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Fig. 1. Seasonal change in apparent longevities of honeybee colonies in four long-term field
experiments.

(A): General view. (B): Date-axis enlarged view. Apparent longevities were estimated by using the
numbers of adult bees and capped brood obtained from four long-term field experiments conducted
in : 2011 to 2012 (25) for the colonies of "2011/2012 CR-1", "2011/2012 DF 0.565ppm/pollen™ and
"2011/2012 DF 10ppm/syrup"; 2012 to 2013 (26) for the colonies of "2012/2013 CR-1", "2012/2013
CR-2" and "2012/2013 FT 10ppm/syrup”; 2013 to 2014 (27) for the colonies of "2013/2014 CR-1",
"2013/2014 CR-2","2013/2014 DF 0.2ppm/syrup", "2013/2014 CN 0.08ppm/syrup", "2013/2014 FT
1ppm/syrup” and "2013/2014 MT 1ppm/syrup”; 2018 (28) for the colonies of "2018 CR-1", "2018
CR-2","2018 CR-3" and 2018 DF-2 0.2ppm/pollen™. The colonies which had become extinct before
wintering (before late November) are eliminated in this study. Where CR, DF, CN, FT and MT denote
control (pesticide-free), dinotefuran, clothianidin, fenitrothion and malathion, respectively.
“201x/201y” denotes the experimental period from 201x to 201y, “X Yppm” denotes the
concentration “Y ppm” of the pesticide “X”. “syrup” and “pollen” denote sugar syrup and pollen
paste of vehicles through which the pesticide is administered into the honeybee colony, respectively.
See Supplementary Tables S3 to S6.
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Fig. 2. Comparison of mite-prevalence between the mite-infested colonies and the mite-free & toxic
PP colony.

2018 CR-1, 2018 CR-2 & 2018 CR-3: Pesticide-free control colonies in 2018-Experiment (CR-1,
CrR-2, CR-3); 2018 DF-1, 2018 DF-2 & 2018 DF-3: Experimental colonies where dinotefuran is
administered via pollen paste in 2018-Experiment (DF-1, DF-2, DF-3). 2011/2012 DF: Experimental
colonies where dinotefuran is administered via pollen paste in 2011/2012-Experiment.
Mite-prevalence denotes the ratio of bees damaged by mites to total bees in each measurement
interval. All colonies in this figure could not begin to increase in apparent longevity around late
September. Mite prevalence of all colonies (2018 CR-1, 2018 CR-2, 2018 CR-3, 2018 DF-1, 2018
DF-2, 2018 DF-3) in 2018-Experiment, where dinotefuran (neonicotinoid) were administered via
pollen paste, are about 50% in mid-September, about 80% in mid-October, and finally more than 90%
(called mite-infested colony). On the other hand, the mite-prevalence of experimental colony in 2012-
Experiment (2011/2012 DF) where dinotefuran was administered via pollen paste is almost 2~3%,
and at most less than 5%. See Supplementary Table S7.
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1 Materials and Methods

1.1 Determination method of apparent longevity

1.1.1 Mathematical model
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1.1.2 Determination procedure
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1.2 Field experiments

1.2.1 Precautions for obtaining accurate measurements
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1.2.2 Materials used in the field experiments and their preparation
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DOLFMEIL, THOBEBOFMAD EBICE S ET,
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BRITIR > TV DR DM (i) O ZHET 2, RO RFIC L EER R oO0 6
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ERBONANZW D HAFEER TIEREBOANY DTN 2 b H Y 7)., BEEZ K
S TEEHAFET,

STEP-10) £ 5 L THEEBRNRAONLRWEAIT, ROEXTH HEERROEE i
DANZ, TRTOREMME LOZF%2EERE L TIEI N,

STEP-11) TR DEFIZAIL TN I Y ANTF O - B A2 B SIRICER Y 1L, BB R
BN IYANF Lo LRV EE L, B E LTI RTO IV AFEZIuDR
FICRLET, IYRTFONLRWERBEOHEOGTEZH R S1%, IV AT DWW HR
Pea mOBEBICR LET, T_XTOHERMBPIZIHONT, FRRo7a 220kl x4, &
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RTcte, r—Y ANV EFBREZTTORFBIIRT, BE®RL 75— hb6 I, TORAAIC
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STEP-12) DWW WA IRE T 5L, Fh, NuaT7 X =, ALVREDORE 2R
LZENBVET, TOGHE, ENOLOFEEZRVFETTIEIN, TRHDORFEIX, =
DRVUZIR 722 & TldZe <, BREINZSHAE, GELE L TEEICEESH LT,
STEP-13) &9 L CH R FBENEOMND oA 1%, IROERR THERT 5, kEI D0
Lo TG AIE, HEROFECEINRIL: 82 MBI T 52 LT, LFEgRoRE
ZHIET D,

STEP-14) =— A7 L — A D _FERICAT 295721 b9 2 AT H LSS & PP % AL,
B2 E L CHELK T LET,

STEP-15) Bk T, RBANRZ MR L, %8/ — MIRiHET %,



1.3 Counting methods of adult bees, capped brood, mite-damaged bees
FROEIICLTIRE LETEZANT, EO I YT O, HERROK, ¥ =ikF
BT IVNRNTFORERETHZENTEE L, ZNHLOEFEFENLEH A HDIX
CHEFICEELVERETY, 22 TERIT. BGLEY T by =T BT 2RS4 T
J ¥ A7 L(http://nanosystem.jp/firm.htm) O 7k H A B D 1 71 215 T, 2012 4FIC B EEHE )
LYK EHE D Y T Aarta— XY T b =T EBEL, TO%, Y7 U T
DUBAERQTEE LT, WUV MNORBELBIERRBICHESNE L, 2OV T Y
=7 BERA LT MR E D ML, TOBEENOEEFTHI T T 5720
(B L i U CRIEIZ ] R L £ T,

L. 26Dy ME, SVUNRFOERY | EBEDE - TWRUVWEE, HifEO R
3 T ARNDEWN, AT N =5y NOFBREER SIZL Y, KRE LTARIEMTT
o ZDY 7 NTIE, HEEHRZRICTFEITEET S Z ELARETY, £0kH, BEh U
Mg, BEMEICE D2 D I A%, ERAZILR LN O FERECTEEL, BELEEK
ErEkT =2 LE LT, 20X, ZoY 7 =T aEATLHE, HELT=T
—PEAELETN, FERELZEMNTL52L T AV P2 —2BETHZENTEE
T, 2OV 7 MU= TICKDFHEEE EEEOR EiX, 70—V RERIZBT DT — &
P L Eom FIcKRESEMLE L, ZOHBFEI AT 2AOMELZL FIRLE
R

1.3.1. Software developed to assist in accurately counting the numbers of adult bees, capped
brood, and mite-damaged bees

ZOYZ7 My =TIE RO IYAF EHEEROB A EMICEA DDA INE L
Too LAFTIER, BMPEOWEBICE > TW DR OBEOH A HZ 5 51EL . HiAli-o -G
S THEERROBEZRA 5 HEEZHALET, ZN60HHEIX, a2 Ea—F—|2A
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MEDOBUT, TN TORMPEO W DR DR & RO 7R WELR T F > TV % g D 3K
EERIT O EICL o THEONE T, ar=—RNOHEFERREOKIT, IV AAFRNRNT
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X, Blotv s va o TSN TWET, ZOFETELN-HIERRIX, mE1ELR
D, WOTHFETHMEET 22N TEET, 22T, lRBO IV ATF LEHFER DK
b A EWELZT I VAT OROWREFIAE Zh 2 23T 5, LLTIC, 20 TRid
LET,

1.3.2 Determination procedure of the numbers of adult bees and capped brood
STEP-1) oW 4 2 fEft U, BARE(G LD R OWE L DWW &R & &
FIER DWW O 5 S OF7, ok & HEHER ORI EZRA LT, jiEd 20T



HEEIR OB ATV ET, @SN O I Y AR_RFo%, o s HEkE
DN T FENET,

STEP-2) CEX LI IEREICH 7 b 572012, WO 2 [EALALEL ORI, Hifg k%,
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IZBILET, £ LT, oEifEk D & il e B2 A3 5 (o EisEk O R REIL 4.
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T QIYNTFRLRNZY T EIVYRTFREEL WL T E2XKFT 5, )=k
T AR D ORI HE EN YT oE oy EEDOE S E) e XB L E T,

STEP-3) 7 7 v b L7cph & EFERZ 1 LT oOv—27 5% — O+, *. FEhy)
EX =D A XEANLET(I VY METRIZEETEET),

STEP-A) 7 v "BMToND E, BTV NS I Y ANTFOEHBERIRZEBICABIC
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Ay b LET, HEORITT, BEZEELTH, 2y MRICEENR RO W
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F7.

STEP-5)/XY o CHEIEH ., WU Y 7 N CREGFHEERIEICY D Bz, HEFHEEEO
BREZEIELEd, T2 C, KEHE=F—%2 AT, SOIHEBEIEKLZRS, H
B vy MEEOKRSCHEHBFE RO~ —7 I Z(EBEI VY b, B TIERVWLOE T Y
YRRV —F T LEIW I Y AT OERYD . FEBROIEOT., BAREOMRGEEV R &) & H
WTHERLARNOEIEL, LT, RO I Y ARFORRLHBR RO A2 TE DT IE
FEICHYET 272012, HOBAB BN ET(ROEETEKRRMAHR), Y77
MNTFENH T FOFETEH, ~— 7 ORELMHGIZED, I YNFEFEEZE R O%N
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STEP-6) JI7E L 7= al =l O RS 2 Bl 2 orn 3 2 55618, EREE 2 O L, Ik
KEE THEMZRE L., A7 MIEBRYRNRWDHR (MEWE RO EHEIEETIE)LE
%, BIRICEZE TR LET, TXTORM EOMIEDE &L BFD 4 DORE L KO IEDE
DEFHRT X TORM LOEBEROBOEEIN, TNZi, HOWERICKBIT DO
D 2 NF O E I TE R 08T,

1.3.3 Counting procedure of the number of mite-damaged bees

BRECBIT D \m T X =Y o7 ) R, RERIE, v — ik B ERRE R
XFEIERFENRRESINTNDH(B94L), ZNHDOHFETEH, BIENO BT X =0k
BERETDZEIFIARAETT, Ne 7 X =0~ EIT, ¥ =KD ELE K
MOIYARFICEEREND EHESNET, 20k 7 v a ik, BHENO X =ORBTIE
B, Al Ko THEEZ T EIVYANATORKEZNET 22 L2 HMNE LTVET, ¥
SWEELZT I VATFTORE TE DR TIEMICEZA D7D, RO I Y ANF O
RO LZEBRE Y 7 Fy =7 ZHEMALE Lz, EOIYARFOEEE X
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HIOFEEFERT AL, RIBROIYRFORR T X =% 2 5O HEMEE ¢, —
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LTo, ¥ =EEZIT I YAT EREINTHZ S58)IRLET, ZOREHEIZEL
AUE, R OEDORNED T DI LI EEE(GZ W T, BHENOIZIZ 2R o e T
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1.3.4 Criteria for determining whether or not it is a mite-damaged bee
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L. IVUNRFRF =T ENT E BN D ENASCRIEDEM R H 5, I Y AFORBER
FRIFRELTND, IVANAFIZF=ORBEENRH D)2 ZZTEF =L AR LET, T4
b, LRLOEZ AT 5 ROMEEIL, B X =gEORE Z2HEET D46 & A7
T LENTEET, BB, DITomY T,

10



Wl TG Lo/ S < THhWFEH 2 & Ee)SLIRRY 72 b DI, e R(FEHTE 2 &) & AR 1B R
CEFZEAZ GL)DEDZ =TIV LD TWE T, F=25bh 2 5a1%, SEREE
EROTHRA 2N DR LR35 LIFDOHRAEL X S5 (TSN TH =THLINEN%E
HIELET, F=DRWARVBRETERWGE TS, F=F 3 =DEE R L
£,

1) IYNRFOEEPSARITIER < FEMIZLZ D DiE, ~"TF R EE T 7ZEICEN S
RN =R MO IV NTFOPOE R ELEL XL AHE LT RS20,
2) gt & BALSOEO/NE 72 b DRFICH S IV E)FER & e LET,

3) WXL LT8O L HITSERIIC A D D%, BONMEIZ LD EH7eT, L,
ARWAGET DRI, N T X =N T2 0OEE T A VA TH L AREEREV, B
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7T
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BT (FRC B AFE L, ¥ =D BIIAHATH 208, ¥ = ELZ Tl io Y
NFOETIHIT 5 Z OHiEE, F=DAERRBOENNRIEETH L EBEALND, BE
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2 Supplementary Figures (Figs.S1 to S10)

Fig. S1. Change in eclosion rate of honeybees with imidacloprid dosage.

Fig. S2. Comparison of apparent longevity between a variable eclosion rate, p(t)= f (dinotefuran-
intake per bee), and a constant one, p(t)= 0.9.

Fig. S3. Flowchart to find the apparent longevity, L(t): Mainstream scheme.

Fig. S4. Flowchart to find the apparent longevity, L(t): Bisection method.

Fig. S5. Images of mite-damaged bees.

Fig. S6. Number of mite-damaged bees and mite-prevalence.

Fig. S7. Apparent longevity of 2011/2012-Experiment.

Fig. S8. Apparent longevity of 2012/2013-Experiment.

Fig. S9. Apparent longevity of 2013/2014-Experiment.

Fig. S10. Apparent longevity of 2018-Experiment.
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Fig. S1. Change in eclosion rate of honeybees with imidacloprid dosage.
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Fig. S2. Comparison of apparent longevity between a variable eclosion rate, p(t)=f(dinotefuran-
intake per bee), and a constant one, p(t)=0.9.
WERED FLNT O FMAEHEET 272012, 2011 4275 2012 212 FEh S A 7= B o4 S8R Gl E
ST RO Y NF EHFEROHD AN HIT72(25), L{t)pw=pn &, 2 2 DufE L 7=l

EHOBOWIEIZ, IV ANTFHI2 0 OREEREIZ L > TET 2EE pt) 2 L TR

BRI /ioT oFFma s L TWET,

Z ZC, p(t)D#PHIZ, 2011/2012 DF 1ppm /syrup

L(t)pw=py] =7 =—"TC1F0.79~0.9 T3, [2011/2012 DF 0.565ppm/pollen L(t)pw=py] =X = =
— 13 0.84-0.9, [2011/2012 DF 10ppm/syrup L(t)p=py] = 7 =—Ti% 0.8-0.9, [2011/2012

DF 5.65ppm/pollen L(t)pw=pry] = = =—"CIi% 0.835-0.9,

70 r 2011/2012 DF 1ppm/syrup L(t)p(t)=p(t) -©-2011/2012 DF 1ppm/syrup L(t)p=0.9
2011/2012 DF 0.565ppm/pollen L(tp()=p(t) ~ -4-2011/2012 DF 0.565ppm/pollen L(t)p=0.9
=60 2011/2012 DF 10ppm/syrup L(p(t)=p(t) 15-2011/2012 DF 10ppm/syrup L(t)p=0.9
15}
= 2011/2012 DF 5.65ppmi/pollen L{OP()=p(t) ~ ©-2011/2012 DF 5.65ppm/pollen L(t)p=0.9
20 T
3 .
> 40 |
2 o
£ @
i pre :

2 ¥ e\ 3 Al
g A P S aa

20 r P - = T

buey” &E /S
@ [Z] B“E@f’ ,/@ Q A
10 & e
ETE] Q. |
. Pee® o L
9-Jul-11  9-Aug-11  9-Sep-11  9-Oct-11  9-Nov-11  9-Dec-11  9-Jan-12  9-Feb-12 9-Mar-12

14



Fig. S3. Flowchart to find the apparent longevity, L(t): Mainstream scheme.

The calculations were carried out using a software written in the Ruby programming language.

(o)

INPUT THE DATA

t« : Elapsed days
ax : Number of adult bees
bk : Number of capped brood

I

STEP1

:

Discretize Eq. (S2) and solve a set of simultaneous

. Tp .%
equations in unknown uk (number of newly-capped brood). Dic= i 3y [pi] ™ ds
Tp (i) b =[D] u
Eq.(S2) + - +bk= [,  u(tk —s)[p(tk — s)]\»/ds W = DI b

i

STEP?2

Find unknown Lk in EQ.(S1) using uk obtained by STEP
1 and input data of ax and pk by a bisection method.

Eq(S1)« + - a= [0 u(tk — s)p(tk — s)ds

PRINT THE DATA

tk, ak, bk, px, Uk, Lk

(=)




Fig. S4. Flowchart to find the apparent longevity, L(t): Bisection method.

Create an evaluation function of Y(L) :

STEP?2 -
(Bisection method) Y(L)= alk] — [, u(tk - s)p(tk -
s)ds l Y(L)
“Yeg)
Set convergence criteria: -
Xe= 107%, y.= 107*% N
' soli H
S e~ L (x-axis)

Execute the following process for the number of elements of a[k]

Increasing the value of L sequentially from zero in 0.5 increment, find the
value of L where Y (L) is negative for the first time. Set the value of L at this
time as sol-1[k] and then set previous value of L as sol-0[K].

Execute the following process for the number of elements of sol-1[K]

Lt =sol-0[K], Yo =Y(Lw)
La =sol-1[k],y1 = Y(Lu)

1

< [Yo| <yeor|yi| <yzor|Lio-Lu|<Xe ?

[

Calculate L= (Lt +Lu1 )/2 & y» = Y(Lt2 ) and then replace yo or y1
with the same sign as y» with y, to make a new set of yo and y:.

I

Add Ly to the solution as Lk = L.

I
(er D)

Yes

‘
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Fig. S5. Images of mite-damaged bees.
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Fig. S6. Number of mite-damaged bees and mite-prevalence.
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Fig. S7. Apparent longevity of 2011/2012-Experiment.
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Fig. S8. Apparent longevity of 2012/2013-Experiment.
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Fig. S9. Apparent longevity of 2013/2014-Experiment.
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Fig. S10. Apparent longevity of 2018-Experiment.
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3 Supplementary Tables (Tables.S1 to S7)

Table S1. Outline of pesticide intake in three field experiments.

Table S2. The essentials of experimental conditions and results for four long-term field
experiments conducted in Shika, Japan.

Table S3. Apparent longevity of a honeybee colony in the 2011/2012 experiment at the eclosion
rate of 0.9.

Table S4. Apparent longevity of a honeybee colony in the 2012/2013 experiment at the eclosion
rate of 0.9.

Table S5. Apparent longevity of a honeybee colony in the 2013/2014 experiment at the eclosion
rate of 0.9.

Table S6. Apparent longevity, L(t), of a honeybee colony in the 2018 experiment at the eclosion
rate of 0.9.

Table S7. Number of mite-damaged bees and mite-prevalence in 2018 and 2011/2012 experiments.
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Table S1. Outline of pesticide intake in three field experiments.
Location of experimental site: mid-west Japan (Shika-machi) (Latitude 37°1'9"N; Longitude

136°46'14"N).

- Initial Total intake of Total intake of
Initial - . - Total number of -
number | Administration | pesticide per pesticide per N
number - . adult bees . Extinction or
of period of colony during . bee during A
of adult - 2 . during - : survival
capped pesticide administration . . administration
bees administration
brood [mg/colony] [ng/bee]

2011/2012 CR-1 (pesticide-free)® 0 0 Survival
2011/2012 DF 1ppmisyrup® 2965 | 4263 9-Ju(|)—clt1_1t;) 21- 4.208 13543 3107 Extinction
2011/2012 DF-0.565ppm/pollen®®) | 2158 | 2556 Q'Jgéi_lltlo 3 1.8692 30779 60.7 Extinction
2011/2012 DF 10ppm/syrup® 3206 | 3880 gjujjllltf 16- 1.9 6344 290.3 Extinction
2011/2012 DF 5.65 ppmipollen®® | 1659 | 6993 gJ”julllltf 161 o557 3078 65.1 Extinction
2012/2013 CR-1 (pesticide-free)*®) 0 0 Survival
2012/2013 CR-2 (pesticide-free)*® 0 0 Survival
2012/2013 DF 2ppmisyrup®® 0173 | 9442 21'JZ'L'I;?1t2° 16- 155 16524 938 Extinction
2012/2013 FT 10ppmisyrup® 8043 | 8732 Zl'J/“\'L'é?lt; -1 1797 19792 862.5 survival
2013/2014 CR-1 (pesticide-free)*”) 0 0 0 Extinction
2013/2014 CR-2 (pesticide-free)*” 0 0 0 Survival
2013/2014 DF 0.2ppmisyrup?” 6017 | 2214 56%’;31;0 1- 0.514 8612 56.7 Extinction
2013/2014 CN 0.08ppmisyrup?”) | 7293 | 1506 5-5?;:«.;;0 1- 0.4016 10130 39.6 Extinction
2013/2014 FT 1ppmisyrup?’ 10096 | 3232 | TSRS O2E 3.86 19585 107.1 Extinction
2013/2014 MT 1ppmisyrup?” 7676 | 1396 | TORISOT 6.75 15724 4293 Extinction
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Table S2. The essentials of experimental conditions and results for four long-term field
experiments conducted in Shika, Japan.

Experiment name
(Experimetal period)

2011/2012 experimentzs)

From July 9, 2011 to April 2, 2012 (268 days)

2012/2013 experimentze)

From June 28, 2012 to July 26, 2013 (393 days)

2013/2014 experi ment?®”)

From Aug. 13, 2013 to Feb, 28, 2014 (199 days)

2018 experimentzg)
From Jul. 19, 2018 to Dec. 16, 2018 (180 days)

Object of Study

[To investigate the difference in the long-term impact on a bee
colony between toxic sugar syrup (honey) as an energy source and
toxic pollen pase (bee bread) as a protein source which are exposed
to a neonicotinoid

[To investigate the difference in the long-term impact on a bee
lcolony between a neonicotinoid and a organophosphate which are
through sugar syrup

[To investigate the difference in the long-term impact on a bee
lcolony between a neonicotinoid and a organophosphate which are
through sugar syrup under lower concentrations than in|
the previous work

[To investigate the seasonal changes in colony size and mite-
prevalence in a honeybee colony exposed to dinotefuran via pollen
paste and infested with Varroa mites

Circumstances around Experimental Site

Experimental site (latitude and longitude)

Shika (mid-west Japan) (37°1'9" N, 136°46'14" E, 43m above sea
level)

Same as the left

Same as the left

Shika (mid-west Japan) (37 °2 35" N, 136 °45 ‘38" E, 70m above
level)

sea

Limitation of honeybee activities

[Honeybees can freely forage about for food in a hive or in fields

same as the left

|Same as the left

[Same as the left

Environmental effects of pesticides other than

|A pesticide-free watering place & a pesticide-free field of flowers in

administered pesticides e apiary Same as the left |same as the left |Same as the left
Aerial-crop-dusting farmland near Nothing Nothing Nothing Nothing
experimental site
Seasonal changes Distinct Distinct Distinct Distinct

Experimental Conditions

Materials

Vehicle : sugar syrup; pollen paste.
Pesticide: dinotefuran

Initial numbers of apiaries, colonies and
combs (frames)

Vehicle: sugar syrup; pollen paste.
Pesticide: dinotefuran;fenitrothion

(One apiary (private), five colonies per apiary, three combs per
colony (one colony for each same conditions)

One apiary (private), four colonies per apiary, three combs per
lcolony (one colony for each same conditions except 2 controls)

ehicle: sugar syrup; pollen paste.
Pesticide: dinotefuran; clothianidin; fenitrothion; malathior

Vehicle: sugar syrup; pollen paste.
Pesticide:

|One apiary (private), six colonies per apiary, three combs per colony|
(one colony for each same conditions except 2 controls)

(One apiary (private), six colonies per apiary, three combs per colony|
(3 control colonies & 3 dinotefuran-exposed colonies)

Concentration of pesticide

Dinotefuran: 1 & 10 ppm in sugar syrup, 0.565 & 5.65 in pollen
paste

Dinotefuran: 2 ppm in sugar syrup. Fenitrothion: 10 ppm in sugar
lsyrup

Dinotefuran: 0.2 ppm in sugar syrup. Clothianidin: 0.08 ppm in sugar,
syrup. Fenitrothion & Malathion: 1 ppm in sugar syrup

Dinotefuran: 0.4 ppm in pollen paste:

Initial number of bees per colony

1700 to 3400 bees (accurately counted from photos)

5600 to 7100 bees (accurately counted on photos)

5400 to 7600 bees (accurately counted on photos)

7000 to 9000 bees (accurately counted on photos)

Initial number of capped brood per colony

2600 o 6100 capped brood (accurately counted from photos)

14000 to 5700 capped brood (accurately counted from photos)

14200 to 7600 capped brood (accurately counted from photos)

3100 to 6900 capped brood (accurately counted from photos)

Origin of a queen

Unknown in detail (Apis mellifera) Bee colonies purchased from a
bee farm

Same as the left

|Same as the left

[Queen bees in ister relationship

Experimental Methods

Interval of experiment

| About one-week interval

|About one-week or two-weeks interval

|Same as left

|About two-weeks inter

Administration period of pesticide

[From July 9, 2011 to the colony extinction, or to December 3 (147
days)

From July 21, 2012 to the colony extinction, or to August 16 (26
days)

From September 5, 2013 to the colony extinction, or to December 1
(87 days)

From July 1, 2018 to the colony extinction

Starting time of each observation

|Just after dawn if possible (before bees go out to forage)

same as the left

|Same as the left

[Same as the left

Vehicle to administer a pesticide

Either sugar Syrup or pollen paste

Sugar syrup

sugar syrup

pollen paste

Administration method of pesticide

|A pesticide was dissolved in sugar syrup or pollen was kneaded with
ltoxic sugar syrup containing the pesticide. Either toxic sugar syrup
or toxic pollen paste was fed into a hive

|A pesticide was dissolved in sugar syrup with toxic sugar syrup
lcontaining the pesticide. Only toxic sugar syrup was fed into a hive.

|A pesticide was dissolved in sugar syrup with toxic sugar syrup
containing the pesticide. Only toxic sugar syrup was continuously
fed into a hive with an auto-feeding system composed of 10 L (14
kg syrup) container

Pollen paste was made while pollen was being kneaded with toxic
sugar syrup containing the pesticide. Toxic pollen paste was fed into
a hive.

Counting method of the number of adult bees

Directly counted with accuracy from photos of combs with bees and
Ibees left n a hive after every comb was removed from it with the
ielp of a automatic counting software

Same as the left (auxiliary automatic counting software has been
improved)

same as the left (auxiliary automatic counting software has been
improved)

same s the left (auxiliary automatic counting software has been
improved)

Counting method of the number of capped
brood

[Acurately counted from photos of combs without bees after shaking
the bees off each comb with the help of a automatic counting
software

Same as the left (auxiliary automatic counting software has been
improved)

Same as the left (auxiliary automatic counting software has been
improved)

[same s the left (auxiliary automatic counting software has been
improved)

Total intake of pesticide per colony

Calculated from the sugar syrup or pollen paste with pesticide
consumed by honeybees.

Calculated from the sugar syrup with pesticide consumed by
honeybees

|Same as the left

[Same as the left

Estimation of the intake of pesticide per bee

Estimated from dividing the total intake of pesticide per colony by
the total number of iniial & newly-emerged honeybees

Same as the left

Same as the left

[Same as the left

Counting method of number of dead bees

Dead bees were accurately counted one by one inside and outside
hive which was placed on a large tray

Same as the left

|Same as the left

[same as the left

Confirmation and record methods of a queen

|A photographic record of the exsistence of a queen in each colony

same as the left

|Same as the left

[Same as the left

Publications of Research Results (Title, Journal, Short Abstract)

Experimental Results

|A clear difference in the impact on honeybee (Apis mellifera)
colony between the two vehicles of sugar syrup and pollen paste

. Yamada et al. (2018). J. Biol. Ser. 1(3): 084-107.
[ This study investigates the difference in the impact of the
Ineonicotinoid pesticide dinotefuran on honeybee colony between
the two vehicles of sugar syrup and pollen paste. A distinct
difference was observed between the two vehicles: The per-bee
intake of dinotefuran administered through pollen paste as a vehicle
until colony extinction was roughly one-fifth of the per-bee intake
administered through sugar syrup, independently of dinotefuran
concentrations. This difference can be ttributed to the dissimilarity
i strength of the impact on honeybee colony between worker bees
lwhich preferentially take sugar syrup (honey) to pollen paste and a
(queen bee and brood (Jarvae) which take pollen paste (bee bread) in
preference to sugar syrup as a result of the long-lasting toxicity of
dinotefuran. This suggests that pollen as a protein source
by

id pesticides per adverse
effect on a honeybee colony than honey as an energy source.

Difference between the impact of the neonicotinoid dinotefuran and
lorganaphosphate fenitrothion on a bee colony in a long-term field
|experiment: An evidence

Yamada et al. (2018). J. Biol. Ser. 1(3): 108-137
We conducted a long-term field experiment and found different|
impacts on honeybee colonies in an apiary between the|
neonicotinoid_dinotefuran and the organophosphate-fenitrothion.
[The colony where dinotefran was administered (dinotefuran colony)|
became extinct in the administration period of 26 days, while the|
lcolony where fenitrothion was administered (fenitrothion colony)
survived long ater the same administration period. The fenitrothion|
colony suceeded in overwintering and stying alve for mor tan
293 days after administration. We speculate that

Compansun of the mnuence of a pesticide at an

I changes in the size and mite-prevalence of a bee colony

alistic level in Japan on a
nsammunams (dlnnle'uvan clothianidin) and organnphuspha(es
malathion)

T. Yamada etal. (2018). J. Biol. Ser. 1(4): 187-207.
In this paper the differences are investigated between neonicotinoids|
(dinotefuran, clothianidin) and organophosphates (fenitrothion,
malathion) on a realistic pesticide-concentration level in the natural
lenvironment surrounding an apiary in Japan. It has been shown that
neonicotinoids can much more rapidly weaken the colony where it
\was administered than organophosphates and organophosphates can
be rapicly degraded in honey stored because of their high
degvadamllly “These results roughly reproduced the findings in our

" lexposed to dinotefuran via pollen paste and damaged by Varroa
mites

[Yamada T. (2020). J. Diet. Res. Nutr. 7(1): 002

In this study, the impact of dinotefuran (DF) administered via pollen
ste to a bee colony damaged by Varroa mites was investigated
Seasonal changes in the number of adult bees (those capped brood)
and the mite-prevalence among adult bees were measured through a
field experiment over 180 days. It was found that the bee colony
collapsed under the intake of a smaller amount of DF due to the
synergistic effect of DF and mite-damage. Because the daily
pesticide-free sugar-syrup intake per bee in the DF-exposed colony

dinotefuran hardly recover from the damage because mnmemran

in resicual honey
in comb-cells were lower than those in sugar syrup fed to each

Inas a much longer persistent ability than fenitrothion and toxic
stored in cels over a prolonged period of time can affect a colony.

y were detected but hardly detected.
We inferred that obscure massive colony losses in winter can be
probably causd by toic food with ot persistet pesicide
suchasa stored in combs

'the weakening of the colony due to the ingestion of toxic nectar,
pollen and water under the natural circumstances contaminated by
L a iust hefors

ia pollen paste was greater than that of the control
colony, DF may have an appetite-promoting effect. Since the
lonsumption of DF-containing pollen paste per bee per day showed
Jalmost no difference between all colonies, DF seems to have no
repellent effect. Mite-prevalence continued to rise and became
almost 100% near the time of colony extinction. The inner-
temperature-fluctuation-range of the hive-box (Ti) was smaller than
rat o the ambient temperature (Ta). The inner-termperatre-

lony hive-hoy was larcer

Estimated results of apparent longevity

A mathematical model to estimate the seasonal change in apparent longevity of bee colony

. Yamada et al. (2019). Scientific Reports, volume 9, Article number: 4102 (2019)

[We have proposed a new mathematical model to estimate the apparent longevity defined in the upper limit of an integral equation. The apparent longevity can be determined only from the numbers of adult
Ibees and capped brood. By applying the mathematical model to a honeybee colony in Japan, seasonal changes in apparent longevity were estimated in three long-term field experiments. Three apparent
longevities showed very similar season-changes to one another, increasing from early autumn, reaching a maximum at the end of overwintering and falling approximately plumb down after overwintering.

(This study was performed using only the control colonies.)

Damage to larvae causes seasonal changes in honeybee longevity to go crazy

[The followings were clarified from the honeybee longevity estimated by the mathematical model using the numbers of adult bees and capped brood obtained from three long-term field experiments. The longevities of the mite-free control colony and the mite-free colony where
a pesticde is administered via sugar syrup show common seasonal changes, which continue to increase from the end of September o the end of overwintering and crop rapidyjust afte overwintering though the ingestion of a pestcide via sugar syrup shortens the honeyiee
longevity. However, the longevity of the mite-infested colony and that of the mite-free colony where a pesticide is admi
caused by biological rhythm disorders due to damages by toxic pollen paste and parasitic mites during the brood stage when seasonal sensory functions and organs are created. We infer that such damages to larvae and pupae can disrupt bees' internal clocks and make
Inoneybees undetectable of the arrival of winter, and make the colony fail in overwintering because the longevity does not extend due to abnormal seasonal changes in longevity. (This study was performed using allthe colonies other than those that collapsed before mid-

[November)

T.Yamada and Y. Yamada., preparing paper submission (this work)

via pollen

paste show

changes in longevity that cannot increase since late September. Such abnormal seasonal changes may be
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Table S3. Apparent longevity of a honeybee colony in the 2011/2012 experiment at the eclosion
rate of 0.9.
ZOFIT, 2011 F D 2012 FETHT THENE L 72 BRAM SRR S A VD CHEE L 721X ST @
AT OFMOT =4 Y =R m L TWET, at) & bt)ix., ZiEi 2011 475 2012 4
[T CTHEM SNIZEA TR THE LN oL | FHEER OB AR (25), LE) 1%,
DIFNZIRRER LIBEET LV (1) 12X - T alt) & b(t) ZH L THEE S vz AT o FHFm
TY, [CR-1] 1&, F=MF LA EHFEEET, BRERE LAV an =—%27R7,
[DF 1ppm/syrup] 3 X T* [DF 10ppm/syrup] (%, #1401 ppm 35 LT 10 ppm DO A
=aF A RREHETHLHY /)T 77 0%, BREN L TG LIzag=—%mR7,
'DF 0.565ppm/pollen] 35 L O [DF 5.65ppm/pollen] 1%, Z #1141 0.565 ppm 33 L TN 5.65
DAF=aF ) A RV I)T 77 %, EHX—A e LTEEG LIan=—%mRT,
H: BEREEMEIL, 201147 A9 HOHM L an=—RN KT 25 £ T, an=—N2N4FE
THEXED 12 H 3 HOHIE TTH(25),

Date Elapsed CR-1 DF 1ppm/syrup DF 0.565ppm/pollen DF 10ppm/syrup DF 5.65ppm/pollen
days a(t) b(t) L(t) a(t) b(t) L(t) a(t) b(t) L(t) a(t) b(t) L(t) a(t) b(t) L(t)

9-Jul-11 0 3392 5819 7.38 2965 4263 8.80 2158 2556 10.68 3295 3880 10.75 1659 6093 3.45

16-Jul-11 7 6827 3644 14.85 4257 1287 12.64 3755 2377 18.59 1102 986 3.59 430 2865 0.89

22-Jul-11 13 6399 4692 14.59 5233 1655 16.75 3493 3207 17.45 1407 232 5.88 330 1165 1.62

29-Jul-11 20 7737 4861 21.27 3131 1034 17.82 4025 2743 20.45 1451 939 14.38 17 790 0.12

6-Aug-11 28 7893 7179 21.89 2393 1591 19.66 4372 3480 20.21 1384 2370 19.78 1 729 3.02

12-Aug-11 34 7675 8390 22.26 1762 2288 23.55 4513 3217 20.77 1752 3217 24.85

18-Aug-11 40 8873 6125 17.63 2298 1137 18.38 4829 1933 18.72 2257 946 13.50

26-Aug-11 48 9327 5797 15.17 1623 1757 11.42 4276 2099 18.63 2271 913 11.99

10-Sep-11 63 9249 8803 18.82 1253 318 9.73 4620 1343 26.35 2096 545 22.46

17-Sep-11 70 9762 8327 15.75 997 341 14.26 4241 1546 30.04 1760 707 26.76

24-Sep-11 7 11252 7034 16.44 462 453 17.18 3862 2693 29.47 908 772 17.90

29-Sep-11 82 10736 5810 16.37 342 230 13.06 3792 2445 29.54 996 505 19.94

7-Oct-11 90 12015 6100 20.65 169 109 551 4232 2082 28.18 1076 12 20.19

21-Oct-11 104 11253 4100 23.79 0 45 153 4225 1935 22.40 860 220 28.40

30-Oct-11 113 10958 4300 26.73 4044 2105 25.35 895 147 35.46

4-Nov-11 118 10654 3900 27.44 3675 2665 21.99 790 245 37.66

18-Nov-11 132 11303 3430 33.75 4022 1720 22.25 779 160 47.23

26-Nov-11 140 12390 1750 39.66 3806 1034 2191 630 48 50.39

3-Dec-11 148 12109 2038 43.64 2992 840 21.41 393 21 29.30

17-Dec-11 162 11811 2038 49.87 2433 157 28.47 0 0 0.00

16-Feb-12 223 10514 2038 64.81 0 0 0.00

2-Apr-12 269 9622 2038 59.75
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Table S4. Apparent longevity of a honeybee colony in the 2012/2013 experiment at the eclosion
rate of 0.9.
ZDFE, 2012 M5 2013 T TIEM L 72 B4R FEERRE R A IV CHEE L7214 S8

B —RERLTWET, at)& b(t)iX, T E4 2012 F7)6 2013 4

AT OFMmDT —
(T THEMINTCHAFERTHEONTRBADKRE . v v T EOOROEERT
(26), L(t) I, DARMICIRZE LI=8EET L (1) 12Xk - T,
NERNTOHFEMTT, [CR-1) BLW ICR-2) IFEHEL L L Ligkf
7, [DF2ppm/syrup] %, 2ppm OxA=aF /) A4 R

>3

v

172 B o el

AN

a(t) & b(t) AL CHEX
— &R

)T 7T, BERES L TRE
I Han=—%:9, [FT 10ppm/syrup) . 10ppm OFHEY L RESDOT = = fr T A
Y, FERE N L TIRG TS an=—42R Y, A3 NToan=—{lEE A EFEL
IRinolo, XERHEEATHIMIL, 201247 H 21 H#H5H 8] 16 HE TTY,

Elapsed CR-1 CR-2 DF 2ppm/syrup FT 10ppm/syrup
Date | "oy
a(t) b(t) L(t) a(t) b() L) a(t) b(®) L@ a(t) b(t) L)

28-Jun-12 0 7136 4746 19.03 5832 5094 14.49 7119 5679 15.86 5690 4012 17.95
8-Jul-12 10 9621 5806 25.65 8917 4710 22.15 8877 6446 19.78 7157 5286 22.58
15-Jul-12 17 8695 10215 21.94 8265 11143 21.07 6878 13267 14.61 7565 9619 22.06
21-Jul-12 23 9647 10254 21.53 9665 11301 23.06 9173 9442 16.91 8943 8732 22.56
22-Jul-12 24 10136 10210 2112 9558 10967 20.76 4885 8834 6.11 7750 8694 16.76
27-Jul-12 29 10633 10617 1451 10770 10329 13.24 1434 4548 1.03 8721 6563 11.57
28-Jul-12 30 10391 10858 13.79 10901 10581 13.15 1313 3891 1.90 7786 6389 9.52
3-Aug-12 36 12083 10000 15.41 11939 10025 13.52 1049 1131 5.15 8289 3390 12.31
4-Aug-12 37 12389 9687 14.88 12041 10269 13.70 771 840 1.22 7559 2901 11.96
8-Aug-12 41 14065 7154 16.23 12978 8472 14.86 33 208 0.05 6625 1352 12.62
16-Aug-12 49 13371 6111 18.39 12207 5977 15.60 0 0 0.00 5961 607 18.86
25-Aug-12 58 11961 6014 19.88 10997 6684 18.37 4467 918 22.64
6-Sep-12 70 11165 8783 23.00 11582 8126 21.68 3534 3406 31.86
15-Sep-12 79 11980 5531 21.31 11825 7135 20.47 4576 4187 38.45
21-Sep-12 85 12166 6086 21.00 11025 9202 18.04 5859 4119 36.60
5-Oct-12 99 10715 7615 21.14 10510 5679 16.13 6593 4648 20.80
19-Oct-12 113 11726 7280 19.59 10038 6628 19.03 7326 4713 20.95
25-Nov-12 150 13255 36 4753 12477 2937 37.74 7755 10 45.86
13-Dec-12 168 12858 0 64.81 13316 305 51.75 7080 0 62.00
1-Feb-13 218 9306 0 108.91 9421 0 93.76 5652 0 108.11
1-Mar-13 246 7464 17 133.75 8426 0 118.44 5957 26 136.85
9-Mar-13 254 7512 497 141.82 8017 660 124.67 6358 619 145.90
17-Mar-13 262 6862 1691 148.28 7372 2419 128.57 6152 2329 152.54
23-Mar-13 268 7312 2431 154.08 7416 3624 131.34 6470 3217 157.36
29-Mar-13 274 7720 4097 159.04 8018 5165 133.66 7143 4994 161.37
7-Apr-13 283 9518 7326 166.80 9833 8414 136.13 8797 7053 166.52
13-Apr-13 289 12523 10166 172.59 12594 11211 138.63 12038 8670 172.62
19-Apr-13 295 15677 11324 177.64 16221 12975 141.88 14275 10320 175.61
26-Apr-13 302 20574 9725 181.88 20412 14287 38.93 17132 10803 37.89
3-May-13 309 23935 5808 185.32 24100 14521 30.47 20413 9631 33.22
10-May-13 316 23629 4551 34.93 27670 13380 28.37 16477 9020 20.60
17-May-13 323 16210 6036 26.01 30325 12864 28.76 11103 8732 14.91
26-May-13 332 9981 9778 2257 17904 10157 1750 8817 6867 12.86
2-Jun-13 339 9289 7396 16.76 26814 3454 27.14 5763 5069 9.89
14-Jun-13 351 6135 4875 11.18 16284 1600 26.34 3936 2720 10.49
21-Jun-13 358 5590 3089 14.36 11501 7725 2764 3058 1706 11.92
28-Jun-13 365 4210 1522 1204 10454 10165 31.03 2336 1477 1221
8-Jul-13 375 1962 978 13.31 11162 7534 21.93 1839 796 14.87
26-Jul-13 393 4817 4498 10.72
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Table S5. Apparent longevity of a honeybee colony in the 2013/2014 experiment at the eclosion
rate of 0.9.
ZDOFKIE, 2013 A 5 2014 FFITH T CTHEME L 72 B FEHRER & F v CHEE L 724 S9
RBrTJHFEGMOT =2V =2 %R L T0ET, at)& bt)id. ZNZ i 2012 4£5 5 2013 Fic
DT CEMBINZTHAERCHE LN RORE, BHEEROKETRL TW5(27), L)
. DARTICIRE L 287 v (1) a_lo“C at) & b(t) ZFEHALCHEINZR2TD
FMTT, ICR-1] B3IV [CR-2] IF, BEIEEINTWX=DhviHan =—%/R
L 9., [DFO0.2ppm/syrup] . 02ppm DAF=aF I A VRREEDY ) T7 7 V%,
MRz N L 535X =7)—av=—%d, [CNO0.0.08ppm/syrup| (. 0.08ppm O
dA=aF /A VRBEEO I/ nFT =V vE, BHRENL TG LZE =7 ) —am=—
T, [FT 1ppm/syrup] (X, lppm OF#Y v REEO 7 = tuF A4 v i, BFEREZN
L“CT"’%?‘ZM? 7Y —ap=—%prL T, (MTlppm/>a vy 7] X, 1ppm OHHEY
VEREOIFAVE, HBRENLCRE TS =T ) —an=—%RLET, (F)E
P EWMIZ, 201349 H5 Hosirb 12 H1HERNETTT,

Elapsed CR-1 DF 0.2 ppm/syrup | FT 1ppm/syrup | MT 1 ppm/syrup |CN 0.08 ppm/syrup CR-2

days
Y a(t) b(t) L® a(t) b(t) L(t) a(t) b(t) L(®) a(t) b(t) L® a(t) b(t) L® a(t) b(t) L(®)
13-Aug-13 0 7579 4167 23.01 5447 4605 14.97 7360 5094 18.28 5500 4616 15.08 5628 5022 14.18 5953 4683 16.09

Date

24-Aug-13 | 11 7000 3363 21.26 7556 323 20.76 9290 3758 23.08 6803 2414 18.65 6915 2208 17.43 6041 2146 16.32
1-Sep-13 19 7324 1825 23.717 6529 1219 25.07 10402 2671 27.90 8177 1054 26.11 7790 1025 23.95 5565 558 19.22
5-Sep-13 23 7487 2261 25.14 6017 2214 21.74 10296 3232 28.81 7676 1396 26.84 7293 1506 25.17 5549 578 2156
15-Sep-13 33 6415 5462 27.73 5072 1743 30.73 5795 6040 22.27 5716 4992 29.32 5574 1825 28.67 4027 2665 26.86
21-Sep-13 39 6697 4683 27.08 5154 90 34.44 7431 3015 24.86 5698 3943 29.32 4001 843 28.20 3829 3198 29.13
27-Sep-13 45 5711 2538 13.68 3317 0 33.45 6920 1655 16.68 5617 2456 22.93 3885 208 30.74 3889 2882 29.88
4-Oct-13 52 5048 649 14.39 3145 0 41.41 5124 1456 17.33 4445 984 14.47 1882 160 19.35 3824 2142 16.20
13-Oct-13 61 4210 151 20.18 2029 0 31.82 4478 11 22.14 3459 0 18.90 1762 7 27.41 4322 113 20.63

27-Oct-13 75 3152 314 3134 1325 0 41.98 3147 0 33.36 2328 0 30.19 1449 0 40.19 3371 0 29.89

15-Nov-13 94 2714 50 48.37 1146 0 60.17 2554 0 51.13 2050 0 47.95 1143 0 56.81 3181 0 48.19
1-Dec-13 110 2189 3 62.34 795 0 74.23 2213 0 66.43 1745 0 62.35 867 0 70.46 2904 0 63.18
5-Jan-14 145 1100 0 92,61 0 0 0.00 1714 0 100.39 916 0 92.97 0 0 0.00 2218 0 95.60
7-Feb-14 178 0 314 3.81 878 0 12423 0 0 0.00 1799 0 127.15

28-Feb-14 | 199 0 0.00 0 0 0.00 1594 0 147.03
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Table S6. Apparent longevity, L(t), of a honeybee colony in the 2018 experiment at the eclosion

rate of 0.9.

Z DKL, 2018 FICFEf L 7= BPH EhRFE R 2 F» CTHEE L 7211
2V —A%RLTWET, at)& bt)ix. ZNZ i 2012 2> 5 2013 T 1F THEf X L7z
BN EERCIS O Nz KRB L |
EMET L (1)

1]. ICR-2] XU [CR-3]

543 x4=Fran=—%2R L 9, &

= — IR % ¥ T TF(28),

HEER OB AR L TW5(28), L) F. LART
ICX>T alt) & bt) ZEMALCHEINEZA»FOHEMTT, [CR-

S10 D B FHand 7 —

ICiRFE L

BHAP G I N TR WX =P8 T 0o o =
L E3, [DF-10.4ppm/syrupl. DF-20.4ppm/syrup| & X ' [DF-30. 4ppm/syrupJ
X, 04ppm DA A=aF / 4 FRE

HTCHDBLY )T 7T V%R,

L=+ 2N LT

IR G I IE, 2018 4E 7 H 1 HOEAAH 2w

Date | E'@psed CR-1 CR-2 CR-3 DF-1 0.4ppm/pollen | DF-2 0.4ppm/pollen | DF-3 0.4ppm/pollen
. a(t) b(t) L(t) a(t) b(t) L(t) a(t) b(t) L(t) a(t) b(t) L(®) a(t) b(t) L(t) a(t) b(t) L(t)
19-Jun-18 0 8613 5341 20.41 8343 3065 34.45 6987 6861 12.89 9010 5891 19.36 9067 3241 35.40 7079 7726 678.30
1-Jul-18 12 10507 11056 24.90 8439 9401 34.84 9830 8621 18.13 10188 9341 21.89 8926 12549 34.85 10071 5374 471.80
16-Jul-18 27 13064 10657 15.13 12402 7447 2211 12016 8060 18.56 12070 8360 17.64 13726 8755 14.75 10491 8032 705.20
28-Jul-18 39 12439 5688 14.77 11658 7640 18.81 10037 7006 15.71 11239 5443 16.80 11252 5769 15.88 10301 9052 794.80
12-Aug-18 54 6977 3817 15.81 9812 4619 17.50 6965 4078 13.83 8437 2177 18.96 8588 4030 18.13 9213 4840 425.00
28-Aug-18 70 6284 4125 20.01 9902 6629 22.86 6583 5277 19.15 7609 466 28.70 7558 5690 21.16 5662 4504 395.50
11-Sep-18 84 7369 4755 22.65 8589 5050 16.87 8081 6262 19.30 4716 395 34.80 8742 5928 19.92 4204 2978 261.50
23-Sep-18 96 6427 4201 1758 9102 5636 2071 6891 6487 13.93 2370 200 36.12 8046 6559 17.31 1158 1266 111.20
6-Oct-18 109 3680 1490 1173 8593 5982 19.96 6150 5015 1222 964 105 35.94 7599 6091 14.92 41 1228 107.80
23-Oct-18 126 1187 658 12.87 6395 4200 15.02 3461 2773 10.97 309 70 28.98 4366 3113 11.52 0 1234 108.30
4-Nov-18 138 596 440 11.46 3373 1747 10.16 1332 1043 6.08 204 43 30.13 1957 1646 7.96 0 0.10
18-Nov-18 152 207 411 6.09 383 913 3.73 254 607 3.92 112 39 25.76 191 1147 2,07 0 0 0.00
2-Dec-18 166 56 460 1.54 0 989 0.00 0 691 0.00 0 2 0.00 0 1291 0.00 0 0 0.00
16-Dec-18 180 0 463 0.00 0 0 0.00 0 0 0.00 0 0 0.00 0 0 0.00 0 0 0.00
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Table S7. Number of mite-damaged bees and mite-prevalence in 2018 and 2011/2012
experiments

2018 £ (28) & 2011/2012 4 (25)1x. Z N Z NEphfEER % FfE L 72448 CT 3, CR-1. CR-2,
CR-3 X, ZNZ1 2018 FFOEMCEIE LG L nd o -0l a v = — %73 (28), DF-
1. DF-2, DF-3l¥. 224 2018 FDOEFR TN~ —A F ZJr LT, 04ppm DY/ T 7
FvEREEL/zan = —%/)$(28), DF I3, 2011/2012 4 D EERT 0.565ppm D ¥/ 7 7
Tk, fEMR—RA P EANLTHEEG L-av=—%2/89(25), Mites & Adults 1. ZNn %
NX=DWEEZ T IV ANFOREKAD IV ANFOHERLTT, Mite-prev.ix, X
—DOWERZ T IV AAFOE (Mites) ZEHo I Y NF 0% (Adults) TH| > THH
N3 X=DfEEEZRLET,

¥, 2018 FEDEER(28)D X =W EEZ T 7= TV N F OE(Mites) & IR D IV N F DL
(Adults) & % = D B # (Mite-prev.) & . 2011/2012 4 D 5EER(25) D 5 D B (Adults) 13 BE I
WEINTWE T, KIFZETIL, 2011/2012 SEDFEERICEH T 2 ﬂ*“%&i%”% F7= 3w F
D (Mites) & X = DH I (Mite-prev.)z . #11 7 AR TERL Z8IEH g L 25
EH{R(25) % F W CTHi 72 1lIE L 72,

2018 2011/2012
Date of CR-1 CR-2 CR-3 DF-1 DF-2 DF-3 DF

observation | ites | Adults |Miteprev.| Mites | Adults |Miteprev.| Mites | Adults |Miteprev.| Mites | Adults | Mite-prev.| Mites | Adults |Mite-prev.| Mites | Adults |Mite-prev.| Mites | Adults |Mite-prev.

19-Jun 1103 8613 0.1281 1577 8343 0.1890 1237 6987 0.1770 1281 9010 0.1422 1795 9067 0.1980 1940 7079 0.2741

1-Jul 1190 | 10507 | 01133 | 1482 | 8439 | 0.1756 | 1986 | 9830 | 0.2020 | 1739 | 10188 | 0.1707 | 2603 | 8926 | 0.2916 | 2457 | 10071 | 0.2440
9-Jul 84 2158 | 0.0389
16-Jul 2263 | 13064 | 01732 | 2255 | 12402 | 0.1818 | 2670 | 12016 | 0.2222 | 2380 | 12070 | 01972 | 3532 | 13726 | 0.2573 | 3488 | 10491 | 0.3325
28-Jul 3475 | 12439 | 02794 | 2401 | 11658 | 0.2060 | 3142 | 10037 | 03130 | 3351 | 11239 | 02982 | 3269 | 11252 | 0.2905 | 3881 | 10301 | 0.3768
6-Aug 112 4372 | 0.0256

12-Aug 1876 6977 0.2689 2620 9812 0.2670 2523 6965 0.3622 2689 8437 0.3187 3519 8588 0.4098 3819 9213 0.4145

28-Aug 2636 6284 0.4195 3313 9902 0.3346 2442 6583 0.3710 2643 7609 0.3474 4008 7558 0.5303 2378 5662 0.4200

10-Sep 90 4620 | 0.0195

11-Sep 3507 7369 0.4759 4125 8589 0.4803 4438 8081 0.5492 3229 4716 0.6847 5988 8742 0.6850 3072 4204 0.7307

23-Sep 4230 6427 0.6582 6531 9102 0.7175 5793 6891 0.8407 1985 2370 0.8376 6523 8046 0.8107 1002 1158 0.8653

6-Oct 2903 | 3680 | 07889 | 7227 | 8593 | 0.8410 | 5408 | 6150 | 0.8793 | 815 964 | 08454 | 6919 | 7599 | 0.9105 39 41 09512

7-Oct 104 4232 | 0.0246
23-Oct 943 1187 | 07944 | 5575 | 6395 | 0.8718 | 2654 | 3461 | 0.7668 | 247 309 | 07994 | 3502 | 4366 | 0.8021 1 0 1.0000

4-Nov 292 596 | 04899 | 2989 | 3373 | 0.8862 | 1240 | 1332 | 0.9309 | 198 204 | 09706 | 1766 | 1957 | 0.9024 0 0 111 3675 | 0.0302
18-Nov 118 207 | 05700 | 363 383 | 09478 | 245 254 | 09646 | 100 112 | 08929 | 172 191 | 0.9005 0 0

2-Dec 52 56 0.9286 1 0 1.0000 1 0 1.0000 3 0 1.0000 1 0 1.0000 0 0

3-Dec 144 2992 | 0.0481
16-Dec 0 0 1.0000 0 0
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