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Bees—internationally recognized for their role in pollination...



“The birds and the bees...”

http://kidsgrowingstrong.net/images/pollination2.jpg



Pollination

--the process by which
pollen grains,
containing male sex
cells, are transferred to
stigmas, female floral
parts, to bring about
fertilization, a necessary
step in producing seeds
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Figure 1. Diogrom of self- and crass-pallinaticn,
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J Spencer

For about 75% of
the planet’s
240,000+ species
of flowering
plants, the
process depends
on animal
partners, which
deliver pollen
with greater
precision than
wind, water, or
other abiotic
agents



Sexual reproduction generates variation, which is essential for survival in a changeable
world. It’s the main reason flowering plants (with their pollinator partners) dominate
most terrestrial communities



Given that more than 400,000 species planet-wide are engaged in this process, it’s
remarkable how little is known about it.

Humans have been blissfully unaware of their dependence on pollinators for most
of their existence on the planet; as ecological interactions go, animal-mediated
pollination is rare, rapid, and easily overlooked

Diane Schmidt




Plant requirements for survival

Sunlight

Water

Nutrients

Protection from pests
Pollination (for 75%)




History of agricultural technology

 Fertilization: 10,000 BCE (manuring)
e |rrigation: 6,000 BCE (Mesopotamia)

 Chemical pest control: 400 BCE i
(Theophrastus)
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What 1s precision farming”
« Knowing and caring where vou are in a field.
What can precision farming do for me?
o Improve Crop Yield.
e Provide information to make better management decisions.
¢ Reduce chemical and fertilizer costs through more efficient application.
e Provide more accurate farm records.

e Increase profit margin,
» Reduce pollution.

www.ghcc.msfc.nasa.gov



History of agricultural technology

 Fertilization: 10,000 BCE (manuring)
e Irrigation: 6,000 BCE (Mesopotamia) -

» Chemical pest control: 400 BCE [&§
(Theophrastus) |

 Pollination: 17th century (R. J. Camerarius)




Apis mellifera
Western honey bee
- Technology for pollen delive
-




Although honey bees have been
semi-domesticated for
thousands of years,

management for the purpose of

pollination delivery

IS a post-

Enlightenment phenomenon




r? 'mr e
CAROLI LINNAEI

EQVITIE DR STRELLA POLANRI,

l.ll.'.'llll'l-l Al WEN, FF MrTAN. FEAFLlIE. ¥FTAL. I
Vbl MOLMYNL FETRUML. BLEwl. LMFL,
‘q:.r.-.- MENTML, TOLOL FLOBIET. #0LC.

SYSTEMA
NATVRAE

FiR

REGNA TRIA NATVRAE,

AREEWR T
CLAS3ZES, ORDINES,
GENERA, ﬁl"tLlI'S

I:HLIAMDIFFIII.H"H RYNONTME, OO
TOMYS 1

- —e = .

]
That plants have sexual organs is a IOANNES ’l'g"f-.'.;“fﬁ{ﬁ's’ LANGIVS

EHTE RSN, PR FEE o - T
.

relatively new concept. Carolus Linnaeus
1707-1778 used the sexual organs of
plants to devise a system of classification
and shocked his contemporaries.

The Reverend Samuel Goodenough,
Bishop of Carlisle remarked,

“To tell you that nothing could equal the
gross prurience of Linnaeus’s mind is
perfectly needless”
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Joseph Gottlieb Koélreuter
(1733-1806), professor of natural
history at the University of
Karlsruhe, Germany

Kdolreuter was the first to demonstrate
that insect visitation is necessary for
seed production in many important
fruits, vegetables, and ornamental
flowers. He applied his knowledge by
developing techniques for artificial
fertilization and by conducting the first
cross-hybridization of two plant species




Christian Konrad Sprengel
(1750-1816)

C.K. Sprengel 1793, Das
entdeckte Geheimniss der Natur
Im Bau und in der Befruchtung
der Blumen

(followed by Die nttzlichkeit der
bienen und die nothwendigkeit
der bienenzucht, von einer neuen
seite dargestellt)

http://www.sil.si.edu/Exhibitions/Science-and-the-Artists-Book/biolgm



Darwin C. 1859. On the Origin of
Species by Means of Natural
Selection. London: Murray. 365 pp. ST

(“coadaptations of organic beings to each other and to their AP po
physical condition of life”)
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Darwin C. 1862. On the Various Contrivances by
Which British and Foreign Orchids Are
Fertilized. London: Murray. 365 pp.
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Attributes of honey bees conducive for use as managed
pollinators -

Large colony size for servicing extensive monocultures
Elaborate communication system to promote flower fidelity
Extremely broad diet

Ability to learn to handle many kinds of flower types

- - . Zettel
Cavity-nesting habit well-suited to management purposes R




Beekeeping
in the Midwest

Today, honey accounts
for only about 25% of
the value of the
apiculture industry in the
United States




Pollination by honey bees--a 15+ billion
dollar service to US agriculture (>90 crops)

e Direct result:almond, < Indirect result: dairy

apple, avocado, products (from alfalfa
blueberry, cantaloupe, and clover hay), seeds
cherries, cranberries, (carrots, celery,
cucumber, citrus, onion), higher yields
plums, peaches, (peanuts, soybeans,

pumpkin, strawberries,  olives, grapes)
watermelon, zucchini



Portfolio effect

o diversification of holdings minimizes risk and
volatility
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Decline in commercial beekeeping in the
United States

e 1976: number of beekeepers estimated at 212,000
(U.S. International Trade Commission)

e 1991: number of beekeepers estimated at 139,000
(Bee Culture Magazine)

e 1992: number of beekeepers estimated at 125,000
(Bee Culture Magazine)

http://gears.tucson.ars.ag.gov/dept/abf.html



Africanized
bees (1990)
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Feral bees were hard-hit but just how hard-hit is impossible to determine, given the
general lack of survey data

S.A. Cameron.
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it G. P. Nabhan, 1996

Stephen L. Buchmann
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Pollinator policy efforts

September 1996 Subsidiary Body on Scientific Technical and Technological Advice of
Convention on Biodiversity, Montreal, to establish an “international pollinator conservation
Initiative”

November 1996, Third Conference of the Parties to the Convention on Biodiversity, Buenos
Aires Decision 111.11, pollinators are “priority group”

October 1998, International Workshop on Conservation and sustainable use of pollinators in
Agriculture, Sao Paolo--Declaration

January 1999 Systematics Society of Southern Africa, African Pollinator Initiative
1999, North American Pollinator Protection Campaign, Coevolution Institute

May 2000, Kenya, Fifth meeting of COP, International Initiative for the conservation and
sustainable use of pollinators--FAOQO invited, International Pollination Initiative

April 2002, IPI approved at COP6, The Netherlands
2004, National Research Council study approved, with USDA/USGS funding
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Status of Pollinators

in North America
Report Briefing October 2006

*May Berenbaum (chair)
*Peter Bernhard, St Louis University’
«Stephen Buchmann, The Bee Works o
*Nicholas Calderone, Cornell University i _—
*Paul Goldstein, Florida Museum of Natural History -
*David Inouye, University of Maryland
*Peter Kevan, University of Guelph
Claire Kremen, University of California-Berkeley
*Rodrigo Medellin, University of Mexico
*Taylor Ricketts, World Wildlife Fund
*Gene Robinson, University of Illinois Urbana-Champaign
*Allison Snow, Ohio State University
sLeonard Thien, Tulane University
F. C. Thompson, U.S. National Museum
Dr. Scott Swinton, Michigan State University
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POLLINATORS




THE NATIONAL ACADEMIES
Advisars fo the Netion on Science, Engineering, ond Medicine

Managed Pollinators

Status

* Long-term population

trends for honey bee In
the United States are
demonstrably
downward.

e Similar data are not
available for other
managed pollinators.

(in millions) .
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U.S. honey bee colonies, 1945-2005. Data
compiled from USDA-NASS



THE NATIONAL ACADEMIES
Advisers fo the Netion an Science, Engineering, and Madicing

Causes of decline

Managed and wild species
 Introduced pathogens and parasites
« Habitat degradation and loss

http://www.theses.ulaval.ca/2003/21026/ch02.html




n Life Soisnges THE NJI&.TIGNAL ACADEMIES
Advisers fo the Netion an Science, Engineering, and Madicing

Managed Pollinators

Consequences of Decline
Declines in honey bee supplies in the absence of viable alternative

species are exacerbated by increasing demands for
pollination services, creating shortages and raising pollination costs

Price 1 $70 -

’
Pollination Fees
R Rl R il
N
o

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

Quantity
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Fall Dwindle Disease: A prehmmumnary report
December 15, 2006

“Fall-Dwindle Disease™:
Investigations into the causes
of sudden and alarming colony

losses experienced by
beekeepers in the Fall of 2006.

Preliminary Report:
First Revision

Demus vanEngelsdorp',
Dhana Cox FDEH:I:",
Maryann Frazier ,
Naney Ostigny,

Jeny Hayes

December 15, 2006
Revised Jamuary 3%, 2006

Dunng the months of October, November, and
December 2006, an alarming nnmber of honey bee
colomes began (0 die along the East Coast of the United States. West Coast beekeepers are also
beginning to report inprecedented losses. This phenomenon, without a recognizable underlying
cause, has been tentatively been tenmed “Fall Dwindle Disease™, and threatens the pollination
indusiry and production of commerecial honey in the United States. This has become a highly
significant yet poorly understood problem for beekeepers. Siates, like Pennsylvania, can ill
afford these heavy losses; the mumber of managed eolomes 15 less than one half of what it was 25
vears ago. Many beskeepers are openly wondening if the industry can survive. There are serious
copcerns that losses are so great that there will not be enough bees 1o rebuild colony mumbers m
order service pollinanon needs and 1o maintain economic viability in these beekeeping
operabions.

Also in October,
2006, reports of
mysterious honey
bee disappearances
began to surface...



Colony Collapse Disorder (CCD)

-- November 2006 Dave Hackenberg lost
400 colonies in Florida

-- Other beekeepers experienced similar
sudden losses

=

A new phenomenon?

-- Bees die away from the hive
-- Queen, grubs, food left behind

-- Scavengers slow to move in

Keith Delaplane



Many Bee Colonies Dead of
an Unknown Cause

by IL GENTIL
IS gmdeds Trroah Borlolee, dgriy Boew Forv_ US4
Biten Bawger, lowicana®
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Oertel. 1965. American Bee Journal
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Strange Ailment Wipes
Qut Colonies of Bees

Laborataries at Work on ‘Autamn Cellapss”
Affecting State’s 55 Million Honey Crop
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Disappearances have been reported from time to
time but Colony Collapse Disorder appeared to be
qualitatively and quantitatively different ...



| Honay bee Colony Collapss Deorder

Mg of Aflected States  February, 2007
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By February, massive disappearances had occurred in
over 20 states...

Beekeepers and researchers convened a meeting in
Florida to discuss the possible causes and consequences

http://www.doacs.state.fl.us/pi/plantinsp/apiary/images/ccdstates.jpg



USDA Dbee researchers collected samples of afflicted bees
In Pennsylvania and Florida in order to figure out what
was causing the problems...



REVIEW COLONY COLLAPSE MSORDER [N HONEY
BEE COLURNIES ACROSS THE UNITED STATES

SVRNMMITTEE 4 HOIETHULTURE
AND OBEGANIC AGRKTULTUEE

oF THE
COMMITTEE 0N AGRICULTURE
HOUSE OF REPRESENTATIVES
OE HUNDEED TENTI COSORESS
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Marial No. 11607
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Majority

* Dennis A. Cardoza, C
Chairman

* Bob Etheridge, NC

* Lincoln Davis, TN

* Tim Mahoney, FL

* John Barrow, GA

* Kirsten E. Gillibrand, NY

Minority

* Randy Neugebauer, TX
Ranking Minority Member

* John R. "Randy" Kuhl, NY

* Virginia Foxx, NC

* K. Michael Conaway, TX

* Robert E. Latta, OH
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The extensive
losses caught the
attention of
legislators in key
states (California,
with its $2.5 billion
almond industry,
and Florida) and the
House Agriculture
Committee
Subcommittee on
Horticulture and
Organic Agriculture
(which oversees
apiculture) held a
hearing on Colony
Collapse Disorder
on March 29, 2007

35
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Are GM Crops Killing Beas?
By Gunther Latech

A myysterious decimation of bes populations has German
beskaapors wornisd, whils a similar phanomenon in the
Lhiitd States s graduslly assuming eatastrophic propostons.
Thae conssgusnces for agriculiure ahd the seancmy coisld ba

Waltar Maafesr i & man wha in
s ko painting grim soensrion. e
stz on tha board of directars of tha
Cermman Baeblopapars Admocimbion
(DRI snd i1 vics presicent of tha
Eviropaan Professionsl Bedkeepery
Anzociaton, Ard becsuss griping s
Pt of o lobbyist's trede, £ i
Eactically b professionsl duty to
viarn that “the very axistencs of
Eeskaapirsg & at stakw.”
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i the mystonms deenetion of - numiber of caumet, one being the
m"‘"“‘"_ e af O pabarn WReTos mits, introcuced from Aska,

B ancile 18 e widespraad

practios in egriculture of spraying

wildflowars with harbicides and
practicng monooaiune. Another possible ceuse, sooording to
Hawlukar, i3 the controvmrsial and growing use of geric
srginesring in agriculture

An fad bk an T0O0G, Hasfeker anded & amics ha contritaded to the
pournal Der Kihaster Agrarberehl (Critical Agrcullisrsl Raport) wilh
an Albert Elrastain quote: “1F the bes disappesned off the surfsos of
the globe than man would only have four years of life laft. Mo more
b, mo more pollinaticn, na moe plants, no more anémals, NG
T LT A

MyEacioud avents in fecenl mankths have euvddanly made ERnslars
BpSEAEDE vislon B All tha more topicel, Fof unknienn Fesscn,
bt propulabions Unroughbul Germmany are diseppesing — sbmelhing
that ks s far ooty harming beskseners. But the situstion is differant
in i Winitesd Stafes, whare boes sre dying in such dramstc
raiminars that tho sconomic conssguenoes could soon ba dine. fio
e Enaws wWhat |8 ceusing [he bess o parieh, bul soma axperts
Balbir Chal the Lefge-ecals Leo of genatically modifed planks in the
LIS could be a factor.

http://www.spiegel.de/international/world/0,1518,473166,00.html

e, DM El_oom

“Auf einen Satz verweisen betroffene Bienenzlchter
und nuchterne Bienenforscher inzwischen immer
wieder, einen Satz, den Albert Einstein einmal gesagt
haben soll: ,,Wenn die Biene von der Erde verschwindet,
dann hat der Mensch nur noch vier Jahre zu leben;
keine Bienen mehr, keine Bestaubung mehr, keine
Pflanzen mehr, keine Tiere mehr, keine Menscher36

mehr...“". ...



CCD Meeting @ USDA BARC, April 23-24, 2007

pamnnil. llll

On April 23-24, about fifty bee researchers and other interested parties convened at a
workshop at USDA BARC to prioritize Colony Collapse Disorder research objectives



Hypotheses to account for colony collapse disorder
Most likely

Neonicotinoid insecticides
Novel pathogen or parasite

Immune suppression relating to
management practices

Declines in nutritional adequacy of
diet

Imidacloprid

Less likely
GM corn pollen
Cell phones
Wi-Fi

Elevated carbon dioxide
Elevated UVB light
Osama Bin Laden
Automobile grilles
Solar maxima

Jet chemical contrails

Fluctuations in the Earth’s
magnetic field

Alien abduction
Bee “rapture”

38
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CRS REPGI’t for Cﬂngress On June 20, 2007, the
Congressional Research Service

updated its report on Colony
Recent Honey Bee Colony Declines COl Iapse Disorder

By this point, CCD had been
reported in 35 states

Updated June 20, 2007

CRS-5

Figure 1. Colony Collapse Disordar, Affected States, June 2007
Renda Johnson Lo Y P }

Analyst in Agricultural Economics ™
Resources, Science, and Industry Division
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and the NAS report seemed prophetic...

POLLINATORS
IN NORTH

AMERICA

HATHOR AL RESEARLH CUUMLIL
LR B SR

“The U.S. commercial honey bee
population was stable from 1996
to 2004, but if it were to continue
to decline at the rates exhibited
from 1947 to 1972 and from 1989
to 1996, it would vanish by 2035”
(p. 118)



Beekeeping technology is for the
most part unchanged since the 19th
century. For an industry that
contributes about $15 billion
annually, it’s remarkably unimproved




Chief 20™ century
technological
Innovations in
beekeeping include
rubber tires and air-
conditioning for
trucks and artificial
Insemination
Instrumentation

http://www.ars.usda.gov/
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A line of honey bees
resistant to mites (SMR,
“suppressed mite
reproduction” or VSH,
“Varroa-sensitive
hygiene” bee), was
selected but it’s not
commercially available...
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o demonstrate Varroa-sensitive hygiene by
SMR bees, a highly infested brood comb was
cut into halves, and each half was placed in a
cage with 2,000 test bees for 24 hours.
Shown here is the brood comb of the SMR
bees, which removed 215 pupae and
uncapped another 178 pupae (90 percent of
uncapped cells were infested with Varroa
mites),

(D214-2)



Links in the Chain of People and Tasks Necessary to
Supply Better Bees to the Beckeeping Industry

l
A

Honey Produce
Pollmator

ke :@:

Task: Make plans: _

Carry out 1. On how to get improved stock. Produce improved

field tests a. Decide how to do field tests stock for sale 1o

where stock b. Select colonies to breed from honey producers,

is to be used. c. Decide when to use natural bee lnmduc_ers,
mating or artificial and/or pollinators.
msemination

2. On how to mamtain unproved
stock over the years.
3. On how to release improved
stock.

Redrawn from Walter C. Rothenbuhler ABJ March, 1980



Increasing demand for pollination
services is pushing the limits of the
system in an unprecedented way

544 hives on the truck,

http://www.indiansummerhoneyfarm.com/slidel.jpg
http://boxer.senate.gov/news/photos/features/farmbill/




If almond acreage continues to
expand, by 2012 every honey
bee in America will be needed
to pollinate just that crop;
however, demand for
pollination services is
Increasing for other crops as
well.

Figure 3, Calfernia Almond Acreage
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Contributions of native
pollinators is estimated
to be worth $3 billion
but prospects of
expanding the use of
native pollinators are
dim
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Where have the bees gone?




A new forensic tool for understanding CCD: the
honey bee genome (October 2006)

-- use genome-derived tools to
find out what's happening

-- or at least find good
diagnostics for determining if a
colony has CCD or not

NUCLEAR FORENSICS
Attribution an adelence
i againgt terroriem

ALUFTURMK BO0OKS

! O mind wars, morals |
Goodall and Crick }

RHEUMATOID ARTHRITIS /

f I
DM build-up induces hf L
polyprthritis bn animal meedal

HONEYBEE
GENOME

A blueprint for sacial organization ‘“NI“ I
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Insights into social insects from the
genome of the honeybee Apis mellifera

The Honeybee Genome Sequencing Consortium®

Here we report the genome sequence of the honeybee Apis mellifera, a key model for social behaviour and essential to global
ecology through pollination. Compared with other sequenced insect genomes, the A. mellifera genome has high A+ T and
CpG contents, lacks major transposon families, evolves more slowly, and is more similar to vertebrates for circadian rhythm,
RMA interference and DNA methylation genes, among others. Furthermore, A. mellifera has fewer genes for innate immunity,
detoxification enzymes, cuticle-forming proteins and gustatory receptors, more genes for odorant receptors, and novel
genes for nectar and pollen utilization, consistent with its ecology and social organization. Compared to Drosophila, genes in
early developmental pathways differ in Apis, whereas similarities exist for functions that differ markedly, such as sex
determination, brain function and behaviour. Population genetics suggests a novel African origin for the species A, mellifera
and insights into whether Africanized bees spread throughout the New World via hybridization or displacement.

Table 3 | Gene family size differences with possible effects on honeybee lifestyle

Family

Mapor royal iy
Insulinginsulin-like growth factars
Cuticular proteins

Odarant receptons

Gustatory recepbors

| mimunity
Debomification genes

Function

Brood feeding
Ageing, fertility, many athers
Cuticle stability
Qlfaction

Gustation

Intectious disease protection
Defence against xenobiotics

Family compared with Orosophifa

Larger

Variable lor different subfamilies
Smallar
Larger

Smaller

Smaller
Smaller

Paossible |ifestyle effects

Brood care; caste development™
Linique reversal af typical lifespanfartility trade aff
Frotected hive ervironment allows simpler cuticle
Enhanced pheromone communication; odour-based
kin recognition; generalist flower feadar
Brood feeding mutualistic flower feeder reduces
threat of toxic food
Paradox: high pathogen load due to sociality
Managed environment; specialized lifestyle




Mite management presented the challenge of finding selective acaricides that do
not kill bees

Subphylum &
Crustacea
Sprh}flﬂ crabs, crayfish, ;-
Trilobita pillbugs, waterfleas,® ¥
ﬁ extinct copepods -

Subphylum Subphylum Class
Uniramia Chelicerata i

\ horseshoe crabs
Class Class Class
Chilopoda Insecta ~— Arachnida
- centipede Coleoptera
millipede SCOTpiong,
ticks
I::'I"thl:‘llfltEl'E Hmennn,tera
i
2 bees,
| grdsshoppers wasps, ant
.4 | Lepidoptera | |
Diptera g4 J
flies ] I:uttef%:lzs 4 *not all insect
BEmosquitoes moinE orders shown

itp.nyu.edu/animals/ 02/taxa.htm




Tau-fluvalinate
615mg per Apistan strip

approx. 0.125 ug/bee/day

0.1 pg/bee recorded 1 yr.
after treatment

Coumaphos
1.4g per CheckMite+ strip

approx. 0.33 pg/bee/day

3.2 g/bee recorded
(Haarmann et al. 2002)




Each miticide interferes with detoxification of the other
(Reed Johnson et al. 2009)
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Frazier et al., 2008. American Bee Journal.

Coumaphos and fluvalinate are the most frequently detected pesticides in brood nest wax of
honey bees—they were present in 100% of samples 55



In-hive pesticides

Apistan

Agricultural pesticides
(particularly

neonicotinoids, synthetic
neurotoxic analogues of
nicotine)
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Do neonicotinoids cause CCD?

-- systemic — present in nectar and pollen
-- cause learning problems in bees exposed to high doses

-- imidacloprid banned in France for use on sunflowers (“mad bee
disease”)

Gilles Ratia - www.apiculture.com



But. ..

-- France STILL has problems after banning imidacloprid
-- Imidacloprid has been used in the U.S. since 1996

-- Only 3 out of 108 pollen samples taken from CCD colonies contained
Imidacloprid

M Pyrethroids

B Organophosphates

¥ Carbamates

8 Nconicotinoids

M Insect Growth Regulators

# Organochlorines
Chlorinated Cyclodienes

Frazier et al., 2008. Am. Bee J.



A Metagenomic Survey of Microbes in [Honey Bee Colony Collapse Disorder

Dhana L. Cox-Foster.' Sean Conlan.” Edw ard C. Holmes W Custave Palacaos 1_! ay D. Evans.' Naoey A.

Moran * Phenix-Lan Quan”’ Thomas Brese.” M ady Homig,” David M. Geiser. Vince Mamunson” Dennis
'-'alll.[-.'lly_E]‘rll.l.l'Tll ¥ IiI.i:llﬁ;n. I Hul!]l!u'ﬂill_l- .jI.II.II.I'E'rl.' nr': .Il“EE.: jﬂ rrl'E.'\. .[!.Il.i : .TI.I.II]:IIIII :'rll..li. . I 'i.“ alll# r.‘lli. E .';gﬂ'llj:lEl:l
K_ Hutchison, " Jan Fredrik Simons. " Michsel Eghalm ™ Je tery 5. Pevtis "W. Inn L-:pk_m'“

In colony collapse disorder (CUCLY), honey bee colomics
inexplicably lose their workers. CCTY has resulted ina los
of 50 to 90% of colonies in beekeeping operations across
the United States. The observation that irradinted combs
from aflfected colonies can be repopulated with naive bees
suggests that infection may contribute to CCD. We nsed
an unbiased metagenomic approach to snrvey microflora
in CCD hives, normal hives, amd imported roval jelly.
Candidate pathogens were sereened for significance of
association with CCD by examination of samples collected
from several sites over a period of 3 years. One organizm,
Isracli acute paralysis viros of bees (LAPV), was strongly
correlated with CCTL

."";'II.IIIEHTT 1"r ]H}‘-';!I'h.': 'H.:Ill'llll.':H E}n"ri"t
n (%e positive of samples tested) Predictive | Sensirivity | Specifizity
AAgout Value & | =
CCLy mon-LCL Tavtal r.l-'.-].
{m= 31 n=213% (m=51} )
[APY 25 (BA A% 1 (4.35%) | 26 (51.0%) | 233 bs.2
EBY 301005y | 1o (TH.2%5%) | 06 (S0.25) G52 100 iK
N apris 2T (90%) | 10 &T.65%) | 3T (72.5%) T30 Q0.0 524
M. pevanae | 30 (100 | IT (80.95%) | 47 (S2.1%) L 1040 R
All 4 sgenea |23 (T0.T%)] O (%) 23 (45.0%) 10Kk T6.7 104}

Using a viral metagenomics approach, Cox-Foster et al. 2007
demonstrated that Israeli Acute Paralysis Virus is associated with

colony collapse

59




Israeli Acute Paralysis Virus (I1APV)

. First described in Israel in 2004

4 b &
4 .-_.':

- - - - ‘Ia m-

. Israeli version causes shivering of & =& ¥
wings and paralysis L

. Never before reported in the U.S.

. |APV was reported in 83% of
CCD colonies

. IAPV was also found in
Australian bees imported for
almond pollination in 2005 (after

Congress lifted the 1922 ban on
Importation)



The claims in Science are P'ﬂ"l'll' gamaying for Australia®, says Anderson

Australians took issue with
any implication that their
bees were involved...
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HISTORICAL PRESENCE OF
ISRAELI ACUTE PARALYSIS
VIRUS IN THE UNITED STATES
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But IAPV wasn’t
the answer...

-- healthy colonies
In the U.S. had
APV in 2001



An unusual fungal pathogen, Nosema ceranae

X 288 18 irn £1 38 SEI

N. ceranae causes CCD? But. ..
-- no diarrhea (in contrast with Nosema -- N. ceranae in US since 1995
apis)

-- present in 81% of non-CCD colonies
--100% of CCD colonies
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Gene expression, turning genes on or off, Is a
bee's first response to stress

1 Immune
genes



Microarray analysis
compares gene expression
In “healthy” (pre-CCD)
and CCD bees

healthy
“historical




historical

R 10

PA & FL
CCD

Heat map displays
differences between CCD
and “historical” bees

Blue--downregulated

. antibacterial proteins
(apldaecms) down in
CCD

“programmed cell
death” genes up in
—CCD

“unknown” genes
might be diagnostic
for CCD (ribosomal
RNA fragments)



Picorna-like viruses...

Table 3. Prevalence of pathogens in CCD and healthy bees

Number of  Nosema Number of

Year Status State  Colonies ABPV KBV IAPYV DWV SBV  viruses apis ceranaz pathogens
2006 Healthy MA/PA 14 0% 14% 7% 64%  36% 121 +£080 0% 50% 1.71 £0.99
CcCD FL 24 8% 38% 25% 46% 8% 1.54 = 1.67 8% 42% 2.04+2.03

CCD CA 57 51%  21% 21%  58%  30% 1.81+£1.41 40% 60% 281 £1.74
2007 Healthy CA 14 86% 7% 14% 29% T  143+£1.02 7% B86% 2,36+ 1.00

CCD CA 16 69% 44% 25% 44% 6%  1.BR£0.72 0% 94% 281 £0.83

Van Engelsdorp et al. (PLoS One, 2009) also found consistently higher pathogen
loads in CCD bees...



Colony Collapse Disorder: A Descriptive Study

Dennis vanEngelsdorp’?, Jay D. Evans®, Claude Saegerman®, Chris Mullin®, Eric Haubruge®, Bach Kim
ng]mn", Ma ryann Frazier’, Jim Frazier’, Diana Cox-Foster’, Yanping Chen®, Robyn Underwood?,
David R. Tarpy®, Jeffery 5. Pettis®*

1 Penmnyhanis Departroent of Agricul wre, Harridbaing, Penndghanis, Lnited Simted of Am erica, 2 Depantient of Entomalodgy, The Penndh ania State Liniersity, Uniserdty
Park, Pennay bhanis, United Stated of Armerics, 3Dwpatiment of Infectioud and Parasitic Disesses, Epidermiology and Rtk snalys applied o the Meterinary 5o,
University of Liege, Lisge, Belgum, & Department of Functional and Evalutionary Entamoksgy, Gemblow Agriculural University, Gemblous, Belkgnan, 5United States
Depairment of Agriculbuse USDA) - Agricultural Ressanch Service (ARS] Bes Ressasch Laborstory, Behsville, Maryland, United Stated of Americs 6 Depantment of

Entomalogy, Morth Carolina State Univerdity, Raleigh, North Caroling, United States of America

Abstract

Background: Over the last two winters, there have been large-scale, unexplained losses of managed honey bee (Apis
meliifera L) colonies in the United States. In the absence of a known cause, this syndrome was named Colony Collapse
Disorder (CCD) because the main trait was a rapid loss of adult worker bees. We initiated a descriptive epizootiological study
in order to better characterize CCD and compare risk factor exposure between populations afflicted by and not afflicted by

CCh.

Methods and Principal Findings: Of 61 quantified variables (including adult bee physiology, pathogen loads, and pesticide
levels), no single measure emerged as a most-likely cause of CCD. Bees in CCD colonies had higher pathogen loads and X
werne co-infected with a greater number of pathogens than control populations, suggesting either an increased exposurne to
pathogens or a reduced resistance of bees toward pathogens. Levels of the synthetic acaricide coumaphos (used by
beekeapers to control the parasitic mite Varoa destructor) were higher in control colonies than CCD-affected colonies.

Conclusions/Significance: This is the first comprehensive survey of CCD-affected bee populations that suggests CCD
involves an interaction between pathogens and other stress factors. We present evidence that this condition is contagious
or the result of exposure to a common risk factor. Potentially important areas for future hypothesis-driven research,
including the possible legacy effect of mite parasitism and the role of honey bee mesistance to pesticides, are highlighted.

Citation: vanEngelsdons D, Bvans ID, Ssegerman C, Mullin C, Heubruge E, et sl (2009) Colony Collapte Disorder A Deseriptive Study. PLaS ONE 4{} e5481.
dhait] 01371 foumal pone 0006881
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The 5" non-translated region (NTR) of picornaviruses and picorna-like viruses
(Dicistroviridae) contains a functional domain called the internal ribosome entry
site (IRES) (members of the Dicistroviridae possess two open reading frames
translated by two IRESes). The IRES is used by a virus to hijack the translation

machinery in the host so the host translates viral mMRNA instead of its own
MRNA

Wikipedia



Figure 1 Model illustrating the recruitment of ribosomal subunits by the diverse IRES elements located in the insect
Dicistroviridae viruses
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Biochemical Society Transactions www.biochemsoctrans.org Biochem. Soc. Trans. (2005)
33, 1479-1482



Multiple viral infections are increasingly common...

ELSEVIER Journal of Invertebrate Pathology 87 (2004) 84-93

www elsevier.comflocatelyjipa

Multiple virus infections in the honey bee and genome divergence
of honey bee viruses”™

Yanping Chen™”, Yan Zhao", John Hammond®, Hei-ti Hsu®, Jay Evans", Mark Feldlaufer"

T UEDAARE Ber Rexcarch Laborgtory, Belosoille, M 20705, USA
b USHDA-ARY Malecular Planr Pachology Laborarory, Belizeille, MDD 20005, USA
f USDA-ARS Floral and Nursery Plants Research Unit, Belosville, MD 20705, USA

Received 17 May 2004 accepted 19 July 2004
Availuble online 28 September 2004

Abstract

Using uniplex RT-PCR we screened honey bee colonies for the presence ol several bee viruses, including black queen cell virus
(BOCY), deformed wing virus { DWY), Kashmir bee virus ( KBY), and sacbrood virus (SBY), and described the detection of mixed
vinus infections in bees from these colonies. We report for the first time that individual bees can harbor four viruses simultaneously.
We also developed a multiplex RT-PCR assav for the simuliancous detection of multiple bee viruses. The feasibility and specificity
of the multiplex RT-FCE assay suggests that this assay is an effective tool for simultaneous examination of mixed virus infections in
bee colonies and would be useful Ffor the diagnosis and surveillance of honey bee viral diseases in the field and laboratory. Phylo-
genetic analyvsis of putative helicase and RNA-dependent RNA polymerase (RdRp) encoded by viruses reveal that DWY and SBY
[all into g same clade, whereas KBY and BQCY belong 1o a distinet lineage with other picorna-like viruses that infeet plants, insects
and vertebrates, Results [rom field surveys of these viruses indicate that mixed infections of BOCY, DWY, KBY, and 5BY in the
honey bee probably arise due to broad geographic distribution of viruses.
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Apidologie 39 (2008) 310-314 |
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Incidence of acute bee paralysis virus, black queen

cell virus, chronic bee paralysis virus, deformed wing

virus, Kashmir bee virus and sacbrood virus in honey

bees (Apis mellifera) in Denmark ...all over the

Steen Lykke Nielsen, Mogens Nicolaisen and Per Kryger World s

University of Aarhus, Faculty of Agricultural Sciences, Department of Integrated Pest
Management, 4200 Slagelse, Denmark

Received 31 July 2007 - Revised 13 December 2007 - Accepted 13 December 2007 -
Published online 10 April 2008

Abstract - Samples of adult honey bees from apiaries with unusually high winter
maortality and brood from hives with symptoms of disease were tested for presence of
acute bee paralysis virus {ABPV), black gqueen cell virus (BQCV), chronic bee paralysis
virus (CBPV), deformed wing virus (DWV), Kashmir bee virus (KBV) and sacbrood virus
(SBV) by RT-PCR. All six viruses were detected, but the frequencies varied significantly:
SBV was detected in 78 apiaries, DWV in 55, ABPV in 11, CBPV in 4, BQCV in 1 and KBV
in 1. This is the first record of KBV in Denmark. A large majority of the bee samples
were infected with one or more viruses. Single, dual and triple infections were
observed. Nucleotide sequences of the PCR products from each virus were determined
and found to be 98-99% identical to GenBank accessions except CBPV, which was only
88-90% identical to known CBPV sequences.




...probably as a
result of
globalization of
trade...

ELSEVIER Jourmal of lnvertebrate Pathology 28 [ 2008) 235-258
www,elsevier mmﬂrﬂ;nh:_l"ﬂllu

Short Communication

Prevalence of pathogenic bee viruses in Hungarian apiaries:
Situation before joining the European Union

Petra Forgdch *, Tamids Bakonyi ., Zsuzsanna Tapaszti *,
Norbert Nowotny °, Miklés Rusvai ©*

* Deperrment of Microbiofogy and Infecnions Diseases, Faculey of Vererinary Science,
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Available online 19 November 3007

Abstract

A survey on the occurrence of six honeybee-pathogenic viruses was carried oul using one-step RT-PCR asmavs, Samples were collected
hetween 1999 and 2004 in 52 Hungarian apiarics located in different regions of he country, The resulbis of the assays on samples of adualt
honevbees and Farroa desimctor mites were compared to simalar surveys from France and Ausinia. The study demonstrates geographical
differences in the prevalence of honevbee viruses between Hungary and the older EU member states. The results could serve as a basis for
monitoring further changes in the distibution of honevbes viruses in Eunope.



Although the
microarray analysis
doesn’t directly
Identify a cause, It
provides tools for
genome-enabled
diagnosis so that
beekeepers will have
earlier opportunities to
take action




Curing CCD won’t

 protect bees against future pests or pathogens
(increasingly likely with globalization of trade)

e provide “crop Insurance” in the form of
alternative pollinators

« maintain wild populations of pollinators to
Insure the vitality of both managed and natural
plant communities



G. Zettel

It’s unlikely that honey
bees will go extinct
(there are close to two
dozen races across the
globe), but the
beekeeping industry in
the U.S. might not
survive; prospects for
survival of wild
pollinators are
Impossible to assess
without baseline data

Unlike sunshine,
pollination is not an
inexhaustible resource
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