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An Inco
-

hen it comes to solving

the puzzling syndrome

known as “colony collapse
disorder” (CCD), which has been at-
tacking honey bee colonies since 2006,
the best that can be said is that there is
good news and bad news. The good news
is that the rate of honey bee losses seems
to have leveled off rather than continuing
to increase. The bad news is that the cause
or causes of CCD remain unclear.

In the United States, the problem sur-

faced in October 2006, when an increasing
number of beekeepers began reporting

lete P

losses of 30
to 90 percent of the

hives in their apiaries with no apparent
cause. The defining characteristic of CCD
is the disappearance of most, if not all, of
the adult honey bees in a colony, leaving
behind honey and brood but no dead bee
bodies. This definition has recently been
revised to include low levels of Varroa mite
and other pathogens, such as Nosema, as
probable contributing factors.

For the last 3 years, self-reported
surveys of beekeepers have found
that winter colony losses have aver-
aged about 30 percent, with around

one-third of those losses ascribed to
CCD, according to Jeff Pettis, research
leader of the Bee Research Laboratory in

Beltsville, Maryland, who heads up the

Agricultural Research Service’s CCD

research effort. This compares to colony

losses that were averaging 15-20 percent
before CCD.

“The faint good news in the survey
numbers is that the CCD problem does

at Beltsville, Maryland, for disease. Honey bees are
disappearing at an alarming rate. ARS researchers
have been working diligently to solve the mysterious
syndrome known as “colony collapse disorder.”
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not seem to be getting worse,” Pettis
says. “But—and this is a big ‘but’—
33-percent losses each year are prob-
ably not economically sustainable for
commercial beekeeping operations.”

While many possible causes for CCD
have been proposed, reported, and dis-
cussed—both inthe scientific literature
and popular media—no cause has been
proven. (See sidebar, page 7.)

“We know more now than we did
a few years ago, but CCD has really
been a 1,000-piece jigsaw puzzle, and
the best I can say is that a lot of pieces
have been turned over. The problem is
that they have almost all been blue-sky
pieces—frame but no center picture,”
Pettis explains.

The bee lab’s scientists have been
looking for the cause or causes of
CCD within four broad categories:
pathogens; parasites, such as Varroa
mites or Nosema,; environmental
stressors, such as pesticides or lack
of nectar diversity; and management
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In Beltsville, Maryland, ARS entomologist Jay Evans
inspects a comb of honey bees for signs of mites and
brood disease.

stressors. The researchers have been
analyzing samples from healthy and
CCD-struck colonies and applying a
variety of stressors from the four groups
to colonies in hopes of provoking a
colony response that duplicates CCD.

“While anumber of potential causes
have been championed by a variety of
researchers and interest groups, none
of the causes has stood up to detailed
scrutiny. Every time someone has
proclaimed a potential smoking gun,
further investigation has not been able
to make the leap from correlation to
cause-and-effect for one reason or
another. Other times, there hasn’t
even been a scientific correlation,”
Pettis says.

ARS’s research work, along with
that of university and other scientists,
“pretty well supports the idea that CCD
is caused by multiple factors—possibly
working individually, but more likely
in combination,” Pettis adds. “But we
still can’t say whether it’s the same set

“ Entomologist Jay Evans (left) and postdoctoral

Y research associate Ryan Schwarz use a microscope

to look at spores of the honey bee fungal parasite
Nosema ceranae, which can replicate in cells lining
the honey bee gut.

Agricultural Research e July 2012



STEPHEN AUSMUS (D2487-3)

ARS scientists are studying the transfer of food or other fluids among members of a bee community through mouth-to-mouth feeding as a possible

facilitator of colony collapse disorder.

of factors in every CCD incident or—if it
is the same factors—that they are occur-
ring in the same sequence in every case.”

Pathogens continue to stand out as one
of the important puzzle pieces, according
to ARS entomologist Jay Evans, also with
the Bee Research Laboratory. He was part
of a team that used genetic analyses to
look for correlations between bee health
and bee pathogens and activity levels of
honey bee genes.

Two picornalike viruses—acute bee
paralysis virus and Kashmir bee virus—
along with deformed wing virus, black
queen cell virus, and two species of No-
sema, were found to be more abundant in
CCD hives. Infection by multiple picorna-
like viruses could resultin honey bees hav-
ing reduced abilities to synthesize certain
proteins, the lack of which would leave the
bees more vulnerable to additional stresses
like pesticides, nutrition problems, or other
pathogens—which sounds like a possible
root cause of CCD, Evans points out.

When the researchers looked at the
bees’ turning on of detoxification and im-
mune genes, which would have reflected

exposure to either pesticides or disease,
respectively, there was no significant
difference between CCD and non-CCD
colonies.

The team did find considerable differ-
ences between CCD hives onthe west coast
and the east coast. “Finding Kashmir bee
virus in a hive was the best predictor of
CCD in the western United States, while
deformed wing virus, an unrelated RNA
virus, was a better predictor in the East,”
Evans says.

Evans and Bee Research Laboratory
colleague Judy Chen were also part of an
international team that closely followed
29 European honey bee colonies, carefully
monitoring for pathogens, parasites, and
bee proteins. This study found that four
factors appeared to be the best predictors
so far of winter honey bee loss: presence
of the microsporidian Nosema ceranae;
levels of the protein vitellogenin, which
strongly reflects the bee’s protein status and
plays an immune system role; Varroa mite
infestation; and the presence of deformed
wing virus, a virus often associated with
Varroa mites.

Finding Varroa mites to be a good
predictor of winter declines in this study
was not really surprising, according to
Evans, though other studies in the United
States have not found as high a correlation
between CCD and Varroa mites.

“Even if Varroa mites themselves do
notdirectly cause CCD, we know they can
transmit multiple viruses to honey bees,”
Evans says, “and higher total pathogen
levels (rather than infection by any specific
pathogen) have been our best correlation
with CCD so far. But should the pathogens
be considered primary casual agents—
multiple pathogens specifically causing
CCD—or are they indirectly involved
because they weaken bees, making these
bees more vulnerable to something else
we don’t know yet?”

Pesticides as Cause?
Pesticides—individually and in
general—have been repeatedly nominated
as a cause of CCD, often without direct
scientific data to support the idea. In
a pesticide survey conducted by U.S.
Department of Agriculture and university
scientists that analyzed wax, pollen, and
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Many Suspects, But No Culprit

Colony collapse disorder (CCD)
has been a subject of interest in sci-
entificjournals and the popular media
since the syndrome first appeared in
2006. Despite numerous and differ-
ing claims, nothing has actually been
shown to be the cause ofthe problem.

Pathogens

One or more pathogens remain scien-
tists’ most likely choice as the cause
or partial cause. But various viruses
and bacteria have had higher correla-
tions with CCD in different parts of the
United States and in different coun-
tries. Before any pathogen can be
legitimately accepted as the cause,
science mustdemonstrate thatwhen
it is introduced into a healthy colony,
CCD results.

Parasites

Aparasite is the other perennial sus-
pect, either by itself orin combination
with one or more pathogens. Nosema
and Varroa mites remain high on the
probable-cause list.

New pests or diseases

Some believe that a previously un-
discovered or unidentified pest or
pathogen is involved in CCD. But
claims that such an agent has been
identified have not held up scientifi-
cally so far.

Pesticides
There are many classes of pesticides
to which honey bees can become
exposed. Among those that have
been stamped with a “CCD cause”
label are the neonicotinoids, like
imidacloprid and clothianidin. One
issue with making that link is the
lack of a matching pattern between
neonicotinoid residues in colonies
and CCD outbreaks. France, which
banned imidacloprid in 1999, and
Germany, which along with France
banned clothianidinin 2008, stillhave
CCD problems.

Transportation stresses from migra-
tory beekeeping

Pollination-service beekeepers stack
colonies on tractor-trailers and trans-
port them thousands of miles during
the growing season. For honey bees,
orientation to their hive is vital, and
being regularly relocated must be
stressful. Additionally, moving hives
around the country may spread dis-
eases and pathogens as honey bees
intermingle in the fields. Itis possible
that such stresses play into CCD, but
there is no scientific evidence of it at
this time.

Monoculture

Wild honey bees forage on a wide
variety of nectar sources. Honey bees
used for commercial pollination are
mostly limited to one crop at a time,
and it is possible that they may suf-
fer nutritional deficiencies that stress
their immune systems.

Genetically modified crops
Genetically modified (GM) crops,
most commonly Bt corn, have been
offered up as the cause of CCD. But
there is no correlation between where
GM crops are planted and the pattern
of CCD incidents. Also, GM crops
have been widely planted since the
late 1990s, but CCD did not appear
until 2006. In addition, CCD has been
reported in countries that do not al-
low GM crops to be planted, such as
Switzerland. German researchers
have noted in one study a possible
correlation between exposure to Bt
pollen and compromised immunity
to Nosema.

High-fructose corn syrup

Some researchers have attributed
CCD to the practice of feeding high-
fructose corn syrup (HFCS)to supple-
ment bee colonies. But there are
many reports of CCD occurringin the

apiaries of beekeepers who do not
feed HFCS. Others have suggested
a possible connection with HFCS
produced from genetically modified
corn, combining two popular villains.
But the simple management change
of not feeding any HFCS does not
stop CCD.

Global climate change

Weather changes, such as unusu-
ally warm winters, earlier springs,
drought, and flooding, can lead to
changes in flowering times. Plants
may blossom early, limiting nectar
and pollen supplies. But bees used
for pollination contracts are moved
to fields to coincide with flowering
of crops. Still, some believe global
warming is to blame, if only in part,
for CCD.

Ozone

The level of the air pollutant ozone
has been steadily dropping since
the early 1990s. Since CCD did not
appear until 2006, the timing doesn’t
match for ozone to be related.

Cell phones and cell phone towers
The idea of cell phones causing CCD
began with the misinterpretation of
a study in which a cordless home
phone, not a cell phone, was shown
to have some impact on honey bee
navigation. The study author has
repeatedly stated that the phone he
testedis nothinglike acellphone and
has nothing to do with CCD. But the
idearemains popular. One ofthe most
recent “proofs,” (publishedin Current
Science in 2010) claimed evidence
suggesting “that colony collapse does
occur as a result of exposure to cell
phone radiations” while also reporting
that the impact of cell phones in both
ofthetesthivesresulted in more bees
staying in the hive longer—the exact
opposite of the definition of CCD.*
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bee samples for the presence of 121
different pesticides or their metabolites,
the most commonly found pesticides
were fluvalinate and coumaphos. While
about 60 percent of the 259 wax and 350
pollen samples did show the presence of
at least one systemic pesticide, almost all
were found at levels well below what is
considered lethal to honey bees.

There was no overall pattern of exposure
among the samples for a specific pesticide
or class of pesticides. The study did not
look specifically at the pesticides as they
might be related to CCD, but if a specific
class of pesticides were involved, a pattern
of residues should have been discernable,
explains Pettis, who co-led the study.

Notall pesticide impact is about directly
killing honey bees, however. Sublethal
doses of the pesticide imidacloprid—one
ofthe neonicotinoid group of pesticides—
were found to make honey bees more
susceptible to the gut parasite Nosema,
according to a study by Pettis and Uni-
versity of Maryland researchers Dennis
vanEngelsdorp, Josephine Johnson, and
Galen Dively.

The researchers fed three generations
of honey bee colonies either 5 or 20
parts per billion (ppb) of imidacloprid,
which is used to protect a wide variety

A honey bee, with pollen
attached to its hind leg,

pollinating a watermelon
flower.
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of crops and ornamentals from many dif-
ferent insects. The dosages used in the
study were intentionally well below the
levels that have been documented to kill
honey bees after short-term exposure and
reflected levels that have been measured
in the environment.

After the third generation, newly
emerged adult bees from these colonies
were exposed to spores of N. apis and
N. ceranae, gut parasites that have been
a growing problem for U.S. beekeepers
since the 1990s.

There wasupto a fourfold increase inthe
levels of Nosema in honey bees from the
imidacloprid-exposed colonies, regardless
of whether 5 or 20 ppb were fed.

“While these increased Nosema lev-
els were found in individual bees, there
was no measurable impact at the colony
level,” Pettis says. “Imidacloprid was
chosen for this study because of its
widespread use and beekeepers’ con-
cerns about it. But it was only found in
3 percent of the pollen samples
checked in the pesticide-survey study,
usually at very low levels, and no
connection with CCD has ever

been made scientifically,”
he adds.

To better account for such sublethal
impacts, Pettis is working as part of an
international group of scientists and
regulators to help the U.S. Environmental
Protection Agency (EPA) develop
recommendations for pesticide-testing
guidelines that factor sublethal effects into
test protocols. ARS scientists have already
developed a sublethal-impact cage assay
that has been provided to EPA.

Could imidacloprid and Nosema to-
getherbe the cause of CCD, as some claim?

“This study did not look fornor establish
any connection between either imidaclo-
prid or Nosema and CCD,” Pettis explains.
“But the effect of the combination of
imidacloprid and Nosema demonstrates
that there are many complex interactions
between stress factors that need to be con-
sidered in looking for a cause of CCD and
high honey bee mortality in general.”—By
J. Kim Kaplan, ARS.

This researchis part of Crop Production,
anARSnational program (#305) described
at www.nps.ars.usda.gov.

To reach scientists mentioned in this
article, contact Kim Kaplan, USDA-ARS
Information Staff, 5601 Sunnyside Ave.,
Beltsville, MD 20705-5128; (301) 504-
1637, kim.kaplan@ars.usda.gov. <%
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