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Supplementary Table 1: Estimation of the 24h-LDso of dimethoate in eusocial

bees considering oral and contact exposure, before and after adjusting for the

bees' body weight

Species Exposure (p;/[;Sge) Safe;ft)i (f)ictor V\::zr:g?t (ug/ngD;f; bee) Safeocft)i (f)ictor
Apis mellifera Oral 0.04450 0.00445 241 0.00060 0.000060
(Linnaeus, 1758) Contact  0.04054  0.00405 0.00055 0.000055
Cephalotrigona capitata
(Smith, 1854) Contact 0.05058 38.7 0.00131
Friesella schrottkyi
(Friese, 1900) * Contact 0.00243 3.40 0.00071
Friseomelitta varia Oral 0.04223 108 000391 ---------
(Lepeletier, 1836) Contact 0.01961 0.00182
Melipona mondury Oral 0.02601 51 000035 ---------
(Smith, 1863) Contact 0.00729 0.00010
Melipona quadrifasciata Oral 0.03421 938 000036 _________
(Lepeletier, 1836) Contact ~ 0.04095 0.00044
Melipona scutellaris Oral 0.06432 872 000074 _________
(Latreille, 1811) Contact 0.06823 0.00078
Nannotrigona Oral 0.00388 0.00063
testaceicornis * 6.20 T
(Lepeletier, 1836) Contact 0.00249 0.00040
Partamona helleri Oral 0.03853 0.00219
(Friese, 1800) Contact ~0.61273 176 50072
Plebeia droryana
(Friese, 1900) * Oral 0.00170 4,98 0.00034
Scaptotrigona bipunctata Oral 0.03621 18.4 000197 ---------
(Lepeletier, 1836) Contact 0.03996 0.00217
Scaptotrigona xanthotricha Oral 0.00877 0.00043
(Moure, 1950) Contact " 0,01645 205 56065
Tetragona clavipes Oral 0.02717 0.00178
(Fabricius, 1804) " Contact  0.01165 153 50076
Tetragonisca angustula Oral 0.00356 0.00113
(Laveile, 181)*  “Coniagt 000200 10 5 Gooea
Trigona hyalinata Oral 0.02637 0.00105
(Lepeletier, 1836) Contact  0.01893 252 560075
Trigona spinipes Oral 0.03765 0.00178
(Fabricius, 1793) Contact ~0.02636 211 G618




* Species not protected by the safety factor

Supplementary Table 2: General characteristics of the assays performed for

16 species of eusocial bees exposed to dimethoate

Volume of
insecticide Body Number

. Exposure : X Origin of .
Species temperature solution (uL- weight of_ bees Location Category
contact (mg) colonies
exposure)
. . Rational .
o 1
Apis mellifera 34°C 2 74.1 3 boxes Apiary  Foragers
) . Nurses
CeDCh:"i;g;gona 28°C 1 38.7 1 Rg‘;';’:sa' Apiary and
p foragers
) . . Nurses
Friesella schrottkyi 25°C 2 05 3.40 4 Rt?ct)fgsal Apiary and
foragers
Friseomelitta varia 30°C?3 1 10.8 3 R[;':\tlonal Apiary  Foragers
oxes
Apiary and
Melipona mondury 28°C* 2 75.1 3 R[;':\tlonal Mata’do Foragers
oxes Paraiso
(forest)
Melipona i i
> \por * 28°C*® 2 93.8 3 Rational - Coimbra e Foragers
guadrifasciata boxes Apiario
Melipona scutellaris i .
P % 28°C 6 2 4.98 3 R;ltlonal Coimbra Foragers
oxes
Nannotrigona Campus —
_ .t 28°C7 0.5 6.16 1 Swarm Drones
testaceicornis UFV
Colonies
Partamona helleri 28°C 8 1 17.6 3 collected in  Apiary  Foragers
the nature
. Nurses
Plebeia droryana 28°C ° 0.5 4.98 4 Rs:;;sal Apiary and
foragers
Scaptotrigona o 10 Rational .
bipunctata 28°C 1 18.4 1 boxes Apiary  Foragers
. Rational .
Scaptotrigona 29°Cc 1 1 20.5 3 boxes and APy and Foragers
xanthotricha campus

tree trunk




Rational
Tetragona clavipes  28°C 12 1 15.3 3 boxes and Apiary  Foragers
tree trunks

Tetragonisca Rational Coimbra  Primarily

o 13
angustula * 25°C 0.5 3.14 3 boxes and apiary Foragers
Trigona hyalinata o 14 Colony_ .
28°C 0.5 25.2 1 collected in  Apiary  Foragers
the nature
Colonies Campus -
Trigona spinipes * 28°C 1 21.1 3 collected in UFV and Foragers
urban area Coimbra
of Vigosa

* Species on IBAMA's list as priorities for pesticide risk analyzes in Brazil
(Pires et al., 2018).

T Collected from unknown number of colonies during swarming.

Supplementary Methods

S1. Collection of bees

Honey bee workers were collected from three different queen-right
colonies. Stingless bees were collected from three colonies, except for P.
droryana and F. schrottkyi, collected from four colonies; and for C. capitata, S.
bipunctata, and T. hyalinata, collected from one colony. Collecting these last
three species was challenging, either due to the difficulty in locating their colonies,
often situated in hard-to-access places, or because the colonies are not easily
found in the Vicosa region. Due to limitations in the availability of workers, P.
droryana (colonies with relatively few workers) were exclusively used in the oral
exposure assessment, whereas F. schrottkyi and C. capitata was exclusively
used in the contact exposure assessment. In the last case, the quantity of

available workers was also small because there was only one colony available.

For species not inclined to exit their colonies after being stimulated to
leave, various strategies were implemented according to the species. For T.
angustula, the upper lid of the rational boxes was removed, and a transparent
plastic bag (10 L) was affixed to the opening, guiding, and facilitating the

collection of the bees. Upon opening the top of the rational boxes, a significant



number of T. angustula workers flew into the bag, ensuring a sample rich in
foragers. Nannotrigona testaceicornis was captured using a butterfly insect net,
while C. capitata was manually collected directly from the open box using
tweezers. Plebeia droryana and F. schrottkyi were collected using an insect
aspirator (Ecology Supplies, Glen Cove, NY, US). For C. capitata, P. droryana,
and F. schrottikyi, workers of different casts (nurses and foragers) were collected.
In the case of N. testaceicornis, the challenge arises from workers concealing
themselves within colonies and the presence of a rigid involucrum, complicating
in-colony collection. Males of N. testaceicornis were collected in a swarm close
to a colony entrance in the campus of Universidade Federal de Vigosa (UFV)
(Table 1S). Due to the swarm’s mix of drones, determining the exact number of
colonies they originated from was not feasible.

After collection, the bees were transported to the insectary of the Insect
Molecular Biology Laboratory at UFV and anesthetized with carbon dioxide
(CO2). The exception was C. capitata, which was transferred one by one directly
from the opened colony to the plastic pots without being anesthetized.
Anesthetized bees were transferred to plastic trays, delicately removed one by
one with the aid of tweezers and grouped into 500 mL plastic pots (for bees with
a body weight greater than 70 mg) or 250 mL pots (for body weight below 70 mg).
Each plastic pot contained 10 bees from the same colony, and each pot was
considered one replicate. The plastic pots were prepared in advance® and placed
in Biochemical Oxygen Demand (B.O.D.) incubators with controlled temperature
adjusted according to the species (Table 1S), in complete darkness. These pots
were transparent, featuring a bottom lined with filter paper and walls scratched
with sandpaper to allow the bees to walk on their walls. Following the transfer of
the bees, the pots were sealed with transparent plastic lids, perforated to facilitate

air exchange.



Supplementary Table 3: Doses of the insecticide dimethoate used in oral and

contact exposure. The doses are expressed in ug active ingredient (a.i.)/bee

Species Exposure Doses
_ _ Oral 0.8059; 0.0743; 0.0393; 0.0304; 0.0140
Apis mellifera
Contact 0.1100; 0.0660; 0.0550; 0.0330; 0.0275; 0.0068
Cephalotrigona capitata  Contact 0.1000; 0.0550; 0.0275; 0.0138; 0.0069; 0.0034
Friesella schrottkyi Contact 0.0275; 0.0069; 0.0034; 0.0017
_ _ _ Oral 0.0694; 0.0599; 0.0456; 0.0100; 0.0068
Friseomelitta varia
Contact 0.0550; 0.0275; 0.0138; 0.0069; 0.0034
_ Oral 0.0647; 0.0357; 0.0250; 0.0127; 0.0033
Melipona mondury
Contact 0.0660; 0.0330; 0.0022; 0.0001
, - Oral 0.2335: 0.1180; 0.0702; 0.0249: 0.0181
Melipona quadrifasciata
Contact 0.0825; 0.0550; 0.0275; 0.0138; 0.0069; 0.0034
, , Oral 0.1390; 0.0940; 0.0710; 0.0310; 0.0160
Melipona scutellaris
Contact 0.1100; 0.0550; 0.0275; 0.0138; 0.0139
Nannotrigona Oral 0.0654; 0.0319; 0.0040; 0.0013
testaceicornis Contact 0.0138: 0.0069; 0.0014; 0.0007: 0.0002
. Oral 0.3937; 0.0336; 0.0105; 0.0026
Partamona helleri
Contact 0.1100; 0.0330; 0.0165; 0.0110; 0.0011
Plebeia droryana Oral 0.0120; 0.0360; 0.0060; 0.0030; 0.0020: 0.0010
. . Oral 0.1429; 0.0517; 0.0267; 0.0137; 0.0047; 0.0042
Scaptotrigona bipunctata
Contact

0.1000; 0.0880; 0.0660; 0.0550; 0.0275; 0.0220

. . Oral 0.0224; 0.0208; 0.0177; 0.0064; 0.0036
Scaptotrigona xanthotricha
Contact 0.1000; 0.0550; 0.0069; 0.0034
_ Oral 0.0910; 0.0824; 0.0337; 0.0203; 0.0109
Tetragona clavipes
Contact 0.1000; 0.0550; 0.0275; 0.0137; 0.0069
. Oral 0.0140; 0.0040; 0.0020; 0.0010
Tetragonisca angustula
Contact 0.0275; 0.0069; 0.0017; 0.0008; 0.0004
. . Oral 0.0690; 0.0410; 0.0302; 0.0130; 0.0080; 0.0030
Trigona hyalinata
Contact 0.1000; 0.0550; 0.0275; 0.0137; 0.0069
. . Oral 0.0845; 0.0488:; 0.0235; 0.0160
Trigona spinipes
Contact

0.1000; 0.0550; 0.0275; 0.0137; 0.0069




Supplementary Table 4: Estimated median lethal concentration in a 24-hour

(24h-LCso) of dimethoate through oral exposure and contact exposure

Species Exposure 24h- LCsp pg/puL X2 DF P-value Slope (+SE)
Oral 0.00222 (0.00193 - 502 5 0.4 6.6 £1.1
Apis mellifera ) 020%700(%)6(1)3862 -
Contact 0.02208) 273 4 0.6 85 11
Cephalotrigona 0.05058 (0.04257 -
capitata Contact 0.05941) 493 4 0.3 5 +£0.9
. . 0.00487 (0.00392 -
Friesella schrottkyi Contact 0.00580) 142 2 0.5 45+0.9
Oral 0.00709(0.00555- 5409 3 40 177 +63
Friseomelitta varia 0o 92'100(765 3)1 633"
Contact 0.02380) 458 3 0.2 3.5 £05
Oral 0.0007804 (0.0006797 - 613 2 01 6.4 +1
Melipona mondury ) Oogggo(?)?(())g;% .
Contact 0.00559) 030 2 0.9 21 £0.3
0.00109 (0.0009406 -
Melipona Oral 0.00127) 121 3 0.8 58 0.9
guadrifasciata 0.02047 (0.01718 -
Contact 0.02424) 288 4 0.6 4 £+ 05
ora 000151 (000133- 54 5 19 8.9 £1.7
Melipona scutellaris ) 034?&00(1078)2958 -
Contact 0.03969) 389 3 0.3 6.1 +1
0.00141 (0.0004155 -
Nannotrigona Oral 0.00290) 849 4 0.1 1.4 +0.3
testaceicornis 0.00497 (0.00374 -
Contact 0.00668) 281 3 04 24 + 0.3
ora 000181 (0O0137- 459 5 o7 29 :07
Partamona helleri 0.00301)
0.01273 (0.01150 -
Contact 0.01392) 0.00 3 1.0 99 + 21
. 0.000815 (0.0003177 -
Plebeia droryana Oral 0.00133) 829 4 0.1 27 0.6
0.00509 (0.00421 -
Scaptotrigona Oral 0.00623) 562 3 0.1 3.3 £+04
bipunctata 0.03996 (0.03015 -
Contact 0.05027) 841 4 0.8 55+0.9
0.00175 (0.00140 -
Scaptotrigona Oral 0.00213) 279 4 0.6 3.9 07
xanthotricha 0.01945 (0.01366 -
Contact 0.02758) 0.87 2 0.9 42+0.7
Oral 0.00272 (0.00210- 431 3 g2 3.8 + 0.7
Tetragona clavipes 0D 12?0(?6338)890 -
Contact 0.01439) 594 3 0.1 3+0.5
0.00170 (0.00136 -
Tetragonisca Oral 0.00224) 210 2 0.4 3 *05
angustula 0.00400 (0.00307 -
Contact 0.00536) 5.31 3 0.2 24 £0.3
Trigona hyalinata Oral 0.00336 (0.00291 - ¢, 4 0.2 7.2 £1.3

0.00382)




0.01893 (0.01562 -

Contact 0.02275) 0.38 3 0.9 35 205
Oral 0'0063100(7%25)541 T 128 1 0.3 55 +1
Trigona spinipes ;
0.02936 (0.02441 -
Contact 0.03526) 562 3 0.1 3.6+0.5

Supplementary Figures 1-16: Survival Curves. Following exposure to the
dimethoate, the survival of stingless bees and Africanized A. mellifera was
monitored daily for 96 hours (24h, 48h, 72h, and 96h) after both oral and contact
exposures, in accordance with the Organization for Economic Co-operation and
Development (OECD) protocols for acute oral exposure and contact exposure
(OECD, 1998a,b). Survival data were subjected to survival analysis using the
Kaplan-Meier estimate. The overall similarity between the survival curves was
tested using the log-rank x2 test (P < 0.05). Each color represents a distinct dose

expressed in ug a.i./bee. (A) Oral exposure; (B) Contact exposure.
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Supplementary Figure 1: Survival of A. mellifera.
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Supplementary Figure 2: Survival of C. capitata.
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Supplementary Figure 3: Survival of F. schrottkyi.
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Supplementary Figure 4: Survival of F. varia.
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Supplementary Figure 5: Survival of M. mondury.
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Supplementary Figure 6: Survival of M. quadrifasciata.
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Supplementary Figure 7: Survival of M. scutellaris.
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Supplementary Figure 8: Survival of N. testaceicornis.
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Supplementary Figure 9: Survival of the P. droryana.
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Supplementary Figure 10: Survival of P. helleri.
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Supplementary Figure 11: Survival of S. bipunctata.
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Supplementary Figure 12: Survival of S. xanthotricha.
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Supplementary Figure 13: Survival of T. angustula.
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Supplementary Figure 14: Survival of T. clavipes.
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Supplementary Figure 15: Survival of T. hyalinata.
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Supplementary Figure 16: Survival of T. spinipes.
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