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This paper examines the possible effects of sublethal doses of the insectici 1m1dadognd on

A
the behaviour and orientation performance of foraging haneybee@ Sucmse o%olutmns

0
containing 1imidacloprid was fed to bees, and changes in behﬁvi\our w@ found for

imidacloprid concentrations of 20 ppb to 100 ppb after compmas%r&)&/nh ﬂ%é c@&ml groups.
No effect was observed at 10 ppb. In the sublethal conc@?’rq})on m e é?ldwa.ted above,
imidacloprid causes a reduction in the foraging acuw@ g‘,ﬁ the tg&tgd' bees and mducgs
trembling dances by which the foraging bees dlSCQ@ﬂ @%rﬁ\or&er bees from for%%ng,'

which 1n turn reduces the foraging activity g&“ ké’ the nest. In addg&\m the Qy

effectiveness of the waggling dances used to éttr@@?\la&es\&% @ﬁch food sources & e g@ﬁ §

. o‘

the direction and the distance mfom‘mtm(@ as Q}:Ob
v ¢ ° &‘J
precise. Although these effects on ﬁ‘@ & ﬁm@ f>° the bees were g\EsE eq&to\é’ta\@ at

imidacloprid concentrations of 20 pp . dam ’ the test populaﬁg}m@ Q@s gbsgﬁve %’m’ the
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Imidacloprid 1s a chloronicotinyl insecticide which was developed by Bayer. Imidacloprid

acts on various types of nicotinic acetylcholine receptors. It is used amongst others as a seed

beekeeg}ers of
‘disoriented’ honey bees that had been foraging in treated sunflower f{%cids and gﬁghmmary

trials carried out by Bayer which showed possible effects on forag}ﬁg,\behawqu\r of bees fed
with an 100 ppb imidacloprid sucrose solution, further spemﬁca&y igglgned@y‘x%@nments were

@\?n the sublethal
concentration range from 10 ppb to 100 ppb coulde&f(éht theo Gra?gmg behaviour @;z}.d

perfmmed in summer 1998 to find out whether feedlng\Q’OQf -m,
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orientation ability of honey bees. \&%Q’ & &\@Q & O (\6@ &
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Comprehensive research has been unde g@p%g;@sg@éts of the foraging:
heneybees In contrast to many other 1 es&‘gh

communication system as the ma@ﬁ I la.tmg the colleg\@éﬁ \(\ \0@0 inﬁ pollen
(surveys In mn-l 965 oﬁ *997) Thls,@h hs at @a@tlal effects
observed on the foragm 11 gl‘:ﬁﬁ e@%r or pollen obsem% té& g "ﬁ %mn level may
not solely be based mg ?‘@ﬁ:@e .;f' foraging behaxg@ug@? gﬁig@ﬁ%@bees but may also
be triggered by ?@E%@ﬁg ,. U&%atlon system. I%‘@?i\g@?g\ac%dsoglﬁ,ﬁ reduction 1n foraged
food 1s remrdqﬁ g@sﬁ%ly be due to tlé%ﬁ‘téag\(&%@* t@ g\&luency and/or duration of

Q@% used to attmct :;u hive to food sources are

LIRS
QIR

4 n&@f‘ }&é‘\ h@ﬁe %ee trembling da,m:e whose function was not

g@qdeﬁﬁood for a long tu«ﬁ% %&%‘\%65) regulates the balance between the amount of
K

I{@(Ctar brought in b Q%an ng é-?-:f-: Cg‘ﬂd the amount accepted and processed by worker bees

1092, o9, I 1o, I >+, N

C
et al. 1996). H%o much r@‘l\:\tgg‘ls brought in that the foraging bees have to wait for 4 long time

inside the hive (

in the hive before th ey gﬁ deliver the food, some of these foraging bees start to perform
trembling dancegq}\\l"hese dances reduce the number of recruited foraging bees (foraging
activity) due t@ioa dem‘eased frequency of waggling dances and increase the recruitment of hive

(,O
bees which take the nectar from the foraging bees,_(1994) found that




even when there was not an oversupply of food, trembling dances could be triggered in

experiments by a wide range of conditions which caused longer waiting times for nectar

delivery. Reports from [N (1949) and SN 1953) state that feging Vanog@s toxic

substances also triggered trembling dances. It therefore seemed that a « a mvggﬁgatlon of
8
the effects of imidacloprid on dance behaviour and the ﬁ’equency Qci@tr@mblmg@%nces would

ewe(kat tﬁe population

level if high concentrations of the compound are fed to the bees ,@
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At the same time, a detailed mvestigation of ‘ Qgﬁ' will also allo“@ﬁs to
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source of food they learn its smell, colour and

o the hive (RN 1565, SN 1995): Triey do i @my return on a dir g@a St fro{ﬁ\(tj]gﬁs

food source to the hive and find the c@%@a egﬁ?u‘@éﬂy when they ne%tglq7 &%%ﬁ' &@‘ﬁ)ut

O O & b
they also communicate the dlrem@%n &nc{Qng&nCé?\between the hlV@Qablkd\%}b@&f%@%l é&um@ to
th ifi the hi Of t oS\S\ oSompliss Srientati

eir conspecifics in the Wg 1 y Impairmen 0%1 ‘t . rientation,
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estimation of distance m& m&ﬁ & Qm CeT .::_.a:- ':’: ’; on can therefore ((b% @9’ assessing the

AN @& he bee d
in the bee ancem‘)%
. a(ér‘l\@ : ARRRIENIES :

O
\\ 0 \‘\5

& +Q \\@
The purpose 0@%11@%%@% W;% ﬂ%emfere to quantlt;g@a*l *p%QSﬁ) ef@cts of imidacloprid on the
6 N 0 &
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exatined were hmlte&m@ m@%@ aﬁboléﬁ 0 ppb to 100 ppb.
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Materials and methods

The experiments were performed on two honeybee populations of the stm.ir@ﬁpis mellifera

carnica. Each population contained about 5,000 bees. The test hives weg@ placed

comb observation hives as described by - (1965). One of t 5{@ g@pulau{g@s had access

to a flight room at the beginning of the experiment. Later on in t&e

were given the opportunity to forage out-doors. All bees retgfﬁmg‘\to thqilﬁiu@?vere directed to

(9
\(’ N
one side of the comb so that all individually marked for ees ccgﬁ??% b€ observed. O O&Q’
_ N Q S
N @ Q \
\Q& \\ \ 40(\ 0\\ « O
The tests 1n the flight room were performed betwg%n z@pﬂé‘%gﬁ J E@ﬂ@ and the out-doo @ests )
S <°(° NS {Q ¢ &
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U gg\%f mdmduaﬂy maﬂ{egﬁe

@ | \ .\S‘)
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<é}ia&{bfcmlltamed either 2@@ ss%émse o\ 5\

o &&z/v) of 1m1da010p@?\(g)@ ql%%eg‘b o@%e
basis of the 70% concentration of _ %@0 @%ed in this series oﬁ% t‘?} 8@: @ 0& M
Q

table salt (as an additional con@%lbﬂ\%g&rdé‘ were made of the freqni\élgs% g@ rgﬁb{ﬁ}lg dances

A N\
e H@m e il

C >
foraging bee met a hw&)‘g hfchg c@qted the harvested g@c:%&gn@t%
o

from June to the end of August. In the flight {\d@@
bees were fed one metre from the hive WI@ ?1{&

solution or 2 M sucrose solution mlx%d%v(gfﬁ

accordin g to the method des

iber of
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trophallactic conta > e Q/o) (,0
O
F &8
These expern @ﬁ'\i @pﬁf&tmn and a food source 10

metres £ﬁ8 m

h
rang«rﬁo%&ﬁ'ogm %bfto 100 ppb denve(L"&Q@Sl Q@ @&br\@mmmmg 98.3% 1midacloprid). The

(;

N &
@&l%’\sqt%‘fation@;%\l\'lstp covered the .
N
O’.tﬁweend%%@ﬁ\ dances and wag &h . .. Qqé\se distances see -et al. 1988).

Qg%ances (for the traditional distinction
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<O TQhe g‘&mnd colony was u@edsﬁ) @Ve&%gg{é the precision in the communication of direction

.v&-

fbmgmg bees were 1’\\6&\;\1‘&3@1 in the dark (room lit only with a red darkroom light that is
\ |
invisible to bees) éh an infrared-sensitive video camera. Subsequent evaluation of the dances
0\

allowed us moéetermme the direction information communicated with each waggling dance to
O
the nearest 1°, and the speed of waggling movements (which codes the distance of the food



source) to the nearest 20ms. A cahibration method derived from previous tests was used to

calculate the distance indicated by the speed of the waggling movements.

@\0" 6@

For detecting any persistent effects, control runs were conducted before&éhd after egéh test run
and temporal trends were analyzed. However, the relative low longezv\@t%@f four @?er bees
restrict the possibility to monitor chronic effects. In the field, th@av@ﬁge lo@egﬁy of

fouragier bees 1s about 8 to 10 days. Fouragier bees which %&\e m%rked @ﬁ t{@e food source

5
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will, therefore, live on average only further 4 - 5 days. I%@q&perl ‘&&Qexammmg the o O&Q'
S v N v
frequency of trembling dances individual bees were \&%q@fo&%% l@q’days In the &6‘@ o‘.{é
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experiments examining the precision of cemmun@?a @h m% @n opnd contammg\@gcrese @e& .
&

solutions were fed typically over three subse ﬁa@s@ ’Eﬁe d;%.ys before and aﬂe&&?h@c%eedmg
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\{iPQé cooler at 4°C and used for




Results and discussion

Trembling dances \&\0) X3

\
&8
Foraging bees returning from fomgmg fhights to food sources con&ﬁﬁnmg 1m1(@%10pr1d were

observed to perform trembling dances more frequently, both m @% field ‘anai\ n the flight
C)
chamber; these dances are rare except in very special cucumgxt%n@é}s (Flgtﬁ ){(@lohe effect can be
Q

C
\\ Q7 O
observed for concentrations of 20 ppb and above, and 1@«% Qﬁ\stlcally%%ﬁlﬁcant (chi- squargd
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Fig. 1: Freqqg@nei(\% kﬁm nces performed by m@\u@ua@ &%% raging bees on their return to the
@he @%t fgmi 8@nsmted ofa2 M sucr%sg sQiljfftl&@ q@amgﬁg imidacloprid at the concentrations

6 shsﬁvnoﬁff tla&mﬁram (except for the ce&xﬁml g%bw @% food contained no imidacloprid). The
O
&’igu%e @tﬁ mean values and st\a@%aléjd,‘d é@ﬁtl % f%@sets of 5 tests on a total of 375 bees. The

O)Qﬂ\ é\ freq@:\n&x%f trembling dances @rea@é\%\%@m@ha ﬁ? at concentrations of 20 ppb and higher.
QO 60 &é\ Q W
¢
IR O . ..
Oo\ Thl@ d@ct 1s similar to tha {@P in 1994 following the
O
Q'{“ aﬁdm‘%n of a high conwntggﬁon% o %alt to the sugar solution, which was examined in the
\
&\@‘ p&“esem test run as gﬁ &ﬁ%ltlor@i} C@“le Trembling dances were likely to be performed by
¢
) \;0\\ about 50% of b&gs that haQ& 8@ted 2 M sucrose solution containing 0.5 M NaCl. Contact

with 1m1daclo/bnd also aﬁ%c@é‘d the search time of foraging bees for hive bees which take over
the nectar and the I{lebe\' of trophallactic contacts made; for doses of 50 ppb and above (t-

test, p<0.01) th@%eamh time was significantly extended and the number of trophallactic
contacts was()e?gmﬁcanﬂy greater. The same effects can be triggered by the addition of 0.5 M

NaCl. The results indicate that imidacloprid affects the social transfer of food, the




trophallaxis, 1n a similar manner as high concentrations of table salt. The existing data do not
allow us to determine whether this is due to the rejection of the food by the bees in the hive,
as 1n the case of table salt, or whether there is a pharmacological effect m@%he foragg@g bees
which leads to changes in behaviour during social food transfer. Feegﬁhg tests d@b not find

indications of a sensory perception of 1m1dac10pnd at the low wm@\@trgtmns %‘é\d and so we

ppb and higher.

Foraging activity

Q
The frequency of visits made by 1nd1v1dually<&1

away from the hive fell significantly dun@ a@ﬁN;fﬁ
Qz Q

n M%

was fed at 100 ppb in a 2 M sucrose %Qi}h&ﬁa

(Fig. 2)
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& @Q The number of wsxt(f(m \igﬁ ﬁ@e 1&&&@(1 000 metres away from the hive decreased significantly
X \ O
Q/\*Q/ &Q}\’(\ during a two- E‘mg@ R g'vatmrb{ven&}? when the provided 2 M sucrose solution contained imidacloprid
X <
\\(,& at 100 ppb (5 (gt <Q. Olk@ug&?\concemratmns of 20 ppb and 10 ppb of imidacloprid were not found
Q\\\O to have ngy impact @1\8{&3 @%ﬁpmm The graph shows the number of flights per 30 minute intervals.

Mean mlms and stiﬁ’d%@} deviations are given for groups of 40 - 60 bees.
\
\\\‘ N
A reduction 1n @%agmg activity 1s often observed in bees performing trembling dances, and
this mdu@u%!ﬁs at least 1n part directly influenced by the duration of the trembling dances, a

parameter, which we did not measure. Trembling dances vary considerably in duration, but



are on average much longer than waggling dances. However, also bees, which do not perform

trembling dances, reduces the frequency of flights to the food source.

o \Qo). Q/
& o
Recruitment of conspecifics via waggling dances 0@ S
O .(\Q
T &
OQQ/ x% (0

The frequency of waggling dances (performed to attract cons@mﬁes to aﬁ'ogé saume} fell

sharply foﬂawmg feeding with imldadopnd (Fig 3). 'ﬁw@%ﬁéct G%an@\%e observed at
& ‘2/ &
1(|§Jant (CB% %qﬁared test, p<0.01).,

N2 QO Q oV >
N &@Q C}\Q/ ¢ (\6 2
100 o Q ‘Q \ 40 N

Schwinzeltanzwahrscheinlichkeit [%]

Q/ \Q’ \QJO) (\A \0
Fig. 3: Frequen @ﬁig\@ﬁ%ﬂc@ performed by mdmgﬁﬁl y\(@h‘%@ced o a g bees on their return to the

hive. gihe {@%d %éted@?}a 2 M sucrose salmnglgcmﬁf’ {Qﬁg e\m@g@}()pnd at the concentrations shown
izi@ﬁ@ c{hgxgﬁn gﬁqfor the control group @%eré‘th@ébost\‘co iamed no imidacloprid). The figures
e%@va%&es and standard dewa@m\@r g\(\@ t@% on a total of 375 bees. The frequency of
N

g&s dmmased 51gn1ﬁc y a@w@m@& ag& @f 20 ppb and higher.
& \o\ 50 o° \{\\"

%@ﬁ &[he function of the trembling dance is to reduce
SIS
Q Q} ‘ﬁﬁ@ of recmltmem @g g&aces Under natural conditions this occurs if honey
Q ‘(\
X3 bées discover a pm@&

%te'i source and bring so much food to the hive at one time

\@\ that there are Iﬁt emugh@%egﬂ in the hive to take and process this amount of nectar

immediately. /\Xs a dlreci\t@es&*t of this the foraging bees’ search time for nectar transfer to hive

bees becomes lon%gf’ wid they understand this as a signal that there is no benefit in
performing Wag@hng dances to encourage other bees to forage. Some of the foraging bees

perform tremb! mg dances instead, and this has the effect of reducing the frequency and length

of waggling dances performed by other foraging bees. Therefore the reduction in the

O g ' '
190 3@11_ in 1994, a consequence of
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frequency of wagging dances caused by imidacloprid should not be interpreted as a specific

direct effect on the behaviour of the forager bees, but rather as a consequence of the effect on

must however be mentioned that this feedback mechanism is not hmneaﬁo reducncl})goattractlon
Q
to a specific food source (1f this were so, then bees would be less &&d@f to visif treated areas
R &

O
bu.t @ng@ spem.ﬁc and

affects the overall foraging activity of the entire hive. U{{Lfer @Ynfav @%al}k conditions, for
3 X Q
example if populations did not have sufficient honey S @md if @i’?e q‘?eductmn n fomg;yg ¥

and so any collection of plant protection products would be -L

activity is strong and long enough, this could m\&n d%a@q’méﬁ gaﬁosses caused b@@%ood 0{&
& \ X,
deprivation. & & \)5\(\ S & ¢
¢ & & O ¢ & &
O \O AN\ (\5\ D9 O &L
NN ( A K o7 8
S & & QN & 3
g 0 PN
Precision of informations on direction moéﬁ J %g\ioz%go g&e (s\\o & X 3\\
Q \ O
QO§ IR o 5\& R
0 é\@ &0)@ ¢ AQ’ @ Q,()) d &\

i~y ;_ @Qt%$ fo& source in the % h\%go anc% g@creases
gﬁq%d@ @them was an 1ng§$ &%%\Qagihnce of the
r&;@é"egO%s the circular
1gn ‘ nt for imidaclopnd

Fig. 4: Mean dé@ ation fmmgﬁe a@’imuth angle as communicated by the waggling dance. The food consisted of
a 2 M sucrose solgﬁt?nx\&mtammg imidaclopnd at the concentrations shown in the diagram (except for
the control gr@\}a whem the food contained no imidacloprid). The figures relate to mean values and
standard d@?mtmns for the mean angle deviations of groups of 16 dancers (approximately 2,000

ammu&b%ngl@ informations). The mean deviation from the correct azimuth angle increased significantly

for doses of 20 ppb and higher.
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However, in the light of what we know about the function of bee dances in recruiting

conspecifics to a food source, and in particular in the light of recent findifig Jole of

R
olfactory orientation in the search for food (—199§\

1998), the lower precision 1n the direction information should not g&%e@ mgmﬁ%ant effect on
n@& as amfvm@dﬁ’catmn of an

the rate of recruitment. The effect could be explained for insi:

impairment in the bees’ orientation ability, since the accur o@ﬁlrectl@qf m@%rmatmns in the S

W 5‘2/ N
dance depends on the accuracy of perception and mtegmg}% ) of the difectfon in which the bq@s 00&

AT O
have flown, or by other impairments, for examp{é%q@ m 0} .eq@%g@@ coordination or %i%wer o&

& R N X

movements during the dance. AN \&\0’ O & @0‘ ¢

“@ Q7 X 0" &

d h @? i “Q’atéb N SN NI
Precision of distance informations in t 6{0 gg?’z Q,g@cio e S ’5\\& AN (75\
QO) C@ O\ ' ™
&O \\Q/

N

distance informations tha tﬁ?c&lg% h g/eﬁ from those glv%m*\bw?lg&o\(ﬁ(%@roup (Fig. 5).
g S

The treated bees undep%‘t Isi ‘;t@é %@%ance mgmﬁcantl&?% @&c *p " concentrations of

Q

o S %
50 ppb and above Qﬁeg@, g§ 0. Koy
& R O

60 Kmmﬁle&,\g QQ} 10 ppb -~ 20 ppb 50 ppb 100 ppb
(/
Fig.5: The dw&&we of a fﬁ@@%wﬁ@ located 500 metres from the hive as communicated by the waggling

dance. The food mﬁsw@% of a 2 M sucrose solution containing imidacloprid at the concentrations
shown in the %@*gram (except for the control group where the food contained no imidacloprid). The
figures ml@é to mean values and standard deviations for the distances indicated in sets of 20 - 30

dancea}oﬁle distance indicated in the dance decreased significantly at concentrations of 50 ppb and

higher.
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O
O
'é‘i‘, u -of up 6@ 100 ppb did

not persist beyond the day of the test. Control values recorded Qﬁ ﬂ;é days ﬂﬁlg&mg the tests
with 1midacloprid were in no case different from control gﬁ @ remr@kd&\(@eﬁbm testing. In

R
tests involving the administration of imidacloprid over @Qp s‘i»od Of@kvd’al days, we did Q@t

observe any trends over time that might havg%egﬁ §&u{§ o{ﬁq}? substance or ﬁ%fect &
R

&
accumulation. Also no damage was observed to ﬁk%e e_:fs? in the tests, Wh%h took |
more than 4 months in total. Colony strength&e:gﬁ)q) t]»3}@9'%0r'n[:lance of th g’ﬁeen m@g O$Q
W .6
brood development were normal until tha(\% £¢%e&§s§@° and during and 1%% ecksgfﬁl ;>
Q

\,‘9

were also not found affected until @ Q@" S@t crbes Hewe‘ver it shogi% Jé gcf’ t{@? in

. » ¢
tk@@\ogxsliﬁr solution are fec}\@Qr gﬂh @&age on
natural nectar sources potentl%ll‘} @n @h ng n&%dacl@pnd only a lﬁm@é% pimber b@es Were

NN Q 6
trained to forage on the @bd &0{@% @% Qﬁg tests. The numk@? of g@&%ﬂagé@ees was rarely

greater than 20, and t\h:%rq@vgz% 1@%@@ more than 20 ﬂlgﬁt 0O &]\e@a@‘) source containing
lmldﬁCEOPHd p@f ':5"} >,

0

each foraging fhip
C

cach day w@' l{sﬁ%@gl g@g (gS\nsidering the ~ _
rag Hag n;ﬁheﬁo eld on natural food SQ&%E ha
0)\
&\

contrast to situations where large q%.

@ﬁld&d@pﬂd conceéit}at&mn
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Conclusions

Imidaclopnid fed via sucrose solutions has recordable effects on the be}‘n@%om of @ragmg

honeybees at concentrations of 20 ppb and above. Foraging on&@ectar th%)ﬁc’ contains

imidacloprid at concentrations of 10 ppb or less has no effect on th@%e viour AT
R .

2
have examined. As the observed effects of imidacloprid> %ls% relgt% tg the bees’
O ¢
communication system, they also affect the behaviour of Ehés Dees mb%hg@hlve that do not
\
come into direct contact with the substance. In partlcula{czi%e \ns a sIgn @%am reduction 1n
ISP\ Q

rate of recruitment of conspecifics to food sources c@tqﬁm@% ; &)pnd Accordmg our
\
\

knowledge about the honey bee communication {ﬁlg\c,&%%l&o@egfnot only the nect@c’soume

sﬁ‘he inhibition Qf ment%\
of the day @f)@;?é%)@ngé 0 \\the

availability of alternative food sog

if the bees forage on nectar 3%1{ mgdng high concemrgﬁ

@Qé Hﬁg likely to cause dan NN
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