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Abstract 

To better understand the sensitivity of the models represented by Apis mellifera L., 1758 in toxicology 
studies of insecticides to bees, the aim of this study was to determine the LD50 of fipronil by topical 
application on the stingless bees Melipona scutellaris Latreille, 1811. Foraging bees were collected at 
the nest entrance and in laboratory anesthetized with CO2 for applying 1.0 μL of fipronil solution on 
the pronotum. Each group of treatments was made with thirteen bees divided in three cages, while in 
the control treatments the bees received only acetone. During the assay, the behavior and the 
number of dead bees were registered. The results showed that the insecticide fipronil applied 
topically was harmful to M. scutellaris and for A. mellifera, where the LD50 for 48 hours was 0.41 ng 
a.i./bee or 4.1 ng a.i./ g of bee. Comparing the LD50 values here obtained with the stingless bee M. 
scutellaris and those of A. mellifera in literature, we can conclude that the native bees are more 
sensitive to fipronil than the allochtonous bee, suggesting that further studies should be 
accomplished to determine the real hazard of pesticides to natives bees. 
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1. Introduction 

The insecticide fipronil (phenylpyrazole - C12H4Cl2F6N4OS) acts on the nervous system of insects by 
blocking chloride channels through the receptor of gamma-aminobutyric acid and glutamate. Due to 
its mode of action it is considered a new generation insecticide, being a broad-spectrum systemic 
insecticide and effective at low application rates. Widely used in Brazil and more than 70 countries it is 
considered highly toxic to bees, which is why its use is banned in France since 20041-10. 
Toxicological studies with bees use mostly the model species Apis mellifera L., 1758 (Hymenoptera: 
Apidae) and it has been observed that sublethal doses of fipronil can cause behavioral changes, to 
these bees, related mainly with tasks such as feeding and foraging, fundamental for the survival of 
colonies11-18. However, native bees exposed to pesticides may be at a different risk, because 
differences in tolerance among species of bees have been observed by several authors19-26 and most 
show that wild bees are more sensitive to the insecticides than the honeybee A. mellifera27,28 . 
Among the stingless bees within the tribe Meliponini, Melipona scutellaris Latreille, 1811 
(Hymenoptera: Apidae) is popularly known. It is endemic in northeastern Brazil and distinguished by 
its ease of domestication and management, honey production and significant potential for 
replication on a large scale for pollination in greenhouses and open field, beyond its ecological 
importance as pollinators of native plants in Brazil29-34. 
Seeking to diversify the species of bees to better understand and compare the sensitivity of the 
models represented by honeybee A. mellifera27, the objective of this study was to determine the 
topical LD50 of the insecticide fipronil for the stingless bees M. scutellaris. 

2. Material and Methods 

Three colonies of M. scutellaris from the Universidade Estadual Paulista (UNESP) campus Rio Claro, 
were used in the experiment. The hives were kept in protected room where the bees had free access 
to the external environment through a plastic tube that connected the nest entrance and the outside. 
All time, the colonies were surveyed to assess the health, queen laying capacity, foraging activity and 
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food availability. To promote the survival of colonies during a dry season, 60 % of sucrose solution 
prepared with lemon juice was provided35. 

2.1 Acute toxicity test (LD50) 

Assays were carried out at the Center for the Study of Social Insects of UNESP with some 
modifications on the directives of the Organization for Economic Cooperation and Development36. 
To determine the topical LD50 of the insecticide fipronil (95% of purity, Bayer CropScience, Brazil) to 
foragers of M. scutellaris, a stock solution (1000 ng a.i./μL acetone) was prepared and next a range of 
several concentrations between 0.5 to 5.0 ng of a.i/μL acetone. The control treatment received only 
acetone, after its low toxicity had been assessed in preliminary assay compared with water. 
To facilitate the handling and application, the bees were anesthetized with CO2 (ten seconds).  With a 
repetitive micropipette the volume of 1.0 μL of solution was applied on the thorax of the bees. To 
ensure the variability among the colonies and to obtain a realistic and reliable value of LD50, the bees 
from each repetition were taken directly from a single colony. In each treatment (=concentration) we 
had three distinct groups of bees which originated from different colonies. Thus, each treatment 
(group of bees from one concentration) consisted of three replicates with ten bees, in total thirty 
specimens. During the assay, bees were fed ad libitum with sucrose-solution (50%), and cages were 
kept in climatic room at 29±2ºC, relative humidity of 70±5% and darkness. 

2.2 Data collection and analysis 

Along 72 hours after the application of fipronil on M. scutellaris, assessments were made one, four and 
every twenty-four hours, with registration of all behavior, as well as the number of dead bees. 
Statistical analysis to determine the LD50 value were performed using a log-logistic model from the 
package “drc” (Analysis of Dose-Response Curves) 39 compiled by the statistical software R40. 

3. Results and discussion 

Bioassays performed in order to compare the toxicity of acetone and water showed that this organic 
solvent was no toxic to M. scutellaris foragers. Already, the insecticide fipronil topically applied was 
considered highly toxic to M. scutellaris foragers, with a LD50 for 48 hours of 0.41 ng a.i./bee (CL95% = 
0.23 - 0.58; D.F. = 16 and χ2 = 9.8238, Figure 1). Comparing this result with the LD50 of fipronil 
established for other species of bees, foragers of M. scutellaris were more sensitive to fipronil than A. 
mellifera (1.9- 6 ng a.i./bee), Megachile rotundata Fabricius, 1787 (4 ng a.i./bee), Nomia melanderi 
Cockerell, 1906 (113 ng a.i./bee) and Scaptotrigona postica Latreille, 1807 (0.54 ng a.i./bee)13,18,37,38,41, 42. 
Likewise, taking into consideration that the workers of M. scutellaris have a mean weight of 0.1g, 
recalculating the LD50 we got a LD50 of 4.1 ng a.i./g of bee. In this way, M. scutellaris remains more 
susceptible to fipronil than A. mellifera (103 ng a.i./g of bee), M. rotundata (132 ng a.i./g of bee) and N. 
melanderi (13,190 ng a.i./g of bee)41. 
The doses of fipronil from 1.5 to 5 ng a.i./bee for 48/72 hours and 5 ng a.i./bee for 24 hours, caused 
100 % of mortality, respectively (Figure 2) The dose of 1.5 and 1.0 ng / bee also had high rates of 
mortality after 48 hours of intoxication, with 96% and 85% of dead bees, respectively. 
Still, the bees in the group treated with 5.0 ng of fipronil/bee showed signs of intoxication: after 4 
hours this group had bees with their wings vibrating. This same behavior was observed in A. mellifera 
treated with 0.1 ng fipronil/bee and after 11 days of exposure dose of 0.01 ng of fipronil/bee11. 
According to these authors the behavior of vibrating wings is accompanied by the emission of alarm 
pheromone, which causes attacks among individuals, also observed in this study. After 24 hours of 
contamination, surviving bees in the groups treated with the higher doses of fipronil (2.0, 2.5 and 5.0 
ng a.i./bee) had tremors followed by paralysis and death. These same signals were also observed in 
honeybee A. mellifera treated with sucrose solution contaminated with fipronil 2 g/Kg of diet12. 
These results are consistent among the diversity of bees, which differ in their vulnerability to 
exposure to insecticides28. Several studies19-26 show differences in tolerance and/or sensitivity 
between species of bees and pesticides, most of these results show that the species honeybee A. 
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mellifera was more resistant compared to species of stingless bees which corroborates the suggestion 
that wild bees are a pollinating group at particular risk for exposure to pesticides27. 
 
 

 
 

Fig. 1 Acute toxicity (48 hours) by topical application of the insecticide fipronil to foragers of Melipona 
scutellaris. 

 

 

 
 

Fig. 2 Mortality evolution of foragers Melipona scutellaris when exposed at different doses of fipronil. 
 

The findings also support the idea that ecotoxicological studies on diverse pollinating species can be 
used to obtain a better understanding of how the sensitivity of a model representative of honeybees 
(A. mellifera) can be compared to other species of bees43. 
The bee species M. scutellaris is considered a potential effective pollinator species for production on a 
large scale as a pollinator in greenhouses and the open field, with ease of maintaining strong hives, 
which can be easily transported and multiplied30. Brazil has a high diversity of bees that interact with 
numerous plant species44 and it is believed that 33% of the crops that provide food for the human 
population depends on pollination by bees45. 
We believed than poisoning by insecticides is one of the causes of high mortalities of bees, especially 
in areas in southern and southeastern Brazil, where the disappearance of bees caused by insecticides 
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has become a concern. Between 2008 and 2010, about 5000 bee hives of Africanized A. mellifera were 
lost in the central region of São Paulo. Hives of native bees were not included46. 
Since Brazil has a high diversity of native bees, endemic in the tropics and sensitive to low 
temperatures, studies on the toxicity of insecticides in Brazil should focus on these species47. 

4. Conclusion 

The insecticide fipronil was highly toxic to foraging stingless bee M. scutellaris under laboratory 
conditions, with a topical LD50 in 48 hours of 0.41 ng a.i./bee (4.1 ng of fipronil/g bee). It is suggested 
that bees of M. scutellaris are more sensitive to fipronil than A. mellifera (Africanized and Italian), M. 
rotundata, N. melanderi and S. postica. Tremor followed by paralysis were the main signs of 
intoxication observed in the groups treated topically with the highest dose of fipronil. 
The LD50 results determined in this work are being used to assess behavioral changes through the 
Proboscis Extension Reflex (PER) and locomotor activity, in particular which doses of fipronil causing 
sublethal effects in foragers of M. scutellaris. 

Acknowledgement 

This study was supported by CAPES (Brazil), Dutch Ministry of Agriculture, Nature and Food Quality 
(BO-10-011-113) and GEF. 

References 

1. Aajoud A, Ravanel P, Tissut M, Fipronil metabolism and dissipation in a simplified aquatic ecosystem, J Agric Food 
Chem 51: 1347-1352 (2003). 

2.  Agência nacional de vigilância sanitaria/Anvisa, fipronil, http://www4.anvisa.gov.br/base/visadoc/cp/cp[18765-1-
0].pdf [acccessed on September 2011]. 

3.  Barbara GS, Zube C, Rybak J, Gauthier M, Grünewald B, Acethylcoline, Gaba and glutamate induce ionic currents in 
cultured antennal lobe neurons of the honeybee, Apis mellifera, J Comp Physiol A, 191: 823-836 (2005). 

4.  Connely P, Environmental fate of fipronil. Environmental monitoring branch, department of pesticide regulation, 
California Environmental Proteccion Agency, http://www.pw.ucr.edu/textfiles/fipronil.pdf  [accessed on  
September 2011]. 

5.  Gunasekara AS, Truong T, Goh KS, Spurlock F, Tjeerdema RS, Environmental fate and toxicology of fipronil, J Pestic 
Sci, 32(3): 189-199 (2007). 

6.  Johnson R, Honey bee colony collapse disorder, Congressional Research Service, 20 p. (2010).  
7.  National Pesticide Information Center/Npic, Fipronil: technical fact sheet, 

http://npic.orst.edu/factsheets/fiptech.pdf  [accessed on  January 2010]. 
8.  Rogers REL, Why is France banning certain pesticides?, Bee World, p. 40-41, jun. 2004.  
9.  Stenersen J, Interference with signal transduction in the nerves. In: Chemical Pesticides: Mode of action and 

toxicology. Crc Press, New York, (2004). 
10. Thompson HM, Risk assessment for honey bees and pesticides – recent development and ‘new issues’, Pest Manag 

Sci, 66: 1157-1152 (2010). 
11. Aliouane Y, Hassani AK, Gary V, Armengaud C, Lambin M, Gauthier M, Subchronic exposure of honeybees to 

sublethal doses of pesticides: effects on behavior, Environ Toxicol Chem, 28 (1): 113-122 (2009).  
12. Colin ME, Bonmatin JM, Moineau I, Gaimon C, Brun S, Vermandere JP, A method to quantify and analyse the 

foraging activity of honey bees: relevance to the sublethal effects induced by systemic insecticides, Arch 
Environ Contam Toxicol, 47: 387-395 (2004).  

13. Decourtye A, Devillers J, Genecque E, Menach K, Budzinski H, Cluzeau S, Pham-Dèlegue MH, Comparative 
sublethal toxicity of nine pesticides on olfactory learning performances of the honeybee Apis mellifera. Arch 
Environ Contam Toxicol, 48: 242-250 (2005). 

14. Decourtye A, Lefort S, Devillers J, Gauthier M, Aupinel P, Tisseur M, Sublethal effects of fipronil on the ability of 
honeybees (Apis mellifera l.) to orientate in a complex maze. Julius Kühn Arch, 423: 75-83 (2009). 

15. Decourtye  A, Devillers J, Aupinel P, Brun F, Bagnis C, Fourrier J, Gauthier M, Honeybee tracking with microchips: a 
new methodology to measure the effects of pesticides, Ecotoxicol, 20: 429-437 (2011).  

16. Hassani AK, Dacher M, Gauthier M, Armengaud C, Effects of sublethal doses of fipronil on the behavior of the 
honeybee (Apis mellifera), Pharmacol Biochem Behavior, 82(1): 30-39 (2005). 



   Hazards of pesticides to bees 

178 Julius-Kühn-Archiv, 437, 2012 

17. Hassani AK, Dupuis JP, Gauthier M, Armengaud C, Glutamatergic and gabaergic effects of fipronil on olfactory 
learning and memory in the honeybee, Invert Neurosci, 9(2): 91-100 (2009).  

18. Pereira AM, unpublished. 
19. Del Sarto MCL, unpublished. 
20. Macieira OJD, Hebling-Beraldo MJA, Laboratory toxicity of insecticides to workers of Trigona spinipes (F., 1793) 

(Hymenoptera, Apidae). J. Apic Res, 28(1): 3-6 (1989). 
21. Malaspina O, pers. communication. 
22. Malaspina O, Stort AC, DDT tolerance of africanized bees, italian bees (Apis mellifera ligustica) and their F1 hybrids 

(Hymenoptera: Apidae), J. Kansas Entomol Soc, 56(1): 74-79 (1983).  
23. Moraes SS, Bautista ARL, Viana BF, Avaliação da toxicidade aguda (DL50 E CL50) de inseticidas para Scaptotrigona 

tutiba (Smith) (Hymenoptera: Apidae): via de contato, An Soc Entomol Brasil, 29(1): 31-37 (2000). 
24. Roessink I, Steen J, Kasina M, Gikungu M, Nocelli R, Is the european honeybee (Apis mellifera mellifera) a good 

representative for other pollinators species?, Setac, p. 35 (2011). 
25. Stuchi ALPB, unpublished. 
26. Valdovinos-Núñez GR, Quezada-Euán JJG, Ancona-Xiu P, Moo-Vale H, Carmona A, Sánchez ER, Comparative 

toxicity of pesticides to stingless bees (Hymenoptera: Apidae: Meliponini), J Econ Entomol, 102(5) 1737-1742 
(2009). 

27. Brittain CA, Vighi M, Bommarco R, Sattele J, Potts SG, Impacts of a pesticide on pollinators species richness at 
different spatial scale, Basic Appl Ecol, 11(2): 106-115 (2010). 

28. Desneux N, Decourtye A, Delpuech JM, The sublethal effects of pesticides on beneficial arthropods, Annu Rev 
Entomol, 52: 81-106 (2007). 

29. Evangelista-Rodrigues A, Góis GC, Silva CM, Souza DL, Souza DN, Silva PCC, Alves EL, Rodrigues ML, 
Desenvolvimento produtivo de colméias de abelhas Melipona scutellaris, Biotemas, 21(1): 59-64 (2008). 

30. Imperatriz-Fonseca VL, Saraiva AM, De Jong D, Bees as pollinators in Brazil: assessing the status and suggesting 
best practices. Holos, Ribeirão Preto,112p. (2006). 

31. Kerr WE, As abelhas e o meio ambiente. 12 Congresso Brasileiro de Apicultura, Anais, p. 1-8 (1999).  
32. Kerr WE, Carvalho GA, Silva AC, Assis MGP, Aspectos pouco mencionados da biodiversidade Amazônica, Parcerias 

Estrateg, 12: 20-41 (2001). 
33. Nogueira-Neto P, Vida e criação de abelhas indígenas sem ferrão. Nogueirapis, São Paulo, 445 p. (1997). 
34. Silveira FA, Melo GAR, Almeida EAB, Abelhas Brasileiras: sistemática e identificação. Fernando a. Silveira, Belo 

Horizonte, 253 p. (2002). 
35. Brighenti DM, Carvalho CF, Brighenti CRM, Carvalho SM, Inversão da sacarose utilizando ácido cítrico e suco de 

limão para preparo de dieta energética de Apis mellifera Linnaeus, 1758, Cienc Agrotec, 35(2): 297-304 (2011). 
36. Organization for Economic Cooperation and Development/OECD. Honeybees, acute contact toxicity test, OECD 

guidelines for the testing of chemicals, 8 p. (1998). 
37. Roat TC, pers. communication. 
38. Jacob CRO, pers. communication. 
39. Ritz C, Streibig JC, Bioassay analysis using r, J Statistical Software, 12(5): 1-22 (2005). 
40. R development core team. R: A language and environment for statistical computing. R foundation for statistical 

computing, Vienna, Austria (2011). ISBN 3-90051-07-0, URL http://www.R-project.org [accessed on October 
2011]. 

41. Mayer DF, Lunden JD, Field and laboratory tests of the effects of fipronil on adults female bees of Apis mellifera, 
Megachile rotundata and Nomia malanderi, J Apic Res, 38(3-4): 191-197 (1999). 

42. Tingle CC, Rother JA, Dewhurst CF, Lauer S, King WJ, Fipronil environmental fate, ecotoxicology and human health 
concerns, Rev Environ Contam Toxicol, 176:1-66 (2003). 

43. Brittain C, Potts SG, The potential impacts of insecticides on the life-history traits of bees and the consequences for 
pollination, Basic Appl Ecol, 12: 321-331 (2011). 

44. Klein AM, Vaissière BE, Cane JH, Steffan-Dewenter I, Cunningham SA, Kremen C, Tscharntke T, Importance of 
pollinators in changing landscapes for world crops, Proc R Soc B, 274: 303-313 (2007). 

45. Imperatriz-Fonseca VL, Silva-Nunes P, As abelhas, os serviços ecossistêmicos e o código florestal brasileiro, Biota 
Neotrop, 10(4): 59-62 (2010).  

46. Malaspina O, Nocelli RCF, Silva-Zacarin ECM, Souza TF, Defesa de apiários e meliponários contra agrotóxicos, 18 
Congresso Brasileiro de Apicultura, 4 Congresso Brasileiro de Meliponicultura, Anais, 5p. (2010). 

47. Lourenço CT, Santos JF, Nocelli RCF, Effects of insecticides in bees: situation in Brazil, 9 Encontro sobre abelhas, ed 
by FFCLRP-USP, Ribeirão Preto, p. 607 (2010). 

 




