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Abstract  24 

We conducted several tests on the stingless bee Melipona quadrifasciata aiming to 25 

determine the impact of the glue used for applying RFID tags on this bee species. The 26 

study was organized in three experimental sets, in which we evaluated the effects of a 27 

synthetic glue, a natural glue (shellac), and the effects of the bee manipulation alone 28 

(control group). We performed (i) an in vitro experiment (bioassay), in which we tested 29 

five different experimental treatments in triplicate: chip plus synthetic glue, chip plus 30 

shellac, synthetic glue, shellac, and control, totaling 150 bees (n=30 per treatment); (ii) 31 

field experiments, in which we tested the RFID tracking system composed of RFID tags, 32 

reading unities, antennas, and circuit boards; (iii) and the morphological and 33 

histochemical analyses of the flight muscles of bees collected from each experimental 34 

treatment (n= 5 per treatment) at 48 hours after the beginning of bioassay. Use of the 35 

natural glue, as opposed to the synthetic glue, promoted increase of the bees’ longevity 36 

inhibiting detrimental impacts into their foraging activities, as observed both by the 37 

bioassay and field experiments. We found negative responses to the synthetic glue 38 

treatment combined with the electronic tags, showing that the natural glue induces less 39 

morphological damage to the flight muscles of tagged bees.  40 
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1. Introduction 43 

The use of miniaturized tracking devices on bees increased in the last decade as 44 

an attempt to better understand the dynamics, biology and ecology of these important 45 

pollinators (Kissling et al. 2014; Nunes-Silva et al. 2018, and references therein). The 46 

radio frequency identification (RFID) tags offers a good option of data acquisition, as 47 

they have a low cost, are light enough to be carried by the bee, and many can be used 48 

simultaneously amongst a diverse cohort of bees as they can be identified individually 49 

(de Souza et al. 2018).  50 

Although this technology has been used frequently on honeybees - Apis mellifera 51 

(e.g., Bayert et al. 2012; Schneider et al. 2012; Tenczar et al. 2014; Bromenshenk et al. 52 

2015; Susanto et al. 2018), too little is known about the use of RFID on other bee species, 53 

even though there is some use with Brazilian stingless bees (e.g., de Souza et al. 2018; 54 

Nunes-Silva et al. 2019; Gomes et al. 2020). Much less is known regarding the effects of 55 

the application and manipulation of these devices on wild bees, such as the quality of 56 

different agglomerants applied, including the impact on the longevity of bees fitted with 57 

RFIDs.  58 

Most of the surveys use cyanoacrylate synthetic glue to attach the electronic tags 59 

on the bees’ thorax without relating any issues to A. mellifera (Bayert et al. 2012; Tenczar 60 

et al. 2014; Susanto et al. 2018) and Melipona fasciculata (Nunes-Silva et al. 2019). 61 

However, as we took preliminary tests with Melipona quadrifasciata (common name 62 

“Mandaçaia”) we found that all bees were not able to come back to the colony after the 63 

release. Among the questions raised to solve this problem, we hypothesized about the 64 

harm of the synthetic glue used to attach the tags on bees. Schneider et al. (2012) used 65 

shellac to glue the electronic tags on A. mellifera, propelling us to develop a non-toxic 66 
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glue and test it in M. quadrifasciata, an important native Brazilian stingless bee, endemic 67 

of the Atlantic Forest biome (Silveira et al. 2002).  68 

Concerning the need to better understand the possibilities and limitations of the 69 

use of RFID tags on bees and the necessity to expand the applicability of the method to 70 

more sensitive wild bee species at field conditions, we aimed to answer: What are the 71 

effects of different glues on the bees’ lifetime? To do so, we analyzed several parameters 72 

on the stingless bee M. quadrifasciata and evaluated the availability of fitting RFID tags 73 

to this species. 74 

 75 

2. Materials and Methods 76 

We conducted our study in three experiment sets. First, we performed an in vitro 77 

experiment (bioassay), in order to find if the tagging process would be responsible for 78 

decreasing the lifetime of bees, and to identify to what extent this influence was caused 79 

by the application of RFID tags (chips) and/or by the glue used to apply them. The RFID 80 

tags (Hitachi Chemicals, 2016) are 2.5 x 2.5 x 0.4 mm in size and 5.4 mg in weight and 81 

electronically registered with a series of unique hexadecimal numbers (de Souza et al. 82 

2018). The tags are placed on the bee’s thorax, between the wings (Fig. 1). Second, we 83 

performed field experiments, simulating as close as possible the real routine of a bee 84 

working in the hive. Therefore, we investigated if tagged bees would be capable of 85 

leaving and re-entering the hive, as well as the time spent away from the hive, and if the 86 

glue type used to apply the tags would influence this activity. Finally, we performed the 87 

morphological and histochemical analysis of the flight muscles, in order to find if the glue 88 

used to apply the tags would somehow affect the bees’ tissue. 89 

 90 
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2.1. In vitro experiment: survivorship and mortality analysis  91 

The forager bees were captured from three different colonies from the meliponary 92 

of the Chácara Palmeiras (23°31'33.38"S; 47°21'56.31"W) in the beginning of the 93 

afternoon and transported to the laboratory. In the lab we divided the bees into plastic 94 

pots (250 mL) with small holes to allow the air to enter, each one containing a punctured 95 

plastic microtube (1.5 mL) with syrup (sugar solution: 50% water; 50% organic sugar). 96 

Bees were acclimatized until the next morning in an incubator (Eletrolab EL202/E) at 97 

28°C and 70% humidity. We tested five different experimental treatments in triplicate: 98 

chip plus synthetic glue (CG); chip plus shellac (CS); synthetic glue (Gl); shellac (Sh); 99 

and control (Ct); totaling 150 bees (n=30 per treatment). We used three pots for each 100 

colony (triplicate) for each experimental treatment, each one of 15 pots containing 10 101 

bees, so that each colony represents a replicate. An extra pot per experimental treatment 102 

(N =10 bees/pot/treatment) was essayed together with the triplicate performed for a 103 

survival test, in order to collect bees for morphological and histochemical analysis of 104 

flight muscle (item III).  105 

For the CG treatment we glued the RFID chip on the bees using cyanoacrylate 106 

synthetic glue (Super Bonder, Loctite - usually used for tag application (e.g. Bayert et al. 107 

2012; Tenczar et al. 2014; Susanto et al. 2018; Nunes-Silva et al. 2019). For the CS 108 

treatment we glued the tag on the bees using shellac composed by natural constituents 109 

made of 50% organic shellac and 50% grain alcohol (Figure 1A). For the Gl treatment 110 

we applied the synthetic glue on bee’s thorax. For the Sh treatment we applied the shellac 111 

on the bee’s thorax. For the Ct treatment we simulated the application of both the glue 112 

and the RFID chip. We calculated the average time of manipulation for each application 113 

(which was 53 seconds per bee), in a way that we took approximately the same time to 114 
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simulate the manipulation in the Ct treatment. Before placing the glue and chip on the 115 

bee, each was transferred to a small immobilization cage to minimize the stress that could 116 

have been generated by manual manipulation (Figure 1B). By the end of each bee 117 

manipulation, each bee was individually kept in a tube (8 x 2.5 cm). After one hour of 118 

resting inside the tube, the bee was transferred to the pot in order to compose the 119 

experimental unit (N= 10 bees per pot). This time was standardized in order to completely 120 

dry the glue or shellac on each bee before bringing them together, as they could try to 121 

remove the tags from each other or even attack themselves because of the strong smell of 122 

the glue. After all the bees have been transferred to the pots kept inside the incubator, the 123 

bioassay began in order to determine the lifetime from each experimental treatment. 124 

During bioassay, syrup was offered ad libitum to bees and daily replaced for a new syrup. 125 

Every day, after 24 hours since the experiment set up, we checked the pots to count the 126 

number of dead individuals per pot. Thus, we did this monitoring daily, until the last bee 127 

was dead. The bees that died during the bioassay were removed from the pot. 128 

 129 

2.2 Field experiment 130 

The field experiment was taken in a M. quadrifasciata hive in the UFSCar campus 131 

Sorocaba (47°31’28”W; 23°34’53”S). We tested the tracking system as described by 132 

Souza et al. (2018), which was adapted to be applied in the M. quadrifasciata’ hive. The 133 

whole system is composed of RFID tags, reading unities, antennas, and circuit boards. 134 

When the tagged bees pass by the antennas’ reach, the system records information on 135 

date, hour, and location of each individual bee (for more methodological details about the 136 

system, see Souza et al., 2018). In order to best fit the M. quadrifasciata hive, the antennas 137 

were set as an extension of the entrance tube, simulated by a plastic tube (10 mm in 138 
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diameter) protected inside a box (Fig. 2). Two pairs of antennas were placed along the 139 

tube, one near to the entrance (pair A) of the hive and one near to the exit (pair B). 140 

Therefore, it is possible to identify if the bee is entering or exiting the hive according to 141 

the last registered position in the antennas. 142 

Aiming to test the different glues plus chip in a realistic condition (in hive 143 

condition), in order to prove the data obtained in bioassay of survival (in vitro conditions), 144 

we divided the bees in plastic pots (250 mL) with small holes to allow the air entrance, 145 

each one containing a punctured microtube (1.5 mL) with sugar solution (50% water; 146 

50% organic sugar). Bees were acclimatized until the next morning in an incubator 147 

(Eletrolab EL202/E) at 28°C and 70% humidity, then the bees were released into the field. 148 

This experiment was performed twice, not simultaneously, being (I) one release of 50 149 

bees glued with synthetic glue (Loctite) (II) one release of 50 bees glued with shellac, 150 

made of 50% organic shellac and 50% grain alcohol. The tracking system in the hive 151 

registered the bees’ movement continuously, until there were no more entry data, which 152 

meant that all bees were dead.  153 

 154 

2.3. Morphological and histochemical analysis 155 

Bees were collected from each experimental treatment (n= 5 per treatment) at 48 156 

hours after the beginning of bioassay. These bees were anesthetized by cooling (4°C) and 157 

dissected under a stereomicroscope at room temperature for the removal of flight muscle 158 

from the bee thorax, which were immersed in fixative solution (paraformaldehyde 4% in 159 

sodium phosphate buffer 0.1 M, pH 7.4) for 24 hours at 4°C. 160 

After the fixation process, the organs were washed in a sodium phosphate buffer 161 

(0.1 M, pH 7.4), and submitted to slow dehydration in increasing ethanol solutions (4°C), 162 
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according to the methodology described by Silva-Zacarin et al. (2012). Five of the fixed 163 

and dehydrated organs were embedded in liquid historesin for a period of 24 hours and 164 

then included in historesin with hardener to polymerize them. After, historesin blocks 165 

were submitted to microtomy to get histological sections of the organs (3-µm thickness) 166 

that was stained by Hematoxylin and Eosin for morphological analysis. 167 

Histological sections of bee flight muscles were also submitted to the 168 

histochemical methods: Period-Acid-Schiff (PAS) for detection of neutral carbohydrate 169 

as glycogen (McManus, 1946; Pearse 1960); bromophenol blue for protein detection 170 

(Pearse 1960); and Sudan black for lipid detection (Pearse 1960). Five glass slides were 171 

prepared for individual containing 12 non-sequential histological sections per slide (n= 172 

60 sections per individual, totalizing 300 sections for each experimental treatment). In 173 

order to determine the qualitative morphological pattern of flight muscle, we analyzed 72 174 

histological sections per treatment. For determining histochemical pattern according yo 175 

each technique (PAS, Bromophenol blue, Sudan black), 36 non-sequential sections were 176 

analyzed per treatment.  177 

 178 

2.4. Data analysis 179 

To find if there were significant differences in the survival among the treatments 180 

in relation to the control for the in vitro experiment we generated survivorship curves 181 

using the Cox proportional hazards regression model (survival package) by R studio 182 

(version 1.1.463). We performed lethal time (LT) analysis to estimate the time mortality 183 

of 10, 20, 30, 40, and 50% of the bees in each treatment using the R package ecotox. As 184 

we did not know the age of the tested bees, we decided not to include the analysis of the 185 

mortality over 50%, in order to decrease the influences of mortality by aging. 186 
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Data about the field experiment was organized in Excel worksheets and the 187 

number of bees detected by the RFID system per day were counted. We performed the 188 

Mann-Whitney test to check for significative differences in the mortality of the bees 189 

between the two different treatments of glue.   190 

Histological and histochemical data were also analyzed semi-quantitatively in 191 

order to determine the morphological and histochemical patterns of thoracic flight 192 

muscles for each experimental treatment. Thus, three individuals were analyzed per 193 

experimental group. For each bee, 12 non-sequential histological sections per individual 194 

were randomly selected and analyzed, in order to determine: the reaction pattern of organ 195 

in each experimental group, the histopathological alterations (lesions) to be scored, and 196 

their respective importance factor, according to the Bernet et al. (1999) with adaptations 197 

for bees (Oliveira et al. 2019). Alterations (lesions) were classified into four levels of 198 

intensity, which were scored from 0 to 3, depending on the degree and/or frequency of 199 

them: 0 – no alteration, 1– slight alteration, 2 – moderate alteration, and 3 – severe 200 

alteration. The importance factor was established for each lesion based on severity. This 201 

factor was categorized as (1) minimal pathological importance (repairable damage), (2) 202 

moderate pathological importance (damage was repairable in most cases), or (3) severe 203 

pathological importance (irreparable damage).  204 

To determine histological and histochemical alterations in the bees’ muscles, two 205 

indices were calculated: the lesion index (Ile = level of intensity of lesion x pathological 206 

importance) and the organ index (Iorg = sum of the Ile indexes). Each individual was 207 

considered as a replicate from the experimental group (N= 3). The Wilcoxon/ Kruskal-208 

Wallis text was used to calculate the lesion index (Ile = level of intensity of lesion x 209 

pathological importance) due to the non-normal distribution of data as shown by the 210 
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Shapiro. Afterwards, we did the Dunn test (post-test of Dunn's Kruskal-Wallis Multiple 211 

Comparisons with Bonferroni adjusted method) with p adjust by the Bonferroni method. 212 

Due to the homogeneity (Barlett test) and normality of the data, we used Anova to analyze 213 

the total lesion index of the organ (Iorg = sum of the lesion indexes). 214 

 215 

3. Results 216 

3.1. In-vitro experiment 217 

The survivorship analysis (Fig. 3) showed a very significative difference for the 218 

survival of the CG treatment in relation to the control (p < 0.001). The LT analysis 219 

highlighted the faster decay of bee lifetime in the CG treatment in relation to the other 220 

treatments, having a LT50 of only 65 hours (2.7 days), while the control treatment 221 

presented a LT50 of 267 hours (11 days) (Table 1). 222 

 223 

3.2. Field experiment 224 

We observed that there was a significant difference between two glue treatments 225 

in the field experiment (p < 0.0001) in relationship to the number of bees that died. After 226 

the acclimatization period of the bees in the incubator, two bees tagged using shellac 227 

(natural glue) died, and one was found without the electronic tag. Therefore, 47 (94 %) 228 

of acclimated bees were released in the field. After this procedure, on the first day of 229 

monitoring, 33 (70 %) of released bees returned to the colony as detected by the RFID 230 

system. For this field treatment monitoring records occurred for 15 days.  231 

Regarding the bees tagged using synthetic glue, 20 (40 %) of them died during the 232 

acclimatization period inside the incubator and, therefore, 30 (60 %) of the acclimated 233 

bees were released in the field. Of this total of bees released, only two (6.6 %) were 234 
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detected by the RFID system returning to the colony, and the records were obtained only 235 

during the first five days of field monitoring (Fig. 4). 236 

 237 

3.3. Morphological and histochemical analysis 238 

3.3.1. Qualitative analysis 239 

Flight muscles are composed by fibers of skeletal striated muscle that are 240 

multinucleated. In treatments exposed to synthetic glue (synthetic glue alone or associated 241 

with the chip), there were focal points of disorganization of the muscle fibers of the flight 242 

muscle, and changes in the organization of sarcomeres (Fig. 5). In treatments exposed to 243 

shellac glue (natural glue alone or associated with the chip), this disorganization was 244 

rarely observed and there was no sarcomere alteration (Fig. 5). 245 

In addition, bees tagged using synthetic glue presented glycogen accumulation in 246 

most of flight muscle fibers, on contrary of control that had no evidence of glycogen 247 

accumulation (Fig. 6). Bees tagged using shellac presented glycogen sparsely distributed 248 

in muscle fibers (Fig. 6). Bees exposed only to glue (synthetic glue or shellac) presented 249 

no glycogen accumulation (data not shown), similar to control group. Regarding data 250 

obtained by Bromophenol blue (protein detection) and Sudan Black (lipid detection), 251 

there was no difference of positive labelling among treatments. Flight muscle presented 252 

few droplets of lipids and great amount of proteins in their fibers.  253 

 254 

3.3.2. Semi-quantitative analysis 255 

The reaction pattern observed in the muscles was defined as regressive change, 256 

according to Bernet et al. (1999), wich involve degeneration of cellular structures of the 257 

tissue, including the following lesions: archichetural and structural alterations 258 
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(disorganization of muscle fibers; changes in the intracellular organization of 259 

sarcomeres). The intensity levels of alterations were defined according to the frequency 260 

of the lesion in muscle’s histological sections: score 0 – less than 10% (< 10%); score 1 261 

– between 10 and 40% (≥ 10% e ≤ 40%); score 2 – between 41 and 70% (> 40% e ≤ 262 

70%); score 3 – higher than 70% (> 70%) of tissue. Separately, none of these lesion 263 

indexes (Ile) showed significative differences. However, the sum of the lesions per 264 

individual of each experimental group, which generated the organ total lesions index 265 

(Iorg), showed significant differences between the groups HCG (chip + synthetic glue) 266 

and control (p = 0.0220177), and between the groups HCG and HSh (shellac) (p = 267 

0.0454423). In relation to histochemical data, we found significant differences in the 268 

glycogen deposit between groups HCG and control (p = 0.05012287), between HCG and 269 

HGl (p = 0.05012287), and between HCG and HSh (p = 0.05012287). 270 

 271 

4. Discussion 272 

In the in vitro experiment, bees from the control treatment lived up to 504 hours 273 

(21 days) and took 267 hours to reach the  mortality of 50% of the individuals (LT50), 274 

while the CS, Gl, and Sh treatments took more than 240 hours (10 days). Conversely, in 275 

the CG (chip and synthetic glue) treatment the LT50 was reached in 65 hours (about 3 276 

days). Our results show that, despite the synthetic glue alone (Gl) had no significant 277 

effects in the in vitro experiments compared to the control, when combined with the RFID 278 

tags appliance, its negative effects were potentialized and caused the higher mortality of 279 

the bees. However, these side effects were not observed in neither of the natural glue 280 

treatments – chip and shellac (CS) and shellac only (Sh). 281 



13 
 

Regarding the field experiments, the difference between the synthetic and the 282 

natural glue was undisputed, as bees from the CG treatment were registered for only five 283 

days, while bees from the CS treatment kept their activities for 15 days. It is important to 284 

highlight that all individuals were sampled randomly during collection, without the 285 

knowledge of their actual age. Although we understand the occurrence of the 286 

physiological senescence of the flight muscles (Margotta et al. 2012), we aimed to 287 

simulate a field situation though the randomization of the flying worker bees. Even 288 

though, we had collected all bees with different ages, so that the randomization happened 289 

in all experimental groups, and we found statistical differences among the treatments. The 290 

average lifetime of an adult bee worker from the Melipona genus ranges from 40 to 52 291 

days (Venturieri 2008), but lifetime is variable among the species, e.g. Melipona 292 

marginata is around 70 days, and average 30 days as foragers (Mateus et al. 2019). We 293 

found that the survival time of flying worker bees was similar to the colony condition for 294 

the genus (Mateus et al. 2019) when used the natural glue (shellac), showing that it is 295 

better for adhering the electronic tags than the synthetic glue.  296 

 In the present study, we did not observe signs of myofibril disruption in order to 297 

visibly alter sarcomeres in untreated, glue-treated or chip-associated bees, although this 298 

characteristic may be present to a small extent in older forage workers, as observed by 299 

Correa-Fenandez and Cruz-Landim (2010) on the stingless bee Scaptotrigona postica. 300 

Therefore, myofibril alterations observed in M. quadrifasciata only in forager bees 301 

treated with synthetic glue, isolated or associated with the chip, showed negative effects 302 

because these bees presented muscle fiber disorganization in a greater proportion than 303 

that observed in forager bees treated with natural glue (isolated and associated with the 304 

chip). The negative effects of chip and synthetic glue were confirmed both in the survival 305 
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analysis and LT50, under in vitro conditions, as well as in the field experiment where the 306 

difference in survival time of forager bees using synthetic glue was much smaller than 307 

those tested using shellac. 308 

 Under natural conditions, the decrease in the amount of glycogen deposits in the 309 

muscle fibers and the appearance of lipid deposits in these fibers distinguishes the nurse 310 

workers from the foragers, at least in Scaptotrigona postica and Apis mellifera (Cruz-311 

Landim 2009), which reflects the transition from inside-nest to outside-nest tasks. In the 312 

present study, the flight muscle of untreated bees also did not have glycogen deposits but 313 

had few droplets of lipids, as expected for flying worker bees. Instead, in tagged bees 314 

using natural glue (shellac) or synthetic glue, glycogen deposits were visible in addition 315 

to lipid droplets. Interestingly, these glycogen deposits were not present when glues were 316 

applied alone to the thorax of the bees. These results suggest an atypical glycogen storage 317 

in the tagged bees that could potentially modify their flight activities.  318 

Moreover, associating this result with the survival data, tagged bees with the use 319 

of synthetic glue had shorter survival time in vitro conditions, as well as the lower rate of 320 

return to the nest after its release in the field, that is, around 13% of the released live 321 

tagged bees. The combination of these two stressor agents (tag + synthetic glue) could 322 

potentially interfere in the glycogen oxidation, which plays a role in fueling flight (Suarez 323 

et al., 1993; Suarez et al., 2005), and/or in the restoration of muscle homeostasis damaged 324 

by the potentially toxic components of the synthetic glue. Future physiological and 325 

biochemical studies should better elucidate how these two stressors work together to 326 

cause the negative effects found. It is known that honeybee flight muscles undergo 327 

significant changes in biochemistry and gene expression and that these changes 328 

accompany a significant increase in the metabolic capacity during flight (Roberts and 329 
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Elekonich 2005), but this information has not been provided until now for stingless bees. 330 

Biochemical and molecular studies should be performed in the future to elucidate this 331 

unexpected result and its implications for the flight of stingless bees M. quadrifasciata. 332 

 Glycogen is an easily mobilized energy source, and the flight muscle of bees 333 

oxidize this carbohydrate to supply their energetic requirements during transitions 334 

between rest and flight of bee (Crabtree and Newsholme 1975; Sacktor 1976) or to extend 335 

flight range (Harrison 1986) in honeybees. In orchid bees (non-eusocial bee), glycogen 336 

may play a greater role in fueling flight in these species than in honeybees. Thus, despite 337 

this range of social behaviors, reliance upon carbohydrate oxidation by flight muscles is 338 

a feature common to all bee species that have already been studied (Neukirch 1982; 339 

Suarez et al 2005). Pathways that provide energy for bee flight muscle include substrate 340 

oxidation, such as trehalose (carbohydrate) and proline (amino acid) released from fat 341 

body to hemolymph, which are absorbed by muscle fibers and participate in pathway of 342 

glycogen, as well as cytoplasmic and mitochondrial reactions inside muscle fibers (Suarez 343 

et al., 2005). In the present study, the data suggest that glycogen remained stocked in the 344 

muscle of forager bees with the use of synthetic glue, which results in its accumulation in 345 

muscle fibers, probably due to the absence or drastic decrease in flight muscle movement 346 

activity commonly present in forage bees. 347 

It is concluded that natural glue (shellac) induces less damage to the flight muscle 348 

than synthetic glue (cyanoacrylate). By extension it is preferable to attach the chip using 349 

the natural glue in order to promote increased longevity of stingless bees, allowing studies 350 

of native bees to be monitored over a larger time period. 351 

 352 
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Figures and Tables 466 

Fig. 1 Worker bees of Melipona quadrifasciata. A) Bee visualized under 467 

stereomicroscope. Observe the chip that was glued between the wings insertion in the 468 

thorax. B) Bee inside a small cage for its immobilization during the procedure of 469 

manipulation.  470 

Fig. 2 Reader set up as an extension of the entrance tube, one pair near to the entrance of 471 

the hive (pair A) and one near to the exit (pair B). 472 

Fig. 3 Survivorship curve for the in vitro experiments. Ct: Control treatment; Sh: Bees 473 

with shellac; Gl: Bees with synthetic glue; CS: Bees with chip and shellac; CG: Bees with 474 

chip and synthetic glue. 475 

Fig. 4 Number of bees registered by the RFID system per monitoring day during the field 476 

experiments. Blue bars represent the number of bees from the CS (chip + shellac) 477 

treatment. Red bars represent the number of bees from the CG (chip + synthetic glue) 478 

treatment.  479 

Fig. 5 Histological sections of flight muscle of Melipona quadrifasciata, stained with 480 

Hematoxylin and Eosin. A) and B) control. Normal morphological pattern showing intact 481 

muscle fibers. C) and D) shellac; E) and F) chip and shellac. Some focal degeneration of 482 

muscle fibers (fd) are visible with normal pattern of sarcomeres inside fibers. G) and H) 483 

synthetic glue; I) and J) chip and synthetic glue. Focal degeneration of muscle fibers (fd) 484 

are more frequent and some fibers has alterations in their sarcomeres (arrows). 485 

Fig. 6 Histological sections of flight muscle of Melipona quadrifasciata, submitted to 486 

Periodic-Acid-Schiff (PAS) reaction. A) control. Muscle fibers are PAS-negative. B) and 487 

C) chip and synthetic glue. PAS-positive labeling is represented in magenta color; note 488 

the arrow in C indicating glycogen accumulation in muscle fiber. D) and E) chip and 489 
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shellac. Some PAS-positive labeling is represented in magenta color in several muscle 490 

fibers. 491 

Table 1 Lethal time for the in vitro experiments. LT: Lethal time (in which 10, 20, 30, 492 

40, and 50% of the bees from the treatment die) in hours; Ct: Control treatment; Sh: Bees 493 

with shellac; Gl: Bees with synthetic glue; CS: Bees with chip and shellac; CG: Bees with 494 

chip and synthetic glue. 495 

LT CT SH GL CS CG 

% Hours 

10 148.2 123.6 83.8 169.4 23.9 

20 184.4 166.6 123.9 212.8 34.7 

30 213.2 203.1 160.8 247.7 44.4 

40 240.2 238.9 199.0 280.6 54.3 

50 267.9 277.4 242.0 314.5 65.4 
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