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Background & &

We are now faced with a serious problem called CCD that worker bees suddenly disappear,
leaving a queen with small numbers of bees. A variety of theories on the occurrence of CCD
are proposed as follows:

1) A theory that systemic pesticides such as neonicotinoids are a cause of CCD

2) A theory that mites such as varroa and acarine are a cause of CCD

3) A theory that viruses such as an Israel acute paralysis virus are a cause of CCD

4) A theory that genetically modified crops such as a triploid maize are a cause of CCD

5) A theory that a decrease in immunity due to stresses is a cause of CCD

6) A theory that dystrophy due to the unbalanced feeding is a cause of CCD

7)A theory that immune deficiency due to excess antibiotics is a cause of CCD

8) A theory that electromagnetic waves from a cellular phone and so on are a cause of CCD
and so on.
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Objectives of this Work #FE0B®

Systemic (neonicotinoid) pesticides have been already banned on circumstantial evidence in
Europe. Not only beekeepers begin to fear their pernicious effects on bees but also medical
authorities do them on human beings in Japan. We will focus our research on a scientifically
unproven theory about systemic pesticides in this work and will clarify if the pesticides have
any effects on the occurrence of CCD by field testing.

BB (A =aF JAR) BRIIEUTIIBEICZIESN TS, BARIZBW L, ZOBEDOB~DE EREED LI
5P NE~DOEELRNIED TS, Tk 1T, ZZTRIBERNICRMBRIDEEERBERICERZEDE T ZDREK
NCCDRAZ KT TEINEEINER THLNIZT D,

It is difficult to reproduce CCD in a laboratory where the behavior of bees limited in number is
observed because CCD is a phenomenon seen in a colony of bees which are eusocial insects.
In this work, colonies which consist of enough honeybees (Apis mellifera) to behave as
eusocial insects are prepared under a natural environment in an apiary.

Dinotefuran and Clothianidin are widely used and well-known as a neonicotinoid pesticide in
Japan mainly sprayed on rice field to exterminate stinkbugs that mark with spots on grains of
rice and degrade them. We cannot find any reports about the influence of dinotefuran and
clothianidin on a honeybee colony through a long-term field experiment in an apiary. In order
to elucidate the long-term effect of these pesticides on a colony and the relationship between
these pesticides and CCD, field experiments are carried out in an apiary.
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¥ Selection of Pesticides for an experiment
<RARFEORE

The following pesticides were prepared for experimental use.

Neonicotinoid pesticides *4 =25/ 4 FREZE
1) Starcklemate solution 10® : AX—Z7 )L AA KR 10 (V577721
0 %ah)

with dinotefuran content of 10% Mitsui Chemicals (hereafter called “Starcklemate™”)

2) Dantotsu water soluble powders ® : % > NV IKIEA|l (/7 oF 7= 1 6 %EH)

with clothianidin content of 16% Sumitomo Chemical Takeda Agro Company (hereafter called “Dantotsu™”)

Organophosphorus pesticide FHi# 7 E%E

In order to compare the influence of neonicotinoid and that of organo-phosphoric pesticide on a honeybee colony,
Sumithion® was used.

3) Sumithion Emulsion® : A I FHHA (ZF==FreFF4> (MEP) 50%%
)

with fenitrothion (MEP) content of 50% Sumitomo Chemical Company



g-term field experiments (2010, 2011,1012)

EHREFIVEER (20105 20115, 2012%)

Today, | will focus on the First Experiment in 2010. £ g/2281 [E D Eg#EE & HLATKFA T 5,

1) First long-term field experiment from July 18 in 2010 to November 21 in 2010

Pesticide: dinotefuran (Starcklemate) & clothianidin (Dantotsu)
Objective: To clarify the influences of two pesticides with different concentrations

EXptl. Method: Pesticide administration from both sugar syrup & pollen paste with three concentrations of 10-,
50- &100-fold dilutions against the solution of commercial pesticide with a dilution factor recommended for
exterminating stinkbugs in practical use
1) HFIUEEHEHSER (20104575 18H ~20104F11H21H)
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EBREW . LE2EOXRF=aF ) A FREEOUFE~DEEDOHIE

3) Third long-term field experiment from July 21 in 2012 to the present (ongoing)

Pesticide: dinotefuran (Starcklemate) & fenitrothion (Sumithion)

Objective: To clarify the difference between the influence of neonicotinoid pesticide and that of
organophosphorus one
Exptl. Method: Pesticide administration from sugar syrup only with a concentration of 50-fold dilution against the
solution of commercial pesticide with a dilution factor recommended for exterminating stinkbugs in practical use
3) RIEEHIEFSER (2012457 A 21H ~ZfE)
EREE: VI)TT7T0 (REZ—INAALL) BIXOTz=huFFr (RAIFFV)
ERER . xF=a3F /A FRERLAK) VREROBHA~DEEOHE



“» First long-term field experiments (2010)
o from July 18 to November 21

B IDEHATFIMEER (20105£7818B~118B218)

1. Reference solution of pesticide E3#EmEL#Eyug

The solution of commercial pesticide with a dilution factor recommended for
exterminating stinkbugs is defined as ““reference solution” of pesticide.

The reference solutions of pesticides are as follows; a solution with a 1,000-fold dilution factor of a
commercial concentration in sugar syrup for Starcklemate™ (dinotefuran of 200ppm in solution)
and that with a 4,000-fold dilution factor for Dantotsu™ (clothianidin of 40 ppm in solution).

Sugar syrup was made of an equal amount of sugar and water.
ALY ERERD T D DFIREE CTIRFE BRI A /IS BIIR E OB IRZ FRERIR L E 2T D,
B RE—INAAN (P )T 7 7)IF1000fE /R, & (7aF 7 =20) 13400065 /R 72D,

2. Experimental runs g

Administration concentrations of pesticide to each experimental run are diluted
10-, 50- and 100-fold against the reference solution. Now, we call the
concentrations of 10-fold, 50-fold and 100-fold dilution “*high”, “middle’ and

“low”, respectively. For example, S-high means the high concentration pesticide of
Starcklemate (dinotefuran 10ppm), D-low means the low one of Dantotsu (clothianidin 0.4ppm), etc.
ZZTiE, BRERBRO10EF IR =R EE (high) | 50f&A IRz IR EE (middle) | 100f5#A R KR
FE (low) EFESZ L1295, o, RZ—INVAANT “S-7 Z U INI"D-" 21 TRELT 5,
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Table 2 Change in number of total adult bees with elapsed days for each run

Start of the experiment after the adjustment on initial number of total adult bees

RXHEEROEE(L

o " | Caet | Gt | Sawn | Swicde ow Dhigh | Omide | Dlow | oontiol | e
(Pesticide) Blank 1 | Starcklemate™ | Starcklemate™ | Starcklemate™ Dantotsu™ Dantotsu™ Dantotsu™ Blank 2 Blank 1 & 2
(Dilution®) No pesticide | 10,000-fold” 50,000-fold® 100,000-fold? 40,000-fold” 200,000-fold? | 400,000-fold ¥ | No pesticide | No pesticide
July 18 0 8950 11700 12720 10400 12880 11600 13400 10560 9755
July 23 5 11700 5450 5240 7900 5100 7800 11900 11400 11550
July 30 12 11850 (3900) 7250 8750 (1770) 8900 12100 11800 11825
August 8 21 11100 (2550) 1235 9500 (1775) 4060 10100 12400 11750
August 13 26 11400 (1450) 940 8500 (1530) [70] 9900 11800 11600
August 21 34 8900 (861) 325 4750 (640) [275] 6300 10700 9800
August 26 39 9800 (980 200 5150 (890) [36] 4340 9400 9600
SePt%mber 49 9650 (760) [178] 4590 (830) [0] [1840] 6370 8010
September | 55 10600 (666) [110] 3550 (810) [1180] 7450 9025
September | g1 11150 (264) [0] 3740 (730) [975] 6150 8650
September | gg 12300% (470) 1395 (895) [150] 76802 9990
October 10 | 84 12300% (415) 8 (740) [0] 76802 9990
October 30 | 104 12300% (0) (285) 76802 9990
November | 196 123002 [(0)] 76802 9990

S-high (dinotefuran 10ppm) and D-high (clothianidin 4ppm) were administered in the colony
only at the start of experiment and afterwards no pesticides were done.
FREE I (S-high; D-high) EBROF AT, BEL G IIERBRBRFOIETZT T, UBRITEBRKONERK - {th%
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Sugar syrup and pollen paste without pesticide were administered. ZZZEDjgx - 74 7 KB4

A queen has been lost.
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‘& Definition of normalized number of adult bees
RIBERIER O TETE

It is difficult to equalize the initial numbers of adult bees at the start of experiment among runs.
Therefore, in order to compensate for a difference in initial population among runs and that in
seasonal fluctuation of bee population, a relative change in the number of adult bees is newly
defined by the following equation (1)

oo =——ROERBBREOMEIREEZF CIZTAZ LITEE L., 2o, EBRHIBFICREE N EE)§ 5 D
T, INOEFHETATDICHREE D b — LB L OHMHELTH D FROBFBILREE 2 H - I ER
L7,

Normalized number of adult bees = (n;;/ny, )./ (Ng;/ Ny ) (1)

n;=number of adult bees in RUN i after the elapse of j days

n;,=initial number of adult bees in RUN i at the start of experiment

ng; =number of adult bees in blank run after the elapse of j days

Ngo =initial number of adult bees in blank run at the start of experiment,

where the arithmetic mean number of RUNO1 and RUNOS is used as the number of blank run in Eqg. (1).

A period of brood is considerably shorter than that of an adult bee and not always
contemporary with each other colony. Therefore, the change in the number of brood was
evaluated without normalization.

BRI ONWTIE, BRIEICHESTEOHIMA 2V ELS, £ an=—fTEL2EBH LD T, BIREITH
AL I ERGHE L7,
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->¢+ RUN1 - RUN8 : Blank (control)
RIBEREROTE ..

S-hlg h (dinotefuran 10ppm)
-4 RUN3 S-midd|E(dinotefuran 2ppm)
—m—RUN4 S-low (dinotefuran 1ppm)
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—~1=-RUN7 D'lOW(cIothianidin 0.4ppm)
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D-: Dantotsu (clothianidin)
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In S-middle and D-middle, some dead bees occurred only in the early period after the first

administration but they almost never occurred in S-middle and D-middle afterwards.
HIREERE (S-middle, D-middle) Tid, FEEEITANIDBZREFE TIIN SNRE LR, TORBEFEELLRD >
i

In S-low and D-low, dead bees almost never occurred just after the first administration and
afterwards.
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This suggests that a pesticide has some effect on egg-laying and hardly any effect on eggs and

larvae. The decrement in brood roughly suggests that the higher concentration of pesticide leads

to the more serious egg-laying impediment of a queen.

ZDZENL, RE2IFIWZIT, BRIILEOERITMONOREZRITL., Y RICHEEREL X 2
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Comparlson between adult bees on comb of D-high (clothianidin 4ppm)
at the start of experiment and those at the elapse of 104 days in 2010

~~ m/%r“@a v % yllﬁlﬁ%—ﬁﬁi (D hlgh) ODS%»%ﬁFfﬁﬁAH#k 104 EI ﬁéa)t@

& ' Start of experi ment

Bac.

In D-high (only one admmlstratlon of pesticide) we can find that th colony rapldly

dwindled and become small with a queen existing.
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Elapse of 104 days



- Comparison between adult bees on comb of D-low (clothianidin 0.4ppm)
at the start of experiment and those at the elapse of 34 days in 2010
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RUN NO.

Figure 3 Total intake of pesticide with a converted concentration into that of commercial
product for each run till a colony collapses  #ftArE & co B HRIEEE (RFE 2RI E ICHE)

The total intake of dinotefuran (Starcklemate™) leading to the collapse of a colony is almost four times as
much as that of clothianidin (Dantotsu™) in the concentration of commercial product, independent of the
pesticide concentration. The ratio between the dilution factor to make the solution to exterminate stinkbugs
of clothianidin and that of dinotefuran is 4000:1000=4:1. Considering that each of them has the same
insecticidal activity against a stinkbug, Starcklemate™ seems to have almost the same insecticidal activity

against a honeybee as Dantotsu™
BREREICES E TIEBR LZEBROBREL, V/T75Y (RE—INAAL L) @FruFr=r (FU YY) ORMETH D,
—Ji. A LVEBROTZDDORFERICHTHIFHREENL : 4 THDEIEND, ThDDBED I Y NFITxT 5% BEATIE
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‘€2 Photolytic and pyrolytic properties of dinotefuran and clothianidin
On the assumption that an aqueous solution of pesticide is exposed to sunlight

FITI9ENDFT=Z 2 0XRRBHRSURDRIGH
ARATCREKERNRAINCES

Experiments were performed under the assumptions that dinotefuran and clothianidin
were dissolved in water outdoors and the aqueous solutions were heated and irradiated

with ultraviolet rays by the exposure to sunlight.
BISNI=Y /T 770R00aF T =V BAKFITEEMRL . £ OKERP K HIZEDIMBRLUVIERFRSND WO R E
DHEEREIToT,

The aqueous solutions heated at 50 °C and irradiated with ultraviolet rays were
analyzed by the measurement of the proton NMR spectrum. The NMR spectral

analyses give the following speculations:
50°C CUVRRS SRR A 1TH— NMRASI MU L T, IROLHRAF 2L —Ta Lz,



|| Az CRMRA I Dinotefuran (control)
|
|
o "
e . | :
% Dinotefuran (heating at 50 Cx24hr)
o _Dinotefuran (UV irradiation for 30min)
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Dinotefuran seems to be stable under the exposure to sunlight because it is stable

by heating at 50°C for 24 hours and irradiating UV light for 30 min.
V)T 771350 CMBRFPUVH R R CLE THHZ LML, KEEJE T TIXZE ThiHER DI,

Figure 4 NMR spectra of dinotefuran in D20 (A) without any treatment, (B) after heating at 50 °C
for 24 hours, and (C) after UV light irradiation for 30 min.



JaFT = ODNMRART ML

0.3

;m)Cknthkﬁn(UVradMﬂonforSOmnn ! |
N AERE
éc 10.0 M . w:mw *: w‘ 70 -« ______ 60 so vl_4[o _________ 30 z'oiw-ﬂ ______ 1 0

Clothianidin seems to be unstable under the exposure to sunlight because it is unstable

by irradiating UV light for 30 min though it is stable at 50°C for 24 hours.
7aFT7T =V X5 O COMBEECIXEETHD DD, UVERFFIZIIRRZELRDDT, KB T TIXZE
ETHbHEEDLNS,
Figure o NMR spectra ot clothianidin in D20 (A) without any treatment, (B) atter

heating at 50 °C for 24 hours, and (C) after UV light irradiation for 30 min. The

increased and decreased signals were shown in the figure as up and downward arrows.



Second long-term field experiment (2011)

BZEERFNEER (20115)

Here, | will introduce a brief sumary of the second long-term field experiment in 2011.
B2 [E] D E BRI & R IZFFAN T3,

Period: from July 9 in 2011 to April 2 in 2012
Pesticide: dinotefuran (Starcklemate) only
Obj ective: To clarify the difference between the influence of pesticide from sugar syrup and that from pollen paste

EXptl. Method: Pesticide administration from either sugar syrup or pollen paste with two concentrations of 10- &
100-fold dilutions against the solution of commercial pesticide with a dilution factor recommended for exterminating
stinkbugs in practical use

ORI EHTFS 26 (20114E7H9H ~20124E4H2H)
RBRBEEK . )T 75  (RE—I)VAAL )
EBREN . BER5TIEE BEEREIEHX—Z ) OBWIZ X DBEHE~OEEDEIR



ﬁqﬁ, Second long-term field experiment: July 9 in 2011 to April 2 in 2012
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2)Only pollen paste with 10-fold dilution (high conc.) pesticide brought about the death of many
adult bees and a queen bee just after the first administration and led to the rapid collapse of a

colony.
B IRERR G H DIEH N—APEVTPRPIDERR FE LR IZEH DG ML L EZITEICELL D, B THESED,



Third long-term field experiment (2012)

BINEREFNNEER (20125)

And furthermore, I will introduce a brief sumary of the third long-term field experiment in
2012.

FBRE| DRI & B HIZHET TS,

Period: from July 21 in 2012 to the present (ongoing)
Pesticide: dinotefuran (Starcklemate) & fenitrothion (Sumithion)

Obj ective: To clarify the difference between the influence of neonicotinoid pesticide and that of organophosphorus
one

EXptl. Method: Pesticide administration from sugar syrup only with a concentration of 50-fold dilution against
the solution of commercial pesticide with a dilution factor recommended for exterminating stinkbugs in practical use

BIE R/ EER  (20124E7 A 21 H ~HAE)
RREIK: PI)TT7T7 (RE—=INAAL L) BIOT7xz=btuFtr (RIFFV)
EKEBREW : XA=aF /A FREERLER) VREEROBH~DEBOE



Comparison of Starcklemate (dinotefuran) & Sumithion

The colony with organophosphorus pesticide administered do not collapse after the colony

with neonicotinoid pesticide administered has collapsed (August 8) via CCD phenomenon.
XA =af ) A FREEPEESN-EHIICCDHAZEB L CHELZ (8 H8H) #TH, AKY v RE
KRG SNTMERETRAE L TR,
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Starcklemate (dinotefuran) Sumithion (fenitrothion) Starcklemate (dinotefuran)  Sumithion (fenitrothion)
Neonicotinoid Organophosphorous Neonicotinoid Organophosphorous

Start of experiment : July 21 in 2012 After 14 days elapsed : August 4 in 2012



neonicotinoid organophosphorus

. Starcklemate Sumithion
neonicotinoid Control(1) - (dinotefuran) (fenitrothion) »= Control(2)
dinotefuran : - . . .
5000 1 o5 ) =55, 1) The first administration of both pesticides caused many dead bees. Very much

more dead bees occurred in the colony with neonicotinoid pesticide (Starcklemate)
administered than organophosphorus pesticide (Sumithion).

MEEL RO G TELRDIEENRET D, XA =aF /A RRBEOLFLEHY) »
RBHEIY LIHEFITE OENRAE LT,

2) In the case of organophosphorus pesticide dead bees increased just after the
pesticide was newly administered and afterwards they decreased. This suggests that
organophosphorus pesticide is easy to decompose and hard to cause a CCD.
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2000 - 3) In the case of neonicotinoid pesticide dead bees rapidly decreased with time after

the first administration without a peak even when the pesticide was newly
administered. The continuous decrease seems to come from very few alive bees

organophosphoru because of an enormous dead bees just after the first administration of the pesticide.

Number of dead bees perda
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Figure Number of dead bees per day around and in the hive (July 21 to August 16 in 2012 )

Neonicotinoids seem to be approximate to poisons rather than pesticides because of the hard-degradability.



= CCD occurrence mechanism I
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For concentrated pesticides, bees are killed on the spot.

For dilute pesticides, texic water, pollen (& nectar) are carried back to hive, fed and stored.
Usually nectar with pesticides is washed out by welled-up nectar without pesticides .

When pesticides are continuously distributed, toxic nectar is carried back to hive, Ted and stored.

Figure 6 Schematic diagram of CCD occurrence mechanisms due to neonicotinoid pesticides

4) The imbalance of colony composition causes the decrease in the egg-laying activity of a

queen and finally causes a collapse of the colony with a queen remaining.

MEREORERK (R, SR, R, SMRIE) BRI DE, KEDEINENOETZ5ESRIL ., RMIIT R E2 TR Lo SR Ak
ERD

Are the neonicotinoids the Trojan horse in the global ecosystem ?



Conclusion &i&

1) A colony rapidly dwindled after the administration of dinotefuran or clothianidin and finally
became extinct after taking on an aspect of CCD. This means that the CCD is just one of
situations where a colony dwindles away to nothing although it may look mysterious.

D &ERET, D)7 770 RidreF 7=V b% REIT/MEKRY CCODRRMBE R LT 1% SRAEAYITITIHIE T 2,

2) The mechanism of CCD occurrence can be proposed as follows:

In supposing that a pesticide is sprayed and diluted in water of a rice paddy or an orchard
and its concentration becomes low, the low-concentration pesticide carried by foraging bees
continues to affect a colony for a long time and finally leads to a collapse of a colony or the
failure in wintering. Even if a colony does not collapse and looks active, it causes an egg-
laying impediment of a queen and a decrease in immune strength of bees leading to the
Infestation of mites in a colony.

2) TRRDEIRCCOREAN =X LERET D,

JRIEDPBATS IV, AKBASLRBEANOK THEDONSIBELMET DL, ARG TEIINRREDORKIIR
BRI E > CRICIE R E R FUBET . DUVITITRAER T D0EATRINT D, 7ol X RS REEL 2 TRk

NTRRTELTH, TOEBEDREKIILEDEIIEELFEEILIY, BDORES DK THEFHTTOF =%
%}Eéﬁ‘f:@ﬁ‘éo

3) Organophosphorus pesticide is easy to decompose and hard to cause a CCD in comparison
with neonicotinoid pesticides.
3) RA=aF JARREBFHITHANT, HBYREBEIRI LT, CCDESIEE LIV,

Neonicotinoids are feared to become secondary asbestos. When in doubt, take the safe route!
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Harm to honeybees are probably applicable to human beings. “The gate is wide and the way is easy, that leads to destruction.”
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