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Summary

Sublethal effects of imidacloprid and two of its metabolites, oleﬁn@&%ldaclop@d and
dihydroxy-imidacloprid, on the behaviour of honeybees were studied @ﬁaborator&\hs well as
field experiments. In the field, sucrose solutions containing oleﬁngﬁr@maclopgﬁ were fed to

honeybee foragers and possible effects on foraging activity gﬁh @%mm%@@c%&ﬁ)n behaviour
Q
analyzed. The behavioural effects of olefine-imidacloprid %fré\ géund to «lg}e @mllar to those of

imidacloprid itself. However, the effects are much lesgqgrg\?%unce@ Tbl’&e only effect, whl@h
LY ’ &
was significant in the range of concentrations tesﬁm’@mg&nq}‘h %se in the freque of o‘
C

C© W
. . . Q" . &7 . O
tremble dances. No significant disorientation @01{@1 @é\ go?m@}\ in the dances o@%leﬁnc- @(\
Q/Q 20 Q}

imidacloprid treated bees and no mgmﬁcang&‘efg)@%t W\%Sa}@g@ﬁ on the foragmg a’ﬁct \ty up, g@

100 ppb. The effects of imidacloprid, @‘I‘ef@ﬂe &@m@coloﬁrld and dihydrox @?rn&m%clopg@\ &
R
learning and memory of honeybe@ \é/@(f,e& Qﬁud}ed@,lsmg the probo ,5:9('[ s@? {\éi]ex

X
paradigm. Imidacloprid fed to hog%yg\é%s@ﬁm@ygh@?e rewarding sucrg@qé §(§\?ﬁ nowaszj%%und to
reduce the learning performa@s% @ pr g@t not at SOppb, 2(&@)p@ 0\12’0 dégb@@oth of the
Q
metabolites, olefine-imid \fo d a‘i’l ﬂ’lh roxy-imidaclopri c>d1 Qt’s1 Yf»nf @gntl aftect the
eé‘g \dqyﬂy pc\is ng(g@g y

A

&
learning performanceb E\ﬁ% ﬁow&ver with oleﬁne-{;ﬁn@@ Loﬁ\)\r{@f e@%ots were found at

<z,° O
500ppb, with d midacloprid at 2 I ot Sm effects of feeds
ppb, Wi 1@1‘(@%; Q’L Ql/&él:&c@n at 2 ppm. n@béﬁg&&i}m@, gog term effects of feeding

XA 0
SUCTOSE soluu@g gﬁ?n@hléﬁg A]ZJGQ’ppb imidaclopriti@&) .@J@ugqg Q\ées @pt in an incubator ad.lib.
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for 10-12 Kl%lygévg@% i&‘vg@@?gated. No effect(@% 4 %\&k%\ré({fh%&%erformance in the proboscis
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Imidacloprid is a chloronicotinyl insecticide developed by Bayer. It acts on nicotinic
acetylcholine receptors. Previous studies indicated that imidacloprid has sublethal effects on
learning and memory as well as orientation and communication behaviour Q@Q}’oneybee%@

&
The aims of the present study were to extend a previous investigation og‘éfoects on &hentatlon

and communication behaviour of imidacloprid to two of its met@o@fes In @;@ated plants,

&y
dihydroxy-imidacloprid and olefine-imidacloprid, and to 1nve%)t\%al§' effeq@;@ Qg?éimldacloprld
S RO
and its metabolites on the learning performance of honeybee$9 O GQ’ ‘C\&
@A@ o\ 9 x &
% Qf\ N 5@ &
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carnica 1n Konstanz, Germany durngQtl@ s\@fmge‘r @1999 One colon @B &@ 5@@0@663
was set-up in a two-frame ObS@ﬁ’%ﬁl‘&&’V(ﬁl liﬁ%ch 1965) hive ‘@r ﬁo’ &R}eﬂl@’énts on

communication orientation in @he @% QS« S 1@@3 below. The oth§°c()&5’n ’\811@8 Q@) 30 000

bees served to provide begs\"f%&h@%@)rat&y experiments 0@%@%&9 gérng@g performance
& & IO OQOQ\\&
described below. IS ,{}Q/ AN > & O »
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Test solutmns(s/@) @ \Q/@ 3 @4 6\{\“ X 006 ES
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The preparabf’macbf {h% (@%t s@?utmn was done ac&)reh %o\z\h@ g&%owing procedures:
0
Imldac oI °1m1d3010 rid MQ&6 4 ere dissolved in 11 A.dest. and
18 200 er@ prid ( @@ g@ Q&%\)@Qw

st1 f@@ id&o\g@ I %ltmg in 100 ppm (i% mﬁ l@@oseﬁtlon were then filled up with 490 ml

ﬁd . res@@n@%n a stock solutlg\ﬁ\ oﬁﬁg)p?n&w c&:h was then used to prepare the feeding
& goqutlong}@fg% feeding solutions &vese pl@})a@ﬁ b§\d15501V1ng either 1 mol or 2 mol sucrose 1n

Q
@ wat%goact@lng the stock solug&z)% (é\g@& f(qi$ a final concentration of 20 ppb) and then filling

& o°‘ N
Q’{&b I,\LQ tq@f |, resulting 1n sucn@s%o‘é\ox; Grat s of 1M or 2M and imidacloprid concentrations of
o &\\
N\ S
0’.&‘ e@ 20 ppb (W/v). (QQ/ /\\(\ 5\ \c,‘v
$°\\(J D1hydr0xy-1m1dag:fbpr1d 10@9 @‘g of reference substance M00136 (95% ) were used as
Q X v
above. O \§>\\ &’5\
Olefin- 1m1daclopr1d\\ \%ﬁ\%g of reference substance M00804 (98%) were dissolved in 50 ml
\ \

Ethanol (abs.) anc&}‘stlrred overnight resulting in 200 ppm. One ml of this solution was then

filled up wﬁh@% ml A.dest. resulting in a stock solution of 2ppm a.i. and 1% alcohol, which

Q}O
was used to prepare the feeding solutions as described above.



Field experiments: Groups of individually marked bees were trained to visit an artiticial food
source located 500m from the observation hive. At the feeder 2 M squ%se soluthﬁ was

provided. The tests were performed on olefine-imidacloprid at the con@eﬁtra‘uons @;ﬁg 10 ppb,
20 ppb, 50 ppb and 100 ppb in 2 M sucrose solution. At the feedmgzglt@Cthe fog@%mg activity

of the marked individuals was recorded. At the hive the behavg}@%r &)QfQ retur& % oragers was
recorded on video using an infrared-sensitive video cameragﬁngéf dm'gé&ed&t?ght invisible to

the bees. The probabilities of waggle dancing and trerni@v&Q @%nm g@vg;% determined 1n t]gé

same way as in previous studies ‘Q\@% frectlons indicated. 1\ﬂ®th6

0>
wagging dances were analyzed from the video \’[xa;%gé {@\Qt]aeb n@grest 1° and the (ﬁstances
(7
&

QI
indicated by the duration of the tail- wagglgg 0)1@1‘8 e@le@is gﬁ) the nearest 20 (01&% G‘n'culgbo
\ O \ Q N
statistics (Batschelet 1981) were applied t(b@l 1re§: 1an;h\g§>ata \(‘\\O & 3\® &
Q 0>Q’ \@ & 0\ o\ ‘9 N
&
Laboratory experiments: The B@Qb@s ﬂqéx&nsgﬁ% reflex paradlg Q%K\l cl}%}ﬁ) was

used to study learning perform@ﬁcg@%q@ \\\ “re@.@%ught on approacgb {’\m Qﬁ@ﬁ ﬂé%der in the
\

field, cooled and hamessgs‘\}% pl@gﬁnggiotub%s This allows fg? fr@\% ﬁog&ngﬁt of only the

mouthparts including g@% @§@01@ a%d\ the antennae. Tl‘(p I@\ Qg&?\g&reﬂ\‘?\lrst tested for an
N O Q

unconditioned prob{gﬁc Q’ %@\1 @Qﬂex by touching t@% aéﬁ%gﬁa &‘ﬁbo@%crose solution. Only

animals that sla@?vq@ a(@.x n&l’ﬁloned response v&re\&sq}d‘ f@ ﬂi’;@ test Groups of 20 bees

QO \4 %
were set—upQ\hQI&zt&agQ (s&\g@ a&a distance of 20 c@*b@t&@n@ﬁ%lw\%uals which was then turned
O 5
around {@* %&ﬁce@g\n@o after the other fg@n@% h

’@ammg set-up consisting of an

O@t)uﬁpeppe@}\n@ﬁ oil) was prowde&» Q’loaﬂlrtg of odourant on a strip of filter paper

&
@Ig}\lgltbed 1%‘6? %Qef ml plastic syrn@e \@%hég:h @s\%aded into the olfactometer. The flow of
N o

0}6 O%om%g&s@% alr containing Q@e Q 0@@ wa% dﬁected against the antennae of the bee for 6

SQ’Q‘OQ@ using electromceﬂlxé%@ %H"edg\solenmd valves. In the conditioning phase the

n@éhnae were brleﬂy @L\ghed WI%‘T’&] Mosucrose solution on a glass rod three seconds after the
&

onset of the odougo‘pulse and (}He @%e was then rewarded for 3 seconds. Proboscis extension
within the ﬁrs{\‘@ seconds\@f oﬁ%ur delivery (i.e. before touching the antennae with sucrose)

were scored as condm(ezﬁeg’:l&\esponses During the test trials odour pulses of 6 second duration
ﬁ\

were supplied and @obosms extension within 10 seconds after the onset of the odour pulses

were scored aQ@Q‘condmoned responses. Data are presented as percentages of conditioned
(}O
responses.



were supplied ad lib. The bees were then é%s‘@@d ‘g@ﬁ* u&c% 1t10ned and condﬁ\@&{@@ respggl’\\gz@\\
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Short term effects on odour learning were tested using imidacloprid, dihydroxy-imidacloprid
and olefine-imidacloprid. The compounds were fed to the bees exclusively during the training.

Imidacloprid was tested at concentrations of 10 ppb, 20 ppb, 50 ppb and\o’l 00 ppr&Sh 1M
O
sucrose solution. Dihydroxy-imidacloprid was tested at 100 ppb and 0Abpm In 1(\ SUCTOSE
\
solution. Olefine-imidacloprid was tested at concentrations of 100 p&b(\a,gﬁ 500ppb. A solution

X
containing 0.5% ethanol and 1M sucrose was used for the cont&&ﬂ& %;;%Qup 111&&%@??111611125 with

he olefi SN
the olelne. O 0\\ 6‘2’ (‘,0

N\
Long term effects were only tested with 1m1dac10pr1d@%@ﬁr he lm‘hg@enn effects comk‘g’

N
containing capped brood were kept in an incubator a&bﬁ @8 &r@p@% 50 hatched bee%QéQach

were placed in plastic containers 1n an mcubator@?i %@"@* r@ Q{k&wed to feed ad 11131Q on 1M

¥
sucrose solution containing 10 ppb 1m1daclop@§ g@' k@ \ﬁg@*s In addition, wa{g? @E}\Q/ lleﬁbO
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Fig. 1: Probability of wagging dances of individually marked f@ %éi' beé% (&&mk iflg from artificial feedgg,% sites .
O
Q

at a distance of 500m from the hive providing 2M sk@oi@s %ogbco&gmmg imidacloprid Q‘%’ gleﬁne— \}é\

imidacloprid at the concentrations indicated. Means anq\%taq@arcﬂéévda{? orxg' of 4-6 tests each on @Q‘otq\of abo%o(’ $°
800 bees. Whereas the frequency of waggle @nmﬂ% g&:re&e 0(\431gnn"1t::antly at 1m1d\®§@51% (ga }\{é

concentrations of 20 ppb and higher (data trom tb}: l &@}16@%1” e@Qperlments) no effect c@%ﬂd Q’% foynd wl

()Q \0)
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Tremble dances, which 1nh(ﬂ§t 1%(: Qfl'&?ﬂtqf@ nectar sources, g&g Qﬁe @h @?‘n 10§ be increased

in forager bees returm&.@g f%o@qsq@rces containing 1@%&6&) (gg}qglﬁcentratlons of 20
Q i
ppb and higher. 'g Q/ﬁ?@@%\ Qﬁl@ also be found 1g0 \@&nqﬁ Q&ve ingested olefine

e e et edleptenigicl
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Fig. 2: Probability of tremb&)@da@@es of individually marked forager bees returning from artificial feeding sites at

a distance of 500m fro@‘}ue hwe providing 2M sucrose solution containing imidacloprid or olefine-imidacloprid
at the concentratlonsd‘ﬁdlcated Means and standard deviations of 4-6 tests each on a total of about 800 bees. The

frequency of tréqﬂq le dancing increases significantly when bees had fed on sucrose solutions containing

imidacloprid (gaucho) concentrations of 20 ppb and higher (data from the 1998 series of experiments). The

effect was found to be significantly weaker with the olefine-imidacloprid in the same range of concentrations.
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The frequency of visits of the individually marked foragers at the feeding site in 500 m of
distance from the hive, which was significantly decreased when the bees were feeding on 100
ppb imidacloprid within an observation period of 2 hours, was weakly, Q&Qnot mgngﬁcantly
affected by the olefine-imidacloprid provided at the same co&&@ntraﬂon Sxt lower

concentrations of 10ppb, 20 ppb and 50 ppb we could not find any %@e@of the@‘feﬁne
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Fig. 3: The number of v1sg§ @%0&%0@%6 located 500m away fror@%%ﬁv,@ﬁ%i&as@?51gn1ﬁcantly during a

two-hour observation 1%@*51 Q&h 2I8Mu82856 containing 1m1daclg?)ru&1tq}k§% @g\ %& provided, but decreased

only 1n51gn1ﬁcantly\0®%e %le@}ne @\%g@@oprld was prowded é@’ tt{@\\ a{ﬁe ggﬁce{@ratlon The graph shows the

. N\ . R N
number of fora 1@011 shts. per féra of per 30 min. Mean valyes and é}.da‘tﬁ ¢iations of 40-100 bees.
O t@% . s N
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The g& St dlistaiice and directional Shfo ted | le d hich
e\o) u@%&ap g@l &@, ce and direc 10na n{or 1 Ogﬁ\lmumcae in waggle dances, whic

)
< \@und t@e@ightly but mgmﬁ@nt&g\afﬂ%t@ﬂ Qy:lmldacloprld at concentrations of 20ppb

\‘9 (\Qrectlogﬁ g@%uracy) or 50 pp 1s¢%1ngé Bﬁ?icgl ‘\m) and higher, was studied after ingestion
& oRof 01&@1%&111dac10pr1d at cqu Qt@atl&s {Qa @g from 20 ppb to 100 ppb.

» Qj&qﬁ@@-lmldacloprld tre&&d\@e@ d@ rgQ 1nd1cate significantly shorter distances than the

\
“Q/ng;g‘ols at concentr@ﬁor@ up tgi;él@@ ppb (n=61 dances analyzed, t-test n.s.). Olefine-

&

\0\ imidacloprid treag@ﬁ} bees dld,&éls ehot exhibit a greater inaccuracy in the directions indicated
N c, &
\ in their dances&‘fiian the CO@Q}O&' (n=61 dances analyzed, t-test n.s.).
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Effects of sublethal doses of imidacloprid, hydroxy-imidacloprid and olefine-imidacloprid on

learning and memory \900’ N

\
o)
00&\ Of
Short term effects of imidacloprid fed to bees during the training Qp‘rogedure %1@ found at 100

ppb, but not at lower concentrations of 50 ppb, 20 ppb @1 @fO ppgqf’ &? 100 ppb the

conditioned response rate reaches a significantly lower leveni‘afgeqf 5 tl‘l@lg a{iﬁ the response rate Q\fo
Q
drops to a level which is significantly lower than 1n the@%r@%l grou@ d@l‘rmg S tests (f1g.4) {\{o (}00&
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Fig..4: COI&&%I%& 6{pr0‘t{(} c@%xtensmn response. Oﬁ%b@b 14\ Q& ogﬁtloned responses (%) to olfactory

\%

stlmulag\()\l 1@% m?dm%mg% trials (C1-C5) and rqg%ntlxjn %91 3 s@S%equent tests (T1-T5). The control group
was &w@ﬁed&v %@%@%ucmse the test roug&vghg’lbq}\sg@ sg&ontammg imidacloprid at the concentrations

&\ﬁﬁl%@gd in thQ\?i%0©§“25 bees at 10ppb, %ﬁbpb}anb ﬁg N>—55 bees at 100 ppb, N= 130 control bees)

o &
"90)60 (Q 6 (C\ 5\\\6 ’OOS\\Q
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Q,(\ Qé \ Q \O 0* 0& Q $(\
60(’ Wﬁh{)\qg’leﬁne 1m1daclopr3c1‘ t@e g 1§\ \@%eak at 100 ppb, hydroxy-imidacloprid shows no
> < \\ 0
) QQ%:Ei%ct at 100 ppb. Th% @mmg@e{@rmance is reduced, however, when 500 ppb olefine-
& ¢ &
.Q&\ imidacloprid or 2ﬁm@1hyd@xy(®mdaclopnd are provided (fig.5).
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stimulation in 5 conditioning trials (C1-C5) and retenﬁ%n @Qru@/ sggfﬂent tests (T1-T5). 0{5@ cq{ﬁ-trol gr%gp $QQ*
was rewarded with 1 M sucrose, another contro& r Vy;nﬁ‘l g\?/l éécrose containing O. 53(5‘\ egﬁnol Tl{é’tegv
groups with 1M sucrose containing hydroxy-&gu@l Eﬁ%d (gz oleqﬁme -imidacloprid (plus\t&) {&\(\0 é% eéén@? at

the concentrations indicated 1n the fig. (Qéﬁ% es&ﬁ»r %\@\F’ the experimental grgg@s@%@ﬁeg‘s fog\‘gﬁch of

O
the control groups) @0 Q}\Q ’6@ 6{& s\&q’ \\ 0Q \0 ,&Q,
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Long term effects of 1m1§;a\%10 n@fbn}}) d%ammg performang@ Q@bg@? gﬁudled with bees
hatched and reared 1 g Q&atqf’ I}C@ter feeding 1M su@% n‘t\}u&@ng\i‘m ppb 1midacloprid

for 10-12 days no&of@é(zfs&

n@ar@& to the control grg‘ﬁ%égo@ﬁ Q@%@i%cted (fig.6). However,
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Fig. 6: Conditior@’é\ proboscis extension response. Probability of conditioned responses (%) to olfactory

o

stimulation 1n S@Hdltlomng trials (C1-C5) and retention during 5 subsequent tests (T1-T5). The control groups

(}O

have been fed 1M sucrose, the test groups 1M sucrose containing 10 ppb imidacloprid ad. lib. for 10-12 days

prior to the tests (N=90 bees for each of the groups).



Conclusions

Imidacloprid and its metabolites olefine-imidacloprid and dihydroxy \Lﬁ%dacloprl%q, show
N\

)

\

O
Q
Sublethal doses of olefine-imidacloprid have similar etfects on {g&fé éz\)ragm%@eha\uour as

sublethal effects on the behaviour of honeybees. 00&@

imidacloprid itself. However, the effects are much less pronou@ec{@(\%he %ﬁ’e observed In

the field at concentrations up to 100 ppb cannot be expe(@d’@o cau &aw damage to bee
N\
colonies. AQ}QQ}\\O\ xo &Q’ &c,

Short term effects of imidacloprid on learning and m(g&o& g?rol’ ‘QL@ d at 100ppb , but éﬁ%t at
N
lower concentrations. This result indicates that thé %@Gﬁ%@gfsﬁxtgﬁsmn reflex paradk 1S not Qﬁ\“

&
N\
more sensitive to short term sublethal effeg@& 6 t@}%f &%rlentatmn and co@m@ghcatl X
behaviour. > ¥ %Q/ 5\ 0(\6 0&6\ \\9\6 &‘9
aviou .
&OQ X 4@(\ SN § O

X
The metabolites oletine- 1m1dac10pr@ ﬁgi ﬁﬁllﬁr@ﬁy imidacloprid C@ﬁ\ @d

performance as well, however, {t,\l;g@ sen tZR/%y tcoQooth 1s lower tth/t SQﬁS 1t31°t0 the
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