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Honey bee (Apis mellifera L.) homing flight test, using single oral exposure  5 

to sublethal doses of test chemical 6 

 7 

INTRODUCTION 8 
 9 

1. This Test Guideline aims at assessing effects of test chemical on the homing ability of 10 

forager honey bees (also referred to as “bees” throughout the Guideline) following exposure to 11 

sublethal doses under controlled conditions. The success of the homing flight is measured in 12 

exposed versus non-exposed foragers simulating field realistic conditions over the short term. This 13 

method is based on previous work of the French research and development Unit (UMT PrADE) 14 

summarized in various publications (1) (2) (3), as well as by the French working group of the 15 

Biological Assay Commission (4). The methodology was internally tested in 2014 and ring tested 16 

for the first time in 2015 by eleven participating European laboratories. From 2016 to 2019 the 17 

ring testing was continued with twelve participating laboratories. The Test Guideline presented 18 

here corresponds to the ring test protocol tested in 2019 with minor adjustments that resulted from 19 

this last validation exercise. 20 

 21 

2. Pollinators, such as honey bees, may be exposed to sublethal doses of plant protection 22 

products (PPP) or other chemicals while foraging in contaminated areas (consuming residue-23 

containing food). These residues may not cause direct lethal toxicity in foragers, but may 24 

negatively affect honey bee behaviour, which could interfere with functions at the colony level. To 25 

address the potential risk of sublethal doses of chemicals on the foraging behaviour of free 26 

foraging honey bees, the homing flight test presented here can be used. 27 

 28 

3. During the process of risk assessment and evaluation of toxicological characteristics of 29 

chemicals, a specific test assessing effects of an exposure to sublethal doses on honey bee 30 

behaviour might be requested, especially when results of Tier 1 toxicity tests suggest that further 31 

evaluation is needed. In the guidance document (5), the EFSA highlights the evaluation of 32 

sublethal effects as a current data-gap. The present homing flight test is carried out in order to 33 

determine effects of acute oral exposure to sublethal doses of a test chemical on the foraging 34 

behavior of worker honey bees. The test’s endpoint ‘homing success’ covers both multiple 35 

physiological and cognitive functions that are involved in homing ability under field conditions 36 

(e.g. navigation, memory, flight muscle contraction and energetic metabolism). Chemicals used in 37 

the test system can be either an active substance (a.s.) or a formulation containing more than one 38 

active substance and potentially auxiliary substances. 39 

 40 

4. The data should be included in an appropriate honey bee risk assessment scheme.  41 

 42 

DEFINITIONS 43 
 44 

5. The definitions, relevant for the purpose of this guideline, are given in Annex 1.  45 

 46 

 47 

INITIAL CONSIDERATIONS AND LIMITATIONS 48 
 49 

6. The Test Guideline proposes a method that uses forager bees (focusing on pollen 50 

collectors), which are already familiar with their environment. To ensure this, returning forager 51 
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honey bees preferably carrying pollen are collected at the entrance of the colony hive and marked 52 

with a coloured powder. These marked bees are then taken to a starting site situated at 1 km 53 

distance (+/- 100 m) from the colony and released. Returning coloured bees are then re-captured at 54 

the entrance of the hive and transferred to the laboratory before starting the chemical single 55 

exposure experiment. An alternative method, using a field of Phacelia (drilled specifically for the 56 

test) was also explored during the first ring test in 2015. Foragers carrying the readily identifiable 57 

purple pollen loads from this crop were captured for the test. This method is more complicated to 58 

implement but could be useful and equally acceptable as an alternative. Accordingly, this 59 

“Phacelia method” is briefly described in Annex 7.  60 

 61 

7.  The homing flight test should not be performed under very high temperatures, which may 62 

impact the bee’s behaviour. Temperatures may vary according to temperate or Mediterranean 63 

climate, but in any cases, they should not be more than 37°C at the release time. 64 

 65 

8.  When considering the testing of mixtures, difficult-to-test chemicals (e.g. unstable), or of 66 

test chemicals not clearly within the applicability domain described in this Guideline, upfront 67 

consideration should be given to whether the results of such testing will yield results that are 68 

scientifically meaningful, or not. If the test guideline is used for the testing of a mixture, a UVCB  69 

(substances of unknown or variable composition, complex reaction products or biological 70 

materials) or a multi constituent substance, its composition should, as far as possible, be 71 

characterized, e.g., by the chemical identity of its constituents, their quantitative occurrence and 72 

their substance-specific properties.  73 

 74 

 75 

PRINCIPLE OF THE TEST 76 
 77 

9. This test method measures the effect of a single oral exposure to sublethal doses of a test 78 

chemical (under controlled conditions) on the homing success of forager honey bees (under 79 

simulated field realistic conditions). Foragers are then released 1 km (+/- 100 m) away from the 80 

colony. Thereby, the homing success of chemically-exposed versus non-exposed foragers is 81 

compared. This is achieved by monitoring the experimental bees with radio-frequency 82 

identification (RFID) tagging technology.  83 

 84 

10. Prior to tagging with a RFID-chip, foragers, preferably carrying pollen are selected at the 85 

hive entrance as test bees, are coloured with non-toxic powder and released 1 km from the colony. 86 

Returning coloured bees are collected. In order to ensure sufficient test bees for at least three 87 

treatment groups (non-exposed controls, test chemical and reference substance treatment groups) 88 

an excess of those bees required are coloured and released, prior to re-capture for tagging.  89 

 90 

11. In the laboratory, the previously coloured bees are individually labelled with a RFID tag, 91 

assigned to treatment groups and are subsequently exposed to at least three doses of the test 92 

chemical, the control solution (water or solvent, preferably acetone) and to the reference 93 

substance. All solutions are administered orally (diet) and collectively to the honey bees (in small 94 

groups of ten bees) using 20 µL to 40 µL of a 30 % w/v aqueous sucrose solution per bee.  95 

 96 

12. Honey bees are then released on the site that they are familiar with (i.e. the site at which 97 

they were released after colouring). The homing success is recorded automatically with the tag at 98 

the hive’s entrance. This monitoring continues for 24 hours after the release. Homing failure is 99 

defined as the absence of a record at the entrance of the hive during this period. The homing rates 100 

are evaluated and compared between all treatment groups. The objective is to determine a ‘No-101 

Observed Effect Dose’ (NOED) from the doses of the chemical tested. The duration of the homing 102 

flight can be used as an additional endpoint. 103 
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 104 

 105 

VALIDITY OF THE TEST 106 
 107 

13. The following validity criteria apply: 108 

- For each test run, control mortality and mortality in all treatment groups, including 109 

mortality in the group of bees exposed to the reference substance should be less than or 110 

equal to 15 % before release. 111 

- For each test run, the homing rate of the control honey bees should be greater than or equal 112 

to 60 % over a 24 hours period after release at the site 1km away from the honey bee 113 

colony. The cumulative homing rate of three test runs (i.e. representing a full homing flight 114 

test) for control honey bees should be above or equal to 70 %. 115 

- The homing success rate of the reference substance-exposed bees should be statistically 116 

significantly lower than that of non-exposed control bees. 117 

REFERENCE SUBSTANCE 118 
 119 

14.  The reference substance is included to ensure that the test system and corresponding 120 

conditions are responsive and reliable. According to the ring test results, a nominal dose of 1 to  121 

1.5 ng per bee of technical grade thiamethoxam showed to be appropriate for that purpose.  122 

 123 

DESCRIPTION OF THE METHOD 124 
 125 

The honey bees and the preparation of the colonies 126 
 127 

15. It is preferable to use pollen foragers for the test. Foragers from three different healthy 128 

colonies with non-related queens are tested in separate test runs. These colonies should be queen-129 

right honey bee colonies in good conditions, e.g. disease-free and with low Varroa mite infestation 130 

(below 5 Varroa mites per 100 bees), consisting of a queen of known origin which is not older 131 

than two years. Treatments against disease (e.g. against Varroa) must have been completed at least 132 

one month before the start of the test. A colony inspection by an experienced/trained beekeeper is 133 

carried out shortly before test start (i.e. one to three days before) on each experimental colony to 134 

verify its health status. Only strong and actively foraging, queen-right colonies consisting of at 135 

least 15,000 honey bees are suitable for the test. Test colonies should be as homogenous as 136 

possible regarding their colony strength, brood activity and food storage. For hives with a ten 137 

frame configuration, colonies composed of five to seven brood combs with all brood stages visible 138 

(eggs, uncapped larvae and pupae), two to three combs with nectar, honey and pollen stores, and at 139 

least one empty frame should be chosen for the experiment (Annex 4). 140 

 141 

16. Colonies used for the test are installed at the experimental site, at least one week before the 142 

first test run, to allow an acclimation period and the honey bees to familiarise themselves with the 143 

environment. Importantly, if the three colonies are placed at the same time on the site, they are 144 

separated spatially by at least 10 meters and placed in a staggered configuration to minimise the 145 

chance of drift of bees between the colonies. 146 

 147 

Honey bee identification 148 
 149 

17. Use of RFID (Radio Frequency Identification) technology is recommended as it has been 150 

proven to be an efficient method to measure effects of chemicals like plant protection products 151 

(e.g. thiamethoxam) on the homing flight ability of foragers (1) (2) (6); this was also demonstrated 152 
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by ring test results. The use of individually labelled honey bees and hive mounted readers allows 153 

continuous monitoring and recording of the return of the test bees to the hive.  154 

 155 

RFID device 156 
 157 

18. The RFID technology (1) (7) allows detection each time a tagged bee passes the reader 158 

located at the hive entrance (working distance of 3 mm). The principle depends on the emission of 159 

a radio signal from the reader, which is reflected by the tag on the bee’s thorax and provides the 160 

identification of the bee. RFID tags (2.0 x 1.7 x 0.5 mm) are glued dorsally on the thorax of the 161 

bees. The maximum weight of an individual tag is 3 mg, which is equivalent to 3% of the body 162 

weight of a worker bee. This is significantly less than the weight of pollen (between 8 and 29 mg) 163 

or nectar loads (between 40 and 80 mg) carried routinely by workers during a foraging flight (8) 164 

(9). Each tag has a unique identity (UID). 165 

 166 

19. Four to five RFID readers are installed at the hive entrance in a parallel arrangement by 167 

means of an interface (constructed of plastic or wood) between hive and readers (Annex 2). 168 

Readers must be separated from each other by at least 40 mm to avoid interference during RFID 169 

recording. Using real-time recording, the reader sends the data scanned from the RFID tag along to 170 

a data storage system, which is automatically saved to a database. The tag identification code and 171 

the exact time of the event (date, hour, minute and second) are recorded in electronic form.  In the 172 

ring tests, the MAJA 13.56 MHz RFID system (Microsensys GmbH, Erfurt, Germany) was used. 173 

Each reader spanned a tunnel of 14 × 21.5 mm (7 mm high) (Annex 2) to ensure that bees can go 174 

in and out of the hive without disrupting their natural behaviour. To maintain continued recording, 175 

a constant power supply is required, either via battery or an external power supply. 176 

 177 

20. The reading rates of the RFID system should be known and should cover at least 95 % of 178 

the bees’ passing. To achieve this, measures should be taken both, before the system is fitted to the 179 

hive, as well as before the start of the experiments by simulating honey bees passing (e.g. using 180 

tags that are glued on small plastic or wooden sticks). A protocol for controlling the performance 181 

of the RFID system is proposed in Annex 3. 182 

 183 

Hive equipment  184 
 185 

21. The first experimental hive is equipped with the RFID device at least two days before the 186 

start of the test. It is, however, necessary to check that the bees correctly circulate through the 187 

RFID readers in and out of the colony (i.e. no clustering of bees at the hive entrance) before the 188 

test and that no trophallaxis between inside and outside bees occurs at the bottom of the hive. One 189 

to two supers can be added on top of the hive in order to increase hive’s volume and allow good 190 

thermoregulation during hot climatic conditions.  191 

 192 

22. If all the colonies are installed at the test site at the same time and if the test runs are 193 

performed one after another within a short time, the colonies used for the next test runs should 194 

each be equipped with other RFID devices or a blank wooden or plastic system that mimics the 195 

RFID readers with the interface. This blank system is also placed at the hive entrance to allow the 196 

forager bees to familiarise themselves with the entrance style prior to fitting the RFID readers for 197 

the experiment. The blank system has also the function to impede foragers to enter unequipped 198 

hives (i.e. minimises honey bees drifting).  199 

 200 

Tag batches 201 
 202 

23. Pre-numbered ‘Tag batches’ are used to tag the bees. Each batch contains a number of 203 

RFID tags which must be read and identified before the experiment. A RFID pen reader is used to 204 
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identify the unique identification codes (UIDs) of the tags in a particular batch. The batches are 205 

then allocated to the corresponding treatment group. This allows the UIDs and hence the bees and 206 

batches to be tracked. At least three batches of ten tags are prepared per test run and treatment 207 

level; each batch of 10 tags is allocated to a replicate of 10 bees. 208 

 209 

Feeding solution 210 

 211 
24. The feeding solutions for the control, test and reference substance are prepared with 30 % 212 

(w/v) aqueous sucrose solution. It was previously demonstrated that a more concentrated 50 % 213 

(w/v) aqueous sucrose solution led to a much lower food consumption in some cases less than half 214 

of the test chemical feeding solution after a 40 min post-exposure starvation (10). 215 

 216 

Preparation of the stock and final feeding solutions 217 
 218 

25. In case of good water solubility, the stock solution of the test chemical is prepared in 219 

deionised water. If the test chemical has low water solubility, then acetone solvent is used instead. 220 

The concentration of organic solvent used depends on the solubility of the test chemical and 221 

should be the same for all the test chemical treatments tested. Considering the results of tests 222 

performed during the ring tests 2015 and 2016, the acetone concentration of the feeding solution 223 

should not exceed 1 % (v/v). Additional substances as solvents, solubilizer or thickener might be 224 

used if it can be demonstrated that the validity criteria for the control group are met. The stock 225 

solution can be stored appropriately (e.g. in tightly closed containers) in cool conditions in the 226 

dark (in the refrigerator). If the stability of the product is known, stock solutions can be prepared in 227 

advance of the test. 228 

 229 

26. The final feeding solutions are prepared from the stock solution or dilution of intermediate 230 

solutions with 30 % (w/v) aqueous sucrose solution (treated feeding solutions). The final feeding 231 

solutions can be stored in the refrigerator.  232 

 233 

27. The feeding solution should be freshly prepared for each test run. 234 

 235 

28. If additives, e.g. a solvent, solubilizer or thickener, are added to the test sucrose solutions, 236 

appropriate, similar controls should be prepared. In this case, an additional deionised water control 237 

is prepared. However, if reliable data showing no effects of the additive are available, the water 238 

control need not be included.  239 

 240 

Analytical verification 241 
 242 

29. The test runs should be conducted with the same chemical batch. 243 

 244 

30. For each test run, an adequate aliquot of (e.g. 5 mL) of each feeding solution is taken at the 245 

day of the test and frozen at ≤ –18°C for further analytical determination of the actual 246 

concentration in the feeding solutions and dose per bee. The stock solution will also be stored at ≤ 247 

–18°C the day of the test for analytical verification, if needed. Details on analysis of the feeding 248 

solutions and their stock solutions must be stated clearly in the final report of the study.  249 

 250 

Test cages  251 
 252 

31. The cages must be ventilated and of a suitable size for the number of the foragers captured. 253 

Cages can be constructed of stainless steel or made of plastic for single use only. Test cages should 254 

be designed so that the bees can be observed during the exposure period and to allow monitoring 255 
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of the uptake of the test solutions, either having transparent panels or being completely transparent 256 

for this purpose. They should also open easily to allow insertion and release of the bees.  257 

 258 

TEST PROCEDURE 259 
 260 

32. All the laboratory phases are performed in a room where temperature should be of 23 ± 261 

3°C. The experimental unit is a cage (i.e. replicate) containing a group of ten individuals. There 262 

will be at least three cages or replicate per treatment. Exposure to the test chemical treatment is 263 

collective for the 3 replicates of the same treatment level. Each test run consists of an untreated 264 

control (water and/or organic solvent, preferably acetone), the test chemical comprising at least 265 

three sublethal doses, and the reference substance. The sublethal dosing solutions are spaced by a 266 

constant factor not exceeding three. These doses may be set by selecting the No Observable Effect 267 

Dose (NOED) or the LD10 (the dose at which 10% of the individuals tested will die) as the highest 268 

dose. If these data are not available, in order to determine the NOED, a preliminary test should be 269 

performed to establish this value. This can be done by conducting a modified OECD TG 213 acute 270 

toxicity test (Annex 4).  271 

 272 

33. The homing flight test comprises three test runs performed at the same experimental site. 273 

Each test run is conducted with bees from one honey bee colony (one colony per test run is tested). 274 

Each test run is performed independently from the others, at different days. The data of the three 275 

test runs are pooled and analyzed in order to determine a NOED on homing success (see paragraph 276 

57 to 62 “Data treatment”).  277 

 278 

34. If possible, the homing flight test is conducted during periods of high forager bees activity 279 

and when food resources (nectar and pollen) are abundantly available from spring to summer. 280 

Tests might be conducted in late summer and early autumn too, if blooming and attractive flowers 281 

are available in the neighbourhood. However, a higher variability in weather conditions and higher 282 

Varroa infestations of the colonies (11) should be considered and avoided if performing tests in 283 

these periods (Annex 5). Under these circumstances it is advisable to report Varroa mite counts 284 

per colony. 285 

 286 

Capture and preparation of “coloured” foragers 287 
 288 

35. It is preferable to collect returning foragers carrying pellets of pollen at the hive entrance in 289 

the morning when foraging activity starts. Different methods can be used to collect foragers:  290 

 291 

-  Foragers collected one by one with entomological forceps 292 

The collected bees are placed in groups of 100 to 300 individuals in boxes (e.g. plastic food trays 293 

of 600 to 2000 cm3; 11 x 15 x 12 cm), each closed with a lid. Bees are introduced in each box via a 294 

hole in the lid closed with appropriate material (e.g. cork, piece of paper) 295 

 296 

-  Foragers collected with aspirator or similar (e.g. insect aspirator or modified vacuum)  297 

The collected bees are captured in plastic bottles (e.g. 1000 cm3) closed with a lid. Bees are kept in 298 

plastic bottles or transferred to boxes (e.g. plastic food trays of 600 to 2000 cm3). When bees are 299 

not counted during the collection phase, containers (bottles or boxes) are pre-weighed when empty 300 

and then weighed again following of the bees captured using a field precision balance (e.g. max 301 

500 g, precision 0.1 g). The resulting weight of bees is converted into a number of bees captured 302 

(weight of bees / mean weight per bee). To do so, a mean weight per bee may be estimated by 303 

weighing a group of 20 foragers of the experimental colony.  304 

 305 
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36. For each test run, a minimum of 600 bees from the same colony are captured and held in a 306 

minimum of collection units (i.e. a maximum of 200 bees per box). The bees may be fed during 307 

the collection with candy (e.g. Apifonda®) ad libitum.  308 

 309 

37.  Hydrophobic bright coloured powder is added to each box containing captured bees (at a 310 

rate of 30 mg powder per 100 bees). For the ring tests from 2016 to 2019, hydrophobic industrial 311 

bright red fluorescent pigments (e.g. Pigment Laser Red Fluorescent A3 – T series, COLOREY 312 

SAS, France) were used with an amount of approximately 0.3 mg per bee (i.e. 30 mg powder per 313 

100 bees). No toxic effect on the bees at this rate was observed. Appropriate powder aliquots can 314 

be prepared in advance. The powder is introduced through the hole of the box lid or carefully into 315 

the bottles (care must be taken to prevent bees from escaping). Boxes are gently shaken in order to 316 

distribute the colour powder over the bees to mark them.  317 

 318 

38. The coloured bees are transported to the release site 1 km (+/- 100 m) away from the 319 

experimental colonies. It has been demonstrated that bees regularly forage at distances of 1 km 320 

from the hive (12) (13) (14). The boxes with coloured bees are then all placed in close proximity to 321 

each other on a suitable flat surface. The containers are all then opened as simultaneously as 322 

possible and the bees allowed to exit. If necessary, the bees can be emptied out manually. In hot 323 

climates, it is recommended to perform this in the shade to avoid heat stress or suffocation of the 324 

bees. 325 

 326 

Recapture of the coloured foragers at the hive entrance 327 
 328 

39. To facilitate the recapture of coloured foragers, it is recommended to block the entrance of 329 

the RFID readers (e.g. with pieces of sponge) during release of the powdered bees at the release 330 

site. Coloured bees returning to the hive are collected off the flight board. The collection period 331 

should not exceed 2 hours following release of the bees (Annex 5). These bees will now have at 332 

least one homing experience to the hive from the release site and therefore, a prior knowledge of 333 

the way back to the colony. Bees are grouped into cages with ad libitum food. Candy (e.g. 334 

Apifonda®) can be used. If necessary, water can also be provided once the bees are recaptured. 335 

Cages with collected bees are kept in darkness in an isolated box (e.g. cooler) without cold blocks. 336 

A damp cloth can be  placed inside the box in order to avoid overheating and to maintain high 337 

humidity. 338 

 339 

40. The number of coloured bees recaptured depends on the number of treatment groups. A 340 

sufficient number of coloured foragers must be recaptured to obtain at least 30 forager honey bees 341 

to be labelled with a RFID tag per treatment group for each test run, before exposure in the 342 

laboratory (i.e. 150 to 180 labelled bees needed for three treatment groups, one control (water) or 343 

two controls (water + solvent) groups and one reference substance group). It is also advised to 344 

recapture extra coloured bees to avoid any problems (i.e. escaping bees, mortality...). 345 

 346 

Feeding ad libitum 347 
 348 

41. Recaptured foragers are transferred to the laboratory. They will be provided with food ad 349 

libitum (candy: e.g. Apifonda®) but no water for one hour in order to synchronize their dietary 350 

state. During this feeding period, cages are placed in dark conditions at 23 ± 3°C (e.g. half opened 351 

isolation box covered with a wet towel to avoid dehydration).  352 

 353 

Labelling phase 354 
 355 

42. After the feeding period, the bees undergo a starvation period of 90 minutes. During this 356 

period, the bees are transferred one by one from the cages to a holding cage where a sponge 357 
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plunger allows them to be immobilised without damage and labelled with a RFID tag (e.g. queen 358 

marking device, Annex 2). The tag is mounted on the dorsal part of the thorax of the foragers 359 

using a small drop of glue such as “dental cement”. Care should be exercised to avoid gluing or 360 

hindering the movement of the wings (Annex 5). Dental cement (e.g. Temposil®, Coltene) is non-361 

corrosive and has proven useful, as it dries very quickly in less than two minutes. During the 362 

labelling phase, the dental cement equipment is placed in crushed ice when not used to avoid the 363 

dental cement to dry immediately in the tip of the syringe. 364 

 365 

43. The labelling is performed without using anaesthetic on the bees. The RFID tags are 366 

recorded and distributed by treatment beforehand (see paragraph 23 “Tag batches”). After 367 

labelling, the foragers are transferred in small groups of ten bees into cages (appropriately labelled 368 

with treatment group. A minimum of three replicates (cages) of ten bees per treatment is required. 369 

After labelling, the cages are placed in the dark before exposure to the test chemical-treated or 370 

control feeding solutions. Cages can be kept in an isolated box slightly opened, covered with a 371 

damp cloth in order to keep the bees cool and maintain suitable humidity. 372 

 373 

44. It is recommended to label the bees per small groups, e.g. 10 by 10, and to alternate the 374 

order of bees’ labelling according to treatment from one replicate to another (randomization, see 375 

Annex 5). If some bees die or lose their tag before the exposure phase, these bees may be replaced 376 

by newly labelled ones. Any tags becoming dislodged or not adhering to the bees can be re-used to 377 

label new test bees. In this case, the number of bees in the cages should be readjusted before the 378 

exposure phase. 379 

 380 

Exposure phase 381 
 382 

45. The foragers are fed with 20 µl per bee (200 µl per group of 10 bees) of the feeding 383 

solution containing the test chemical at the different concentrations, the control solutions and the 384 

reference substance. If 100 % pollen foragers are used, 40 µl per bee (400 µl per group of 10 bees) 385 

is recommended*. The volume of feeding solution is distributed using a feeder system enabling 386 

contact with the food only through the mouth parts (e.g. the bevelled tip of a micropipette, Annex 387 

2). The bees in a cage will share the feeding solution by trophallaxis and thus an even treatment 388 

dose distribution to all bees is assumed. The exposure phase is completed once the bees have 389 

consumed all the offered volume. To facilitate the calculation of food uptake in the event that the 390 

bees do not consume the entire dose it is recommended that the feeders are weighed as they are 391 

filled. 392 

 393 

46. The exposure period is one hour, in dark conditions in order to limit stress. If bees from 394 

some cages do not consume all the feeding solution within one hour, the exposure phase will be 395 

prolonged up to a maximum of 30 minutes or until all the bees have consumed the sucrose solution 396 

within all treatment groups (with a maximum exposure phase of 1.5 hours). The start and end time 397 

of exposure are recorded. If after the maximum exposure period of 1.5 hours there is still food 398 

remaining, the feeders will be re-weighed in order to calculate the consumption and hence the 399 

actual dose per bee, per cage received.  400 

 401 

47. After exposure phase, the treated bees undergo another 40 minutes starvation period. 402 

During this period, cages are kept in dark and humid conditions, e.g. by placing them in a half-403 

                                                 
* Pollen collectors generally have a lower crop content of nectar than nectar collectors and may need to consume more 

sucrose solution. The volume of sucrose solution may be increased to 40 µl per bee but will depend upon the 

requirement of the bees. 
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opened isolated box with a wet towel, to avoid dehydration and reduce stress to the test animals. 404 

After the 40 minutes starvation period to the release phase, no food is provided. 405 

 406 

48. At the end of the exposure phase, the dead bees and those that have lost their tag, are 407 

recorded. They are collected during the release phase. The tags can be identified according to their 408 

UIDs and excluded from the study. From the exposure phase to the release phase in the field, the 409 

number of dead bees is used to calculate the mortality rate per treatment for each test run. 410 

 411 

Honey bee release 412 
 413 

49. It is recommended to pass a tag through each RFID reader just before release, in order to 414 

give a precise record of the time of release (this must of course be co-ordinated with the release 415 

team). 416 

 417 

50. Following the exposure phase, the bees are then transported to the original release site (at 1 418 

km (+/- 100 m) distance from the hive equipped with the RFID system), from where they were 419 

released following colouring. Safe keeping of the bees must be ensured during transport. The 420 

transport of the bee cages in cooling boxes containing a damp cloth has proved to be useful, 421 

particularly if the release site is far away from the laboratory. 422 

 423 

51. The cages from all treatment and control groups are put in the same place, on a flat surface 424 

at least few cms off the ground (e.g. cages can be placed on a small table), and then opened 425 

simultaneously to release the bees. If necessary, the bees are emptied out. The behaviour of test 426 

bees should be observed until release. During release, bees should display normal behaviour and 427 

be able to fly when exiting the cages. Any physically damaged bees or any bees for which the 428 

tagging process has inhibited wing movement should be recorded and removed from the study.  429 

 430 

52. A period of at least two hours is allowed between the release time and sunset to ensure that 431 

foragers are able to fly back to the hive. The release time (hour and minutes) is recorded. A 432 

thermo-hygrometer or other suitable device is used to measure local weather conditions 433 

(temperature and relative humidity (%)) during the release phase. Cloud coverage and wind 434 

strength (null, average, high) are also qualitatively recorded. Weather conditions must be 435 

favourable to foraging (wind below 5 of Beaufort scale, temperatures > 15 °C and no rain), this is 436 

particularly important for the release time to sunset, this period being the critical period for the 437 

foragers’ homing flight. 438 

 439 

Test schedule 440 
 441 

53. For each test run, bee colouring, capture, labelling with RFID-tags, exposure and release 442 

phases take place over one day. The RFID recording of the labelled foragers’ homing flight to the 443 

hive start immediately after the release and last 24 hours. A sequential pattern is proposed in 444 

Annex 6. 445 

 446 

Observations 447 
 448 

54. The data recorded with the RFID readers for the bees returning to the hive are the tag/chip 449 

ID number, the reader number and the reading time (date, hour, minute and second). These raw 450 

data are recorded continuously for 24 hours in electronic form in the storage system equipped with 451 

the appropriate software. Recorded raw data are collected 24 hours after the release. 452 

 453 

55. The weather conditions (temperature and relative humidity) are recorded hourly using a 454 

data logger on the experimental site situated near the test hives, or can be provided by a local 455 
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weather station. If possible rainfall (in mm per day) and wind speed (m/s per hour) can also be 456 

recorded using the proposed weather station. 457 

 458 

56. The geographic (GPS) coordinates of the release site and the location of the experimental 459 

colonies should be recorded. 460 

 461 

 462 

DATA AND REPORTING 463 
 464 

Data treatment 465 
 466 

57. After labelling and before release in the field, the number of dead bees is used to calculate 467 

a mortality rate per treatment for each test run.  468 

 469 

58. The homing flight is characterized by two variables: 470 

 The homing success (main variable), which is a binomial variable with a value of 1 471 

if the honey bee returns to the hive over the 24-hours period; or 0 if it does not 472 

return. 473 

 The homing time 24 hours after release (complementary and optional variable), 474 

which is a quantitative variable. For each bee, it is defined as the time between the 475 

release and the first recording when entering the hive. 476 

 477 

59. Homing success and its duration are determined from three data files: firstly from the 478 

honey bees released (with tag ID number), secondly from the information at the release site (date, 479 

hour and minutes of release) and thirdly from the RFID recording at the hive entrance. During the 480 

24 hours of RFID recording, a bee can be recorded several times when it passes the RFID reader 481 

(in or out the hive) for foraging activities. Therefore, several data points may be recorded and can 482 

be calculated for the same bee. The shortest homing time per run, which corresponds to the first 483 

record at the hive after release, is retained for the calculation of the homing time. 484 

 485 

60. The results should be presented as homing rate to the hive over the 24-hour period per 486 

treatment groups and test run. For the statistical analysis, data (e.g. number of bees released and 487 

the number of returning bees) from the three test runs should be pooled to maximize the number of 488 

bees and the statistical power of the test. The analysis performed per run, on smaller sample sizes, 489 

may present statistical limitations. Homing performances per treatment level may be illustrated 490 

(e.g. percentage of returning bees over the 24 h period). Results may include homing duration 491 

analysed in the same way as homing performances and also illustrated (e.g. boxplots with medians 492 

and quartiles).  493 

 494 

61. Statistical analyses are performed using an appropriate statistical method. From the data of 495 

the three test runs pooled, the homing rates to the hive obtained over the 24-hour period for each 496 

treatment level may be compared using an exact binomial test or a Chi-Squared test. If homing 497 

duration data are analysed, data normality and homogeneity of variance will be tested first (e.g. 498 

Shapiro-Wilk test associated with a Bartlett test). When data show a normal distribution and 499 

variance homogeneity, homing durations obtained for each treatment are compared with a 500 

parametric test (e.g. linear model, one-way ANOVA). If not, data are compared using an 501 

appropriate non-parametric test (e.g. Kruskal-Wallis test followed by Mann-Whitney tests for 502 

paired comparisons). For homing rates and duration, an adjusted significance threshold is applied 503 

for paired comparisons with an appropriate method (e.g. Bonferroni, Dunn-Sidak method). 504 

 505 
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62. The analysed data will enable the estimation of a ‘No Observed Effect Dose’ (NOED) on 506 

the homing performance. The NOED is expressed as µg or ng of the test chemical per bee. 507 

 508 

Test report 509 
 510 

63. The test report should include the following information: 511 

 512 

Test chemical: 513 

- Mono-constituent substance: 514 

physical appearance, water solubility, and additional relevant physico-chemical properties; 515 

chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI 516 

code, structural formula, purity, chemical identity of impurities as appropriate and 517 

practically feasible, etc. (including the organic carbon content, if appropriate). 518 

 519 

- Multi-constituent substance, UVCBs (substances of Unknown or Variable composition, 520 

Complex reaction products or Biological materials) and mixtures: 521 

characterised as far as possible by chemical identity (see above), quantitative occurrence 522 

and relevant physico-chemical properties of the constituents; 523 

 524 

- source, batch and/or lot number, expiration date for use; 525 

 526 

- stability of the test chemical itself, if known; 527 

 528 

- solubility and stability of the test chemical in water and solvent (if used); 529 

 530 

 531 

Test system: 532 

 533 

- Details on the test species (scientific name, race, age of the queen, health status of the 534 

colonies used and especially regarding Varroa mite infestation of the colonies, possible 535 

pre-treatments carried out). 536 

 537 

Test conditions: 538 

 539 

- Recording RFID system used for the homing flight and reading rate (paragraph 20); 540 

 541 

- Place and dates when the test was conducted including geographical coordinates of the 542 

release site and the location of the experimental colonies; 543 

 544 

- Number of test runs, control (water or solvent), number of tested doses, volume of solvent 545 

in the sucrose solution (where applicable), description of the test cages (type, material, size, 546 

feeding device, etc.), details on coloured powder used (name, provider, physical nature, 547 

chemical identification, relevant physical-chemical properties).  548 

 549 

- Number of foragers captured before colouring, number of coloured bees recaptured after 550 

the first release, number of bees labelled and released a second time per treatment after 551 

exposure phase, number and percentage of dead bees per treatment and test run after 552 

exposure phase and before release, number of bees that lost their tags per test run after 553 

exposure phase and before release, RFID code of the bees released (dead bees or bees that 554 

lost their tags excluded) for each treatment and test run; 555 

 556 
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- Start and end time (hour and minutes) of feeding phase ad libitum, of starvation and 557 

exposure phases in the laboratory, time points of RFID recording: time (hour and minutes) 558 

of release in the field and the time point of the 24-hours recording; 559 

 560 

- RFID data for each test run; 561 

 562 

- Temperature and relative humidity conditions during the labelling and exposure phase in 563 

the laboratory, weather conditions during the release phase and the climatic conditions 564 

during the 24-hours period after release (at least hourly).  565 

 566 

- Other observations such as feeder weight, pre-feeding and post feeding, if any of the 567 

treatment groups fail to completely consume the food amount offered. This allows 568 

calculation of the actual quantity consumed and hence the dose ingested. 569 

 570 

 571 

Results: 572 

 573 

- Results of the preliminary study determining the range of treatment doses, if conducted, or 574 

other justification for the dose selection (see Annex 4); 575 

 576 

- Nominal doses used, measured doses of the test chemical in the feeding solutions for the 577 

three test runs, and analytical method used; 578 

 579 

- Mortality rate of all treatment, control and reference substance groups before release; 580 

 581 

- Consumption of the feeding solution as actual test chemical uptake per treatment group 582 

from feeders’ weight. If all is consumed, the tested dose per bee is considered ingested. 583 

 584 

- Statement regarding the validity of the study, with regard to the validity criteria; 585 

 586 

- Homing rate (%) over the 24-hours period for each treatment and control per test run as 587 

well as for the data of the test runs pooled; 588 

 589 

- Homing duration over the 24-hours period for each treatment and control per test run as 590 

well as for the data of the test runs pooled if performed; 591 

 592 

- Description of the statistical analyses carried out; NOED (µg or ng per bee) on the homing 593 

success determined from the data of the pooled test runs; 594 

 595 

- Any deviation from the guideline or any other relevant information (e.g. presence of 596 

blooming crops, flowers or trees at the time of the experiment to support foraging 597 

activity…). 598 

 599 

600 
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Annex 1: Definitions 650 
 651 

Dose is the defined as the amount of test chemical consumed or applied. Dose is expressed as mass 652 

of test chemical per test animal. It is expressed in μg or ng active ingredient or formulated product 653 

per bee. 654 

 655 

LD10: is the lowest dose of the test chemical (µg or ng per bee) calculated or estimated from an 656 

acute toxicity test (OECD TG 213), that can cause death in a maximum of 10 % of the individuals 657 

when administered by the oral route. However, this dose does not significantly induce higher 658 

mortality when compared to the control bees, 48 to 96-h after exposure. It is therefore considered 659 

as the highest dose without effect on mortality for the homing flight test dose range.  660 

 661 
NOED (No Observed Effect Dose):  662 

1) In an acute toxicity test (Annex 4), the NOED is the highest dose (µg or ng per bee) that does 663 

not significantly induce higher mortality when compared to the control bees, at least 24-h after 664 

exposure. 665 

2) In a homing flight test, the NOED (µg or ng per bee) is the dose that does not significantly 666 

induce higher homing failure when compared to the control bees 24-h after release. 667 

 668 

Release point in the homing test is the site located at 1 km (+/- 100 m) away from the 669 

experimental colony where the forager bees are released 1) the first time after being coloured with 670 

a powder to recognize and recapture the bees of interest at the hive entrance for the test, 2) a 671 

second time after RFID labelling and exposure in the laboratory to follow the homing performance 672 

24 h-after release.  673 

 674 

RFID (Radio Frequency Identification) is a technology that allow detecting (scanning) each 675 

time a tag-equipped bee is passing a reader located at the hive’s entrance (working distance of 3 676 

mm). The principle depends on the emission of a radio signal by the reader which is reflected by 677 

the RFID tag (2.0 x 1.7 x 0.5 mm and 3 mg) mounted on the bee’s thorax and provides the unique 678 

identification (UID) code of the bee. The tag has no power source (passive function) and obtains 679 

its operating power during the reading process from the RFID reader.  680 

 681 

Test run is a homing test performed with the bees from one colony. For the homing flight test, 682 

three tests runs are performed on different days, each one with a different colony.  683 

 684 

UID (Unique Identification) means the unique code for an RFID tag. This technology offers the 685 

possibility to have an unlimited number of codes that allows to individualize the bees. 686 

 687 

688 
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Annex 2: Illustrations 689 

 690 

 691 

 692 

 693 

 694 

 695 

 696 

 697 

 698 

 699 

 700 

 701 

 702 

 703 

 704 

 705 

 706 

 707 

 708 

 709 
 710 

 711 

 712 

 713 

 714 

 715 

 716 

 717 

 718 

 719 

 720 

 721 

 722 

 723 

 724 
 725 
 726 

 727 

 728 

 729 

 730 

 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

© ITSAP- Institut de l’Abeille 

Transfer of a forager to a holding cage for labelling with a RFID tag 

© ITSAP- Institut de l’Abeille 

© ITSAP- Institut de l’Abeille 

RFID tag glued on the bee thorax 

with glue  

(dental cement, Temposil®) 

Collective exposure phase followed by 

a 40 mins-post starvation period 

 Tagged bee on the flight board 
RFID reader with tunnel to scan labelled bees  

going in and out the hive 

Capture at the hive entrance  
Hive is equipped with a RFID system  

(Microsensys, GmbH, Erfurt, Germany) 

© ITSAP- Institut de l’Abeille 

© ITSAP- Institut de l’Abeille 

Coloured bee on the flight board 

Honey bee release in field conditions 
© ITSAP- Institut de l’Abeille 

© ITSAP- Institut de l’Abeille 

©ITSAP-Institut de l’Abeille 
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 741 

Annex 3: Protocol to control the performance of the RFID system  742 
 743 

- 6 « test » tags glued onto small plastic or wooden sticks. UIDs of the tags are first recorded. 744 

 745 

- Each tag is passed five times through each of the four to five readers  Twenty to twenty-five 746 

readings per tag and an expected total of 120 to 150 readings for the 6 test tags 747 

 748 

- Tested tag should be read at least one time each time it passes through a reader 749 

 750 

- Reading rates (%) = (recorded data/expected data) x 100  751 

Expected data are 120 or 150 readings according to the number of readers. 752 

 753 

 754 

The acceptance criterion for the performance of the RFID system is that at least 95% of the 755 

reading of the tags should be recorded. 756 

757 
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Annex 4: Preliminary test procedure 758 
 759 

- The homing flight test must be conducted at sublethal doses. If data on sublethal effects are 760 

not available (e.g. LD10) from acute toxicity tests, a preliminary test in the laboratory may 761 

be conducted on forager bees. Mortality must be ≤ 15% as a validity criterion. Care should 762 

be taken in choosing the tested dose, as the threshold between lethal and sublethal doses 763 

can sometimes vary considerably depending on factors related to the bees (genetic, food 764 

stress, health, stomach content) and the climate. The preliminary test is based on OECD 765 

TG 213 procedure and allows a NOED (‘No Observed Effect Dose’) to be determined on 766 

mortality at least 24 hours after exposure. This dose corresponds to the maximum 767 

experimental dose not causing significantly higher mortality than that of the control. 768 

 769 

Amendments to OECD TG 213 are:  770 

 771 

- Use of foragers, preferably pollen foragers, as test bees. They are captured at the hive 772 

entrance in the morning when foraging begins to be active and grouped into cages (10 bees 773 

per cage) with food ad libitum such as candy (e.g. Apifonda®). The captured bees may be 774 

collected from different colonies with individuals of one colony per cage (bees of different 775 

colonies must not be mixed), 776 

 777 

- Three to five test concentrations with a factor not exceeding 3. The number of doses and 778 

the progression of the dose range must be specified, 779 

 780 

- Exposure condition: in laboratory, the bees undergo a 1.5 hours starvation period before 781 

exposure. Then, they are exposed by giving them 20 or 40 µl per bee (200 µl for 10 bees) 782 

of the feeding solution containing the test chemical at different concentrations or the 783 

control solution,  784 

 785 

- 30 % (w/v) aqueous sucrose solution for feeding solutions and feeding ad libitum, 786 

 787 

- Mortality is recorded until at least 24 hours, 788 

 789 
- The number of dead bees at least 24h after exposure may be compared using an exact 790 

binomial test or a Chi-Squared test. An adjusted significance threshold is applied for paired 791 

comparisons with appropriate method (e.g. Bonferroni, Dunn-Sidak method). 792 

 793 
794 
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Annex 5: Recommendations for the homing flight test performance 795 
 796 

Considerations Recommendations 

 

Homing flight test 

performance 

1- Practical training is required before performing the homing flight test for 

the first time. 

Weather conditions & 

food resources 

1- As far as possible, the test should be conducted during periods of high bee 

activity, when weather conditions are favourable and when food resources 

(nectar and pollen) are available: spring and summer. 
 

2- Tests should not be performed under very high temperatures, which may 

impact the bee’s behaviour. 
 

3- Tests may be conducted in late summer - early autumn season if blooming 

and attractive flowers are available. Problems may occur due to the higher 

variability in weather conditions and because of varroa infestation of the 

colonies. It is advised to check for Varroa load in such cases. Varroa count per 

colony should be below 5 varroa mites per 100 bees. 

Colonies 1- Prepare the colonies according to local conditions (strong and active 

colonies with sufficient brood and food resources) 
 

2- Check for good activity of the colony by monitoring the foraging activity 

and especially pollen foragers at the hive entrance in the morning prior to 

starting a test. 
  
3- Pay attention that bees can pass through the RFID readers to enter and exit 

the colony (e.g. no clustering of bees at the hive entrance) and that no 

trophallaxis between inside and outside bees occurs. One to two supers can be 

added on top of the hive in order to increase hive’s volume and assist 

thermoregulation during hot climatic conditions.  

Coloured bees 

recapture 

1- From experience of the ring test participants, all or almost all the required 

coloured bees will return to the hive within the first hour (maximum recapture 

time should be up to a maximum of 2 hours after release). 
 

2- As an indicator, if few coloured bees are collected within the first hour after 

release (e.g. less than 100 bees), it’s more appropriate to perform the test again 

another day. 

Labelling phase 1- A labelling training session with metal tags is recommended (using blank or 

damaged RFID tags, which may be available from the manufacturer on 

request) before performing the test, as experience gluing and fixing tags is 

crucial. 

 

2- The number of operators needs to be adapted to enable the labelling of all 

the bees in 90 min. (minimum of 30 bees per treatment and run). 

 

3- Attention should be paid not to damage bees or attach tags in such a way 

that the bees’ wings are damaged or their movement is impeded.  

 

4- For each test run, replicates of 10 bees (total of at least 30 bees per 

treatment level) will be labelled randomly for all the treatments during the 

labelling session. Sequential labelling of replicates of 10 bees from the same 

treatment level must be avoided for a successful randomisation. 
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Annex 6: Sequential pattern of the homing flight test 797 
 798 

 799 

 800 

 801 

 802 

 803 

D-7 D-3 to D-1

Phase Orientation phase 
Habituation to the RFID 

device 

 Foragers preferably carrying 

pollen captured, coloured and 

released

Recapture of coloured bees 

at hive entrance equipped 

with RFID device

Feeding Starvation and labelling 
Collective exposure 

(groups of 10 bees)
Starvation Release 

Action

Installation of the test 

colonies on the 

experimental site

Test colony equipped with 

RFID device   

 Colonies control      

Capture of at least 600 bees, 

bees'colouring and release 

on a site, at 1 km (+/- 100 m) 

of the test colony  

Recapture of returning 

coloured foragers in cages with 

candy ad libitum 

(maximum 2 hours)

Bees are kept with candy

ad libitum  before 

starvation phase

(1 hour)

Starvation period and labelling 

with RFID tags 

 (1.5 hours)

Single and oral exposure with 

20 to 40 µl per bee of a 

30% (w/v) sucrose solution   

(1hour to 1.5 hours maximum)

Post-exposure 

starvation in the dark 

(40 minutes)

*Switch on the RFID device at the 

experimental site 

*Release of labelled foragers at the 

original release site 

Feeding phase is performed 

in dark conditions to limit 

stress

After labelling, foragers bees are 

placed in the dark before 

exposure phase 

Exposure duration is performed in 

dark conditions 

In situ Laboratory 23 ± 3°C

Safe keeping of the bees ensured during transport  

to the the release site 

Release of the bees at least 2 hours before sunset

RFID recording

Recording of the homing success 

during 24 hours after release and 

data collection  

In situ

D-Day

Afternoon

D+1

Morning
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Annex 7: Alternative method to the bees colouring using a Phacelia field 804 
 805 

This annex presents specific information on the use of a Phacelia field, as an alternative to the 806 

bees colouring, capture and release. The other steps of the test follow this Test Guideline. 807 

 808 

1) Plantation of a specific Phacelia crop:  809 

A plot of blooming Phacelia approximately 1 hectare in size is planted so that the nearest 810 

border is 1 km (+/- 100 m) away from the experimental colonies. The length of the shortest 811 

plot edge should not be less than 30 m. Due to its specific and easily recognisable pollen 812 

colour, this plant allows easy identification of bees foraging on this crop. No chemical 813 

treatments must be applied to the Phacelia prior or during the testing period.  814 

 815 

If it is not possible to have a 1-ha field of Phacelia, the plot area can be a reduced if necessary, 816 

as the objective is only to collect a sufficient number of foragers carrying pellets of Phacelia 817 

pollen. However, attention must be paid to other crops blooming; the phacelia must remain 818 

attractive to the bees to allow the collection of a sufficient number of Phacelia foragers. It is 819 

recommended not to have a Phacelia plot less than 0.5 ha in size. 820 

 821 

There must be no other plot of blooming Phacelia within 4 km around the experimental hive 822 

(about twice the average distance covered by the pollen foragers in a simple agricultural 823 

landscape, (12)). High density of hive (more than 50 hives) in a 1-km radius away from 824 

phacelia plot should be avoided. 825 

 826 

It is recommended to start the trial when at least 50% of the plot of Phacelia is blooming, but 827 

it’s possible to start testing before this point if bees are actively foraging on the crop.  828 

 829 

2) Honey bees capture at the hive entrance for the test 830 
In the morning, only foragers carrying purple pellets of Phacelia pollen, returning from the 831 

Phacelia plot specifically planted, are captured on the flight board when foraging begins to be 832 

active and grouped into cages with food ad libitum according to this Test Guideline 833 

procedure.  834 

 835 

 To facilitate the recruitment and capture of sufficient numbers of foragers of Phacelia 836 

pollen for the test, forager honey bees, carrying pellets of pollen (or not), can be collected 837 

from the flight board into cages and released at the Phacelia plot early in the morning one or 838 

two times. This may encourage foraging and recruitment of ‘phacelia foragers’ and thus 839 

increase numbers of desired bees needed for the study.  840 

 841 

 842 

3) Laboratory phase and release 843 
After the capture, the Phacelia pollen forager bees are transported to the laboratory to be 844 

labelled and exposed according to this Test Guideline procedure. At the release time, the 845 

Phacelia field is the release point of the RFID tagged bees (the bees are familiar with the site). 846 

 847 


