7 Impact of agrochemicals on
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Only few reports have been published %@“ the rcj@@(l"%@%@@and reco&@‘r\g\@aof ¥ 6

native non-Apis bee populations, meaggl‘}%@@ag@r égérré@rary or g\@‘%\ng@he@t s@O O
agrochemical pest control in North. Ametica® Stfialispecies wete &@’u@Q%@Q R
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be the most sensitive. The asses%{m{’e{m\ Q&@e@?coig{% toxicityﬁﬁ%\\ﬁa@m%@%%&e

. . O
non-Apis be;es has been practg@@doﬁr @(Bg@t %&{*years thgg@g]giﬁ y !
ratory, semi-field, and ﬁelgbo@neoﬁmégl@&&es@ﬁrches WEEE @%&tgﬁo @émly
on three species: Nomi# é@,ﬁlg@%l%g‘? (alkali beeg\g\@]\é@ggﬁ%%@\{ ndata
(alfalfa leafcutting b@@%,(@n@@BgJ%Q&g rerresrrggé(@ﬁ%@e&‘e@.\ Toxicity
: \ \ NPT O O
tests performed 1n¢@ta(5¥3a01¢épi%§ﬁ g@hdlt1ons gﬁ?\ 4@3 ag}ﬁ\ &@‘rvae showed
that the intrinsig?}\sk;&e ibjﬁ%@f non-—AB&?, p%\es&x%@ﬁéqqf@d by oral and
. <. PRI 0 ..
topical LD, %ﬂ%@%s}g&n@ﬁ to a greak eyo%e@\e’be@vgé‘n species and also
() O OEEN W\ DR
from Apzso‘f?neé&?.{cé. (J;z‘al%gﬁ*atory ang°s 1-@%121\\\%@@ have been used to
aSSESS t@@%&g{{%\gﬁ ng@aXé% ﬁeld—we%ﬁge&ﬁé’d @@%iﬁle&@%r systemic compounds
In ne@@%\{@%g&po\w%&\[ﬁhe effec&ibof&@‘e\\é@ig\% @?@@%Yophosphates, pyrethroids,
ne@?&i@@tinﬁlg@q ard a carba \oaj?e Ooé{\@‘ége%ussed. Sublethal effects of
o)&(e\(l)@a%eth{;iﬁ, gfé’nvalerat%g&\\trgeh& %Qm?@@"d imidacloprid have also been
Q,&\s 6@@&%@&%@% has been ogﬁ%wn ‘@@aéo‘éiochemical data from studies on
o‘& R detmgbi‘ %@ﬁ’on In M.,g@%gﬁ%gﬁ%t did g@\t agree with toxicological parameters
, a{a@%@e assessm\g@% incth 3\‘36\1@}\ e
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Many évild and gﬁﬁt\iy‘\a(\ted plants are visited not only by honey bees (Apis

mellifera n ;b@\l\'ti\@?lar) but also by non-Apis bees which facilitate their
fruit and Sg@d setting. These Hymenoptera are represented by more than
20000 sg\@%ies throughout the world, belonging to nine families: Colletidae,

Oxae@ﬁi’ae, Halictidae, Andrenidae, Melittidae, Fideliidae, Megachilidae,
Anthophoridae, and Apidae [1]. This fauna is a natural resource which
often sustains a prominent role in the pollination of crops and the mainte-
nance of floral diversity, especially when honey bees are absent or not etfi-
cient. Many researchers have long emphasized the contribution of
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non-Apis bees, also called wild bees, to pollen transter in cultivated and
wild plants. Several authors have surveyed the bee diversity in Europe and
compared the efficacy of several species in case studies 12, 3]. Other scien-

. . .. . N
tists have extensively investigated the different biological traits ({)@Qohtary

and social non-Apis species which proved to be highly va\g@@ble 4-6
Some species dig burrows into the ground, while otherso&?e@{v in twigs.
timber, soil cavities, etc., and use all sorts of material,go’\tc%@@rotecg& 1T

. . Q
brood cells, such as wax, mud, leaf cuttings, wool, res1Q\0%Q&C°SO on. > )

0
O
In areas where agricultural efficiency has been \'i\‘r\(f%n@%sed 6ﬁlrg&%h the

. . Q 5
destruction of hedges and adventitious ﬂowermg«f’}la@\?s, thqo@ut&?lg out o{fo@g\’&

N\
QE©
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waste lands, and the reduction of crop diversz:iiﬁﬁr,@h@e\\@%guﬁa{géﬁn of nat&\xﬁe (’\’\C'
. XN (O . x O

non-Apis bees has been depleted. General@,(j@‘r t\@g: ga\qnqcﬁreas, an addi- }

tional factor in this depopulation mayeb\e@ﬁe@gﬁligm’sg\x%\f insectigj@ﬁ\%e%n 00}(0 &

crops. The importance of non-Apis ]%Q@% .\@? %é\gcg@‘é\g&iﬁg In wilq{oﬁﬁ@(@ultiv{.\\&@o

ated plants and the frequent short@geé@% d;ﬁi{ét%;\s on Vari%\u‘é c&%gs haye &

L . N 5
encouraged scientists to domesgic é@‘)a@@ ‘hl@@y Sever @ngﬁb%e&\f‘
Since the Second World Wg)‘% | 3&@@?@@0{@;&@&1& ha§£t§WQ %& ithe
alfalfa leafcutting bee, M&g%c@?e@%&&%@ﬁg (Megaq&@ﬂ %@@\)@g pg;\%/@&h the
management techniqu%g}hao@\ ,l\%qg%&&s‘ztantly imgb%\@ﬁ I'Q@’&%o\‘ e)A\o
This solitary bee Q@%n ﬁ%%b)%r@‘g\agbusly In tg@neﬁ\ gﬁw@%e‘h or plastic

. O (U7 @ X O

shelters estabhsl@@l’ &@%ﬂg@r%nﬁ’y@m altalfa w{@ E‘&W@@%&%eed. For the
same purpos%d&ﬁbgh% ggl‘S.{gL\Qag&\(\New Zeéaﬁ%@? %ﬁt‘?ﬂgi‘g\lQ@\%sting beds have
been creategh clgse 01;90 alfa“seed crops; {@\%U@P@é{&é g&e population of the
ground—%@\%i@ \I\(&{Z '@ﬁ“ @é\obee Nor@?a chﬁeé\@%&z qi@ 10]. Several “mason
bees”\gMgggﬁc@Yi&(é% \dfe propa%a\f\%@\ cgﬁng@rq@@ly in tunneled domiciles
to igﬁpr@%q\éf}q@@ R@@duction gné\@‘n S @b%&ﬁ%ies in Asia, America, and

}gﬂ‘ﬁ‘gﬁg Osntiadignaria [L; @sz\WS\ ornifrons [12], and more recentl
o€ &m’c& gnaria |} , Osnaia ¢ Ig\”é ons , y,
the w@g@\ the social bee Bombus terrestris has
@@ﬁg@n\ﬁég@ e to pollinate vegetables (initially,

j ow other bumblebee species are also

§§ﬁ en masse,
2

\

char§§°of a nes\g\m@%\ns the end of reproductive activity, while in social
.. ¢
b,@'@‘S deficits \g&h\gﬁmg spraying may be compensated by workers and also
by new be@%o eﬁierging from the brood. Moreover, except for the species
cited ab@ &‘ﬁative non-Apis bees live in natural habitats that cannot be
rem%\*@\‘cl §r0m hazardous sites. Despite technical difficulties, some
researchers have investigated the impact of large-scale insecticide applica-
Q@'ﬁ")ns on non-Apis populations. In addition, the economic importance of
the domesticated non-Apis bee has favored laboratory and field studies on
the toxicity and hazards of pesticides to the three main species, M. rotun-
data, N. melanderi, and B. terrestris. The availability of individuals now
produced en masse enables advances in methodology often inspired from
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& worker l@ﬁr{}-\ e bees t&@b]&rf @a%o&&ogﬁ)arable to that of honey bees and

(QQK\V‘OQB\y‘that qcﬁ%\ and dr(@ﬁ‘es(cé\} {@e\@%{@m and B. terrestris were more resis-

¢ QQ iced. One&g e? frorg{s"a‘gO*USA reported on laboratory tests on several

& (Solitary ﬁp cies collected in a field, belonging to the genera Nomia,
€,
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honey bee studies, and comparisons of sensitivity between Apis and non-
Apis bees are now possible.

O
oF
Historical background of pesticide risk assessment on «© &
non-Apis bees & O
MRS &

The earliest scientific article mentioning concern about the e@@%@ a pg@f(\ X3
ticide on non-Apis bees appeared in 1946 1n a Canadiax&q&r&&"l 115 &‘f’ts@é\
author, from the Massachusetts State College, reportedys @&brie Q&%e
mortality rates of unidentified solitary bees and belﬂ%l@ C beeg&g{i&cted &
from apple flowers and introduced 1n cages @'&b@‘e&% g6 DDT, W
“dusted lightly through the screen covering @%qj%m\bg&hqo%age.” H@O‘

assessed mortality several times within 43 h@fr%g@ %g@r@\’teg.@%nd 60 h@@ﬁ‘g\e"' N

. . Q : e
in a second 'experlment where honey t;cepww ee&\ig@é\gaq@n the sa 6“\%@‘3’7 "
The conclusions were that the number, %gfﬁeéd%%\@@lt@bmsects - %\(\}\ alitary 0
bees, 5 to 10 bumble bees and 10 hoge @b%%gfi \g@%rgﬁoo low t @1\1&\%&6&@%@9@ .\5)&\"
nite conclusions to be made. It 0@3&%\&9 Fé@u?f%o%%@‘fzed tha%b& 3&8@&\&1@@
field tests may not always agg)@@. GE[O&%&V@%& béth solitary'bees andshopéy
d while® the de: & boinple bees®

bees seemed equally affected while” the death ot the” bp te \bees - was

: . 00 ANEERNIEEAN Q
retarded, which means&%‘\ﬁe \a@r%&f)r@s\lmably gdgr@a’\*tg&@ g‘fﬁ.&} urther
studies on DD'1 effec@‘b\gx@‘j&d‘pe@fh%a%ors were@&%ﬁé(%{g&d@iﬁ Qﬁ% UK [16]
and published in 1948 andn tife WSA [17, %&?"i&ﬁ 49 %nﬁQléﬁ%o. The UK
authors collectegﬁ%&l‘g@%%@%bﬁ agroruidt; &@%?dgs%%@e%rgb"jbees (Andrena

o

flavipes), an%@&g@? @&f@%@ﬁf laborat%@' Ogé%t@@h%@anous concentra-

tions of toxie mzﬁt@cfal‘&hé@ﬁ was spr%a\%l\}gn 5%\\_@121\{@ placed in boxes tor

contact g@%tae&\ﬁ'(\dﬁ %b&\ SUCIose %oehktj‘emoﬁ roxﬁ?é\e(gh\hg tests. They also used

spra)ga‘ﬁ g@ggﬁs o)i‘ﬁo aothird kin@cﬁf @@%@@t\bﬁb@}ator}f test and made field

obgé\r\{&‘fgbq‘s on treated apple lglk?s%o}n@\%@‘&rhich they collected several
E&d Q Ko QY A0 .

ies"and Osnué r@%@%@‘ cgaﬁcluded that the susceptibility ot

O

tag@\?ﬂ;\hqe authorso»a‘ios Y Qi@%cod\%q%ﬁe environmental impact of bumble bee

qéﬁ%@‘ﬁ’ losses “dﬁcgq\‘eﬁt%i@‘ﬁlgﬁreds of workers that would not be pro-

\

Mega,@fi Melisg@@e@,‘?%ﬁlmhidium, and Agapostemon |18]. Experimental
_ QO . . ,
bees were exp(:@@%bfb dry DDT residues on screens which had been previ-
ously immersed:in a DDT solution at different concentrations. The com-
parison \é(@ﬂ honey bees showed that solitary bees were more resistant
than /%Q)S mellifera at the same concentration and exposure duration. It

wasggﬂ?so found that females were more resistant than males. The other
article by US authors [17] described an experimental procedure to evalu-
ate the hazards to N. melanderi of a DDT spray on an alfalfa field in
bloom. DDT was applied before the bees started foraging. Before and
after the spray, the bee density on flowers was assessed by sweeping altalta
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plants with a net. Pollen loads were also collected from female hind legsto 4
measure the rate of exposed insects. Since this species lives in aggregations |
close to cultivated alfalfa, dead bees could be counted at the nesting site as
well as the number of active nests. Despite the inaccuracy of the me{g\b\%d
and the absence of statistical interpretation, the results evidenced ¥ mod-

" - O o
erate repellency for a few hours and a toxicity of the residues es &ted at o

15 percent of nests becoming inactive. ,&0’&0 Ko
The first calculation of LD, was published 1n 1963 [19]@1&@@%1116@@&%0

authors used leafcutting bees as test insects. ‘They apﬁl\(@ g\i&cetog@&b -
tions of various compounds on the abdomen of anesthgtized bees. Fhey
found that M. rotundata was more susceptible to @%@@%f&@e&@s@ﬁ' pesti- \&\@{*‘; _ O{\"
cides than honey bees, and less susceptible @‘tw@ @f et;l‘i\%m&including@‘" o

o Vo O

carbaryl. BN OIS 3 H S
The earliest research using biochemig&‘i\\ @%%g}‘q%&% for studyi i QN

toxic action of insecticides was present@én\;@& hD <b‘he§\i§ein 1972 {20 «lhe S " &

: NIRANER . 0 NP

author estimated the effect of drugs @%@@S@@%@wgmt plpelbﬁll\&{'},% kﬁ}%g\}s .\5}\2 _

ide on the insecticide action of cagdi:ry‘a b&L%&ﬁs@ang in vit @ﬁh@n@(@foa@-\(\e‘ 1

Coe WY1 ok {%1 . ?1 XN g

mal enzyme activity in M. roﬂg@@c@. {-@I\é ounddrug abigxﬁ to Q/@hl})@%

this activity up to 4-5 times and gtduted’bee lipidicortert by

percent. At the same tim¢ two ofhes”Amierican scientis %ﬁ “conipared

the effect of trichlorfoa’ as ‘@@‘rtxdblaﬁ%lothion (3:;9 BQ&%Q%Q{‘&? gﬁx@ﬁterase In

: Xy (O O 9 o\ QW oy e

the leafcutting bee @«ﬁdéth@gdﬁpg\éy bee. In th @‘31{ r \%eo@ enzyme inhibi-

tion was strong@@\&d&&@ﬁg\@o&&@n, and M%&\\?éagﬁ Ogifeg&?hion enzyme

recovered 1O(J};ﬁqn@?e§¢%%{@@‘“ ngﬁlication. Q@lgaﬁgg@ig@e%@me activity were
similar 1n M@‘ro@QR@@?t%é%§A%. mellifegc\\\ X 0\\° O ,&\S\Q}

In 1975 the" first eftimation of the’impagt ofndhsecticide applied
n 1975 the first estimation of the’impagt ‘of andnsecticide applied on a
Q &g : QO ﬁ ) : :

large 65@36@\)& gﬂhﬁhed [22](}5,?h@0>al<1¢ QF compared the diversity and

ab.ggfd@%g&b&@@a@e pollina&ér%&gf& a\(&%@(ﬁ lowbush blueberries 1n a

g@qﬁ\} ar \% In area s\:@@f‘g%ﬁﬁll\b&?egﬁ}With fenitrothion sprayed on

.\&efgm‘ests {Q(Qf‘\ 6&\/\/ Brurg@%ic&? ‘P\o%lfﬁag\f;?s were mainly Bombus spp.,

o &y)ilndre@ﬁd\@@, and Hcy@?%r'

.::':&
-\.'II 2.
....:-;:'--
. E‘i\i .
]
) .,

te oDaga gt the population census were inter-

Oile) AN 556 - - -

O prel dhrough stafists k&n%«l\y\s\{e\-@whwh evidenced that the lowest diver-
gi?e\y g%%d abundam%%cl’nd@k@&%so‘i,ﬁ areas close to treated forests. Moreover,

\

Qe@cé@\casses foigﬁ%d% theg\é\zgs@as showed the highest residue rates. Both
Ov;\@‘ Fesults cogch orated. ghe@gi%p failures reported by blueberry growers of the
\C

\ provil}\q\éz &\QOQ\Q@Q

If we conside@“@a‘t insecticide repellency, mentioned 1n early studies, 1S
not a typical&@\\ mglethal effect, the first report of a consequence ot low
doses of i@&:‘cticide on non-Apis bees appeared in 1981 [23]. The authors,
compaléﬁ%eg two pyrethroids and organophosphates on the leafcutting bee
In l%b‘t()’ratory tests, found that a high percentage of comatose bees recov-
ered. This was observed only with the pyrethroids fenvalerate and
decamethrin (deltamethrin) which caused a strong “knock-down” effect
within the first hour after application.

The earliest study on the possible effects of systemic compounds on
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wild bees appeared in 1972 [24]. The American scientists tested
the hazards of soil application of insecticide solutions of aldicarb,

oxydemeton-methyl, and metasystox. They used sweet clover plants cult\i\w
ated in pots and visited by M. rotundata and found no mortality at thg@"ec— &

N\
ommended dosages, while the application of 10 times the reco ended | 0)40
dose of aldicarb resulted in significant mortality of females, rey {gg thag&o\{\

some active substance was transferred to the nectar. < @C‘\ N
The first test of an insect growth regulator (IGR) on&@QIJQ@*B—Api@&%@@Q

was presented during a symposium in 1993 [25]. Th@x‘?as\u\ﬂ%’&ors %bga{(&v%d
adult mortality and brood development in bumbleeﬁego\eoloni@&‘ é | ter-

restris) maintained in cages. Forage plants wer@'\%@é‘teﬁe‘.\d\hﬁgn@mactivity \&\@@ o&
hours with the IGR fenoxycarb. It was conclgﬁa@&h@ﬁ lgvée (\L@R did nog™ o

present a negative action on adult bumble bees %@@% gfi%éoa‘)lg(ﬁfal test h%@?i)o@%' NS
. PO

\
be developed for an adequate assessmen&@% I&Z@ Qé\é)\cbd\rg@&tality. S8 4@ .\550 N
O A\ ¢ (\‘;0 O ;\'\(\s\ ,&\\‘ K O K N\
MRV 20K NN 0 :
. QQ Q (:&\) QQS (Q@ Q,(\ O(Q \"3 O‘\ g Q \}CDQ/ | 8}\\,‘9
Survey of testing methods © N & 600} & e@b & @ 0@ K\
SERINN \4 SRR MR Q
Among the various testing mgtﬁgggﬂé\g&ec@ﬁ%%do%y autho,&gs\,\‘\agd@{g@i ftnber
. . . .0, . X :
was aimed at measuring %&‘r&@ﬁ‘%@o{a@ég g@‘l standard(&%dg\“f}a r%@br&w On-

ditions. Some procedurs '%bgﬁhi@gd@@ﬁe@cél_culatioqﬁ% Qﬁ% &0®\®%fq e LCs,
of compounds throg@h C;&Qo%@,%c@\%r@&\f’eedmg @s%g@‘%\@éy @@u@ﬁhed data
enabling comparise %@qé}} egh%gé" te'j\)?lcity of %giﬁdo;@so %@f\g@\%n non-Apis
bees and betwee@n\%@he b addﬁ\ non-Apis 5@%%. Y 0@\66‘0@

Other kin@@) qb‘\te\gqi%“\@@r@e‘%erforme@ﬁ%gé\ c{\a"ée@&tu&@}el, or greenhouse
and their obj Q&&{@@Q%@\%eg\ﬁ% aSSess gl@%\\\%@ni@lq‘}i\lo@ﬁc%%f sprays or residues
on bees€x %g@\tg&ooga\‘f)\ounds ind&h%@é’ ﬁl%g'ﬁss@dardized conditions. In
thesgdests, Qg\i“elé)t?st\goaid not e)(p%?ct{\?b ésegom?a e'the reaction of an insect to

NI M A N O & \g\ 1 .
aé@e%s\h@ %WD%@hce mtal%@%néﬁe tdygeto assess risk in practice. The
| gﬁ% ghoe\@: gsures 1s to ensure the permanent

¢
’&.\go{{\h@&posu{(@*\gg he inse&Q%‘ol:\,@@t&t‘ﬁ%ob&gégq’gterpart is an overestimate of the
" Ohazards. O Q@ @0 &Q‘ \&\Q/

>\\

\‘9
QQ’

| &ﬁei‘le@b%hird kin@&f}of(c@‘g\sg@"s%@n{@\%as hazard testing conducted in the field

Q@t@g\@r by using@ﬁggﬁ'esﬁ)c@%d f0on-Apis bees maintained in artificial domi-

gu"ioes or by@ﬁ%gﬁitormg\‘;‘h five populations in their natural habitat. The

AR : : : : : :
.&,\\e \ drawbac&c(f\_})f these 1{@@’[ s is that standardization is not possible since the

expos@&"e of exp@ﬁ*g\@ﬁtal insects to test compounds is not controlled. In

the case of nat@ifo%\population monitoring, the main difficulty is the inter-

pretation ofy g&s‘ﬁ due to the number of factors involved in population
changes g&}\}‘ing seasons and years.

Thgcﬁrst category will be referred below to as “laboratory tests,” the
second as “semi-field tests,” and the third as “field tests.”
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Laboratory tests

Median lethal dose assessment ~
o~ ¥
Laboratory procedures for estimating LDy, were first applie@d‘t\o M. rotu-

data and N. melanderi in the USA because of their commg@@gl Imporgance
in areas where alfalfa seed was produced. The detailed d@é%lggrg‘tion opical

. . 0 P\
tests among the early articles [26] indicated that tes&o}ea‘&qﬁttm@@%@@ were
obtained from incubated cells and then immobilizqdoag&?\boC. ;Eﬁeoé?eatment

was a drop of 1.7ul applied to the thoracic sg@?\ﬁﬁowitho@e%&}o-injectgs‘?’
Twenty leafcutting bees were necessary {c&& g@% \eﬁog@hg@&nortahty &t%st. {\&?
After treatment, bees were placed 1nto s%e‘%%@ﬂ g@{%@%ﬁ&gﬁl feeders %&%tain— .

&
ing a 20 percent honey solution. Theéb%égé% ‘w@rgﬁr@@ntained %(@@1.\@11(:1‘0—0@6 oL
biotron illuminated at 27°C. Morta&ﬁ%@@ag&g’%@?d@@ every 2{{(@}1 drs for & o\&\

| © Q1> 6T
days following the treatment. ThecL \%ga‘?s @\ﬁefa{tiﬁshed at @\%g&ﬁs for;\ﬁé\ao---{&‘9

cutting bees but at 48 hours ‘OA@%@X%I deri‘Other sci is&y\, (o cgto d
the intrinsic susceptibility éﬁos&@‘ﬁ%@%qgéég&é\ed simi%@ero T\éﬁ:%m(é\p&@s\} @l‘]ﬁr
adopted variations such@@@ té@'é\ n@@ugt?o@?\to 43 hoqr\éx‘ %5%}1@\08{@%@@‘3 of the
mortality check 1n 16@"&1@?1&)@@3@6‘\% . This dugcé?i@f @8{3@8%@\8 24 hours
for N. melanderi a@%?@@o rotundat28]. Theg@(\a@ﬁﬁg&g\wﬁ%c&@ix concentra-

¢

tions of the teg&‘:&%{&ﬁgﬁ@gbﬁ%&%etween e;[h‘\e ﬂlﬁ%i@ gﬂ(}g@%xpected value,
and their data \éf@cr’e@%n@zl%zg@ with th@o‘f’)r\@ﬁg\&n@s@\method. A device
designed for adt 6t ‘thedluremen & mption of pesticide solu-
gned {or gOCLERTETTEH yof ghte congfmption of pes u
tions b&oﬁr@%gé\s t%iQQQOWaS desc@bg@lgﬁ@@ [%@] but 1t seems 1t was not
usedéiﬁ'l @wﬁggﬁe@b\y\gﬁler authgﬁQ\&d‘Po\\@‘s\tg@?l’gb@d the oral LD, of aldicarb
igw wielander apd M mm;&da@sw%q?%\@q\%@ simple feeding system [30].
60(0 (@‘he@ﬁr‘xﬂ @gproach tg@tli\@igg\ g@ht@contaot toxicity of pesticides to
| 0)@(\ &\bﬁ%&‘f@‘boé ‘'was derg@dd&fi’ogﬁlg&()naﬁqﬁod described for honey bees [31].
Q (Qe‘\ A\f\te@\ gap of 29 X\\@rggj\%’ ct@%agilgd\sﬁgethod to determine acute contact and
o a‘\?)@?icity in Qﬂh@% kl@%%(%\v%@\opresented in a symposium |[32] and com-
AQﬁl@e&}d later [g@]) {Eﬁr @ﬁ%ﬁ&)r{\tﬁct test the authors recommended collecting
" ngorkers o(ﬁ)ﬁ\f@%@‘ﬁg\é a@mﬁ age then using five concentrations per repli-
\o\o@ cate anqspegﬁﬁ\rmﬁ;\log&‘%\g@\replicates. The 1-pl drop of pesticide solution 1n

R & acet%@,@ v@(s) deg@&t{;@ﬁ on the ventral part of the thorax and the mortality

\

N . : ..
reg&fdeﬁ eVery: f@ﬁ‘ours for 3 days. A negative control with acetone and a

/\\(pgsitive og@ﬁviﬂ% either dimethoate or parathion were also recommended.

The megh\%c\i‘é\t&\or oral toxicity derived from the European guidelines for

honey@)e{&c was modified in order to be adapted to bumble bees which

hax&é\‘no“ﬁtrophallaxis. The principle of the test was to cage individually 30

e@ﬁ“mble bees per concentration, maintained in the dark at 25°C. The test
QOﬂ\‘°subst:«3mc<—:: was dissolved 1n a sucrose solution and the mean weight of the
bees determined. Mortality checks and controls were similar to those of
the contact test. Some variations in these guidelines appeared 1n other art-

icles [33], in particular the use of water as solvent and the duration of 10
days tor mortality recording.
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The LD,, of several compounds was established in the social bee
Trigona spinipes using a topical test protocol similar to the one for bumble

bees [34].

Tests on residues N
RN

have been used to test pesticide toxicity comparatively. I&l@%

isons of the susceptibility of bumble bees, solitary bees&\é?nogm}lone Qbe§§° to
DDT were performed in cages with glass or scrg@ﬁee \w(\alls @re@xf’ously

sprayed or immersed and dried [16, 18]. A stand&@iﬁﬁ{g‘é\d@ﬁ% thod
posed to test pesticide etfects on M. romndara@qussigﬁQg.\@lt\%t@p@ﬁers soake

in test solutions, dried, and placed on the l{)\oﬁtt%@ﬁo\{@f sgféﬁ’ad*%d boxes @@%@\@

taining 15 individuals which emerged \Xiﬁli@)@(\ 5 c@@l}%@ﬁ”he box@xs‘((\v\g@?e

kept at 27°C under constant light. No %9%\(}@\%&%@@‘-@?’ 1ed and mo@éﬁé@'\ was
recorded every 1 or 2 hours tor 1 day? Qé‘nté@%l\@%)@% were usgﬂ‘\ Lor testing

\ .
the effect of sprays. In this case, g&%e\{{@t\wz@%e@@% %1‘[, 1eafc%@%n\g\%%@‘s g@\rq@

introduced‘into clean boxgs a]%)d0 Rga‘cg(@i&@}@g ardized @b“%cd@%@ﬁé\&[&gé\oﬁl

further articles [23, 36} 1%@2{1}@&%{{@@@3%&&1& ead&&ﬁlt&} 0@@%@ should

absorb the amount of %g%\hgi‘@‘n‘é@ﬁggé\s%@‘ﬁding to_ eQﬁ%\\\l@y‘rg@%%gﬁgended

dosage. AR LAIONIP o) O &t

Several Canadi@ﬁSa> g}é ﬁaﬁ@é‘%@ﬁoscientis@%@&% ovc‘ft():@é\g laboratory
. . N\ Qo W& (&7 G\

bioassays for riskassess g}%gb%n IlOIl—Ag@S. bees were! cxposed to treated

plants. In thebégr@sg@%%df’esﬁoliage W Q‘S%ﬁ\%@ﬁ éﬁ‘%l@\%lfalfa plots previ-

ously treat%é“ W% bﬁge @t@sto‘ﬁ%secticid ﬁlg@)l@e \(‘bﬁ @&Qges where 10 leatcut-
. X R\ N .

ting beeso%{\wbﬁeowc@z could “@%&aﬁl feed oif 'a sugar solution. They

recorgéo%gﬁ%gﬁa}\ggﬁ 3\5&*\%1‘ 24 or @@%@ﬁrg&[ g«,@ and tested various ages of

resd u@L @%%@b}é@‘h the RT, 29, é@%t@&o t gggldual time required to obtain

@@ﬁ\%égqe@mort\@ﬁtg{%@f 25 perc&ﬁ% @ﬁe\r}g{\eﬁt\gxposure to field-weathered spray
O This megw%)

&o\c; Ry : Q&/@%&@\%’I{d@d to the bumble bees B. cerntralis
(Qe‘\ Q and B rufocinctus ‘a\@iﬁ&@ ‘13:81?1‘@9* 1l@egés 140]. In further research on field-
O we@@lg@%d residual’ %@Q&%@owg@, the authors, who followed the main

g@%@qmes, sta{i‘cf%gd’izé@ .@ﬁ&e djriethod. They sampled the upper 15-cm
Qe@pgé}}[ion of teigﬁ%}ants a%dépcy,@\ed about 500 cm? of foliage in screened cages

| g A5cm lo%go%ith plag@i‘b g@[ri dishes as top and bottom. Twelve to 30 test
v bees were introdm@d@ﬁto each cage maintained at 26-29°C. Mortality was
recorded after Q\?lg\h%urs and each treatment was replicated four times
[41-43]. A Ca?\l\gg&\an scientist used a “tube chamber” constructed of clear
plastic shz@\\}‘s forming a tube 14.5c¢cm 1 diameter and 49cm high. This

exposupe’ chamber was separated by a screen partition into a top and a
S . . .

bottgm section to test vapor and residue hazards, respectively. Potted test

plants were sprayed at the field rate then dried and moved to a climate

room at 238°C and a 16 L:8 D photoperiod. A tube chamber was positioned

over each plant and 10 test bees were introduced into each of the sections.
Mortality was recorded after 24 hours [44].

\ N
Even when no LD, was calculated, other kinds ot laboratonff Qzéocedugé% (\6@'

,&ﬁ?st CO 5@1?%50@

e (leg dowas pr O&Q\&\‘

0O O
I\
(\0)
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Tests on sublethal effects

Laboratory tests were used to assess the etfects of low doses or concentra-
tions on bumble bees. To estimate whether a 0.01-0.02 ug topical apgtl}?ca-
tion of deltamethrin affected the longevity of bumble bees, 32 wogbg\rs per O

treatment were kept in disposable boxes each containing eight gnsects{é\@

SN : . - 2
maintained in the dark at 20°C. Mortality was recorded daﬂg&[ﬁi\]\‘A mgf% 2

recent article reported on a feeding test conducted on .q@egﬁ‘ eSS n;d?q&@&\
. . 2 g
colonies of three workers of B. terrestris to study sub{@%&i‘effec&s%&@%w

concentrations of imidacloprid in the food on WOII@}Q%\ﬁ'S\ViVaI@@TQ@% size O]
. e

& :

and larval development [46]. N @\@ & o \@0 &
o O & & & O & &
Testing insect growth regulators o @(\60 NONR &é‘ ((\0‘ QO(& o o©
. NI AT SRR O
Queen right B. terrestris colonies Wegebb@%\goi% ,\tﬁ% laboratory ﬁb‘\r@éstmg g
the toxicity of [GRs on brood whegtheSufstarie was ingest Ryt A |
e toxicity o s on brood whemtne: e‘@% \%&C%ewa ingested &

day during the week betore e 24- S%f& 'ﬁ% period @@eg&\? chegt 5
weeks [47]. A standardiz(@ﬁ&ka?%%g%@? \0‘«@35 descri(‘@é&gi QQ@ea@ot@ S

hazards to B. terrestris § 0@90%@3@5?@ with 10 )@Ug@ g@@vg@%a&‘ﬁ had to
be placed in small r@a"%@@g\ ‘lgp&g@@%g °C and §9° e?%@\nte{él%@@%hey were
attributed to grou&%g&‘ﬁg&% Qg‘hrs’@s‘\workers @iﬁ@@g @@}tg@l@%se syrup and
pollen dough. é@t 6@3&8@@&0&61‘3 \Qeéfer}eg\\ﬁ%@&%gﬂ’ 3&8 the brood was

reared untilthe etdutts @ﬁ‘i@ﬁed. The t@@% s seféngégh@ﬁ to be dissolved in
the food@k%i@f c})&gﬁ%\e&{%st grougg&%@ﬁ\ﬁ%@@sg,&ﬁewas to be applied to

\
larvae of ci'd}‘? rent@ees. For eachilaryal o\é\% seach test substance three
©f differeniag hrtagral gecang

for 24 hours. The technique prg&{b\%@& g@se}tﬁ’l E\@lﬁ%tograpl%&?e (@\f o %vbe&\w\
€0 1

oL Q 0 AL © X,
T egg\&% %{&é&l&%\@\ (%{\ é{\&@% cSsary [ Q@?&Q &\q‘é\?}\&b\O‘ Q\)@e(\
é\O) Q/(\& ° 0\6\0)0)(0@ < 'Q/C& o X

3 SRS
RS 0

& \ . 5
_ st ¢ AN
Semicfigldgoses o ©0 S

W) QN .
Allqﬂ%e;s@ tests wgq;%& @%@@ég@ﬁo @Q}ﬁeld or greenhouse cages and also in

\ \ : . : ..
g\?%eeﬁﬁouse cor&ﬁa{@m@%tsgm.%@gunder nearly natural climatic conditions

&@\age}? perman&efnot O@‘kp&%t{é@ &%metimes, parallel experiments were con-

Q«@ucﬁted in\}@c\@ﬁ ousg\sgrgvgpﬂ\in field cages to determine whether both situ-

ations gave similar gesults.
. i

'\\\\6 \\90 \{\@Q
P (X

Q" N
Greenhousg\\\&gg& and compartments

Pottecg@ \elilotus alba was often used as a test plant in greenhouses
beca;e&e of its abundant flowering. The effects of three systemic com-
p@?fnds were estimated by applying converted field dosage to sweetclover
testing pots placed in cages. Ten leafcutting bee were introduced 1nto each
cage and mortality was recorded every day [24]. The relative repellent
effect of two pyrethroids on nesting leafcutting bee females was assessed
in greenhouse compartments where treated and control sweetclover plants
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were placed together [23]. The sublethal effect of low doses of
deltamethrin on the fecundity of females was studied by using marked
leafcutting bees nesting in the same compartment and foraging SWOQQ?.—
clover [27]. Comparison of the effect of imidacloprid seed dressing oqﬁ the
visiting rate of sunflower heads by bumble bees (B. terrestris) (@Qas. per- .
formed by cultivating treated and control potted suntlower in& g@@co&?z%part@‘0

ment [49]. For studying the effects of IGRs on bumble bee ]@&Pv%«@f Tor%é,%%@@@'

[50] suggested rearing in greenhouse compartments qu.eQ@ﬁ\ \{@g}lt c?g@‘%iﬁ
, o
1

of B. terrestris with 30 marked workers each and a&iﬁgﬁar a@%ugﬁ‘ of

6.
&
brood. The entrance of the hives should be equip{&e@“w' A de(égi %@é@e and @06
\

larvae trap. A picture of the brood should be takensbeforeand‘after the &

test period [50]. Results on IGR effects on Q‘\“‘%e £05 %’Oﬁg{&\*obtainedg- %@‘9'
\

5 X 3m greenhouse cubicles where tomato 84%&1{\60 ad bgen treated |5 3 &
S AACIN RO
S @ o RO NG

For testing residues, 6 X 6m al a\dieeld‘&o)\l@{)[%{?\%vere covg‘g‘%d{?\\&. (.cca@g N
each containing 50 females gnﬁ%@qé 0(?}%6 £ . X Il
?eleased a weelf: afteI: app&@?ﬁ&ﬁm 6\1&1@& f@ﬁ%ales Wer@\\%g&m;&@ﬁ g}y g min-
ing the straws in Whlchs&%g,%qs%&ﬁoa@ larval mémg% a y\\@%g&asg@ssed by
splitting the straws b{@%g&w@@%@@}g@‘\ nesting cﬁa Q‘c&@p&@te@&ﬁﬂ. The
effects of a systemic @%q\b@a@%g@\dressin 529% eﬁaﬁé oft gq‘gfcutting bee
mortality were \g&@o&\s%‘ug&gd@ﬁ ﬁgabges covert g@%@&%r@? l@\?s. M. rotundata
could nest im&%%@V@@Q@efa@ﬁnated %ﬁ‘rd&v\lg@msﬁaﬁ% :d shelters. These
devices eq\a@@&c@? g@‘tr@«% ion and g@%igﬁ\e \&@ﬁ%@%f provisions [53-55].
Similar e&}%@ 1151@1165@\2\16‘?6 conduq@\d&iﬁ @l@a ) Q@?ds, using cages ranging
fromQ&Q(g \}k@ \Qp\ﬁ)@p Q\&\6m and @a%@h&&g&%l‘(ﬁﬁg bee densities 1n relation
toé{dfre @ﬁl(g@?r\l)\g@f (f@?a oe [3004&Q]..\@é Koy &
o (l;«l%eld ca\géséw%re also use $0 6§t{(<b?e,¢©°ffects of sprays on bees. For this
, Ve 2 gz@ (\L@OS ﬂn@&a@ﬁ in screened tunnels 17 X 6 m, parti-
tiq@%dﬁi’lto three(\cé“e\c)‘(t\?Og@\g\h%r@@g‘inapis alba was grown as a test plant.
ﬁﬂgﬁ%ray wa "ﬁp@@hedegﬁQg;\the foraging period. A field cage method

O g C . . . .
O 6@?rpoi%{@-\1®§}er et al. 5ﬁf]g.g‘ép@ﬁe@\’a K&Smparatlve trial with three replica-
tions wWhefe M. rotya

( MY . . .
.Q/AQ’ gﬁé‘s present\gﬁ for testing {c,é?R eftects on B. terrestris, using Phacelia as a

‘test plagt@h 3 X 4m0,§ﬁ‘ @é° [48]. Before introduction into the test cage and
IGR a@fj’lication,\o\&s&?@ lonies containing 50-70 workers were attributed
standardized egg°\%@ﬁs and brood with larvae of known age ranging from 1
to 6 days. T&j@(\c‘@”ge period lasted 2-3 weeks, then colonies were returned
\ .
to the latz)@x?atory until adult emergence [48].
Smalfer removable screened cages containing test bees were used for a

standardized exposure to experimental sprays on alfalfa [19] or fenitroth-
lon aerial spray for forest protection [57]. The first authors removed the
cages after the spray and placed them in a holding room where bees could
teed on a sucrose solution and they assessed the 24-hour mortality. The
other authors used 5X7.5X3.5cm individual screened compartments
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where bumble bee queens WeEIC ‘1troduced before the spray and fed twice
daily. The caged queens Werc left in place for 4 hours following the treat-
ment. before being moved tO the laboratory for a 7-day observation
period. “Krome-Kote" cards placed adjacent 10 boxes enabled %L\Qg’ood
~stimate of exposure by counting the insecticide droplets on 3 >éol<?:m3 per of

Field tests ;&\0)

Tests with leafcutting bees

.. N O i) N
A few articles have reported on field tests O Qj&? Jotyrigia usng shelteresa\\ih

- O
?;?535011613%& In‘ the egrhest one tk&@o&%@‘ﬁ%@ @i’a\% two s&\]ae‘lt\%ys
cm) in two distant parts @f\,ae op é{ﬂi‘\fn Jong and 4‘@@1 wide. 0
One half of the field was sprayed with wi%gy%tg%@&nd half with tfichlora® <
fon during a calm evening. Shelte@‘ w&%&%&gﬁlq\dowith boa{g@ﬁ @fﬁl@d v@%EI*),\c,O
O % : Q w O NN
hundreds of holes each accomm gﬁ%&a}é%@ soda Stray s.\(@f‘.% f@ﬁl 10 %k@’
meter and 6.5cm long wheg)@&f% (\%ﬁﬁng\‘b\%@% were ne%ﬁl%@ﬁ 1£@ Q@\S(}Lszﬁ%re
marked and monitored i each fie dq@(\%f@}e and aftgg‘otlil&tr@%tgm@n\b\%traws

SOOI ROSE Q % Q‘ W a N
were extracted and %@ﬁnuﬁeg@\ato{ﬁ%}l@ When th¢ negsting B@ﬁ%@bwas com-
pleted, boards w%g@"r ‘rgéd(\‘&% giﬁe 1ab0rat(8:§ @Qﬁgﬁ% ‘ﬁ&%@month, then
straws containig® tg@éolg@h%* &d nésts were %ﬁlQa\g\G’ﬁ é@‘% g@%onths prior to
an incubaticgq\%gﬁogo%f\ O@é\ys at 26"”,\@6 \&y\eueﬁlg&%%@ﬂgn was completed,
marked Q@\,gt%gﬁ/es@\dég*g%@‘%d to rec$pﬁ 1@%@%@23}@3; [58]. Later authors
NIENER S Q .
also cqﬁlgoa,@‘lngp(twd cgbﬁﬁpounds %&é Q{P@Q\S?fc&gﬁlg rays on six alfalfa plots
PP N > ‘:BQ . (O \ﬁ X

rang@%g« I ?@f) to 600 m”, g@c}& e&ng?\a;? east 300m away from others.
(\@f\o \}@ﬁeclg,‘pél%ﬁ?l@? placed e@&n@@ Q@STQ it

g grg@bee shelter where 114 to 2357

@0)@ fgﬂ’l@éﬁ& \gs)‘é\%gaﬁ&shed theigx@nqs‘t%o'gﬁeg&%wrene srooved boards 4cm deep.
were counte\d‘oség;&%{ cgbﬁ),r&@ﬁl%d@efore they began to fly. Treatments

O ] ‘}oﬁgiﬁ%ﬁ %@%gg\%vhen the number of females in nesting
& (O ui}lQeTs had be@ﬁ s@@m@‘%@ consecutive days. Two plots were used as

0
Q
,&ﬁ\%@%‘trol, twooxi%%w‘ s&@}a&e eoﬁth phosalone, and two with deltamethrin.

& @o\?%emale ngﬁﬁtb@%s W’é&@‘\a%gé\ssed seven times during the 3 weeks following
e%he eggﬁgg\(ﬁe of foragers was estimated by analyzing pollen

, 0;\\@ ¢ Samcp‘k\%s from bgoodacells provisioned by female bees at 1— 1 and £+ 1. At

| OaPONN .
t@é‘ end of ﬂ%gﬁ% gﬁ%ﬂwty nesting boards were moved to the laboratory and
left until the larval development was completed. Then cells were extracted

and samﬁlg@%f 600—800 cells per treatment wWere incubated after a 2-month
hib%&ﬁ\étion. When adult emergence was finished, closed cells were opened
tg’examine their content [39]. In another experiment conducted with

Qo . .
cosimilar lay-out and material, the authors used coded colored marks on

every leaf plug as soon as a nest was completed to assess the larval mortal-

ity in relation to the date of cell provisioning. Samples of plug leaves,
pollen provisions, and hive larvae enabled residue analysis for the two com-
pounds tested, alphamethrin and phosalone [36].
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Tralomethrin was tested for bee hazard 1n alfalfa fields pollinated by
leafcutting bees and treated by airplane or helicopter. In a first test, the
authors observed the fate of females nesting in shelters placed in separ\g@'
plots of a large field, which received applications at ditferent rates &n\(}the &
evening. In a second test they preterred to use separate fields to g@mpare O
the effects of treatments. Evaluation of hazards were dong” pread\(0
application and post-application records of the number of aﬁg@Q emales e(\b@'
per 5-second scan per nesting unit. This count was replicatg)& \%@time%@f

] , C L. N
number of females in 13 nest tunnels was also assessed ‘@Jos{%phca@ng\} at O

6(2’

night before the application and 2 days after the app @\%@o\l <[281\$O(\$e& y (Qe‘\
@6@\\\@&&@2@\\1\6‘“}06@ &&’\‘

Tests with bumble bees e@(\\z X @s‘é ((;.\&\\(\O \}b&& 0’.&\00(,&9. <

For studying the possible effect of a syste@%og&os@ﬁ;&f@%uﬁﬂower sg@ﬁ%&&? ,&\66.{@

homing behavior and nest developm&iﬁ \)@’f v @Pr@?ris, 20) cq}bni@% Of @0\\&50\

approximately 50 individuals Were&oﬁr\@p\a&@ﬁ Q\gi‘he%@ﬁll the Wﬁ(@f’so Q/@‘%I@b" R
marked on the thorax the day thqy\"%&%&lg&d&ﬁ fields, i.s@@eag\&t%\@(\ﬁg@%a\(@
ning ot flowering. Ten colonie&@(\ 60@1%@@%@8 a large&cﬁ‘r ﬁ@eﬁ%@.wﬁ-
rounded by more than 400@@&‘%}'@@%@3@%0\&1@1‘. T&q@y\gﬁ%gpﬂ@%%whies
were 1n a control field, 2(()&' ‘ Q@@i@{ﬁ large nontrg@ff\egb‘zo@é.é\ﬁ%(g&ure to
residues in sunflower @e%tgi&agﬂ E@ﬁgn‘\vas estir{)néte\@‘%g(oﬁigﬁtigy‘fng pollen
. . { ' 3 SR
grains carried by a “@9 Lof Q@k@é@é\r and po]&‘@n@@ﬁt&@\rqﬁ(\ calfected at the
hive entrance. After @ -@Bygﬁ%l@%eriod, t '@%Qﬂli\@s @r@ﬁq’emoved to the
\O A SN O @ .
laboratory aftey sgaﬁs\@...aﬁ‘leg@ recelved\\qﬁe@h\%@f @%Q&lntﬂ new queens
emerged, tl@éﬁ%@ﬁ%lskgegogo unmar]goﬁ \@t‘ot}&n{s\ﬂ\%@fé counted [49]. An
attempt to'e blg@f?ho@‘ost@hdardize%ﬁe{@?%@ IGRs was not satistactory.
The abﬁ:‘fl(gf‘% gfﬁcgﬁ sig small col@ﬁigé\%@@ Oﬂ&(@@é\rris (less than 50 workers)
(\ Q‘ﬁ qg T & 1x X W
neag”a 2400ms l&@%elm plo xﬁn@c’\agpﬁe(@ \@ﬂ‘umuron 3 days after colony
.S N 0O \0}‘ . : g :
28 ke the Qﬁ%& density on 5 X 1 m-” spots, the flight
\so{z:}\@ﬁvity Q@‘\ LG min eve@?‘ﬁ@@agﬁg&hiyé entrance, the origin of the pollen
ollectéd by the wor\l@%&,ﬁqd\oéll@élaqwg’al mortality by counting dead larvae
insi&h@‘@\ﬁqd outsid%oﬁlg@\o @%XO@U,Q@%ISO by counting the number of larvae,
&g"é(\géqqfs, and cQ'éz)(&@g fr@rg@1g\ﬁres taken every day. Counting dead larvae
Q%@@ almost Qﬂﬁ%@@sible @ﬁd\;’,\ﬂle authors suggested that a special trap to
" ASsess lar\é@l*\\loss sho%hﬁ‘l%@devised. Data interpretation was difficult due to

the kin@'\%f colony\od&g\@dgpment which is unpredictable in bumble bees [60].
(\*\Q\}\\O&
L O . .

Momform{g;\&\@pzﬁatzons of native non-Apis bees

The im‘@a%et of chemical control of North American forest moths is of great
concern for scientists and fruit growers close to treated areas and various
methods have been used to assess the consequences of aerial sprays on
native polliators. Short-term effects were studied by observing 25 “sight
units,” each unit being a small blooming plot of about 0.8m?. The 25 units
were on the same plant species. Each sighting conducted on warm hours of
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the day lasted 10s. Weekly observations preceded and followed closely pes-
ticide applications [61]. A quite different method was described for assessing
bumble bee density. Twenty line transects Were selected along roa\@@ides.

-

All these sample areas were classified in categories related to thg& “spray

history.” Each site was visited at least once by an observer wall%i@

stant pace. The caste, s€X, and species of bumble bee We%@?%mrded and

divided by the forage quantity in each transect thus %@iqgé\a “"b%;é?s per
forage-mile” estimate. 1he forage quantity was calcu te ,&b‘g? me @gﬂ\the

length of each stand of the dominant visited plants{@ﬁ 0 am];g@,h%@%gﬂd bee

g at a con

b@
0(\

. . : : : o
population with a net was used for assessing th@*%rrépoct. of fenitrothion o &

blueberry pollinators. One hundred sweeps Wg %\g&‘k@@l
blueberry crops, during the warmest hours of

N\
QE©

‘ . ' 2 . Q -
Comparative toxicity and haza{Od% {Qﬂ\%’g;@?ﬁg:ﬁ“%&to non-wg&@. & 6

bees QQO) @(’}\}e QSQ/ e (\AO O o &
S

. PR RN

Acute and ch toxicity® ¢ &
cute and chronic tox1 &10)@(2@@ i & o &o‘\\ o
Data on acute toxicf@O%Q}&e éh@e§$\éq@ered In 'li‘) e 7.1
shows that the meé@@%(léstha% %&e@ \DSO) in t(l)g\é(\ %@(f\égcftol\ ~t)ge(\vs:lried from
0.0003 to 30 Mg/@‘@e‘&%g@ﬁ(g@ gﬂ the test @bg@&%@*@&? . For M. rotun-

data the most toit idSecticides in topigal (ests were malathion and dicro-
3 9 %6}, Q&\n@@%nderi’ was also most

2

tophos, wher a5 the 1@%%@%5 carbaryb | L

suscep,giﬁ(i’e(\‘é%%@x@r@&g@h%s but le%\@u%;%\@%l%& X yronil than M. rotundata
'@fﬁl{&ﬁ t@o\mcity was gtfe @‘E}{&\S & BYspinipes while that of car-

Q@l‘yk@if@&\t (@@O\@%St [34]. Tgn? lgxﬁ%&gﬁ%&’p@ﬁe species to carbaryl was M.

\

@(\59@5&%6%@1“(1\(&1%@@%6 mosthdé.}’ ,g)tﬁ)%@y‘es\oﬁ&i&b“a ratio of about 41 [19, 34|, the

. @{&on@y\) ooé\\@qeing intergﬁcnl\ié‘teGﬁQ}ﬁg@@thrin was 76 times more toxic to M.

rong@?iagag females (Laﬁam)\% \fﬁ. &@‘@S’tris workers [27, 63]. This pyrethroid
Q @ﬁ . Q' X C s\ : :

showed a 511111136(0?0%;\81@@,\‘[% afcutting bees and honey bees [27, 64]. With

\\ﬁggﬁ%methrin®%riglﬁ%{¢bqgQa$& carbophenothion, female leafcutting bees

\oqﬁ/ere abou@y‘t\g}:@’e &ﬁ% {cdl‘ag&nt as males [21, 27] Immature stages may be

more s@é%e&fiblé t@ﬁq&%eticides than adults. For example, after topical

X

) R . . - .
applégsﬁu&‘?%, aldlcé\(fb\c)woas seven times more toxic to third instar larvae of M.

r,q)té?ndata thagg@(‘){?@ﬁults [30]. The LDs, can also be expressed in pg/g of bee
“Which is c\@kfsi@&red by some authors as a better approach to the intrinsic
toxicityof astbstance to bees (21, 30, 63]. According to several authors, the

mea;g\\%/e\igllts of M. rotundata, N. melanderi, A. mellifera, and B. terrestris
ar\@%}.036, 0.100, 0.118, and 0.190 g, respectively. In the case of deltamethrin
Q&ﬁe new LD, in the female leatcutting bee. B. terrestris, and A. mellifera 1S

° 0.33. 4.8, and 0.08 pg/g (if we take 0.01 pg/bee as the LDy, for honey bees

(64]). This means that honey hees are less tolerant to deltamethrin than

leafcutting bees and bumble bees.
In Table 7.2 the feeding test with two IGRS revealed a much greater
susceptibility of B. terrestris larvae to diflubenzuron than to fenoxycarb.



Apis bee species and honey bees (topical LDy, (pg/bee))

ENOR-/

o.
ot

Qy;id%&élo f

\

lable 7.1 Acute toxicity* of pe

E hﬁ\c-c:c:::: 0\(\0). ¢
.z _— ~ o qQococog —=r0~ N\ Q
= S o cSESSESEco 3 ©
< - n - ST 600 O
Q . \
< R \(\’&(\ (0(0
S o oC A4
2 xO7| (¢ O
2 « 0
~ O J° xO~ &
2 QI e P
> (\f\ \)’\« )
= No N\@. o\ @ & (@ N
S AR ARV (A (o@ &
- S5 N O S ¢
~ e & 0)@ I & ¢
h N & O 1° &
$ 6“00 '\@Q/Q‘o@s&‘\be\ b@& \O@@’QO W o
S Q O W X \
S O\ 0 O (O RN oS
= O @& @O o e 20
= QO € ¢ o &‘90‘\ SIC
S = SRR O Cd® o o
S - > O ‘Q/ X, Q ‘\ &\\ O . O{\ Q/\,
(O o0 & OIS IR
- RO S SR\ QY ol 9 O
5 N o @0‘\} & (\(0 N O 600
A .
g o o™ AT LY o ¥ O X2
S & X&' O Qo 37 O° M
= VY o 2 oM e ¢ 0" &' ¥
N Q ‘66 QO O{& 6@(\ Q,b \\@(’ (Q'O) \| ¢ Q/Q :
= 2 b@ (\\. Q\ \ég SR 2K O%Q ¢ O Q(\ Q:o O
S 07 07 @ o AW B & O o =
C&) O e’ w80 O © oS z
O Q (,\}‘ K @ S Q< @ ABNEN Q}
2. ¢ k@ O O\ o oSE'IS N (O ¥ A
$S¢’®@\§‘ <¢¢6@6§@A =
SRR, S SRR SR ~
6’ \}(\ .(\a (\Q‘ \‘* \‘O ¢ \O ‘(Q e,
O & N0 O ¥ V&N a0 =
=0l N ) o 0 oY .0 O
a ) N O(/ \ﬁ N O '\O .\(j -
Sl B SN P P oA\ 5
R A &< WY S S
= (Q/O'l‘b. § g R < :8
< loheu O = SaRIR
SRRV o W@Qm N oo 2
\ — — €0 LS W) O 8 O OO D S
\é(\ , &2 @?@T{W.@‘ﬁ QoW —
T A T S (o0 9o e SO0 OoOg 5
¢ NP >
\}6\ '\\\ O ‘\‘96\ E S
Q(’ ’O(\‘ ((Qﬁ = O
O N z 2
\ O e A
'{\\QE S _1‘:‘\@ ’\\S\Q/ E = w v O 5
- -t:\% S o O == =HE =R o a0
S| = B8 S goEE _=s_E =
=1 2 F9ReE £ SESEfEzTiTEsEge| ¢
615\\\\ = < 2 8* Q'Eguwﬁggg§£HH% v
S| SV EESE5 £ SEREDSEEeE£EZ 53| A
O A AAF<E C CAECASECESSEAAE -
% =
J
+2 S
| DN 0T RD O cn O\ <t e i=
S| Y Leedod Q) SIS = 2
- 00 >~ N — <t N N AN N D ON QO =
S| 0 0000 C~ O X ™| =
S S = = e e =) o) RN | 2=
— e o —{ — — — T v T *



114 J.N. Tasel

Table 7.2 Oral toxicity of two IGRs to Bombus terrestris larvae (after Gretenkord
and Drescher, 1996) [48]

Compound Age of larvae (days) LD, (ng/lar.l\)@
- — —— : (Q&" I
Fenoxycarb 1 >650 0& RS
l >1§@@0 & (6\(\0)
6 >3 x <& &
Diffubenzuron 1 ’&& 42%7 @%& Qb@'
4 \(\0) Q,& 52.9 X xO \O\Q@
6 . \Q 0\)& 511 8 ,Q(\Q’ |
N AN .
Table 7.3 Oral toxicity of insecticides to th@&%’ I;Lé}lm@@\i%ﬁeﬁ:@&nd honey\& (gs (oral K
LDy, (ng/bee)) & o & &
Year/Ref. Compound Megachi! Q}a@ﬁza\&e Bombits & Apisd (\Q}.
ro@d@@e&\ & é% erl zferoi(é}g;b?z@& n:z\gﬁefeqﬁ
- — N % 0 = N P
1999/33  Tmidacloprid o ¢ ¢ & Q@Q (Qo\ 004 o o
198430 Aldicarb O (0398%af (@041 " @@ 4 4V (D071
1993/62  Deltamgthrip & (O \° A RS ¢
Oxydém a?noq O @ RO &© &g&o
m t@ é\ (\)\ O ((\0' ,&* \'0. Q:LQ Q
@EI\(I\‘i -\ %@@ 0)9)0 2 R\ OQ@‘ \\50 ‘0&0&6%_5
5 Phosalbng " (¢ & 38 (600
® @ "' <O ' & XS v A S
A@&Qﬁ? %&Qﬁ(\@%ﬁ @I{fference \@85 Jjﬁe(\@pi(@ ggérease of toxicity of difluben-
@({@e}? W%v%ééeng\é%day—old zbﬁ%l \)@\\ @r‘}o\k@?@&/ae 148].

& &(’F@eﬁ\)ﬁwﬁ%a‘\gc\veals thw%\g@i’t 1@@3\? k@% not been investigated as much as

@i}@@@‘?ca}&t@ﬁcity. In 6850 é&ﬁ%&rig&%eﬁoral toxicity of phosalone was 1500
& ¥ Ao?ﬁlg@g wer than fatof iﬁﬁiql@\cloo&id [33, 62]. The topical toxicity of imi-
M o \ C g é & L oY O : ..
dacloprid in By rigstris was 62’ times lower than the oral toxicity [33]. M.
o) ndata agﬁ N¥ me agtgezg\y‘were less susceptible to aldicarb than honey
O 'bees. COQ@aE@\}Q@h@({O&%@@aI toxicity of other compounds [21, 27], the oral

AR A e K . . .
SO t0x101£3&%g0a?q®%rg\w\§§ ower in male leafcutting bees than in females [30].
sQ&\ 20" ,Q,scggﬁni@f{@@%iéﬁ test was performed for 21 days with aldicarb, which
& 5\’5\ 5(38)&@ me@\iﬁ%@\%thal concentration values of 1.6, 2.0, and 3.9mg/kg tor
&&\Q" N éoohoney begs, gﬁﬂ‘\ melanderi, and M. rotundata, respectively [30]. With IGR
,\\{\\" insecti\@@l’@? [.C., estimated on young bumble bee larvae was higher for

diﬂtﬁé\%rb’&}lron than for fenoxycarb while the converse was observed for

ho‘f\l\@i“%ees 148].

N
\

&
O(\s@ Susceptibility of bees to residues
C

Tests with contaminated paper

Through tests on paper it was possible to classify several pesticides used
on blooming alfalfa, according to their hazards to male leafcutting bees. In
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1 first experiment it was shown that toxicity decreased according to the
following ranking: endosulfan > trichlorfon > phosalone > oxydemeton-
methyl > pirimicarb. The last substance did not affect bees wher&\
residues of the other pesticides were still active after 5 days [65]. The‘ I-
tality curves of the residual action of deltamethrin and fenvalerate\@?d not

have the typical aspect of those related to nonpyrethroid ig@?gc@ﬁfides

R\
(Figure 7.1). This was an indication of the “knock-down” effect \Qd@\i\ch W@SQ' (\5@'

®

(Q

more marked in fenvalerate, a larger proportion of male k@%g@ﬁ?tingb@@e@o@

recovering, than in deltamethrin {23]. Alphamethrin re@f&(&%@% at the Q\é‘l%
rate of 10g/ha were less hazardous to M. rotundata ryﬁ’ie@? an(\pﬂ?gééffone

at the rate of 1000g/ha; after a 4-hour expoy%@'\\L &ﬂl%\\efn@?ta&&y rate

recorded at 24 hours was 12 and 47 percent, resBéctj?&% .X\GE%@‘}\.\@Q@Q K%
7

Q/ o
W O

¢

Q
C

2 N\

\ )

&€ xS
. . O & N
Tests with contaminated leaves NS
. \O(\ Q,\e (\6 \" QOQ
Acidified residues of trichlorfon werg e eff
OF W’ At . g
They were tested on alfalfa—treate@é‘l.e@%%\&egﬁ&@etn disheg!

to be no more hazardous to lea@&g}gﬁ(ﬁ ‘begs \Lh?in the ng@sa@,iﬁ% d&@g\ ¢
pound. Conversely, mortalityoci\r?’g@ﬁ)@. a@%owﬁs twice g@o}jw%h{?@@ %b‘%ig&@lth
: | \

—4 L
K K — WK

10 12 22 25

(}OQ 8
hours

rigure 7.1 Mortality rate and knock-down effect of four insecticides against

Megachile rotundata males exposed to residues on paper (after Taseil
and Dinet, 1981) [23].
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Table 7.4 Residues of naled and oxydemeton methyl recovered in alfalta leaves,
pollen, nectar and pollen ball of leafcutting bees (after George and

Rincker. 1985) [54]

= A\
Sampling  Leaves Pollen Necrar (0&%![@;2 ball &%
interval S &
o o
(da_}—-‘s \\ : '\‘(\
. & <
following OF & o
spray) | O 6&(’ = qu”
, W x@ A< 3
0 032/8.44 ~—/— AV g\<§5 ) S A
Naled/Dichlorvos® 1 063137 nd*+@3890.20md /-
(mg/kg) 5 nd##/0.02  nd®¥/nd®* mdinds* —/— O
P s 2k \ \,Q’ \\ 0 6 daste [ %Qf:z. ..
13 nd®#034 G- O 5 nd*/ad*
0.5 56.4 & &Q O a}“\ & - ¢ |
. . o
Oxydemeton methyl 3 16.6 ¢ 506\ q}((\ \(\0\} \\’&Q’ ’(‘)OY &\Qf’ 0’(0 @
(mg/ke) 14 128 & K @ o3t O
O Q \
Notes ® ,&\}.Q> Q/QQ;(\ Q}\\' QO (Q\ O‘\ O‘\’QS\ XE’) Os\ X5 O
*Dichlorvos is a metabolite of naled © \\@(’ 0)60) \5(0 Q/& 0 ‘\’&‘3 Q)\(0 b\{’ .\\\
*Enot deteCted 0& . (\&Q/ (\K‘ 60() \QS ‘Q,Q’ {\q Q‘e OQ \(\Q/‘
NI @R RAFORFOIT
O Q (0 N\ \a xO _ C <. .\‘0& \

trichlorfon alone | & Aft .5@3.\\2‘3— t%%r conta@o\&@qgh
leaves, trichlorfog&%%i,&é;m\)@fﬁ{gus to M@éf)\)q@@@ﬁb%nmeltamethrin
and methoxyc%l@%r&kﬁg,j@sew%@%ore affe@t%\ (thaf {f(\@ﬁh@é% [44]. Residues
of acephate @%ﬁa]@ﬂ z\;@i)l' on altal @‘ﬁ@aﬁ%&}\%@@ tgéo stickers “Sur-tix"”
and “BQ&QH%\’E@%@PG @%s@&ﬁazardoug&t@\ﬁ‘@‘esadhe@o@without the stickers
Whel‘e&ﬁﬁ%ﬂqa ,\Qt/:p%aeu%d 100 p\g\nﬁ%l&t\%\@%t%}ﬁxe@en with the stickers |41}
Rei' g\*s@vs(é?e Qﬁlq\a@ured in the I\Qﬁf,\&oﬂéh sand nectar of alfalfa treated

P

{\\aﬁ? @@%@3\ é&)ﬁﬁ;&ydemet m‘%ng& @‘hg@‘%\@ﬂ%n-nectm balls extracted from

@&%secticid(%v reco g@*ln the leaves. A metabolite of naled

(di(gbj‘l\)ogo?(})s) was rg@ov&) d,‘}’%&ﬁe\(pvollen and leaves 1 day and 13 days after

gﬁplﬁy‘a’[ion. No@‘ég’s@qie@é\gb@@&’ Pé:&detected in the pollen balls. Oxydemeton

s&@f leafcutting bee@sd%{@iﬁir&gggge‘?%@ged test flowers. More residues of
& E

O)‘A@n%éﬁlyl resic’l&@% &w@r‘@odg&r@%ned in pollen balls (Table 7.4). No adverse
N eQé‘ffect wasoébsg%%q&eo\gob@g in the cages [54]. The residual toxicity of endo-

sulfan, (\Qﬁ’rl%a?ylﬁé)]}\d&riéﬁlorfon was assessed on alfalfa foliage 3 hours atter

app@o%itim%l. Thea;ﬁgé\?glity of the test insects with trichlorfon was 31, 5, and

130%)ercent, §m°M\®nelanderi, M. rotundata. and honey bees, respectively,

/\‘C&jfhich wag\co Yered as a low level. whereas with endosulfan the propor-

t10ns vx(f\g\?\}e‘:\@yﬂo, 71, and 11 percent. With carbaryl, the mortality rate of the
thre\g\%p\&ies was higher than 91 percent [37], which is consistent with a

s&@ﬁy reporting that female M. rotundata was affected when foraging alfalfa

Qse@prayed with carbaryl before bloom (Figure 7.2) [52]. The “Residual Time

(9" 25 which is the age of residues causing 25 percent mortality among the

tested bees. was used by several authors to classify insecticides according to
their hazards and recommend for late-evening sprays those with a RT 25
less than 8 hours. RT 25 estimation of field-weathered residues oOn
alfalfa showed that tralomethrin was not hazardous to M. rotundata and
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Figure 7.2 Survival @f\ g@@ r%b&ndam fem@‘lfeS\‘ﬁe%ifi enhouse cages
and 2 e %r

0 sativa ‘g@ate@ \@ﬁ

R é %@ e\@‘ insecticides (after
Wa r, 6 Q,
Ll ¢ %C)é \A O(\ 0(\5\ s\O\ \\\(\0) ’Q‘\

N. me[ams%’r ( @ﬁp d&@ate evengg‘\g%&j’ (55'}) ar@%\\ procedure testing the
azarc%@‘0 (\Q%’al@\@ 1({1%clopr1d 1@&5[1 (ggfg\ffvalerate and oxydemeton

me(dﬁyl @b g@h@d‘am N. r% r@der@ occidentalis revealed that the

d‘nsectl@ﬂ with an ) @@e@t@%\& ours in the three species was
&\6 059deme(§©% giiiethyl [42},QQI hqés@ eeﬁ s{n‘ggested that in contact testing and

0& o n the ﬁ%ldﬂ&' actice, ‘{@%Qﬁl k‘fe@‘i lg&lp” by pollinators, which 1s a parame-
ter@%gﬁzards to 5‘66@3’ m®y be @rrelated with 1nsect size. The pick-up,

c‘,@ﬁ s the ratgé @ﬁ*elg‘h m‘%ectmde/wmght of bee body” Increases as
Q@‘tl{\o‘ratlo “be@@slé&ace/b@é Sg?ume ” We can say that the larger the insect,
2 1k Q

&&\ the lowerbcb‘he pick-up ’sgj‘ée the volume and thus weight increase more
\ rapidlythan the su;if}aQ@Q [40]. According to this author, small bees such as
M. rotundata (%Q%@ and N. melanderi (87 mg) are more sensitive than

large ones s% B centralis (221 mg), honey bees being intermediate at

128 mg. TQ@ surface/volume” ratios are: 1.0, 1.3, and 2.0 tor A. mellifera,

V. melaﬁem and M. rotundata, respectively |39].
\
(O

Susceptibility of larvae to contaminated food

Phosalone and alphamethrin were applied at 1000 and 10g/ha on two
experimental alfalfa fields where M. rotundata shelters were established.
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Pollen ball samples were extracted from nests 5, 10, and 27 days following
sprays, for residue analysis. No residues of the pyrethroid could be
detected and phosalone concentration decreased from 1 to 0.1 m\%ﬁ%g

within the 3-week sampling period. Larval mortality was very stablg‘dﬁ the

* b@
four cell samples collected when the larval development was cg@lpleted: .\(\Oﬁ
before treatment 3.5 and 4.8 percent of larvae died in alphalgm%g&]\;mh ang"

phosalone samples versus 3.5 and 4.8 percent atter treatme (0 g&iﬁectivg}%/_ (\6@' B

T
. o . | )
No residues were detected in live larvae, which means thg&‘\\} ‘1?}1 mok@ﬁq}/&%

' &minegﬁireo}%af-

were metabolized [36]. Residues of deltamethrin werg@?f i1 .
cutting bee provisions collected in a field shelter Rla\?:e@'rl\.an &??Qéf% crop ¥ "
sprayed at the recommended rate. The ma)%z}i\tg;ﬁr g@)\n@éﬁtgéqtlon wasyt O
0.01 mg/kg. A laboratory feeding test with po(\l&\%nc,‘frti\ﬂéisﬂ\fy ggntaminact)@ﬁ o @@0\.
with 1 mg/kg deltamethrin resulted 1 35 pgcqce&fo L{gzzf‘(\?%@%@*}qfality w}g&\ %@@ O@ @\e
mortality occurred when the contamina@@%é&%ﬁ’a\ﬁ).g@ng/kg. It (\\@S £0n- ,&\‘o.{@o
cluded that the recommended dose o @g&aqgé‘igsﬁl“@S g/ha, W@s\%& I&az~@o\ of
ardous to M. rotundata larvae [27J0Q éﬁa@%&&@%@prayed ggpﬁgyﬁ ;
rape, Brassica napus oleifera, \é(@?\sL @éqteé&n@@d@ifl anthersghegtar,® ugﬁ%@e
o4 xE7 AN % N AR ,'&\i Q
bee foragers and honey pots @f@?@%’l%ﬁ%%&%e@% . rerresz‘g&‘ cgﬁagg& Lo ob&iy“
old samples, residues We};g@.%p@él@,h Q\LTS\(@nd 0.005 gq%/&g@\, &Q‘sgﬁtm&y. A
chronic feeding test %&in&““s@a&;@@s%mtion cog@%@a@ﬁ (.)\o‘a. . %
0.2mg/kg demonstrg@@@cl&éﬁaé@(\.eve%tﬁe high-—lgﬁe&q‘:%@%g&%@n did not
aftect bumble begofag&ﬂ’ae b%@é% Means thagog @%seq\%wijﬁ% as much as the
hofhata B Norpdariy 1%
recommended\onﬁtebﬁévgs Q&\ﬁ\l%&ardous tQ! sz\&e\te(ﬁészgﬁ Jarvae [45]. After
application&aﬁo{t&a@%@%ﬁe@nﬁed rates\\g:f a&,d\i%@eb,od?géochoate, carbofuran,
and tricQﬁfgﬁ@tQ@%@ﬁ@ﬂots ViSi%@%ﬁ@@ﬁﬁ%ﬁ%@%%S, pollen balls were
Ng - .3 O .
samp}gﬁ fx6 (tﬁ%yﬁ nests w1th1n‘0¢?.n;4@ug&]§e@%c\is\cfollowmg treatment. No

res$&1%s°8f‘ﬁ¢(\ﬁrs{\&ﬂ%\ree subs@%@g\@é@@e&@%ted whereas the maximum

. A\ g .
Q]@@fee(ﬁ\%t@@?&m%gk@as Smg/olgg\ \Qgg}* tozﬁ% g@(ﬁ, and no }arval.mortallty was
o O(B&rvec@h gb% plots tre@te@o %\tﬁ t@@ thiree systemic insecticides whereas
g\soﬁ&b&ichlc‘)&@%n&esulted i@@%ﬁ‘p@e{@%r&bﬁ@‘\a larvae [53]. Two IGRs, difluben-
\@e“OQb\ zurolt afid fenoxyyg\a?qu\vgi‘% @%‘)r@?%d on caged Phacelia at the rate of

| A0 it (recong@eq&@g(&@aw) .and 1200g/a (double rate), respectively.

Q‘Ql\il@@?dues of %iﬁu@é%zﬁrg@&igéyollen collected by B. terrestris ranged from

. @gé‘\ﬁ to Zm%&%g/\%?ithin Q@e\c)@@day period following application. During the
“ Ysame pg@?od, the ﬁg\u‘?‘egﬂfor fenoxycarb varied from 217 to 7.5mg/kg. Two
days@f’ter appliq@&o{g@%iﬂubenzuron killed almost all the larvae except the

old ones whic ‘\V@S? consistent with previous laboratory studies indicating
an LC,, 0 \Q‘.\ §\’{%g/kg and an LD, 664 times higher in 6-day-old larvae
than in\@@ ay-old ones [48]. In addition, during the whole period in the
cage ©olonies were not able to rear new brood even though queens con-

timted to lay eggs. It was suggested that diflubenzuron had an ovicidal
effect on queen ovaries. Normal eggs were laid when colonies were
returned to the laboratory and fed with noncontaminated pollen. Fenoxy-
carb was totally nonhazardous to B. terrestris whereas it i1s harmftul to
honey bees, and diflubenzuron which was safe to bumble bees is classified
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Figure 7.3 Mogtr %W h@qé IGR compounds
O
ﬁé\o%o&\ . “q‘%\ 6\80&
as n rdousy towA. mellzf&i% d QVT& @ects of the three IGRs,
feg@ey%(&\ﬁr CpyfipFoxyfen, alz{d&[Qﬁ:l&l %uef%@? were compared 1n a labora-
@%r&&udy&@}ﬁg@ concentr@?ogf\@%gﬁb&‘é’ ee food based on the standard

rate in gree@ﬁ%@%{@t}l%@‘is:ﬁmo, 20, and 150mg/kg, respectively.

no@ﬁ\%gaetqfve effec@’\yc\)f((i@é\n@\}%}é\@ﬁrg\@nd pyriproxifen, whereas teflubenzuron

) . \ . | _
Q@@B‘m@@“’ all the la{ff‘ago@laf‘ vg@?e(\e‘}ected by B. terrestris workers (Figure 7.3).

1 s substa&{cﬁé\/\a\fso arr&%tgd’ egg development and no developing brood

‘appeared:for 5 weeksdn the treated colony [47].

"5 OV Q
O W W@
A 3 &QQ\

Susceptibilityg@ﬁ \@@%-Apis bees to field applications of pesticides

Few expeéq‘ﬁ\)fentﬁ in field conditions have been reported. The earliest one
showeq@%at a population of M. rotundata females reared 1n an alfalfa field
was (Aot reduced significantly after a treatment with trichlorfon in late
evening. However, the number of cells completed per day was reduced
during the post-treatment period (Figure 7.4) and the number of dead
immature individuals was a maximum the day following application. It was

concluded that trichlorfon was a short residual substance [58]. In a similar
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Figure 7.4 Eg ‘m&y aé;ﬁv{qy ﬂ\ﬁlegachzl a{d@l 6‘% sts in each of two
{ erb \5\& plots %@6 WBS ﬁ%ated on Day 3 with
gﬂ%réén (‘@t orchio, 1 (@% ‘e
O © 0
C7 Q> \\\Q = o“ °° s\
stq-;d? @%15& eth iﬁ& and ph@sa(}dn Qagb\ﬁ%a%lons on four alfalta plots
\ o D&\ ]éz Q\ ?
60(%3@@?66 dn Bwbut mgmﬁ@@nk@%&g@s cutting bee females, compared
Qt 5 @%"E@‘I plots @@g@@ :(@9 &Prq,fh pollen analysis it was estimated
60 percen 1@? g&‘:@pectlvely, were exposed to the spray.
@:é ﬁests and @rv@"d@@ L@'f)rxg’é‘nt were completed the authors found a
cant 1ncr§88 (? Qber of dead old larvae when bees were
O eé&posed to gé%t @%I‘Q{ﬁ klﬁ sq@l“ able 7.5) [59]. Leafcutting bee females were
Q’more affe)@% (% \Oghaqﬁthrm sprays applied to alfalfa fields at 10 g/ha.
Q
O
Q &
Tagg% 7.5 Mort@ﬁ‘ty f%ltes of different stages of Megachile rotundata progeny (after
Tagél a@@% Carre, 1985) [59]
Deltamethrin Phosalone Control
Samgie siZe 640 618 775
%@ggs and young larvae 2.8 d.2% 1.6
repupae 17.3% 12.8* 7.5
Pupae 1.9 0.5 0.9
Adults 0.6 0.5 0.5
Total 22.6* 18.9% 10.5
Note

*Mortality significantly higher than in control.
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Figure 7.5 Increase of Qafﬁ Megachzle r n, ? r%\d‘ to a control
populatloﬁ Wwere pla {@} al@ &s treated with

deltarxb&h{\lheagﬂ p sad@ne (after ”J&s} e%\ c{@zgq,i% 1@%5) 591.
&(’& Q 0) e\@ Q@“ \\\Q . \>° o ﬂé\
W Q’ GO \ O(\ ¢ \0\\

D
The da i%)W@ﬁ @{B \:atlon 200@ éng \‘BE@@ng females had disap-
oy Q%&Rg\’fe %%@ percen(}ﬁl (gh%g%% &\%(\a%d with phosalone and 0.8

p@cﬁ’e@t 1Q09|\@\°E%1@?r01 At @9 ation, exposure rates of tor-
were@%@ated at 8@«3?;}»\0\/49%@%1@ arvae were slightly affected 1n

t&&%ated %ﬁc@‘durmg t s, post-treatment, mortality reaching 4.8 and
(QQQOQ& @?iﬁ? respec{\z&qe@wgwﬁﬁl‘@&t\g@{ial 2 percent in the control [36].
> r@eﬁons of B tg@\eg&zsd@olgﬁws moved to two sunflower fields, one
&u@ﬁ?d with 1m{z§%@?%pi<1d aﬁ\seed dressing, the other being nontreated,
Sth‘owed that&%\\@erceng\%f Jj%ragers in the treated field and 50 percent 1n

&&\@‘ Fhe contgo‘l visited gﬁ Wers during the 9-day test period. Losses of
) worke@s\ accounteO ?Q@% and 23 percent of the population marked the day
of mtroductloQQﬁlgo fields, but the difference was not significant. It was

concluded t 9? @" terrestris was not affected by the systemic properties ot
1m1dac10£@1\‘r seed dressing [49].

™
(9
Q
0
Short- and long-term impact of agrochemicals on native
populations

Because of difficulties in determining the loss of bees 1n the native non-
Apis bee population, the impact of agrochemicals on native pollinators
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and the consequences on crops and long-term effects on vegetation have
not been well documented [66]. The main case story 18 that presented in
1979 on the effects of fenitrothion used for protecting Cana%@i forests,

. .. L. .. 2
During a 3-year period beginning in 1971 this compound wagsprayed og&\%
large scale, then its use was discontinued. Monitoring stu@%s over & @géars

. ™A A7

were conducted on the impact of forest sprays on bees anddn the{@blhna-—
tion of blueberries, the main crop 1n the spray area@‘g{e&ewogf‘u@@mck.
After the depopulation following the 3 years ot t@ﬁ%@%nt, ab@l‘c)\xgq@ecovery
appeared where sprays were stopped. Migratig, %s{ibstly for gﬁ\mble begs,
and resident reproduction, mostly for solit%@ﬁ%ﬁ%\s,&\weg@%}hé@two caus&@(\of &
this recovery [67]. During the first perio@\\a@r@%{ e@\? Rb‘ﬁinators &@‘leue- ,&o‘\
berry fields cultivated at various proximﬁ*tig?t@@fegﬁrgﬁion spraégt?sshowed )

. . o0, S 2. .. e
that the d}versny and abundance 11%\@%%@ \(r\pég\gb%/ @&ps was 56@ &gaﬁ'les l%§s° “@@
than in distant ones. Collected b%e@@wo@(é bu ble bees, @‘Tﬂ@&y grQun .

: : . O 2 S\ RS\ X \
nesting species belonging to&%\z}@&rg@dgeo Halzctzél@ze;\%h%nh%és gciﬁe
author presumed that blue@@r@‘p&@ﬂwqf%@faﬂures @Q@B&@t@‘bg&d In
part to fenitrothion sprg@‘"&@&l&oh g&@%ig@‘}:d blueb@i% \\‘f)OQJ,&lQ\tQS\rQoQ[B]. A
later study 1n the s@%@@z&ﬂ*ﬁ%@@&ovince g\h‘%gc@ ,&Qﬁlq&ﬁ%@%ble bees
exposed in cages t\gﬁﬁe&&?r@migﬁ %pfr@ays wereg&rgﬁglﬁ\%i@oétgﬁ. The negat-
ve effects weresg@bg&\i@@qf z@b‘)\%@%t 150 m 1 qth)(fﬁ&th dth of the spray
aircraft, thuék\éﬁdg@%té@g ge%g@%s spray (@&{Q&@ﬁ%&x\@gp the bumble bee
populatiogo %m})@r@é‘ébq\fhat redu%@%lg\\i% @oeﬁdgﬁsities was assoclated
with fenitrathief sprays! This reduction pe

ﬁ%&s‘he@oﬁor at least 2 years after
O O @ : . (0" O \
thesq,&?re«sptn‘@ltge%veﬁé dlscont@egjp, a @& @‘ﬁthor presumed that 3 to 4
e&&s\w(e\ GO%Q&Q a‘ﬁ% for a @‘t\\ald% @\?WQ sparent recovery may be due
yedrs.wer: ssary lotalgecovery- Appare y may

£ @@ng%gﬁ% of queens %@Qxﬁ%@r%&%g\l@reas or local individuals emerg-

(\60(0\}1'(1@% at \Q[S,&\Zf}0 Other Q@%@&J@ﬁiosﬁc{:&qﬁ\as carbaryl, trichlorfon, acephate,
W& X A\ -
O Q& a@ﬁ\gﬁbﬁgﬁ\enzmon ;\Q?%,r@& %@é%gq e}g)\&)rth America to control the spruce

2
) O@ bk@lj@ﬁn and [{@ﬁg\%ﬁ—@ tgzﬁﬁg\ek moth in Maine, Montana, and Pacific

{&ﬁo thwest fo@g‘ts\\.‘oel%f\hp/[g@%l?g\carbaryl sprayed at 0.84kg/ha sometimes

‘@er\@gulted i%ﬁqnég (h%qq, ?)\gpq’ercent mortality of native bees ot Andrena,
© ODialictus Q@W@%@Qa\geonus. In addition, in sprayed areas the bee popu-
< \QQ/ : QQ O XN X : :

o0 latlong@egl‘etlo%l was associated with a lower fruit set of Viburnum cas-

¢
san 3@@ In M@‘ﬁt@'ﬁa, wild bee densities were not affected by carbaryl and

T&cfghlorfon @ﬁaéz@\at 1.12kg/ha but there was a significant reduction 1n the
«@\%PTOPOI‘ti\%@OQgQﬁative bees of small size, belonging to the families Megachil-

idae, @dg&%idae, and Halictidae [66]. In the Pacific Northwest, carbary!
and\@c@ﬁhate depressed foraging populations of wild bees observed on
Qéﬁrering “sight units” and fruit production of bluebells (Mertensia panicu-
6@0341{(;1) was significantly reduced in an area treated with acephate. Con-
" versely, diflubenzuron at 0.275kg/ha did not affect the native bee

(O
population and was not hazardous to the honey bee brood. This IGR was
thus recommended for moth control [61].
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Sublethal effects

very few authors have investigated the sublethal effects of pesticides on
non-Apis bees. Reported studies deal with repellency, knock-down, fec&éiﬁ- X

ditv. longevity, lifespan, food uptake in adults, and growth rate ot 1ag&§e. &
., O
O

Repellency P ¢
This symptom was first reported in 1948 on Andrena ﬂ@@z@g‘ WhiQﬁe S

o r A .
repelled by a DDT application [16]. Further assessme@g x@re th@seé @i}\ M. &
rotundata [23] and B. terrestris [25], which reacted Qf&éa@ﬁ%‘@"[&m idues of .\@@

the three pyrethroids: fenvalerate, deltamethriw’ﬁ@ﬁ@%@ﬁ—g@dothrin@o\\’

.. . : O
Visits of plants treated with pyrethroids b}é@M.o@?’oéuh\(\ a\\,&fﬁmales W’go?%&\e‘y o"\}((\
reduced by 50 percent compared to contR@Q.. @%n,?@%ag& es appro %Qéd‘ O
the flowers but did not touch them, O%@E \@ﬁé@x\cﬁid&eﬁ{@@contact v@os\(\ ry O O\.&

B : { : O s\’& 0O 6
brief. This rep_ellency lasted more t%%ﬁ\@%oﬁg&iiwj&@énvalera;goﬁ&c<l> g\;@?{be& \6)‘\&
than 3 hours with deltamethrin [23§¢" & (07 (@ @ & & @

. (00 Q}.\(\ \‘&QS\ & OQ\ &* \ OQ* (’},\OQ &\O.{\ ,&Q,\'
O (\6 o(0 N \p O Q0 @7 X0 A
QO O S A0 . A\
One hour following a fgifvgd%‘rgt‘c—% gﬁ%a@yiq‘gt 50 g/h%@@l\lgib% é@g%@%}é\ﬁgrcent of
M. rotundata males were ¢k 9%1@8 down” and\g@ug&ed\ﬁ‘eqd? Q@’t‘f 62 percent
RN YV Ny (O
%@ﬁr&@gf@fs Wa% not the case

of the treated po ﬁl%ﬁr{d‘éc@\@eg@d within 14 <
"‘ withe whichWeré all killed. When

y$d .%]Jtﬁgg?%rin at 7 Qﬁﬁﬁ\/]‘}@&
males were‘\mai{&‘aiggé%l ‘é‘h gfy residue%@f go?mégq@ﬁg&ﬁ% s, the knock-down

ettect W@Oalw‘\%b;%e&@%gﬁnd recovgﬁf &aﬁegfgcok@ﬁ@a‘hd 59 percent of males
rp%@@m and fe&i@% g&lg@@qqﬁggﬁvely 123].

treateb(g@vigh(\daﬁa l
RGN o7 X0 \O
'0)@ QIR I NI 0((\ (\b o

\
I& )

O & OQQ} o e
& 3The fecundity of M,@Q‘o a é@g@les foraging in a field sprayed with
. 0 ‘1&5{%{ Oaf%%‘?ed, since 4 days after application the

trjg\h%{\ﬁ%)n was S 1(?@5 &
Qﬁnégﬁ?%r of cells\e%é@p eted perfemale dropped by 66 percent compared to
0

© o &0
@ ‘gg@trol 15 81\.@ ¢ N &

&;\\e\ O R
Lon ge‘w\g\ty Q\@\&Q{\
When applie&\\\t“g»\(\?nale leafcutting bees a dose of deltamethrin equal to
0.04 X LDQ&\\?educed their survival rate by 50 percent after 6 days. Accord-
Ing to (t)@% authors, females reacted similarly [27]. In a chronic feeding test
where sucrose solution and pollen dough contained 10 and 6 pg/kg 1mida-
cloprid, the longevity of B. terrestris workers was affected only during the
first month of the 3-month trial and the survival rate was reduced by 10
percent [46]. Conversely, the lifespan of bumble bees was prolonged con-
siderably by chronic ingestion of deltamethrin at 0.2 mg/kg [45].



¢
"\
o 0@ resg\e\gﬁg@&. In bot]%\ﬁoe%é%\ 1—\5@ l@ig;\‘content and microsomal enzyme activ-

e}\ﬂ\(})‘s@%ng Synergy
@\o‘o%emales.(\,&\gfg@“

& carbaryl Wiperog\ﬁ)sc’gi%\creased when females aged. With the second drug,

124 J.N. Taset

Food consumption

Topical application of 0.01-0.02 ug deltamethrin per worker resulted in a
sienificant increase in sucrose solution intake, whereas a redu&b@ COn-
sumption was observed when workers were ted Solution(s}()&@ontainingo‘\

0.1-0.2 mg/kg deltamethrin [45]. &60 o (&\0)
\.O\'O ‘QQ/(\JQ& Q}“;&Qﬂ(\ 66 .
Growth rate of larvae ,-&\o@ e&" 6@*& \O\Q@°
, X \)\' ¢
In M. rotundata, the duration of the larval develg@?ﬁt wa%@d@\?\s longer(\,@.
if pollen balls were contaminated with 0.1 mg/ \ “dgd“f\gletogﬁgxq[@] e(o@ <
A\\

; ¢ . Q \Q’ QO) b\\ \! ‘&Q’ N

Metabolism and toxicity O WS & oo ¢
e 3O (& W NS ol N
. . : O L QO SR\ C 60 O 60 i

Synergism and detoxification procegs%sé\@fi -é@p&@‘%ees haVio g@ﬁ Invess OO
tigated by several scientists. One o)@f the earligst afticles discgi;sg dthe se&cgo‘\\

tive toxicity of trichlorton to l{@%@‘ge@% a\giﬁ M rotunda&@@ :l;yb?es\, &\@@p%{@%
was 18-34 times more toxic&ﬁb .\(&? lgﬁ?{éﬁ@%’c@ﬁan to le%&%t@ﬁl ‘f)%@ etales
and 1t was hypothesizedg)tf?%\ge‘tlgs’\‘d' @ﬁ%ial toxi@‘t\ybgﬁu&&d}%@?a@%ciated
with the pH of the bg@%/ @9{1\@\%@1‘&%@@ 6.0 and @% th z@on@@?igé% and M.
. QPO O - xO Y oFY O .

rotundata, respectlg«é\h&ﬁ}i%ﬁn@du%@(s a great@s@%ﬂgp’y < tég@ molecule 1n
the honey bee lgﬁf’ags"@gef Iﬁl% speed of @nq&%@% {@Q M. rotundata was
. . (S AT AR\ g O @

investigated gq‘tél})@ea(@@a@\v%”&\arbaryl wh c@@?lg@\vg@ a4 percent penetra-
tion after &?ni@tgs? %&Oﬁo@%ent afteg&%@%g&m&Myq%ercent after 8 hours.
In addi@@?m@&,ki% ,g\m%taﬁolites we\\lqéorgéé\ogér%@ iﬂ@@the organosoluble frac-
tion of Qhé\ 4&@&\%@% bees [Q&T Oﬁ‘ar\@\é}(&@@s@%ed as a model for some
sttlﬁ?eéﬁqt(}aaé\agaﬁ\eg%‘at under\%bﬁ‘qgiﬁ%\o?\agéﬂ’i’ti@@% in the toxicity to M. rotun-
Q@S@%@&\?Q@utting n@%g@ ,&l‘?e&g“%usceptibility increased rapidly,
egﬁ%@ Fordd-, 2-, 3-, ‘Q%aéé’(&)lgb gcl?eing 240, 166, 109, and 51 wg/g bee,

o

itze\ egreased wit@ﬁﬁ?‘ﬂ {@T\%é@% fﬁsugs were tested on leafcutting bees prior
t© garbaryl application® 1@&6 first one, piperonyl butoxide, resulted in a
@&ﬁ({@\i\@go\{\dfopped from 245 to 11 weg/g bee for 1-day-old
@q@i'&giét& ratio (LDs, of carbaryl alone/LDs, of

chlgm‘gyclizine,&\c?hggﬂ(‘LDm for males was doubled whereas the third,
@ﬁ%‘inopyrir\?\@&g&ced the LD,, for females. The LCs, of carbaryl was
81.8mg/kg for* the compound alone and 47.5mg/kg when piperonyl was
added 2 69, 70]. Experiments with radioactive carbaryl revealed a
ma}é&}\}hm persistence of the molecule when aminopyrine was used while

cbﬁ%rcyclizine reduced persistence and phenobarbital had no effect on 1t
(IOT%l]. Chlorcyclizine modified the midgut structure and increased the sus-
ceptibility of N. melanderi to parathion [72]. More recent biochemical
studies have shown that M. rotundata possesses seven enzymes susceptible

to organophosphate inhibition [73]. Since serine esterases are the major
target of organophosphate insecticides, they were used to establish the



Agrochemicals and non-Apis bees 125

kinetics of cytosolic esterases of M. rotundata females and to estimate the
offects of four organophosphorus compounds: naled, trichlorfon, oxy-
demeton methyl, and paraoxon. The method was based on the measurey
ment of hydrolysis of p-nitrophenylacetate by cytosolic preparatiog@\'“of &

. L \
leafcutting bees. It was demonstrated that a mixed mechanism o\ggP}lhlbh 0)40

tion was involved and that the order of toxicity, based on inhﬂgzﬁo(gl\'con- (6\(\
. OF A% &
stants, was: naled > paraoxon > trichlorfon > oxydemetor@nﬁyl [7él;}. (\6@
The similarity of LDy, for trichlorfon and oxydemeton \%\n%o’gl@ﬁ [261}@’591 0
- gests that these compounds have different penetration @\%a@ and, u add%%

0 &
tion, other enzyme systems such as polysubstrate @ﬁ%og&—qu@@%QS%s or @é\

olutathione S-transferases, which may metaboliz@iﬁw@‘in@@(\:@ﬁd@? before \&\@ o‘.(&‘
they reach their target, have been removed [74]4%" @ . O ¢ R &L (oqj\
QIQ}Q 60(0 Q} \(\00 \\\'e 0’&\0 ({,\Q’ 06\5 (\Q} .
OO PR\ &9 BRI
: AR AN A SIS A

Conclusion O@ 28 R & R 0,5\ N

_ . RPN O Q: i
The use of domestication techmque&soh%%d%%dze #&%Q@%lble to a%g@s\%&é\e@&}@s@{\&&
icity of some compounds used forpest @Q@%@ \@)@a restric@é’d hctlm«{%%m%%e

non-Apis bee species. Standarc&&e@‘lﬁ(}@ér ﬁ%rgﬁ%sts have&oé\n%@g@}?@%@%_
ative studies to be performed gﬁlﬁ\g@ %pﬁjcggt?strate thg@bc’slés%e@ ﬁtg«% a
compound can vary accog&ong?%@%@?eyfor examgl%, @B’\ g@&e(g?n%@ 60 to
90 times more toleran{@?)o@é?team%ﬂ%i@%han A. r/g@?l\ijg@?cy@d%@ﬁcg\’b%on, large
differences 1n toxic\:&i@ﬁ ggx‘a ébbgg'{sepeé}%s appeaémﬁé@ﬁ%&%%®a@ Insecticide
category. An exgmple Q@Pﬁqé@go Rs 1S tg\é@ R@E%lcéﬁ%/ 0@¥L gdﬁubenzuron to
bumble bees Q@l‘iigﬁ“ i\s)&@ﬁ\@ﬁ*ﬁ@s higher tb@%gtﬁq\b@})g@e{g@&ycarb. Owing to
deficiencies, y\zﬁegb%gd\%gﬁfhonizatio@\\:\ \@ut!‘\@}}\sé\@h@@used the same bee
Species hia?/e&i’o@gl\z@yge@gree Wit]@«%\{\@" %\@b \i@é’r &ﬁ\en attributing toxicity
ranks, o 1g&(1\1gi€°a é@ ¢s of pesti @es{x@ o Q&
(\6&% \,..\?k) ’;\L : 0 ™ \?‘&QQ’ :

& gx &(@}:l]é}@ y Of materl ]@Qalgd‘pé@\ce(é res have been used for estimat-
. Q O L. Q O, ﬁ .
ng 0@%zard&4%%g\pest1c1de%\\ 6\}9\6. @Ob@Q cither the semi-field or the field

.\&%@é‘[hod. @\:;1&% and greOQQn nease"‘.:;o\\xé%eo‘ﬁenerally preferred because expo-

& Ssure raﬁg&;@%ﬂnot be g&ht@% ]@Qﬁ@‘%@qﬁeld.
9(0 O¥ g@iq\h&s on detg&%ﬁ&t@h@‘. %nxﬂj\\{\@oromndam did not agree with previous
B@Xig@%ogical dgﬁ and ﬂ‘i%\{é\x&%cted hazards in the field. It was assumed
Qeﬂ"ﬂ&a\% before (@“Qgsﬁcide&&asﬁes its biochemical target several factors ot

g (ajor imf@d)tance ingerv@ﬁ’e in the contamination process. In particular,

\¥ one sh&fp d pay a%\@ﬁy\%\@?% to the tfollowing;
WX

. Insecticid:S\\Q ?z)—-up depends on the insect size and is related to the
ratio ‘;s\ﬁi‘face/volume.” Therefore, small bees are more sensitive than
lar%&‘%nes.

. é’g@?letration speed through the cuticle may be variable.

* Aged bees are more susceptible than callow individuals.

* Males are less tolerant than females.

* Degradation of pesticide in bees may depend on the pH of insect fluid,

which may vary between species.



126 J.N. Taset

Low doses of several compounds, deltamethrin, trichlorfon, and imida-
cloprid, tested on M. rotundata and B. terrestris, resulted 1n various sub-
lethal effects: repellency, knock-down, reduced fecundity, longevity or
food consumption, and prolonged larval development.

Although the assessment of ecological consequences ‘temporal&vﬁ Or
permanent pest control by insecticides met technical dif@cultles,@l has

been shown that a population of small bees was morqoﬁ(gl%/ to bgﬁﬁ\e&@leted

than that of large species (bumble bees). Recovg@ 3@5 als % rapid

with bumble bees, due to migration of queens %Qb dntreagel @%@EIS while

solitary species recovered mostly through lo%a? rﬁ%oduq i\ong eductio %f

fruit sets in some crops pollinated by I@&i@\ l&&g @Q‘\\ragb assomate\@@wuh K
O

depression of pollinator population. @Q @° \Qo) 40(\ & Qj\‘
Additionally, exposure profiles 0@@% «%e(@g \beamble beQ@ @ﬂd soh (0

tary bees differ significantly, dug@g \g 3}@; éi?ght actlvg@ I%Q‘ﬁrs kg?h
seasons, foraging habits, and @%sot}m%éé which 1;\3%&]3\\11} d@%r

ecological impacts of pest m@%mQ%tb%f @EI‘OCheml%‘%&‘v 0)\‘0 096‘\0)
O

?

@ ’g O @
60006\& & 6(&6 OQ\e G‘\&o‘?\\ C\\O&\ o0 ,@\(\
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