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Abstract 14 

In this study, we compared the effect of five different sample viewing devices (slide 15 

coverslips, Makler, Leja10, Leja20 and ISAS10 chambers), incubation time, analysis 16 

time, microscopic field analysis and diluent used on honey bee semen motility 17 

parameters. Using media without proteins, a lower proportion of total motile and of 18 

freely motile sperm (those non adhering to the glass surface) were observed for slide 19 

coverslip and slide coverslip-Makler chambers, respectively, than in other chambers, 20 

while the percentage of circular sperm followed an opposite trend. Significant increases 21 

in all motility parameters were observed when loaded Leja10 chambers were 22 

maintained at 35 °C. During microscopic field analysis in the Leja Chamber, the 23 

percentage of freely motile sperm decreased and those of circular sperm increased in the 24 

last fields evaluated. The addition of 2% of BSA to the diluent clearly reduced the 25 

sperm adhesion to glass surface when using slide coverslip and Makler chambers. This 26 

study confirms that the choice of chamber and diluent used to assess honey bee drone 27 

sperm motility has a significant effect on the results wherein traditional slide coverslips 28 

are contraindicated.  29 

 30 
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 32 

1. INTRODUCTION 33 

The need to retain viable sperm for several years in honey bee queen spermathecae 34 

requires high quality sperm. The quality of sperm produced by drones is essential to the 35 

reproductive success of the queen and may determine the colony’s survival and level of 36 

productivity (Pettis et al. 2016), as well as the success of instrumental insemination 37 

(Collins 2000; Collins 2004). 38 
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In this context, the study of drone sperm quality is of great interest, both in basic and 39 

applied studies. In fact sperm quality has been used to study the effect of: age (Locke 40 

and Peng 1993; Rhodes et al. 2011; Stürup et al. 2013; Rousseau et al. 2015), body size 41 

(Schluns et al. 2003), genetics (Rhodes et al. 2011; Rousseau et al. 2015), temperature 42 

(Czekonska et al. 2013a; Stürup et al. 2013), nutrition (Stürup et al. 2013), management 43 

(Ben Abdelkader et al. 2014; Czekonska et al. 2015), seasonal variations (Zaitoun et al. 44 

2009; Rhodes et al. 2011), disease (DelCacho et al. 1996; Collins and Pettis 2001), 45 

insecticides (Ciereszko et al. 2017; Gajger et al. 2017), miticides (Johnson et al. 2013), 46 

semen storage in liquid and frozen states (Locke and Peng 1993; Taylor et al. 2009; 47 

Hopkins and Herr, 2010; Wegener al. 2012; Hopkins et al., 2017), semen handling  48 

(Locke and Peng 1993; Collins 2003; Collins 2004), sperm competition (Shafir et al. 49 

2009), and physiology (den Boer et al. 2009). 50 

Despite its importance, considerably less knowledge is available about the quality of 51 

honey bee drone semen compared to domestic mammal species. Most studies into drone 52 

semen quality have only assessed a few parameters such as sperm volume, sperm 53 

concentration and/or sperm membrane integrity, which is also known as sperm viability 54 

(Collins and Pettis 2001; Lodesani et al. 2004; Taylor et al. 2009; Czekonska et al. 55 

2013b; Rousseau et al. 2015; Ciereszko et al. 2017). Some authors have investigated 56 

other parameters such as the assessment of certain molecules in sperm (Marti et al. 57 

1996; Wegener et al. 2012; Ben Abdelkader et al. 2014), the mitochondrial membrane 58 

potential (Ciereszko et al. 2017), the proportion of DNA damage (Wegener et al. 2014) 59 

and the effect different kinds of stress on spermatozoa (Nur et al. 2012; Wegener et al. 60 

2012). 61 

Honey bee drone sperm motility has also been assessed in a few studies (Locke and 62 

Peng 1993; Taylor et al. 2009; Wegener et al. 2012; Ciereszko et al. 2017), but the 63 



4 
 

volume of data collated is far from that gathered for mammals where sperm motility is 64 

one of the most widely used parameters to determine sperm quality (Yaniz et al. 2018). 65 

Sperm motility is a prerequisite for sperm migration to the queen’s spermatheca and for 66 

subsequent egg fertilization and should be considered an essential characteristic of 67 

sperm quality. Wegener et al. (2012) found that sperm motility showed a stronger 68 

correlation with sperm performance indicators in inseminated queens than other 69 

parameters of sperm quality, including the conventional viability assay. However, strict 70 

control over factors that can potentially affect sperm motility is essential to obtain 71 

reliable results (Yaniz et al. 2018). The method used to assess sperm motility in drones 72 

has mainly been based on the use of slide coverslips, with or without sample incubation 73 

before or after loading it in the chamber. The kind of chamber must be determined 74 

carefully based on each species' semen characteristics (Verstegen et al. 2002). The aim 75 

of the present work is to contribute to the standardization of honey bee drone sperm 76 

motility assessment by studying the effect of the viewing chamber, incubation time, 77 

analysis time and microscopic field analysis on motility results. 78 

 79 

2. Materials and Methods 80 

 81 

2.1. Animals and semen processing 82 

 83 

2.1.1. Honey bee colonies 84 

The experiment was carried out during the beekeeping season (March-June 2018) and 85 

included drones reared in honey bee (Apis mellifera iberiensis) colonies in an apiary 86 

near Huesca, Spain (42°18'01.5"N 0°34'19.1"W). All colonies were housed in standard 87 

Langstroth hives. 88 
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 89 

2.1.2. Semen collection and processing 90 

Flying drones were caught on their return to the hive after blocking the entrance with a 91 

queen excluder. Drones were transported to the laboratory, where semen was collected 92 

within the first hour after capture using standardized procedures (Cobey et al. 2013). 93 

Briefly, the eversion of the endophallus was induced by placing manual pressure on the 94 

thorax and, if necessary, on the abdomen. An insemination syringe (Peter Schley, Lich, 95 

Germany) was used to collect semen in a capillary tube with an inner diameter of 96 

approximately 1 mm. A total of 30 males, 10 males from 3 colonies, were sampled 97 

individually. After collection, semen was diluted in Kiev buffer (K+; Table 1; Collins 98 

2005) at an initial ratio of 1:500, and further diluted when necessary to reach the 99 

appropriate sperm concentration for the study of individual sperm motility. Diluted 100 

semen was divided in two Eppendorf tubes. The first was maintained at room 101 

temperature until chamber loading and the second was maintained at 35 ºC for 30 min 102 

before loading. To avoid differences in the elapsed time between dilution of the semen 103 

and the loading of the different viewing devices, the order of the chamber analysis was 104 

modified for each drone.  105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 

 113 
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Table 1. Composition and characteristics of the diluents used for honey bee semen 114 

Name of diluent Component Quantity 

(g/100 mL) 

Concentration 
(mM/L) 

pH Osmolarity 
(mOsm) 

Kiev (K; Ruttner, 
1976) 

Na 
citrate.2H2O 

2.43 82.62 8.4 285 

 

 NaHCO3 0.21 25.0   

 KCl 0.04 5.37   

 Glucose 0.3 16.65   

Kiev high potasium 
(K+) 

Na 
citrate.2H2O 

2.43 82.62 8.5 384 

 NaHCO3 0.21 25.0   

 KCl 0.41 55.0   

 Glucose 0.3 16.65   

Kiev-trehalose (Kt) Na 
citrate.2H2O 

2.43 82.62 8.5 390 

 NaHCO3 0.21 25.0   

 KCl 0.41 55.0   

 Trehalose 1.15 30,4   

Kiev-BSA (Kb) Na 
citrate.2H2O 

2.43 82.62 8.1 385 

 NaHCO3 0.21 25.0   

 KCl 0.41 55.0   

 Glucose 0.3 16.65   

 BSA 2.0    

 115 

 116 

 117 
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2.2. Viewing chambers and slides 118 

Samples were analyzed using five different chambers: slide coverslips (SC; 10 µL under 119 

a 22 × 22 mm coverslip; Menzel-Gläser, Braunschweig, Germany), Leja 10 µm (L10; 120 

10 µm deep; Leja Products B.V., Nieuw-Vennep, the Netherlands), Leja 20 µm (L20; 121 

20 µm deep; Leja), ISASD4C10 (IS10; 10 µm deep; Proiser R + D S.L., Paterna, 122 

Spain), Makler® (MK; 10 µm deep; Sefi-Medical Instruments Ltd., Haifa, Israel).  123 

 124 

2.3. Sperm quality assessment 125 

 126 

2.3.1. Assessment of sperm motility  127 

Semen was placed in the viewing chamber and live video pictures were recorded using a 128 

set-up comprising an Olympus BX40 microscope (Olympus Optical Co., Tokyo, Japan) 129 

equipped with a heated stage (35 °C), a 10× negative phase objective and a Basler 130 

digital camera (model acA1920 -155um; Basler AG, Vision Technologies, Ahrensburg, 131 

Germany). Sperm motility was estimated subjectively by a single observer in a blinded 132 

manner. Sperm were classified as: motile sperm (MS, %) if they presented any type of 133 

active movement (Wegener et al. 2012), freely motile sperm (FS, %) if the sperm head 134 

was not adhered to the glass surface and showed displacement, and circular sperm (CS, 135 

% of motile cells) if the sperm head and tail overlapped. At least 100 cells were 136 

examined per sample. 137 

 138 

2.3.2. Evaluation of sperm plasmalemma 139 

Sperm viability (membrane integrity, SV) was determined using acridine orange and 140 

propidium iodide (Yániz et al. 2013). At least 200 cells were examined per sample. 141 

 142 
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 143 

2.4. Experimental design 144 

 145 

2.4.1. Study 1: effect of chamber type 146 

Sperm motility variables were assessed in five chambers (SC, MK, L10, L20 and IS10) 147 

with different characteristics. 148 

 149 

2.4.2. Study 2: effect of incubating samples at 35 °C 150 

The effect of incubating semen samples at 35 °C was assessed. Samples were evaluated 151 

using L10 chambers after 0 and 30 min incubation at 35 °C in an Eppendorf tube. 152 

 153 

2.4.3. Study 3: effect of time elapsed between sample loading and sperm evaluation 154 

The effect on sperm motility of time elapsed between sample loading and assessment 155 

was determined. Samples were assessed at 0, 5, 15, 30 and 60 min after loading in the 156 

L10 chamber, which was maintained at 35 °C in a heated stage. 157 

 158 

2.4.4. Study 4: effect of the microscopic field analysis 159 

The effect of the microscopic field on sperm motility was assessed in six consecutive 160 

fields of the L10 chamber. 161 

 162 

2.4.5. Study 5: effect of the diluent 163 

For a better understanding of the effect of the diluent composition on the results of 164 

sperm motility in the different chambers and incubation times, an additional assay was 165 

performed using semen of 32 new drones from three colonies. Semen was collected 166 

individually and diluted in one of four diluents (K, K+, Kt and Kb; 8 drones for each 167 
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diluent). Table 1 shows the composition of the four diluents used in this study. After 168 

dilution, semen was loaded in three chambers (SC, MK, L10), that were maintained 5 169 

min in a heated stage at 35 ºC before sperm motility assessment.  170 

 171 

2.5. Statistical analysis 172 

The values obtained were expressed as the mean ± standard error of the mean (SEM). 173 

Statistical analyses were performed using SPSS® software, version 15.0 (SPSS Inc., 174 

Chicago, IL, USA). Distribution normality and the homogeneity of variance of the 175 

median for each set were checked using the Kolmogorov–Smirnov and Levene tests 176 

respectively. As samples were non-normally distributed, differences in sperm motility 177 

between devices and between different fields were recorded by means of the Kruskal–178 

Wallis test, followed by the Mann–Whitney post hoc test. The statistical level of 179 

significance was set at P < 0.05. 180 

 181 

3. Results 182 

 183 

3.1. Study 1 184 

The average sperm viability of the 30 drone samples included in this study was 70.58 ± 185 

1.92 (mean ± SEM). The effects of the sample viewing devices (SC, MK, L10, L20 and 186 

IS10 chambers) on sperm motility parameters are shown in Fig. 1. Significant 187 

differences (P < 0.001) were observed for all parameters studied. A lower proportion of 188 

motile sperm was observed in SC chambers than in capillary-loaded chambers, with 189 

mean differences of 18.0%, 14.5% and 17.0% for L10, L20 and IS10 viewing chambers, 190 

respectively. The percentage of freely moving sperm was much lower in drop-loaded 191 
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(SC and MK) compared to capillary-loaded chambers (L10, L20 and ISAS), while the 192 

percentage of circular sperm showed a contrasting trend (Fig. 1). 193 

 194 

3.2. Study 2 195 

The incubation of the semen sample at 35 °C in an Eppendorf tube before chamber 196 

loading had no effect on sperm motility parameters, as there was no difference between 197 

observations at 0 and 30 min (P=0.579, 0.442 and 0.887 for MS, FS and CS, 198 

respectively). 199 

 200 

3.3. Study 3 201 

The effects on sperm motility of time elapsed between sample loading on L10 chambers 202 

and assessment are shown in Fig. 2. A significant increase in MS and CS was observed 203 

after 30 min of incubation in the chamber, while PS increased significantly after 60 min 204 

of incubation in comparison with the same parameter at t = 0. However, no significant 205 

differences in MS and FS were detected for elapsed times of greater than 5 min. 206 

Conversely, CS was significantly higher after 60 min compared to all other incubation 207 

periods. 208 

 209 

3.4. Study 4 210 

Figure 3 shows the effects of the microscopic field analysis in the L10 chamber on the 211 

sperm motility parameters. No significant differences in MS were observed as the 212 

number of fields analyzed increased. However, FS decreased, and CS increased in the 213 

last fields to be analyzed (Fig. 3). 214 

 215 

3.5. Study 5 216 
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The effect of chamber type (SC, MK, L10) for the four diluents used in this study (K, 217 

K+, Kt and Kb) are depicted in Fig. 4. A lower proportion of motile sperm was 218 

observed in SC and MK chambers than in L10 chamber for K, K+ and Kt diluents. 219 

Using these diluents, the percentage of freely moving sperm was much lower in SC and 220 

MK compared to L10 chamber. The percentage of circular sperm was higher using the 221 

MK chambers for most diluents (Fig. 4). With the K diluent, the presence of some 222 

spermatozoa showing signs of hypo-osmotic stress, as evidenced by curling/swelling, 223 

was observed. The addition of BSA to the media (Kb diluent) clearly reduced sperm 224 

adhesion to glass surface, so that no significant differences in MS were detected 225 

between chambers, nor in FS between MK and L10 chambers. A higher proportion of 226 

spermatozoa showing linear trajectories (snake-like forms) was also observed when 227 

semen was diluted in the Kb diluent.  228 

 229 

4. Discussion 230 

The evaluation of sperm motility in drones may be of interest in both routine sperm 231 

analyses and experimental studies. Measurements, however, may be affected by 232 

multiple factors such as the type of chamber, semen incubation and time between 233 

sample deposition and measurement, among others. Consequently, it is essential to 234 

standardize measurement conditions in order to compare results from different sperm 235 

motility assessments. We are unable to find any studies in the literature evaluating the 236 

effect of different chambers or measurement conditions on honey bee sperm motility. In 237 

the present work, we studied various factors affecting the assessment of drone sperm 238 

motility. 239 

Firstly, we studied the effect of chamber type. Most studies into drone sperm motility 240 

use slide coverslips (Locke and Peng 1993; Taylor et al. 2009; Wegener et al. 2012; 241 
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Ciereszko et al. 2017). However, here we have clearly shown that the use of this 242 

viewing device reduces the percentage of motile and of freely moving sperm compared 243 

to Leja and ISAS chambers, which are preferable for use in this species. The effects of 244 

chamber type on sperm motility was greater in the honey bee than those described in 245 

several mammalian species (Contri et al. 2010; Lenz et al. 2011; Gloria et al. 2013; 246 

Palacín et al. 2013; Del Gallego et al. 2017; Bompart et al. 2018), where specific 247 

chambers were also recommended instead of SC.  248 

Material composition and the number of ions exposed at the surface of the glass might 249 

explain the differences in sperm motility between chambers (Bompart et al. 2018). 250 

Using diluents without proteins, drone spermatozoa appear to be highly sensitive to the 251 

composition of the glass used in chambers, with heads adhering to the glass surface but 252 

still showing flagellar movement. This characteristic clearly reduces the percentage of 253 

freely moving spermatozoa in SC and MK chambers compared to the L10, L20 and 254 

IS10 chambers. Similar properties have also been described in some mammalian 255 

species, for example pig (Yaniz et al. 2018). 256 

The depth and design of the chamber may also influence sperm motility, either by 257 

restricting displacement or through interactions with the chamber walls (Verstegen et al. 258 

2002). In the present study, however, these factors had little impact on sperm motility 259 

results in capillary-loaded chambers. Consequently, the use of 10 µm deep chambers 260 

may be preferable to devices which are 20 µm or deeper as this latter group complicates 261 

the analysis of all cells because they are moving in different focal planes. 262 

In previous studies, some authors proposed that incubating diluted drone sperm samples 263 

for 15-30 min at 35 °C before loading them on the slide coverslips (Wegener et al. 264 

2012; Ciereszko et al. 2017). Our results (study 2) do not support the need for this 265 



13 
 

sample pre-incubation period, since the motility parameters were essentially unchanged 266 

after 30 min incubation at 35 °C. 267 

The time elapsed between sample loading in L10 chambers and measurement 268 

influenced motility parameters (study 3); values were increased when the chamber was 269 

maintained at 35 °C using a heated stage compared with results at t = 0. However, after 270 

5 min of incubation, no significant differences in MS and FS were detected for the 271 

different incubation times. In agreement with our results, but while using slide 272 

coverslips and without specifying temperature conditions, Locke and Peng (1993) also 273 

incubated the loaded slides in the microscope stage for 5 min because they observed that 274 

sperm motility increased during the first 3 min after the slide was placed on the stage. 275 

The percentages of circular sperm increased progressively throughout the incubation 276 

period but, as mentioned above, this parameter does not provide clear evidence of better 277 

sperm quality. 278 

When the effect of microscopic field was assessed in study 4, total sperm motility was 279 

similar in all fields analyzed, as was previously observed in bulls (Nothling and dos 280 

Santos 2012). Regarding freely moving sperm, a significant decrease was observed as 281 

more fields were analyzed, in agreement with a previous study in goats (Del Gallego et 282 

al. 2017). It seems unlikely that this decrease in FS could be due to the time elapsed 283 

between measurements in the different fields, as in study 3 the time elapsed between 284 

sample loading on the chambers and sperm assessment increased FS. The decrease 285 

could be attributed, however, to the inhibitory effect of the microscope light on the 286 

drone sperm or to the design of the Leja chamber used in the study. Again, the 287 

percentages of circular sperm increased progressively as more fields were analyzed, 288 

thus revealing a different trend to other motility parameters.  289 
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The diluent composition clearly influenced the results of sperm motility, particularly in 290 

the SC and MK chambers (study 5). The Kiev diluent is the media most frequently used 291 

in the bibliography for drone sperm motility assessment (Locke and Peng 1993; Taylor 292 

et al. 2009; Wegener et al. 2012; Ciereszko et al. 2017). Two different Kiev formulas 293 

have been described for drone semen. The original Kiev diluent, with a low osmolarity, 294 

was described by Ruttner (1976). In our opinion, this diluent should not be 295 

recommended for drone semen as increased the number of spermatozoa with sings of 296 

osmotic stress. This diluent was later modified through increasing the KCl 297 

concentration and osmolarity (Collins, 2005). Verma (1973) described that the 298 

osmolarity of the drone semen and of the seminal plasma was 467 and 325 mOsmol/L, 299 

respectively. The modified Kiev diluent (K+) described by Collins (2005) has an 300 

intermediate value between this range (384), and consequently was selected for the 301 

majority of the studies in this research work.  302 

Sperm motility should better be evaluated in a medium that does not limit cell activity. 303 

Motility and osmolarity are connected, as honey bee sperm are inactivated by media 304 

with high osmotic pressure (Verma 1974; Wegener et al., 2014), and their use should 305 

not be recommended for sperm motility assessment in this species. Other factors, like 306 

the presence of sugars, are clearly important as their inclusion in the diluent activate 307 

drone sperm motility (Poole and Edwards 1970). If diluents without sugars were used 308 

the onset of motility may be retarded and, under these circumstances, it may be more 309 

relevant to incubate semen before analysis.  310 

The addition of BSA to the diluent reduced the adhesion of spermatozoa to the glass 311 

surface of SC and MK chambers (study 5). A similar effect was observed in human 312 

sperm, were the addition of BSA to the sperm washing solution partially reversed the 313 

adhesion of spermatozoa to the glass (Armant and Ellis, 1995). 314 
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Leja and ISAS chambers are manufactured to prevent sticking of the sperm to the 315 

surface, so that drone sperm can be evaluated for motility with more consistent results, 316 

both in the presence and absence of protein. In human, the use of nitrocellulose and 317 

polyvinyl glass coatings prevent sperm adhesion without affecting the motility 318 

(Chapeau and Gagnon, 1987). 319 

 320 

5. Conclusions 321 

This study demonstrates that the choice of chamber and the diluent used to measure 322 

honey bee drone sperm motility has a significant effect on results. Leja and ISAS 323 

disposable chambers seemed to give reliable results with negligible effects on sperm 324 

motility parameters, even when the measurement was made a long time after loading the 325 

chamber or using media without proteins. If the semen is diluted in media containing 326 

2% BSA, the use of the Makler chamber may also provide reliable results. A minimum 327 

elapsed time of 5 min between chamber loading and sperm motility assessment is 328 

recommended for drones. Total sperm motility may be a better indicator of semen 329 

quality in drones than the other parameters analysed, as is less prone to bias due to 330 

uncontrolled variation in experimental conditions 331 

 332 
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 465 

7. FIGURE LEGENDS 466 

Figure 1 467 

 468 

Fig. 1. Mean + SEM motility values from honey bee drone semen samples evaluated 469 

with different viewing devices: slide-coverslip (SC), Makler (MK), Leja 10 (L10), Leja 470 

20 (L20), and ISAS10 (IS10) chambers. MS: sperm motility percentage; FS: freely 471 

moving sperm; CS: circularly moving sperm (% of MS). Superscripts (a-c) denote 472 

differences between devices (P < 0.001). 473 
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Figure 2 475 

 476 

Fig. 2. Mean + SEM motility values from honey bee drone semen samples measured in 477 

function of time elapsed between loading samples on Leja 10 chambers and assessment. 478 

MS: sperm motility percentage; FS: freely moving sperm; CS: circularly moving sperm 479 

(% of MS). Superscripts (a-c) denote differences between elapsed times (P < 0.001). 480 

 481 

Figure 3 482 

 483 

Fig 3. Mean + SEM motility values from honey bee drone semen samples measured in 484 

six consecutive microscopic fields on Leja 10 chambers. MS: sperm motility 485 
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percentage; FS: freely moving sperm; CS: circularly moving sperm (% of MS). 486 

Superscripts (a-d) denote differences between fields (P < 0.001). 487 

Figure 4 488 
 489 
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Fig.4.   Mean +S.E.M. motility values from honey bee drone semen samples diluted in 491 

four different diluents and evaluated with different viewing devices: percentage of total 492 

sperm motility (a) freely moving sperm (b) and circularly moving sperm (% of MS; c). 493 

SC: slide-coverslip; MK: Makler; L10: Leja 10; K: Kiev diluent; K+: Kiev diluent with 494 

high KCl; Kt: K+ with trehalose; Kb: K+ with 2% BSA. Superscripts (a-c) denote 495 

differences between devices (P < 0.001). 496 
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