Is it hygien-
ic behavior, is it grooming, is it that the mitesnd reproduce when they go in
the cells, is it because the bees are very mohdargerrupt the brood cycle?
Can we use this information that we learn abouicAfr bees and the way they

Ellud Muli is a leader of a beekeeping projectia International
Centre of Insect Physiology and Ecology (ICIPEattls in coop-
eration with a Penn State University team. He &neixing brood
for the newly discovered Varroa mite, with a liquitrogen test in
progressPhoto courtesy of Maryann Frazier.



The Kenyan ICIPE and Penn State teams pause in
work on hive inspections for Varroa. Leaders are
back row: Ellud Muli, waving, Jim Frazier fourth
from left, Diana Sammataro far right. Seated is Mar
yann Frazier far rightPhoto courtesy of Maryann
Frazier.

are resistant to mites and diseases to help ugrifight to deal
with these pests? In my mind, our control of Vamate has got
to be on a biological level not a chemical level.”

Here was a choice: clean houses or toxic housesK&hyans
could learn management techniques in place ofgidss. “They will be better off in the long runiid Frazier.

Last year the Penn group returned to Kenya on asdatundation National Science BREAD grant to waitk icipe and
the beekeepers again. Maryann Frazier and Jimdfragre accompanied by Diana Sammataro, a resedrohethe USDA Tuc-
son lab. Intrigued by the possibility that therelldobe some clues to mite resistance, they stutiedour subspecies @iphis mel-
lifera there:A.m.scutellata A.m.latoria, A.m. montecola A.m.
yemintica,a desert bee.

“We very rarely see brood diseases in Africa,” daidzier. “So do these bees have mechanisms thdomwetruly under-
stand that are at work to resist diseases and Mtas we learn from that and use that informatbofind biological solutions to our
mite problems?

She sees her work in Africa and in the U.S. ameoted. “I honestly believe, after what | have seih this pesticide
work, that the only way we are going to lick th@seblems is through an understanding of biologhé Sees the trips to Kenya as
an exchange — management experience for poss#itghta into less toxic solutions. “We're very fartte that it is the right time
and place for us to take on this question,” she. sai

Assessing pesticide effects on bees is not easygeheral, it's a small group and a small amountaiey that's going into
doing this kind of work,” and she cites Jamie Edlithe University of Florida, Keith Delaplane la¢ tUniversity of Georgia, Reed
Johnson and Marion Ellis at the University of Nedia

Since Frazier started as the only person working tes at Penn, a talented group of researchersiize converged
there, putting surrounding her with a brain trist sould not have dreamed possible. Rememberingainap counselor with the
improbable swarm story, she said, “I always wisluld contact that woman and thank her, and telhbes that conversation has
impacted my life. | feel very fortunate, very bledsvery lucky.”



